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1. Apresentacao do Memorial

Eu, Emerson Peter da Silva Falcao, tenho a satisfacdo de apresentar o meu memorial
descritivo, documento autobiografico, como parte dos requisitos para promoc¢do da
Classe D (Professor associado IV) a Classe E (Professor Titular). De acordo com os
artigos 18 e 19, Secdo V, da Resolucdo 03/2014 do Conselho Universitirio da
Universidade Federal de Pernambuco.

Neste documento tento mostrar de forma discursiva e circunstanciada uma trajetdria
de dezessete anos, relatando todos os aspectos que julgo mais relevantes. Procurei
organiza-lo de acordo com a resolugdo citada acima, apds ter sido considerado apto a
promocgdo pela comissdo avaliadora do Centro Académico de Vitoria, com nota 10,0
(dez).

Peco, antes de tudo, a compreensdo do leitor (a) para eventuais trechos por demais
emocionais ou se, por descuido ou esquecimento, tiver me desviado da organizagdao
sugerida. Nao se trata de apenas dezesseis anos de vida universitdria, mas de toda uma
vida, que ora tento resumir em algumas paginas, por vezes forcando a memoria a anos
longinquos. Periodos até de minha infancia, mas, que certamente foram importantes
para que chegdssemos até este momento.

Abaixo (Quadro 1) cito as portarias que tratam de todos as promogdes € progressoes
ao longo do periodo mencionado. Em todos os memoriais relacionados constam as

minhas atividades nas dreas académicas de Ensino, Pesquisa, Extensdo e Gestao.

Quadro 1- Datas e portarias de progressdo ao longo da carreira

Funcao Portaria Data
Prof. Adjunto I 1108 03 de junho de 2006
(nomeagao)

Prof. adjunto II 3835 01 de dezembro de 2008
Prof. Adjunto IIT 976 01 de margo de 2011
Prof. Adjunto IV 4729 04 de outubro de 2013
Prof. Associado I 4631 26 de setembro de 2014
Prof. Associado II 613 10 de fevereiro de 2017

Prof. Associado IIT 5.246 07 de dezembro de 2018
Prof. Associado IV 4.043 03 de dezembro de 2020

11



2. BIOGRAFIA

2.1 Pré-escolar e Ensino Fundamental 1

O inicio de minha vida estudantil foi semelhante ao de muitos estudantes de
classe média baixa. Comecei no maternal de uma escolinha pequena (perdao pelo
pleonasmo, mas, creio que se encaixa perfeitamente), a escola ‘“Chapelzinho
Vermelho”. Recordo até do lanche e das brincadeiras, também de meus colegas de
classe, Geovanine, Benicio, Quiciano, entre varios outros. Curiosamente, apesar de
muitas de minhas lembrangas juvenis serem bonitas, e algumas das melhores, serem
bem nitidas, ndo recordo do nome das professoras daquela época, mas, da diretora
da escola, “Tia Vania Guerra”, recordo perfeitamente. Talvez pelo zelo com o qual
tratava as criancas, mas, ndo sei ao certo. A ela devo, além de belas lembrancas,
todas guardadas com muito carinho, a promessa de uma “Kombi nova, com vérios
botdes”, esta promessa receio que eu ndo venha a cumprir. A figura 1 mostra a
minha turminha de Maternal e Jardim, junto a professoras.

Fui transferido ao final Jardim I, creio que aos quatro anos, para o colégio
Regina Coeli, uma escola religiosa. Entretanto, ndo me admitiram na alfabetizacao,
devido 4 minha idade, se tivesse nascido alguns meses antes, talvez fosse diferente.
Precisei, portanto, repetir, um ano, o que significou um atraso em minha formacao.

Eram os tempos da ditadura militar. Embora fosse dificil para uma crianca
perceber este “estado de coisas”, certamente alguns coleguinhas tinham privilégios
em detrimento de outros. E, havia certo cuidado de meus pais com relacdo ao que
diziam, para que ndo fosse repetir na escola coisas que ouvia. Isto s6 fui perceber
décadas depois. E, como, se pode antever eu era um daqueles que nao tinha qualquer
privilégio. Mesmo assim foram bons aqueles anos, muito embora, devo admitir,
sentia muitas saudades da antiga escola, ndo necessariamente dos colegas, pois a
maioria fora transferida comigo, mas da escola. Me parece hoje, olhando para tras,
que no Regina Coeli, o modelo pedagdgico deveria ser um pouco menos “doce”..
Porém, ndo devo ser injusto, acredito que esta seja a forma usual na maioria dos
grandes colégios, uma demanda de nosso modelo educacional, talvez do nosso
modelo de sociedade, que precisa de um fornecimento constante de profissionais,
sem tempo para as emogdes, ou sem espago para elas. Mas, me pergunto, sera que

nao estamos deixando de lado algo muito importante para nés Humanos?
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Figura 1 — Turmas do jardim, 1977 — eu sou o garotinho cabeludo, na terceira fila a sétima

pessoa, ladeado por dois grandes amigos Benicio, a minha esquerda e Geovanine, a direita.

Devo admitir que alguns acontecimentos contribuiram para o menor “gosto”
pela nova escola. J4 no segundo ano sofri um acidente com um dos caes de guarda,
que, solto, atacou-me. Talvez o descaso, e me custa jd a esta idade constatar isso,
com o qual me trataram as freiras e professoras, tenha contribuido de alguma forma,
para minha maior saudade da antiga escola do maternal, que perduraria por mais

algum tempo.

Figura 2 — Inicio do fundamental I, 1981 — Escola Regina Coeli, Limoeiro — PE. Foto tradicional.
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Tive um fundamental I até que normal, com poucas notas baixas, e sofrendo
o Bulling, coisa quase tradicional em todas as escolas nos anos 70. Mas, sempre tive
uma certa paixdo pela ciéncia (embora de inicio nem soubesse o que significava a
palavra), muito curioso. Como disse antes, isso me era inato. Bem, talvez amor pela
ciéncia em idade tdo tenra, seja for¢ar um pouco, o melhor a dizer é que tinha muita
curiosidade, de fato.

Desta curiosidade minha méae recorda bem. Lembro-me de um relégio que
pedi gentilmente para ver como funcionava e, ao qual minha mae cedeu entregando
a peca em minhas maos. Lamentavelmente, segundos depois fora despedacado por
uma “curiosidade voraz” materializada em um pesado martelo, “afinal ndo consegui
abrir com minhas maos, o que haveria entdo de fazer para ver como funcionava!”
Imagino que minha mae ndo ficou muito feliz, pelo relégio, tdo pouco eu, pois ele

parara de funcionar.

2.2- Ensino Fundamental I1

Os primeiros projetos

Neste periodo muitas mudangas e experiéncias em minha vida ajudaram a forjar
meu interesse pela cientifica, também meu carater e minha forma de ver a escola. O
contato com professores que souberam estimular minha curiosidade e a pratica
desportiva trouxeram maior seguran¢a ¢ me fortaleceram para crescer, apesar das
adversidades de uma grande escola. Nesta época também iniciei, a meu modo, a
“prética” cientifica, desenvolvendo dois projetos bem “inovadores”.

Uma professora se destacou neste periodo, a Profa. Silvania (lamentavelmente
nao me recordo de seu nome completo). Ela sempre me permitiu chama-la pelo
prenome e nao lhe dava motivos para desgostar-me. Minha disciplina era adequada,
nunca precisei ir a diretoria € as notas certamente ndo eram ruins. Esta professora
ousou achar interessante um de meus primeiros projetos de ciéncias (se é que posso
chamar assim).

Um grande amigo dos tempos do pré-escolar, alguém realmente muito
inteligente, tinha tido um tatu de estimacdo, algo ndo incomum nos anos 70. Este
animal havia morrido hd um ano e em visita a sua casa resolvemos desenterrar os
ossos do bichinho. Pedi os ossos e cuidadosamente levei-os para casa. Mais tarde

iniciei o cuidadoso processo de montar o “quebra-cabec¢as”. Obviamente montei-o
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seguindo minha imaginagdo, esquecendo ou deixando de lado como a natureza o
“desenhou” ao longo do processo evolutivo. Os ossos faltantes, especialmente do
cranio substitui com epoxi. Devo dizer que o animal resultante foi, no minimo
inovador, era bipede e tinha fortes e ameacgadoras garras. Levei o “produto” de meu
esfor¢co para a sala de aula no dia seguinte. A minha professora de quarta série
(quinto ano atualmente) olhou-o, devo dizer, bem maravilhada. Foi uma das poucas
vezes que percebi aquele tipo de olhar, o de alguém encantadocom o que via. Dai
passou a ser uma grande incentivadora, mesmo muitos anos depois. Entretanto, isso
me custou alguns anos a mais de Bulling, mas, ja havia me acostumado e aprendido
a lidar com aquilo.

Com a “chegada” de meu irmdo mais novo, senti-me tentado a fazer uso de
tantas latas de leite em p6 que eram descartadas. O que fazer? Um foguete, claro.
Foi montado com as latinhas, unidas por fita crepe, as asas foram feitas de madeira
cartolina e cola. Uma estrutura bem “robusta”. Faltavam os propulsores, pensamos
em uma solucdo mais conservadora, seriam grandes busca-pés, feitos sob
encomenda. Bem, este projeto me tomou alguns dias, mas, fortuitamente, nao levei
todo o projeto adiante, foi “abortado”, nao dispinhamos de recursos financeiros para
os propulsores. Deste projeto ndo me arrependo de té-lo deixado “pelo caminho”.
Creio que as normas de seguranga ndo eram preocupacdo aos ‘‘cientistas”
envolvidos.

Por volta dos nove anos, iniciei a pratica desportiva, inicialmente com futebol
como a maioria das criangas, naqueles anos (Figura 3). Mas, posteriormente passei a
natacdo, voleibol, atletismo e basquetebol. Participava de todas as competi¢cdes
estudantis, notadamente dos Jogos escolares, hoje meio esquecidos, em nosso
estado. A pratica desportiva também me fortaleceu bastante, mas, uma outra
modalidade me foi fundamental. Uma que nio sei se a classificacdo como desporto é
adequada, o Karaté-DO. Cuja pratica iniciei aos 14 anos, e persisto até os dias
atuais.

Todas estas mudangas acabaram por me fazer amar minha escola apesar de todas
as dificuldades e problemas vividos especialmente nos anos iniciais. As mudangas

sempre vém, € novamente precisaria, mudar alguns anos mais tarde.
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Figura 3- Terceira série. Aqui se foram minhas ilusdes futebolisticas.

Nunca fui um estudante modelo, minhas médias caiam sempre no suficiente para
a aprovacao e tinha certa dificuldade em matemadtica, embora achasse esta disciplina
fascinante. Aos treze anos, porém, houve uma mudanga significativa neste “quadro”.
Em visita a nossa casa, o meu avd “de op¢ao”, Dr. Antdonio de Matos, ao questionar
minhas notas nesta disciplina deu-me uma licdo que valeu por muitas. Disse-me:
“Muitas vezes o problema com uma matéria estd ou no professor, no seu
relacionamento com ele, ou na prépria disciplina e no seu relacionamento com ela.
Se ndo € o primeiro caso e quer mudar isso, comece dizendo, eu adoro matematica.”
Fiquei facinado com esta forma de pensar, na qual a solu¢do para um problema ou
dificuldade estaria em mim mesmo, Vovd Antdnio acabara de me dar autonomia.
Minha primeira nota em matemdtica apds esta conversa parece ter mostrado que ele
estava certo, foi um 10,0.
Todas estas mudangas acabaram por me fazer amar minha escola apesar de todas
as dificuldades e problemas vividos especialmente nos anos iniciais. As mudancas

sempre vém, e novamente precisaria, mudar alguns anos mais tarde.

2.3- Ensino Médio

Estudei no RC até os meus 16 anos. E primeiro ano do ensino médio. Porém,
fechamento do ensino secundario naquela escola, forcou minha mae e pai a me
enviar para outra escola, mas, qual seria? Bem, minha mae, a principio, ndo tinha

uma resposta, mas, sabia que eu iria precisaria sair de minha cidade se quisesse ter
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maiores chances de me desenvolver. Ela tinha grandes planos para mim. Fui entao
para o Recife, mudei ndo somente de escola, mas, de cidade. Tempos desafiantes
colocando frente a frente minha inocéncia de agrestino e a frieza da capital

Estudei no Colégio Noébrega. Antes, porém, precisei passar por um processo
seletivo. Passei. Nao vi a lista de aprovados, mas, minha querida Tia Bernadete
disse que tirei o primeiro lugar, acredito nela.

A adaptagdo a nova escola e o novo ambiente, uma pensdo na rua sete de
setembro, certamente nao foi facil. Dividia o quarto com outros trés colegas. Entre
outras coisas, um deles meu amigo Geovanive Oliveira que me acompanhou desde o
maternal, ndo estava sO, pelo menos. Precisei parar meu treinamento em Karate,
mas, por pouco tempo, logo ji estaria treinando com um amigo de meu antigo
professor. Foram periodos em que o tempo passava correndo, tinha pouco tempo
para a tristeza da distancia de meus pais, amigos e minha cidade, no entanto, acabei

me adaptando a frieza da capital, sem perder muito de minha inocéncia.

2.4-Ensino Superior

Fui aprovado no processo de vestibular em 1991 para o curso de Biomedicina a
principio foi um ano de preparacdo extremamente dificil (1990), como € para, todos, ou
ao menos para a grande maioria de nossos jovens. No entanto, foi um periodo bom,
apesar das dificuldades.

Nao me defino como um dos melhores estudantes de minha turma, tdo pouco como
o pior, mas, gostei do curso. Fortaleceu minhas bases cientificas.O primeiro semestre
foi bastante importante, nele conheci pessoas que viriam a desempenhar um grande
papel em minha formagdo, como o Prof. Nicdcio Henrique da Silva, que viria a ser meu
orientador durante a iniciacdo cientifica e durante o mestrado em Bioquimica.

A Bioquimica sempre fora uma disciplina fascinante, para mim, mas, o primeiro
contato, no primeiro semestre do curso, certamente ndo foi tdo feliz. Entretanto, os
doscentes da disciplina foram marcantes, especialmente o Prof. Nicdcio Henrique da
Silva. Em 1993, j4 a um ano de terminar o curso o procurei e pedi para que me
orientasse em projeto de iniciacdo cientifica. De fato, gostaria de me aprofundar na

matéria e apdés duas outras disciplinas correlatas, minhas notas melhoraram
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substancialmente. Creio que o Prof. estava um tanto desconfiado, mas, me aceitou apds

alguns dias, (Figura 4).

Figura 4 — Prof. Nic4cio Henrique no seu laboratdrio, como sempre a organizar detalhadamente tudo.

Desenvolvi o primeiro projeto com uma planta, a Erva lanceta. Foram diversas
técnicas e um ano e meio de profundo aprendizado. Ao final do qual ja estava me
preparando para a selecdo do mestrado em Bioquimica. E, com a ideia de um projeto a
desenvolver, agora na drea de liquenologia aplicada estava realmente muito estimulado
com o futuro. Foi um periodo dindmico. Mas, de muito estudo, acredito que me tornei

mais compenetrado, mas, ainda conservava uma vasta cabeleira (Figura 5).

£
[

Figura 5 — Carteira de estudante. Final do curso de Biomedicina

(sim, j4 usei barba e bigode).
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2.5- Mestrado

O ingresso no Mestrado foi antecipado por grande ansiedade e esforco. Este foi
um periodo muito rico em aprendizado, no qual tive contato com técnicas,
contedidos e, mais importante, com docentes que ajudariam a moldar minha
formacdo cientifica. Ao final tinha conseguido resultados e dados que
proporcionaram a publicacdo de trés artigos e mais um ndo relacionado a minha
dissertagao.

Havia diversas formas de ingresso, e uma delas era o curso de “nivelamento”.
Otimo curso e periodo de minha vida. Conheci a maioria dos meus colegas de turma
de mestrado durante o curso. Nicédcio, Mirtes, Viviane, Jodo, Eduardo, Valquiria,
Dianne. A grande maioria atualmente € docente/pesquisador de institui¢des publicas
e privadas.

A aprovagdo no processo seletivo foi uma alegria, salvo me engane fiquei em
quinto lugar. Claro que os critérios eram outros, como disse eram trés as formas de
ingresso, € nao havia pesos que diferenciassem ou equalizassem as notas. Mas,
fiquei satisfeito com meu desempenho.

A jornada didria era intensa. Inicidvamos as O8h e termindvamos ao final da
tarde. Disciplinas de 15 dias. Com aulas tedricas e praticas, relatorios, seminarios e,
eventualmente avaliagdes tedricas. Mas, creio que estava acostumado.

Foi um periodo marcante em minha vida. Definitivamente uma época muito boa,
na qual minhas habilidades foram desenvolvidas. Sentia um grande prazer em
estudar e realizar experimentos. A camara fria, apesar de ser escura, obviamente fria
e ter um cheiro bem “peculiar”, por incrivel que possa parecer me agradava
bastante.

Durante os trés anos e meio treinei e aprendi com grandes professores e
professoras e me apaixonei ainda mais pela Quimica da vida e a quimica de maneira
geral. Alguns professores foram particularmente marcantes como o Prof. Nicécio
Henrique com sua perfeicdo técnica e o Prof. Kurt Rehn, além da Profa. Luana
Cassandra, e tantos outros. Devo dizer que, de minha parte nunca construi barreiras
que representassem obstaculos ao convivio com docentes ou qualquer pessoa. Isso,
evidentemente ajudou bastante. Esta possivelmente foi uma contribuicdo de meus
pais em minha formacao, algo que agradeco muito. Entretanto, devo acrescentar que

o Karaté também tem 14 sua parte no controle de minhas emogdes.
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Portanto, acredito que o contato com pessoas bem diferentes, pesquisadores de
diversas acrescentou uma visdo ampla a minha formagdo. Uma visdao que ndo sofreu
a interferéncia das dificuldades de convivéncia observadas eventualmente entre os
membros do departamento, algo ndo incomum ao meio académico.

Como resultado do mestrado foram publicados trés artigos e, durante o
mestrado, contribui em outro trabalho, realizado com o grupo da Profa. Galba
Takaki, naquele estudo contribui com as andlises cromatograficas (Referéncias
citadas abaixo).

. FALCAO, E. P. S.; SILVA, N. H. ; PEREIRA, E. C. ; GUSMAO, N. B. ;
RIBEIRO, S. M. . Atividade antimicrobiana de Compostos Fendlicos do Liquen
Heterodermia leucomela (L.) Poelt. Acta Farmacéutica Bonaerense, v. 21, n.1, p.
43-49, 2002.

. FALCAO, E. P. S.; SILVA, N. H. ; GUSMAO, N. B. ; RIBEIRO, S. M. ;
PEREIRA, E. C.. Atividade Antimicrobiana de Derivados Fendlicos de Ramalina
Sorediosa (B. de Lesd) Laundron. Acta Botanica Brasilica, v. 18, n.04, p. 913-920,
2004.

. FALCAO, E. P. S.; TAKAKI, G. M. C. ; XIOSAKI, R. K. ; SILVA, N.
H. . Biochemical Markers in Taxonomy of the Genus Cunnighamella, Revista

Iberoamericana de Micologia, 18: 123-127 (2001

2.6- Doutorado

O Doutorado foi realizado no Programa de Pés-Graduacdo em Ciéncias
Biolégicas da Universidade Federal de Pernambuco. Em uma época em que ainda
eram escassos os cursos de doutorado, com grande concorréncia pelas vagas o que
tornou o processo de selecio ainda mais “complexo”. O projeto desenvolvido
envolvia sintese de fairmacos, avaliacdo da acdo antinflamatéria. Mas, ao longo do
tempo sofreu algumas insercdes e aperfeicoamentos, versando o trabalho final em
que, além do mencionado, envolvia Quimica medicinal, agdo citotoxica e
antitumoral. Definitivamente foi um excelente e produtivo periodo.

O processo seletivo foi cercado de diversas incertezas e dificuldades. O projeto
deveria conter um nimero infimo de paginas, além disso, a apresentac@o tinha que
ocorrer em dez minutos. Isso sem falar na entrevista. Além disso, estava a mudar de
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area de pesquisa, embora tenha passado todo o mestrado estudando quimica de
produtos naturais, ndo poderia dar continuidade a mesma drea de pesquisa, meus
orientadores ndo atuavam nos doutorados disponiveis.

A concorréncia nunca me assustou, da mesma forma que no vestibular, sempre
pensei que o que importava era a nota, ela era o objetivo se ndo a atingisse nao
mereceria a vaga, e, se alcancasse, ndo haveria quem a tirasse de mim. Mas,
concorria com docentes consagrados de minha universidade, alguns que inclusive
haviam sido meus professores. E que professores! Era o caso do Prof. Nicodemos
Teles. Um docente que me inspirou por seu humanismo e competéncia.

Passei a pesquisar na drea de quimica medicinal, mais especificamente em
Sintese de farmacos. O orientador que apostou em mim foi o Prof. Sebastido José de
Melo (Figura 7). Ao qual fui indicado pelo Prof. Nicdcio Henrique. Fui aceito,
certamente pelo prestigio de meu orientador de mestrado.

O desenvolvimento do projeto foi um processo que acrescentou muito a minha
formacdo, dado o esforco para aprender a respeito de técnicas novas e,
especialmente da quimica envolvida. Devo dizer ainda que o processo de
levantamento bibliografico, todo manual, anal6gico € o mais apropriado a se dizer,
me obrigou a intmeras visitas a Biblioteca Central da UFPE, para consultar
intermindveis volumes compilados de referéncias bibliogréficas ligadas a American
Chemical Society. Mas, tive importante apoio de colega do periodo de mestrado que
me passou parte do material utilizado em sua prépria pesquisa bibliogréfica,
Viviane. Isto me deu um importante ponto de partida na construcao do projeto.

Embora os sucessos sejam importantes € contem bastante, parece que teimamos
em manter em nossas memorias os fracassos, afinal estes sdo mais custosos. Passei
cerca de seis meses a tentar a inser¢do do grupo Phthalimida na posi¢do 4-amino de
minhas moléculas, e s6 apds seis meses e muitas pesquisas bibliograficas conclui,
junto ao meu orientador que aquela posi¢ao no anel pirimidinico estaria inacessivel
para a sintese da Phthalimida. Eu ja estava realizando outros experimentos em
paralelo com os outros compostos ja sintetizados de modo que ndo foi efetivamente
uma perda de tempo, mas, um processo de aprendizado valioso.

Esta dificuldade foi entdo contornada apdés uma reunido com um docente
importantissimo em minha jornada, o Prof. Ragendra Mohan Srivastava (Figura 8),
que certamente atuou como coorientador. Ele sugeriu que poderiamos introduzir o

grupo Phthalimidinico numa das posi¢des de substituicdo da pirimidina, a partir de
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uma Bisnitrila para-substituida com o grupo nitro e, posteriormente reduzida
cataliticamente utilizando Pd (Figura 6). Esta reacdo foi um sucesso e tenho certeza

de que meu treinamento prévio, incluindo-se os diversos erros técnicos, foi

importante neste processo.

Figura 6- Esquema reacional para obtencdo de 4-aminopirimidinas, com o grupo
Phthalimidinico

Os ensaios farmacoldgicos englobaram a toxidez aguda e acdo
antinflamatdria, utilizando o método de edema de pata. Estes experimentos foram
conduzidos no laboratério da Profa. Tereza Jansem, uma professora que ja cnhecia
desde o periodo de mestrado, de uma humanidade cativante e humor sem igual.
Além disso o laboratério era frequentado por uma comunidade de estudantes e
técnicos que tornavam o labor didrio bastante leve. Além disso a Profa. Tereza
facilitava muito no momento de se traduzir os dados em possiveis mecanismos
farmacoldgicos.

Os resultados conduziram a uma nova e desafiante etapa para a qual havia me
preparado com importantes disciplinas de quimica medicinal conduzidas pelo Prof.

Ivan da Rocha Pitta e a Profa. Sueli Galdino. Esta importante formagdo, me
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proporcionou as ferramentas necessdrias para os estudos de QSAR (Andlise
quantitativa da relacdo estrutura atividade bioldgica), conduzidos pelo grupo do
Prof. Mozart Neves, a época reitor da UFPE. Foi mais um processo de grande
aprendizado, junto ao Prof. Joao Bosco, docente parceiro do Prof. Mozart. Esta
etapa nos rendeu uma quantidade imensa de dados, e também demandou uma nova
revisdo dos estudos in vivo. Com curvas dose X resposta € mais outras etapas
sintéticas propostas pelo modelo matemdtico concluimos com um importante
trabalho publicado no European Journal of Medicinal Chemistry.

Durante os quatro anos tive ainda a oportunidade de interagir com outros
docentes-pesquisadores como a Profas. Maria do Carmo Alves de Lima, Sirlene
Carneiro, Ivone Antonia de Souza, Marcia Silva do Nascimento, Julianna Ferreira
Cavalcanti de Albuquerque e o Prof. Alexandre José da Silva Gobes, que
contribuiram com a minha formacao.

Abaixo cito os artigos publicados em decorréncia de minha tese de doutorado e
outro no mesmo periodo, em conjunto com um grande colega e amigo do

Laboratério o Dr. Vanildo Braga.

. MELO, S. J. ; SANTOS, L. C. ; FALCAO, E. P. S. ; SRIVASTAVA, R.
M. ; DUC, C. L..Synthesis of new 4-Amino-2,6-diarypyrimidine-5-carbonitriles.
Journal of Chemical Research. Synopses, Inglaterra, v. 2002, p. 216-217, 2002.

. FALCAO, E. P. S.; MELO, S. J. ; SRIVASTAVA, R. M. ; CATANHO,
T. J. A. ; NASCIMENTO, S. C. Synthesis and Anti-inflammatory activity of 4-
amino-2-aryl-5-cyano-6-{3- and 4-(N-phthalimidophenyl)}-pyrimidines.European
Journal of Medicinal Chemistry, Franca, v. 41, n.000, p. 276-282, 2006.

. SILVA, J. B. P. ; BARRO NETO, B. ; MELO, S. J. ; FALCAO, E.P. S. ;
CATANHO, T. J. A.Quantitative Structure Activity Relationships (QSAR) of 4-
Amino-2,6-Diarylpyrimidine-5-Carbonitriles Having Anti-inflammatory Activity.

Journal of the Brazilian Chemical Society, v. 19, p. 337-343, 2008.

. BRAGA, V.M. L. ; MELO, S. J. ; SRIVASTAVA, R. M. ; FALCAO, E.
P. S. . Synthesis of New 1,2,4-Oxadiazoles Carrying (1S,2S)-t-Butyloxycarbonyl-1-
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Amino-2-methyl-1-butyl and (1S)-t-Butyloxycarbonyl-1-. Journal of the Brazilian
Chemical Society, Brasil, v. 15, n.04, p. 603-607, 2004.

Figura 7- Prof. Sebastido a minha direita e Zenaide, p6s — doutoranda.

Figura 8- Prof. Rajendra Mohan Srivastava, ndo foi oficialmente co-orientador, mas, a ele devo
muito de minha formacdo pelo exemplo e dedicacdo. A sua direita Profa. Janaina Versiani dos

Anjos, grande amiga e colega de laboratério.
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Passei a ‘“desenhar a chave”. Era como, romanticamente, pensava. E ainda
penso. De fato sintetizei diversas novas moléculas, sempre com ajustes pessoais as
metodologias jé existentes. Foram quatro anos bastante produtivos e enriquecedores.
Mas, também cheios de incertezas. O mercado de trabalho, ndo era 14 dos mais
acolhedores e extremamente restrito. Estdvamos vivendo um periodo de grande
pressdo sobre as universidades e institutos de pesquisa em nosso pais. E esta
situacdo certamente acrescentou uma dose maior e ndo necessaria de stress, algo que

marcou este periodo de minha formacao.

2.7- Experiéncia P6s — Doutoral

Ao final do doutorado, submeti o projeto Sintese e avaliagdao das propriedades
Farmacolégicas de nucleosideos 4-aminopirimidinicos. O projeto foi aprovado e
pude desenvolver novas habilidades em sintese de Farmacos.

O projeto foi parcialmente desenvolvido no laboratério de quimica e sintese de
produtos naturais do departamento de Antibidticos da UFPE, sob a supervisao do
Prof. Sebastido José de Melo. Também com a imensa contribui¢do do Prof. Ajendra
Mohan Srivastava, do laboratério de Sintese Organica do Departamento de quimica
Fundamental da UFPE. Pude aumentar a interagcio com diversos
docentes/pesquisadores ja conhecidos, como a Profa... Apesar da dificuldade em se
obter certos reagentes foi um periodo muito interessante no qual pude aumentar
minha experiéncia laboratorial.

Bolsista de Desenvolvimento Cientifico Regional - DCR — FACEPE/CNPq 2004 a
2005.

3- CARREIRA DOCENTE UNIVERSITARIA - UFPE.

Em 2006, prestei concurso para a disciplina de Bioquimica, concurso promovido
pelo Departamento de Bioquimica. Por insisténcia de meu orientador de mestrado e
grande mentor o Prof. Nicdcio, embora tivesse me inscrito em outro processo
seletivo para o departamento de Antibidticos, concentrei esfor¢os para o concurso da

Bioquimica. Foi um concurso “complexo”, como todos naqueles tempos. Tendo
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sido aprovado, mas, nao classificado. Fui entdo, aproveitado para o nascente novo
campus da UFPE que viria a ser instalado na cidade de Vitdria de Santo Antdo,
municipio da zona da mata de Pernambuco.

Ap6s a posse, ocorrida em 14/07/2006, passamos a trabalhar, no antigo Quatorze
Biz, um bloco que atualmente ndo existe, mas, localizava-se mais ou menos no
mesmo local do atual centro de Ciéncias Médicas do Campus Recife, da UFPE. Foi
um periodo de muito aprendizado, pois os desafios de se desenvolver cursos e
infraestrutura praticamente do nada, apesar de criarem uma situagdo de grande
dificuldade também ofereciam uma oportunidade unica de desenvolvimento
profissional e pessoal.

Trabalhdvamos intensamente, € devo dizer animadamente, haviamos treinado e
estudado ao longo de anos para aquela funcdo, e naquele momento estivamos diante
de um grande passo a constru¢do de um novo campus. Era uma situagdo impar,
cheia de oportunidades. Afinal viviamos o Reuni, um processo de expansdo do
sistema de educagdo superior nunca antes Vvisto.

Aos poucos outros colegas foram se juntando, recordo-me da Profa. Claudia
Rohde que se juntou ao pequeno grupo sentando-se em uma mesa ao fundo da sala
em que trabalhdvamos. Naquele ambiente iniciamos o trabalho para os primeiros
editais FINEPE que iriam prover de recursos para instalacdo de novos equipamentos
0 NOVO campus.

A primeira viagem para visitar as instalagdes do CAV e do Centro Académico
do Agreste, que aquele periodo ainda funcionava dentro de um Shopping de
Caruaru, foi o primeiro contato com o futuro ambiente de trabalho. O clima de todos
os envolvidos sé era entusiasmo.

Aqui cabe uma pequena reflexdo, no pardgrafo anterior eu intencionamente
coloquei o verbo no pretérito perfeito, entretanto, creio que, apesar de
gramaticalmente correto, de fato, é incorreto, visto que o processo de criacdo

continua a acontecer.

I. ATIVIDADES DE ENSINO E ORIENTACAO, GRADUACAO, POS-
GRADUACAO
“O papel do professor € estabelecer relacdes dialdgicas de ensino e

aprendizagem; em que professor, ao passo que ensina, também aprende. Juntos,
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professor e estudante aprendem juntos, em um encontro democratico e afetivo, em
que todos podem se expressar’”.
Ao longo dos anos tenho ministrado um grupo de disciplinas bastante ligado

a quimica, bioquimica e quimica de produtos naturais, entretanto, dada a minha

formacdo e, sem falsa modéstia, entusiasmo pelo trabalho, também ministro e

ministrei outras disciplinas como Karaté-DO I. Sempre buscando manter o

minimo de 120h semestrais.

Acredito que um ser humano ndo deve se restringir demais em sua carreira
académica. Uma colega docente uma vez me disse que isto nos vai “burralizando”.
Apesar de o termo ndo ser exatamente o mais adequado, certamente parece estar
correto. O ser humano precisa ser estimulado de diversas formas e, creio eu, essa
ideia ndo se refere apenas a criangas. Entao o desafio do “novo” sempre me seduziu.

A seguir relaciono as disciplinas ministradas, na graduagao e pds-graduacao.

L.1- Disciplinas ministradas na graduacao

Ao longo dos ultimos anos tenho dedicado grande parte de minha carga horaria
semestral a ministrar disciplinas da graduacdo. Em geral relacionadas a drea para a
qual fui aprovado em concurso, Bioquimica (Figura 9), no entanto também ministro
ou contribuo como colaborador em outras disciplinas, como Estrutura e Dinamica da
Terra, na figura 10 foto com a turma de Estrutura e dinamica da Terra (EDT), em
uma das memordveis viagens de campo. No quadro 2 apresento a lista de disciplinas

ministradas na graduagao.
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Figura 9 —-Turma de Enfermagem, Bioquimica.

Figura 10 - Turma de Estrutura e Dindmica da Terra em atividade de Campo.

Quadro 2- Lista de disciplinas ministradas ao longo da carreira, na Graduagdo.

Disciplina Curso Periodo
BIOL0002 - Fundamentos | Licenciatura ~em  Ciéncias | 2006.2 —2013.1
de Quimica Biologicas

NUTRO0002 NA- | Bacharelado em Nutri¢do 2006.2 —2013.1
BIOQUIMICA 1

NUTRO0002 NB- | Bacharelado em Nutri¢do 2006.2 —2013.1
BIOQUIMICA 1

NUTRO0002 NB- | Bacharelado em Nutri¢do 2006.2 —2013.1

BIOQUIMICA 1
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ENFE0010
BIOQUIMICA 1

EN -

Bacharelado em Enfermagem

2007.1 —2012.1

Bioquimica da Nutri¢do

ENFEO0010 EA — | Bacharelado em Enfermagem 2007.1 —2012.1
BIOQUIMICA 1

BIOL0010 BA- | Licenciatura em Ciéncias 2007.1-2013.1
BIOQUIMICA Biolégicas

BIOL0010 BB- | Licenciatura em Ciéncias 2007.1-2013.1
BIOQUiMIC A Bioldgicas

BIOL0010 BI- | Licenciatura em Ciéncias 2007.1-2013.1
BIOQUiMIC A Bioldgicas

NUTRO0013 NA — | Bacharelado em Nutri¢do 2008.1-2013.1

NUTRO013 NU -

Bioquimica da Nutri¢do

Bacharelado em Nutri¢ao

2008.1-2013.1

NUTRO013 NB -

Bioquimica da Nutri¢do

Bacharelado em Nutri¢do

2008.1-2013.1

NEF0019 — KARATE - DO
I

Bacharelado em Enfermagem

2011.1-2019.2

NENO0007 — BIOQUIMICA

Bacharelado em Enfermagem

2012.1-2022.2

BIOL0081 — ESTRUTURA
E DINAMICA DA TERRA

Licenciatura em Ciéncias
Bioldgicas

2013.2-2022.2

BIOL0094 — BIOQUIMICA
I

Licenciatura em Ciéncias
Bioldgicas

2015.1 —2022.2

BIOL0098 — BIOQUIMICA
11

Licenciatura em Ciéncias
Biolégicas

2015.1-2022.2

I.2- Disciplinas ministradas na pés-graduacao

Desde 2010, ano em que passei a participar de cursos de pds — graduacdo stricto

senso, ministro disciplinas que julgo relevantes. Estas, entretanto, t€ém usualmente

periodicidade anual e ndo semestral.

Quadro 3- Lista de disciplinas ministradas ao longo da carreira na P6s-Graduacio.

Disciplina Curso Periodo
SA908 - FISICO-QUIMICA APLICADA | Sadde Humana e Meio Ambiente 2010-2013.2
SA923 - METABOLITOS Saude Humana e Meio Ambiente 2010-2015.2

SECUNDARIOS MICROBIANOS

SA918 — QUIMICA DE PRODUTOS

Saude Humana e Meio Ambiente

2014.2-2017.2
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NATURAIS BIOATIVOS
SA909 - BIOTECNOLOGIA Saide Humana e Meio Ambiente 2012.2 - 20131
SUB00661 — PRATICAS E/OU PROFBIO 2018.1
ESTRATEGIAS ALTERNATIVAS DE
ENSINO E APRENDIZAGEM DE
BIOLOGIA
PBI00902 — DA CONSTRUCAO DO PROFBIO 2018.1 -2019.2
CONHECIMENTO CIENTIFICO AO
ENSINO DE BIOLOGIA - TEMA 1/
APLICACAO E AVALIACAO DE
ATIVIDADES EM SALA DE AULA 2
SA935 - REDACAO CIENTIFICA PROFBIO 2018.2

L.3- Orientacoes, Coorientacdes e Supervisoes concluidas e em Andamento

Orientar e formar recursos humanos, para um docente, por mais ligado a pesquisa
que possa ser, geralmente, € algo necessdrio, parte integrante da profissdo. Mas, como
todo processo de ensino e aprendizagem sdo necessdrios dois agentes neste processo,
quem ensina / orienta e quem quer aprender e ser orientado neste processo. Portanto,
tive bons estudantes.

Cada turma tem sua histéria, mas, as primeiras turmas sdo sempre especiais. Meu
primeiro estudante talvez mereca uma mencdo a parte. Marinaldo Pacifico Neto foi
corajoso (ou tolo) o suficiente para procurar o Prof. Peter, em um periodo em que o
CAV tinha uma infra-estrutura muito menor que a que tem hoje. Conseguimos uma
bolsa de Iniciacdo Cientifica e ele desenvolveu seu estigio no Departamento de
Bioquimica, Laboratério de Quimica de Produtos Naturais sob a orientacdo da Profa.
Eugénia Cristina Pereira e coorientacdo de minha parte. Apds alguns meses a orienta¢ao
foi passada para mim. Hoje Marinaldo € Prof. Adjunto na Federal do Amazonas.

Definitivamente nem sempre as coisas sdo faceis, uma pequena ironia, ja que para
quem inicia geralmente as coisas, de fato, sdo mais dificeis. Tinha bastante interesse em
orientar, e neste sentido, pouco tempo apds o inicio de minhas atividades no CAV, o
que certamente foi cedo, visto que fui o terceiro docente a ser contratado (atualmente o
segundo mais antigo), procurei juntamente com outro colega, o Prof. César Augusto de
Souza Andrade, o programa de Bioquimica da UFPE, o curso que nos havia formado,
com esperangas de que nos acolhessem, mas, a palavra acolhimento estd longe de
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descrever a forma como fomos recebidos, nao que tenhamos sido mal recepcionados,
mas, a possibilidade de participar do colegiado daquele curso estava descartada, ao
menos por alguns anos. Parece que tinhamos que continuar nos provando aos mesmos
docentes que nos haviam treinado, e ndo estdvamos dispostos a isto. Entdo pensamos
em criar um curso de pés — graduacao.

Existiam diversos professores jovens € ansiosos por “produzir”, a matéria prima era
bastante promissora. E, Apds alguns meses de intenso trabalho um grupo de docentes do
CAYV, Coordenado pelo Prof. César, grupo do qual fiz parte, foi capaz de enviar um
APCN que culminou na abertura do Programa de Pds-graduacdo em Saide Humana e
Meio Ambiente, o primeiro programa strictu sensu do processo de interiorizacdo de
nossa UFPE. Devo dizer que foi um feito notdvel. Especialmente quando lembramos
que era um grupo com experiéncia bastante limitada, muito jovem.

Abaixo listo (Quadro 4) as orientacdes ao longo dos ultimos anos.

1.3.1 Graduacao

Trabalhos de conclusdo de curso, Iniciacdao Cientifica e Monitoria

Ao longo de minha carreira orientei diversos trabalhos de conclusido de curso,
notadamente de estudantes dos cursos de Ciéncias Bioldgicas, Enfermagem e Nutri¢ao.
Mas, tenho a nitida impressdao de que foram poucos. Talvez esta impressdo esteja
relacionada a minha drea de atuacdo que € basicamente quimica, englobando a Sintese
de Farmacos, Quimica de produtos naturais e Liquenologia aplicada. Receio que nao

seja 14 tao atraente.

Quadro 4- Orientagdes em Graduagdo nos tltimos anos.

Estudante Tipo de Orientaciao Curso/Ano
Alexsandra Nascimento de TCC Licenciatura em Ciéncias
Carvalho Biol6gicas/2010
Marinaldo Pacifico TCC Enfermagem/2010
Cavalcanti Neto
Bruna Maria Pereira da TCC Licenciatura em Ciéncias
Costa Cordeiro Biolégicas — UPE, campus
Nazaré/2011
Tamiris Alves Rocha TCC Licenciatura em Ciéncias
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Bioldgicas/2012

Maria Aparecida da TCC Licenciatura em Ciéncias
Conceicdo de Lira Bioldgicas/2013
Joelma Pessoa Gongalves TCC Licenciatura em Ciéncias

Bioldgicas/2013
Amanda Brito Nunes TCC Licenciatura em Cié€ncias
Bioldgicas/2014
José Laurentino dos TCC Licenciatura em Cié€ncias
Santos Neto Bioldgicas/2015
Camila Melo Alves de TCC Bacharelado em Educagao
Lima Fisica/2015
Cristiane Maria da TCC Licenciatura em Ciéncias
Concei¢ao Bioldgicas/2015
Dayvson José de Lima. TCC Licenciatura em Educagao
Fisica/2017
Pedro Henrique de TCC Bacharelado em Educagao
Andrade Lima Fisica/2018
Victéria Beatriz Gomes da TCC Licenciatura em Ciéncias
Silva Biologicas/2022
José Anderson dos Santos TCC Licenciatura em Ciéncias
Paixao Biolbgicas/2023
Marinaldo Pacifico Neto IC-FACEPE Graduando em
Enfermagem/2007
Leyliane Gomes da Mota IC-PROPESQ Graduando em
Silv Licenciatura em Cié€ncias
Biol6gicas/2007
Tatyane Lima de Oliveira IC-PROPESQ Graduanda em
Licenciatura em Ciéncias
Biologicas2007
Bruna Maria Pereira da IC-FACEPE Graduanda em
Costa Cordeiro Bacharelado em Ciéncias
Biologicas — UPE/2009
Alexsandra Nascimento de IC-FACEPE Graduanda em
Carvalho Licenciatura em Ciéncias
Biol6gicas/2009
Bruna Maria Pereira da IC-FACEPE Graduanda em
Costa Cordeiro Licenciatura em Ciéncias
Biologicas/2010
Tamiris Alves Rocha IC-FACEPE Graduanda em
Licenciatura em Cié€ncias
Bioldgicas/2012
Maria Aparecida da IC-FACEPE Graduanda em
Conceicdo de Lira Licenciatura em Ciéncias
Biol6gicas/2013
Rose Kelly dos Santos IC-PROPESQ Graduanda em
Sousa Licenciatura em Ciéncias
Biol6gicas/2017
Rosélia Rodrigues da IC-PROPESQ Licenciatura em Ciéncias

Costa Silva

Bioldgicas/2017




Brennda Raphaela IC-PROPESQ Licenciatura em Ciéncias
Dionisio de Aguiar Biologicas/2017
Hugo Renan da Silva IC-PROPESQ Licenciatura em Ciéncias
Amaral Biolbgicas/2021
Victoria Beatriz Gomes da IC-PROPESQ Licenciatura em Ciéncias
Silva Biologicas/2022
Anderson Felipe da Silva Monitoria Licenciatura em Ciéncias
Santos Biol6gicas/2009
Laryssa Grazielle Feitosa Monitoria Bacharelado em
Lopes Enfermagem/2009
Joelma Pessoa Gongalves Monitoria Licenciatura em Ciéncias
Biol6gicas/2009
Marcus Vinicius Peregrino Monitoria Bacharelado em
de Santana Enfermagem/2010
Marinaldo Pacifico Neto Monitoria Bacharelado em
Enfermagem/2010
Delton Manoel dos Santos Monitoria Bacharelado em Educagao
Silva Fisica/2011
Yasmin Luana Costa Monitoria Bacharelado em
Alves Nutricao/2011
Maurilia Palmeira da Monitoria Licenciatura em Ciéncias
Costa Bioldgicas/2011
Prissila Muniz de Morais Monitoria Bacharelado em
Nutricao/2011
Karen Yasmin dos Santos Monitoria Bacharelado em
Avelino Nutricao/2011
Aiany Cibelle Simdes Monitoria Bacharelado em
Alves Enfermagem/2012
Adriana Maria da Silva Monitoria Bacharelado em
Enfermagem/2013
Luana Darc Silva de Monitoria Bacharelado em
Andrade Nutri¢do/2015
Maria Islane Aradjo Monitoria Bacharelado em
Ferreira Enfermagem/2015
Marcos Ruan Marinho de Monitoria Educagao Fisica
Barros Bacharelado
Dayane Guimaraes Silva Monitoria Licenciatura em Ciéncias
Biol6gicas/2015
Jociellen Maria Gomes de Monitoria Educagao Fisica
Lima Bacharelado/2015
Ricardo Ribeiro de Monitoria Educacdo Fisica
Oliveira Bacharelado/2016
Stephany Ferreira Souza Monitoria Bacharelado em
da Silva Nutricao/2016
Maria Clara Silva Bezerra Monitoria Bacharelado em
Enfermagem/2019
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1.3.2- Pés-Graduacao

Dissertacoes de Mestrado e Teses de Doutorado

Ao longo dos ultimos anos tenho a grata satisfagdo de ter contribuido para a

formacdo de 14 Mestres e 2 Doutores (Quadro 5).

Quadro 5- Orientagdes em Pés-graduagdo nos tltimos anos.

Estudante

Tipo de Orientacao

Curso/Ano

Débora Maximo das
Neves Luna

Mestrado - Coorientacdo

Programa de Pés-
graduacdo em Saude
Humana e Meio
Ambiente/2009

Daniel de Senna
Alexandrino

Mestrado - Orientagdo

Programa de Pés-
graduacdo em Saude
Humana e Meio
Ambiente/2010

Marcela Clementino de
Aratjo

Mestrado - Coorientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2011

Samia Dayana Lemos de
Lacerda

Mestrado - Orientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2012

Janice Vasconcelos
Oliveira

Mestrado - Orientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2013

Bruno de Luna Oliveira

Mestrado - Orientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2014

Andrea de Andrade
Timoteo

Mestrado - Coorientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2015

André Severino da Silva

Mestrado - Orientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2016

Erima Maria de Amorim

Mestrado - Orientagdo

Programa de Pés-
graduacao em Saude
Humana e Meio
Ambiente/2016

Maria Aparecida da
Conceicdo de Lira

Mestrado - Orientacao

Programa de Pés-
graduacdo em Saude
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Humana e Meio
Ambiente/2016

Gerliny Bezerra de
Oliveira

Mestrado - Orientagcao

Programa de P6s-
graduacao em Saude
Humana e Meio
Ambiente/2017

Mariana Vasconcelos de
Paula Souza

Mestrado - Orientacao

graduacao Profissional em

Programa de P6s-

Ensino de Biologia —
PROFBIO/2019

Mariana Xavier dos Santos

Mestrado - Orientagao

graduacao Profissional em

Programa de P6s-

Ensino de Biologia —
PROFBI10/2022

Ana Jackeline de Franca

Mestrado - Orientacao

Programa de P6s-

Santos graduacgdo Profissional em
Ensino de Biologia —
PROFBI0/2020
André Severino da Silva | Doutorado - Coorientagao Doutorado em
Biotecnologia

Maria Aparecida da
Conceicdo de Lira

Doutorado - Coorientagio

Programa de P6s-
graduacdo em Ciéncias
Bioldgicas

1.3.3- Orientacoes e Supervisoes em Andamento.

No momento em que escrevo este documento estou a orientar trés estudantes de

Mestrado, dois de doutorado e dois em suas monografias de conclusdo de curso (TCC),

como se pode ler no quadro abaixo. Desde o auge da pandemia de COVID-19, ainda

ndo retomei orientacdo de estudantes de IC, mas, espero novos candidatos para 2024.

Quadro 6- Orientacdes em andamento

Estudante Tipo de Orientacio Curso/Ano
Higor Vinicius do Mestrado / Orientador Programa de P6s-
Nascimento graduagdo em biologia
celular e molecular a
plicada — UPE/2022
Victéria Mestrado/Orientador Programa de P6s-

graduacdo em biologia
celular e molecular a
plicada — UPE/2023

Lizandra Ferraz da Silva

Mestrado / Coorientagdo

Programa de Pos-
graduacdo em biologia
celular e molecular
aplicada — UPE/2022

Renatha Claudia Barros
Sobreira

Doutorado / Coorientacdo

Doutorado em Ciéncias
Farmacéuticas —
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UFPE/2019
Gerliny Bezerra de Doutorado / Coorientacao Doutorado em Ciéncias
Oliveira Farmacéuticas —
UFPE/2018
Samuel Elias da Silva TCC/Orientagao CAV/UFPE

II- ATIVIDADES DE PRODUCAO INTELECTUAL
Patentear nunca foi uma preocupagcdo, no entanto, apds algumas criticas e
comentérios de colegas, que de fato apresentaram argumentos sélidos, passou a ser uma
de minhas preocupacdes nos tltimos anos. No entanto, ainda ndo sdao “algo” corriqueiro
em minha producdo académica.

Abaixo listo as poucas obtidas nos dltimos anos.

I1.1 - Patentes

1. Cordeiro B. M. P. ; SILVA, T. D. S. ; Gongalves J. P. ; GUSMAO, N. B. ;
MENDONCA, R. Z. ; VIRGINIO, J. A. ; Falcdo, E.P.S. ; Martins, M. C. B. ;
BADARL J. C. ; SILVA, N. H. . Atividade Antiviral do Acido divarictico
contra virus infecciosos. 2014, Brasil. Patente: Modelo de Utilidade. Numero do
registro: BR1020140290303, titulo: "Atividade Antiviral do Acido divaricético
contra virus infecciosos" , Instituicdo de registro: INPI - Instituto Nacional da

Propriedade Industrial. Depdsito: 21/11/2014

2. MELO, S. J. ; MONTE, Z. S. ; SRIVASTAVA, R. M. ; SILVA, RICARDO
OLIVEIRA ; Falcao, E.P.S. . Heterociclos pirimidinicos potencialmente
bioativos e respectivo processo de obtencao e elucidagdo estrutural. 2017, Brasil.
Patente: Privilégio de Inovagdo. Numero do registro: BR10201701512, titulo:
"Heterociclos pirimidinicos potencialmente bioativos e respectivo processo de
obtencdo e elucidagdo estrutural", Instituicdo de registro: INPI - Instituto

Nacional da Propriedade Industrial. Depésito: 17/07/2017
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I1.2 Artigos Publicados em Peridédicos

O conhecimento cientifico certamente ndo € produto exclusivo da genialidade de
grandes cientistas, apesar de certamente dar grandes saltos pela participacdo deles.
Basta se verificar a quantidade de citacdes em seus artigos. Seu mérito certamente esta
em serem capazes de enxergar algo que os outros de nds ndo “viram”. Mas, creio que o
produto cientifico €, fruto de contribui¢des maiores ou menores que dao suporte a cada
um dos trabalhos, sejam eles puramente tedricos, experimentais ou ainda tecnoldgicos.
O produto do trabalho cientifico constitui portanto, uma grande piramide, com uma
sOlida e forte base, formada por inimeros blocos de rocha e que sobe em dire¢do aos
céus.

Durante a carreira publiquei, até 0 momento, cerca de 47 artigos, sem contar os
artigos ja aceitos para o ano de 2023, mas, ainda sem numeracdo de pagina e DOI. A
média de artigos completos por ano € de cerca de 2. Como se pode perceber (Figura 4) a
producdo nao € regular, a0 menos ndao como gostaria. Tenho o hdbito de me envolver
em diversos aspectos da vida académica e, a pesquisa precisa de tempo e dedicagdo,
sem falar de recursos. Além disso, meu trabalho fundamentalmente é experimental,
dependo de dados e resultados que demandam tempo de bancada. Isto torna a produgdo
cientifica ao longo do periodo constituida de anos de grande producgdo intercalada a
periodos de baixa produgdo. Além de diversos trabalhos “engavetados” com dados
incompletos.

Certamente ndo considero minha producdo quantitativamente muito expressiva,
possivelmente poderia ser maior, entretanto, creio que o mais importante € a qualidade
dos trabalhos e o impacto cientifico. Nao creio, porém, que seja a pessoa mais adequada
a avaliar o impacto de meus préprios produtos (e, também tenho minhas criticas ao
sistema de métricas que as fomentadoras utilizam para medir o impacto de nossa
producdo). No entanto, imagino que meus artigos € demais producdes servem ao
proposito de acrescentar um alguns tijolos a imensa Pirdmide que se constitui o
conhecimento humano, levando “adiante” nossa civilizagao.

Acrescento, entretanto, que minha producado cientifica, sofreu consideravelmente
nos ultimos dois anos devido 4 recente pandemia que ceifou milhdes de vidas em nossa
comunidade global. Apesar disso tenho me esforcado juntamente com minha equipe de
colaboradores e estudantes de forma que, para o ano em curso, ji publicamos trés

trabalhos e temos mais dois aprovados e outros dois em avaliacao por revisores.
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Grande parte de minha carreira tenho dedicado a pesquisa de produtos naturais com
potencial aplicacdo bioldgica, em dreas como Microbiologia aplicada, atividade anti-
inflamatodria, antineopdsica, antiespectorante, atividade larvicida frente a Aedes aegypti,
inseticida, atividade leishimanicida, antioxidante, genotéxica e mutagénica,
moluscicida, antinoceptiva, entre outras. Além de alguns ensaios relacionados a
educagdo, phitoquimica de plantas e algas e estudos a respeito do cultivo de liquens com
fins de producdo de metabdlitos secundarios de interesse biotecnologico e
farmacologico.

Também tenho investido grande parte de meus esforcos na sintese de compostos
bioativos, notadamente com os nucleos pirimidinico, phtalimidico e oxadiazélico (e
eventualmente os trés juntos). No tocante aos compostos pirimidinicos nosso grupo tem
publicado com frequéncia a respeito do potencial deste heterociclo e temos conduzido
estudos a respeito das propriedades fisico-quimicas de moléculas contendo este nicleo
que seriam responsaveis pelos efeitos bioldgicos observados. Estes estudos de Quimica
Medicinal sdo conduzidos conjuntamente a grupos de pesquisa da UFPB e UFPE.

Em alguns momentos também enveredo por derivados sintéticos oriundos de
compostos liquénicos com grande potencial como o &acido tsnico. Alguns trabalhos
relacionados a potencialidade do sal potdssico e sddico desta molécula ja foram
publicados em periddicos de alto impacto. Estudos a respeito de derivacdes mais
complexas de depsideos, e dcidos tsnicos sdo conduzidos com bons resultados, tendo
levado recentemente a uma dissertacdo de mestrado. No entanto o artigo ainda ndo foi
publicado, embora submetido.

Como se pode “ver” nas linhas acima, a minha producdo se concentra na sintese e
quimica de produtos naturais. Entretanto, devido a diversos fatores esta producdo oscila

ao longo dos anos, como pode ser observado na figura 11.
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Figura 11- Producio absoluta de artigosem perédicos/ano

Abaixo listo estas pequenas contribui¢cdes cientificas.

Ano

Publicacao

Periodico

2023

Assessment of Cytotoxic/Antitumour Potential and in
Silico Study of Salazinic Acid Isolated from Parmotrema
concurrens. De Lira, Maria Aparecida da Concei¢do; Da
Silva, Marllyn Marques; Alves Rocha, Tamiris; Feij6 de
Moura, Danielle; Santos Costa, Erick Caique; Dos Santos
Maia, Mayara; Scotti, Luciana; Scotti, Marcus Tullius;
Lacerda Buril, Maria de Lourdes; Pereira, Eugénia C.; de
Aguiar Jinior, Francisco Carlos Amanajs; De Britto Lira
Nogueira, Mariane Cajubd; Da Silva Santos, Noemia Pereira;

da Silva Falcao, Emerson Peter; de Melo, Sebastido José

Anti-Cancer  Agents in
Medicinal Chemistry, v. 23,

p. 000-000, 2023

Histological evaluation of the liver of mice with sarcoma-180
treated with salazinic acid. Lira, Maria Aparecida da C. de;
Silva, Marllyn M. da; Silva, Wanessa K.M.; Falcao, Emerson
P.S.; Aguiar Junior, Francisco C.A. de; Melo, Sebastido J. de.

Anais da Academia
Brasileira de Ciéncias v. 95,

p. 1-9,2023.

Larvicidal activity and docking study of Ramalina

complanata and Cladonia verticillaris extracts and
secondary metabolites against Aedes aegypti. Da Silva,
André Severino; de Oliveira Farias de Aguiar, Jilio César
Ribeiro; Da Silva Nascimento, Jéssica; Costa, Erick Caique
Santos; Dos Santos, Fabio Henrique Galdino; Andrade de
Aratjo, Hallysson Douglas; Da Silva, Nicdcio Henrique;
Pereira, Eugénia Cristina; Martins, Monica Cristina; Falcao,
Emerson Peter Silva; Scotti, Luciana; Scotti, Marcus Tullius;

Do Amaral Ferraz Navarro, Daniela Maria.

Industrial Crops and
Products, v. 195, p. 116425,

2023.

2022

Histomorphometricevaluation of the kidneys of albino
swiss mice exposed to extracts of Parmotrema concurrens
(lichen). Lira, M. A. C. ; Silva, M. M. ; Silva, L. C. ; Silva,
L. C. L.; Silva, C. J. S. ; E.P.S. Falcdo ; Aguiar Junior, F. C.

Brazilian Journal of Health
Review, v. 5, p. 22203-
22211, 2022.
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A. ; Melo, S. J.

2021

Insecticidal activity of the ether extract from the lichen

Ramalina complanata and an isolated metabolite
(divaricatic acid) against Sitophilus zeamais (Coleoptera,
Curculionidae). Da Silva, André Severino; De Lira Pimentel,
Camila Soledade; dos Santos, Fdbio Henrique Galdino; De
Aratjo, Hallysson Douglas Andrade ; Paiva, Patricia Maria
Guedes; Da Silva, Nicdcio Henrique ; Pereira, Eugénia
Cristina ; Martins, Monica Cristina Barroso ; Buril, Maria de
Lourdes Lacerda ; Napoledo, Thiago Henrique; Falcdo,
Emerson Peter Silva; Navarro, Daniela Maria do Amaral

Ferraz.

Biocatalysis and
Agricultural Biotechnology,
v. 35, p. 102049-6, 2021.

O Uso do Stop Motion No Ensino de Bioquimica Para o

Nivel Médio. Santos, A. J. F. ; Lima, K. E. C. ; Falcao, E.P.S.

Investigacdes em Ensino de
(UFRGS.
IMPRESSO), v. 26, p. 127-
144, 2021.

Ciéncias

2020

Pyrimidine Derivatives: QSAR Studies of Larvicidal
Activity against Aedes aegypti. Monte, Z. S. ; Navarro, D.
M. A. F. ; Aguiar, J. C. R. O. F. ; Nascimento, J. S. ; Scotti,
M. T. ; Scotti, L. T. ; Barros, R. P. C. ; Santos, A. C. S. ;
Pereira, V. R. A. ; Falcao, E.P.S. ; Melo, S. J.

Journal of The Brazilian
Chemical Society, v. 00, p.
1-10, 2020.

In silico studies on the Antileishmania, cytotoxicity and
anticancer activities of pyrimidine analogs. Monte, Z. S. ;
Souza, S. M. ; Costa, N. T. ; Santos, A. C. S. ; Militao, G. C.
G. ; Hernandes, M. Z. ; Silva, R. O. ; Falcdo, E.P.S. ; Melo,
S. .

Latin American Journal of
Pharmacy, v. 39, p. 1081-
1093, 2020.

Production of Bioactive Lichen Compounds by Alginate-
Immobilized Bionts Isolated from Cladonia verticillaris: An
in vitro Study. Santiago, R. ; Martins, M. C. B. ; Nascimento,
T. ; Barros, L. F. ; Vilaca, M. ; Emerson Peter S. Falcéo ;

Silva, N. H. ; Legaz, M. E. ; Vicente, C. ; Pereira, E.C.

Journal of Plant Studies, v.

09, p. 43-58, 2020.

Antioxidant Activity of Dictyotales from Tropical Reefs of
Brazil. Rodrigues, Samara; Harb, Talissa Barroco; Falcéo,
Emerson Peter da Silva ; Pereira, Sonia Maria Barreto ;

Chow, Fungyl.

Applied Biochemistry and
Biotechnology, v. 00, p. 1-
15, 2020.

Lichen metabolites from the immobilized bionts isolated
from Cladonia salzmannii. A study of their antioxidant and
antimicrobial activities. Santiago, R. ; Martins, M. C. B. ;
Barros, L. F. ; Vilaca, M. ; Nascimento, T. ; Falcdo, E.P.S. ;
Silva, N. H. ; Legaz, Maria Estrella ; Pereira, E.C. ; Vicente,

Journal of Medicinal Plants
Studies, v. 8, p. 43-55,

2020.
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Carlos .

2019

Evaluation of cytotoxic potential, oral toxicity,
genotoxicity, and mutagenicity of organic extracts of
Pityrocarpa moniliformis. Rocha, Tamiris Alves ; Moura,
Danielle Feij6 de ; Silva, Marllyn Marques da ; Dos Santos
Souza, Talita Giselly ; Lira, Maria Aparecida da Conceicdo
de ; Barros, Dayane de Melo ; Da Silva, Alexandre Gomes ;
Ximenes, Rafael Matos ; Falcio, Emerson Peter da Silva;
Chagas, Cristiano Aparecido ; Jdnior, Francisco Carlos
Amanajids de Aguiar ; Santos, Noémia Pereira da Silva ;

Silva, Marcia Vanusa da ; Correia, Maria Tereza dos Santos.

Journal of Toxicology and
Environmental Health-Part
A-Current Issues, v. 00, p.
1-16, 2019.

Toxicological effects of Ramalina aspera (lichen) on
Biomphalaria glabrata snails and Schistosoma mansoni
cercariae. Pereira, E. C. ; Melo, A. ; Falcao, E.P.S. ; Silva, H.
A.M.F.;Sa J. L F. ;Buril M. L. L. ; Lima, M. ; Martins,
M. C. B. ; Albuquerque, M. C. P. A. ; Silva, N. H. ; Siqueira,
W.

Acta Tropica, v. 196, p.
172-179, 2019.

Usnic Acid Potassium Salt: Evaluation of the Acute
Toxicity and Antinociceptive Effect in Murine Model.
Araujo, H. D. A. ; Silva Junior, J. G. ; Oliveira, J. R. S. ;
Ribeiro, M. H. M. L. ; Martins, M. C. B. ; Bezerra, M. A. C. ;
Aires, A. L. ; Albuquerque, M. C. P. A. ; Melo-Junior, M. R.
; Pontes Filho, N. T. ; Pereira, E. C. ; Silva, D. J. R. ; Anjos,
J. V. ; Emerson Peter S. Falcdo ; SILVA, N. H. ; Lima, V. L.
M.

Molecules, v. 24, p. 2042-
2059, 2019.

Optical Properties Pyrimidine Derivatives: Effect of

Electron-Donor/Acceptor Substituents In Molecular

Topology. Monte, Z. S. ; Falcao, E. P. S. ; Melo, S. J.

International research
journal of pharmacy, v. 10,

p. 5-13,2019.

2018

Efects of Usnic, Barbatic and Fumarprotocetraric acids

on Survival of Nasutitermes corniger (Isoptera:
Termitidae: Nasutitermitinae). Martins, Monica C B ;
Lopes, Rosineide Silva ; Barbosa, Patricia Silva ; Santiago,
Rocio ; Rodrigues, Bruno Rafael ; Albuquerque, Auristela
Correia De; Flacio, Emerson Peter S. ; Lima, Vera Lucia De

M. ; Silva, Nicdcio H. Da ; Pereira, Eugénia C.

SOCIOBIOLOGY, v. 65, p.
79, 2018.

Phytochemical and biological evaluation of metabolites
produced by alginate-immobilized Bionts isolated from
the lichen Cladonia substellata vain. Santiago, Rocio ;
Martins, Monica C.B. ; Vilaca, Matheus D. ; De Barros, Luiz

F.B. ; Nascimento, Tais ; Da Silva, Nicacio H. ; Falcao,

Fitoterapia, v. 131, p. 23-34,
2018.

41




Emerson P.S. ; Legaz, Maria-Estrella ; Vicente, Carlos ;

Pereira, Eugénia C.

Hexane extract from Spondias tuberosa (Anacardiaceae)
leaves has antioxidant activity and is an anti-Candida
agent by causing mitochondrial and lysosomal damages.
Da Costa Cordeiro, Bruna Maria Pereira; De Lima Santos,
Nataly Diniz; Ferreira, Magda Rhayanny Assuncdo; De
Aratjo, Larissa Cardoso Corréa ; Junior, Alexsander
Rodrigues Carvalho ; Da Concei¢do Santos, Alan Diego ; De
Oliveira, Ana Paula ; Da Silva, Alexandre Gomes ; Da Silva
Falcdo, Emerson Peter ; Dos Santos Correia, Maria Tereza ;
Da Silva Almeida, Jackson Roberto Guedes ; Da Silva, Luis
Claudio Nascimento ; Soares, Luiz Alberto Lira ; Napoledo,
Thiago Henrique ; Da Silva, Mércia Vanusa ; Paiva, Patricia

Maria Guedes.

BMC Complementary and
Alternative Medicine, v. 18,

p. 1-10, 2018.

Synthesis, antitrypanosomal activity and molecular
docking studies of pyrimidine derivatives. De Melo,
Sebastido José; Do Monte, Zenaide Severina ; Da Silva
Santos, Aline Caroline ; Silva, Ana Catarina Cristovao ;
Ferreira, Luiz Felipe Gomes Rebello ; Hernandes, Marcelo
Zaldini ; Silva, Ricardo Oliveira; da Silva Falcdo, Emerson
Brelaz-De-Castro,

Peter Maria Carolina Accioly ;

Srivastava, Rajendra M. ; Pereira, Valeria R€go Alves.

Medicinal Chemistry
Research, v. 27, p. 2512-
2522,2018.

Antineoplastic Activity and Genotoxicity of Organic
Extracts and Barbatic Acid Isolated from the Lichen
Cladonia salzmannii Nyl. Gongalves J. P. ; Martins, Monica
Cristina Barroso ; Buril, M. L. L. ; Aguiar, J. S. ; Souza, T.
G. S. ; Santos, N. P. S. ; Chagas, C. A. ; Pereira, E. C. ;

Falcdo, Emerson Peter da Silva ; Silva, N. H.

International Archives of
Medicine, v. 11, p. 1-12,
2018.

Comparison of Antibacterial and Antibiofilm Potential of
Organic Extracts of Pityrocarpa moniliformis Leafs
Obtained by Different Methods of Extraction. Rocha, T.
A. ; Souza, C. M. ; Nascimento Junior, J. A. A. ; Moura, D.
F. ; Barros, D. M. ; Lira, M. A. C. ; Silva, M. M. ; Silva, A.
G. ; Oliveira, I. S. ; Falcao, E.P.S. ; Silva, M. V. ; Correia, M.
T.S.

International  Journal of
Recent Scientific Research,

v. 9, p. 29791-29795, 2018.

2017

Barbatic Acid Offers a New Possibility for Control of
Biomphalaria Glabrata and Schistosomiasis. Martins,
Mbnica ; Silva, Monique ; Silva, Hianna ; Silva, Luanna ;

Albuquerque, Monica ; Aires, André ; Falcio, Emerson ;

Molecules (Basel. Online),
v. 22, p. 568-578, 2017.

42




Pereira, Eugénia ; De Melo, Ana ; Da Silva, Nic4cio.

Synthesis and evaluation of arylamidine derivatives for
new antimicrobial and cytotoxic activities. Do Monte,
Zenaide Severina ; Amanda M. Silva ; Claucia M. S. Lima ;
Silva, T. G. ; Marques, K. M. R.; Rodrigues, M. D. ; Falcio,
E.P.S.; Melo, S. J.

ANAIS DA ACADEMIA
BRASILEIRA DE
CIENCIAS, v. 89, p. 1051-
1059, 2017.

Biologically-Active Compounds from Brazilian Lichens
and their Affinity with Ether. Pereira, E. C.; Martins, M. C.
B. ; Buril M. L. L. ; Santiago, R. ; Falcao, Emerson P. S. ;
Silva, N. H. ; Legasz, E. ; Vicente, C.

Journal of drug design and
research, v. 4, p. 1057-1062,
2017.

2016 Synthesis of 4-amino-2,6-diaryl-5-cyanopyrimidines as | Synthetic Communications,
Antimicrobial Agents. Do Monte, Zenaide Severina ; | p.983-991, 2016.
Monteiro, Maria Renata Leite ; Borba, Camila Beatriz
Atandsio ; Gusmdo, Norma Buarque de ; Falcdo, Emerson
Peter da Silva ; Silva, Ricardo Oliveira ; Srivastava, Rajendra
M. ; De Melo, Sebastido José.
In vitro and In vivo Antineoplastic Activity of Barbatic | International Archives of
Acid. Martins, M. C. B. ; Rocha, T. A. ; Silva. T. D. S. ; | Medicine, p. 1-9, 2016.
Cavalcanti Neto, M. P. ; Santos, N. P. ; Silva, T. G. ; Aguiar
Junior, F. C. A. ; Falcao, E. P. S. ; Pereira, E. C. ; Silva, N. H.

2014 Usnic Acid Potassium Salt: an Alternative for the Control | Plos One, v. 9, p. e111102,
of Biomphalaria glabrata (Say, 1818). Martins, Monica C. | 2014.
B. ; Silva, Monique C. ; Silva, Luanna R. S. ; Lima, Vera L.
M. ; Pereira, Eugénia C. ; Falcdo, Emerson P. S. ; Melo, Ana
M. M. A. ; Da Silva, Nic4cio Henrique .
Auriculoterapia: tratamento dos transtornos da | Ciéncia, Cuidado e Saude
amamentacao. Maymone, Cristiana Marinho ; Pinto, Rogélia | (Online), v. 13, p. 577,
Herculano ; Falcio, Emerson Peter da Silva ; Judnior, | 2014.
Bartolomeu José dos Santos
Expectorant and antioxidant activities of purified | Pulmonary Pharmacology &
fumarprotocetraric acid from Cladonia verticillaris lichen | Therapeutics, v. 27, p. 139-
in mice. De Barros Alves, Glicia Maria ; De Sousa Maia, | 143, 2014.
Maria Bernadete ; De Souza Franco, Eryvelton ; Galvao,
André Martins ; Da Silva, Teresinha Gongalves ; Gomes,
Renata Miranda ; Martins, Monica Barroso ; Da Silva Falcio,
Emerson Peter ; De Castro, Célia Maria Machado Barbosa ;
Da Silva, Nicacio Henrique .

2013 Antinociceptive  pyrimidine  derivatives:  aqueous | Tetrahedron Letters, v. 54,

multicomponent microwave assisted synthesis. Xavier,

Augusto L. ; Simas, Alfredo M. ; Falcao, Emerson P. da S. ;

p. 3462-3465, 2013.

43




dos Anjos, Janaina V.

2012 Allelopathic and bioherbicidal potential of Cladonia | Ecotoxicology and
verticillaris on the germination and growth of Lactuca | Environmental Safety, v. 84,
sativa. Falcdo, E. P. S.; Tigre, R.C. ; Silva, N.H. ; Santos, | p. 125-132, 2012.

M.G. ; Honda, N.K. ; Pereira, E.C.

O Anel Pirimidinico e sua importincia na busca por | Anais da Academia

novos farmacos: Uma breve revisdo. Falcio, E.P.S.; | Pernambucana de Ciéncia

MELO, S. J. Agrondmica, v. 9, p. 84-
106, 2012.

Producdo de compostos fenélicos a partir de células | Acta Botanica Brasilica

imobilizadas do liquen Parmotrema andinum (Miill. Arg.) | (Impresso), v. 26, p. 101-

Hale e avaliacio de atividade antimicrobiana. Noébrega, | 107, 2012.

Nadejda de Azevedo; Ribeiro, Sheyla Mara ; Pereira,

Eugénia Cristina ; Marcelli, Marcelo ; Martins, Monica

Cristina Barroso ; Falcdo, E. P. S. ; Gusmao, Norma Buarque

de ; SILVA, N. H.

Substancias Obtidas de Ramalina aspera através de | Anais da Academia

imobilizacdo celular utilizando  biorreator com | Pernambucana de Ciéncia

movimento constante. Cordeiro, B. M. P. C. ; Martins, | Agrondmica, v. 9, p. 226-

MBobnica Cristina Barroso ; Carvalho, A. N. ; Buril, M. L. L. ; | 237, 2012.

Falcdo, E. P. S. ; Pereira, E. C. ; Silva, N. H.

2010 Interfacial properties of a novel pyrimidine derivative | Colloids and Surfaces. A,
and poly(ethylene glycol)-grafted phospholipid floating | Physicochemical and
monolaye. Luna, D. M. N. ; Falcdo, E. P. S. ; Melo, S. J. ; | Engineering Aspects (Print),
Andrade, C. A. S. v. 358, p. 54-65, 2010.

2008 Quantitative Structure Activity Relationships (QSAR) of | Journal of the Brazilian
4-Amino-2,6-Diarylpyrimidine-5-Carbonitriles = Having | Chemical Society, v. 19, p.
Anti-inflammatory Activity. Silva, J. B. P. ; Barro Neto, B. | 337-343, 2008.

; Melo, S. J. ; Falcao, E. P. S. ; Catanho, T.J. A.

2006 Synthesis and Anti-inflammatory activity of 4-amino-2- | European Journal of
aryl-5-cyano-6-{3- and 4-(N-phthalimidophenyl)} | Medicinal Chemistry,
pyrimidines. Falcdo, E. P. S.; Melo, S. J. ; Srivastava, R. M. | Franca, v. 41, n.000, p. 276-
; Catanho, T. J. A. ; Nascimento, S. C. 282, 2006.
Producio de metabdlitos bioativos pelo liquen Cladonia | Acta Botanica Brasilica, v.
substellata Vainio. Ribeiro, S. M. ; Pereira, E. C. ; Gusmao, | 20, p. 265-272, 2006.
N. B. ; Falcdo, E. P. S. ; Silva, N. H.

2005 A Simple approach for the Synthesis of 2,6-Diaril-4-oxo- | Heterocyclic

3,4-dihydropyrimidine-5-carbonitriles. Mendonca Junior,
F.J. B. ; Anjos, J. V. ; Falcdo, E. P. S. ; Yamamoto, A. P. ;
Melo, S. J. ; Srivastava, R. M.

Communications, v. 11,

n.000, p. 479/ 6-484, 2005.

44




2004 Atividade Antimicrobiana de Derivados Fenélicos de | Acta Botanica Brasilica, v.
Ramalina sorediosa (B. de Lesd) Laundron. Falcdo, E. P. | 18, n.04, p. 913-920, 2004.
S.; Silva, N. H. ; Gusmao, N. B. ; Ribeiro, S. M. ; Pereira, E.
C.
Synthesis of New 1,2,4-Oxadiazoles Carrying (1S,2S)-t- | Journal of the Brazilian
Butyloxycarbonyl-1-Amino-2-methyl-1-butyl and (1S)-t- | Chemical Society, Brasil, v.
Butyloxycarbonyl-1-. Braga, V. M. L. ; Melo, S. J. ;| 15, n.04, p. 603-607, 2004.
Srivastava, R. M. ; Falcao, E. P. S.

2002 Atividade antimicrobiana de Compostos Fendlicos do | Acta Farmacéutica
Liquen Heterodermia leucomela (L.) Poelt. Falcdo, E. P. S.; | Bonaerense, v. 21, n.1, p.
Silva, N. H. ; Pereira, E. C. ; Gusmio, N. B. ; Ribeiro, S. M. 43-49, 2002.
Synthesis of new 4-Amino-2,6-diarypyrimidine-5- | Journal of Chemical
carbonitriles. Melo, S. J. ; Santos, L. C. ; Falcdo, E. P. S. ; | Research. Synopses,
Srivastava, R. M. ; Duc, C. L. Inglaterra, v. 2002, p. 216-

217, 2002.
2001 Biochemical Markers in Taxonomy of the Genus | Revista Iberoamericana de

Cunnighamella. Falcio, E. P. S.; Takaki, G. M. C. ; Xiosaki,
R. K. ; Silva, N. H.

Micologia, 18: 123-127,

2001.

I1.3- Capitulos de Livros Publicados

Ao longo dos dltimos anos publicamos dois capitulos de livros, em parceria com

colegas docentes e pesquisadores. Ambos os trabalhos relacionados a liquenologia.

1. Pereira, Eugénia C. ; da Silva, Nicacio H.; Buril, Maria de Lourdes L. ; Martins,

Mbnica C. B. ; Silva, Hianna A. M. F. ; Falcao, Emerson Peter S. ; de Oliveira,
Helinando P. ; da Costa, Mateus Matiuzzi ; Legaz, Maria Estrella ; Santiago,
Rocio; Vicente, Carlos . Bioactive Compounds from Brazilian Lichens and
Their Biotechnological Applications. In: Mallappa Kumara Swamy. (Org.).
Plant-derived Bioactives. 000ed.Singapore: Springer Singapore, 2020, v. 000, p.

209-238.

Ribeiro, S. M. ; Falcao, E. P. S. ; Pereira, E. C. ; Silva, N. H. ; Gusmao, N. B. ;
Honda, N. K. ; Quilhot, W. . Detection of Antibacterial Activity of Lichen
Substances through microdilution tests. In: Calvelo, S.; Feuerer, T. (Org.).
Liquenology. : Institut Fuer Allgemeine Botanik, 2002, v. , p. 185-194.

45



I1.4- Resumos Simples publicados em anais de eventos

1. Oliveira, L. S. ; Silva Neto, J. L. ; Conceicao, C. M. ; Nunes, A. B. ; Lira, M. A. ;
Falcdo, E. P. S. Avaliacdo da Atividade Antimicrobiana dos Extratos de Cladina
dendroides. In: Reunido Regional da Federacdo das Sociedades de Biologia
Experimental, 2015, Salvador. Livro de Resumos da Reunido Regional da

Federacdo das Sociedades de Biologia Experimental, 2015. v. 000. p. 000-000.

2. Cavalcanti Filho, J. R. N. ; Cordeiro B. M. P. ; Gomes, N. F. ; Martins, Mo6nica
Barroso ; Silva. T. D. S. ; Silva, C. R. ; Ferreira, A. C. M. ; Melo, E. J. V. ; Sena,
E. J. V. ; Falcdo, E.P.S. ; Gusméao, N. B. ; Silva, N. H. . Evaluation of the
minimum inhibitory concentration (MIC) of the purified divaricatic acid of the
lichen Ramalina aspera front isolated species of Enterococcus SSP. In: XIII
Reunido Regional Nordeste da SBBq, 2014, Natal - RN. Livro de resumos da
XIII Reunido Regional Nordeste da SBBq, 2014. v. 000. p. 000-000.

3. Cabral, A. S. ; Aguiar Junior, F. C. A. ; Lacerda, S. D. L. ; Tavares C. A. ; Silva.
T. D. S. ; Silva, N.H. ; Pereira, E.C. ; Falcao, E.P.S. . Agnor count in erlich
carcinoma cells after treatment with organic extract of Pseudociphelaria aurata.
In: III Congresso Luso-Brasileiro de Patologia Experimental (XIII Simpdsio
Internacional sobre técnicas experimentais), 2013, Tiradentes. Livro de Resumos
do III Congresso Luso-Brasileiro de Patologia Experimental (XIII Simpoésio

Internacional sobre técnicas experimentais), 2013. v. 000. p. 000-000.

4. Oliveira, J. V. ; Tavares C. A. ; Melo, A. O. ; Silva. T. D. S. ; Santos, N. P. S. ;
Falcao, E.P.S. . Developed OH Lipossomes Containing Compound 2-Phenyl - 4
- Amino - 6 - P - phluorophenyl - 5 - carbonitrile - pyrimidine with antitumoral
propertiy. In: III Congresso Luso-Brasileiro de Patologia Experimental (XIII
Simpésio Internacional sobre técnicas experimentais), 2013, Tiradentes. Livro
de Resumos do IIT Congresso Luso-Brasileiro de Patologia Experimental (XIII

Simpo6sio Internacional sobre técnicas experimentais), 2013. v. 000. p. 000-000.

46



10.

Lira, M. A. ; Rocha, T. A. ; Falcao, E.P.S. . Sintese de composto 4-amino-2-
(fenil)-6-(p-metoxi-fenil)-5-carbonitrila  pirimidina e avaliagdo de suas
propriedades antimicrobianas. In: 530 Congresso Brasileiro de Quimica, 2013,
Rio de Janeiro. Anais do 530 Congresso Brasileiro de Quimica, 2013. v. 000. p.

000-000.

Gongalves J. P. ; Cordeiro B. M. P. ; Falcao, E.P.S. . Obtainment and evaluation
of the chromatographic profile of organic extracts of Ramalina aspera (Lichen).
In: ExTech 2013 15th International Symposium on advances in extraction

technologies, 2013, Jodo Pessoa. ExTech 2013, 2013. v. 000. p. 000-000.

Melo, P. ; Cordeiro B. M. P. ; Falcao, E. P. S. ; Pereira, E. C. ; Silva, N. H. ;
Rodrigues, B. R. M. . Atividade antimicrobiana dos extratos brutos apds
irradiacdo gama de Cladonia salzmanii. In: 35a Reunido Anual da Sociedade
Brasileira de Quimica, 2012, Aguas de Lindéia. Anais da 35a Reunido Anual da

Sociedade Brasileira de Quimica, 2012. v. 000. p. 000-000.

Falcao, E.P.S.; Aguiar Junior, F. C. A. ; Santos, N. P. S. . Evaluation of
antitumor activity of barbatic acid of Cladonia salzmanii in Sarcoma-180 trough
histochemical AgNOR method. In: Congresso Luso-Brasileiro de Histopatologia
Experimental e no XI International Symposium on Experimental Techniques,
2012, Recife. Anais do Congresso Luso-Brasileiro de Histopatologia
Experimental e no XI International Symposium on Experimental Techniques,

2012. v. 000. p. 000-000.

Siqueira, R. S. ; Moura, R. M. ; Oliveira, L. S. ; Falcdo, E. P. S. . Detection Of
Patulin Mycotoxin Using Tlc In Samples Of Banana, Apple And Pear Infected
With Penicillium Sclerotigenum. In: XXI Congresso Latinoamericano de
Microbiologia (XXI ALAM), 2012, Santos. Anais do XXI Congresso
Latinoamericano de Microbiologia (XXI ALAM), 2012. v. 000. p. 000.

Lira, M. A. ; Rocha, T. A. ; Cordeiro B. M. P. ; Gusmao, N. B. ; Falcao, E. P. S.
Sintese de Novos Heterociclos 4-amino-pirimidinicos-2,6-bissubstituidos e

avaliacdo de suas propriedades antimicrobianas. In: VII Reunido Regional das

47



11.

12.

13.

14.

15.

Sociedades de Biologia Experimental - FESBE, 2012, Maceié - AL. Anais da
VII Reunido Regional das Sociedades de Biologia Experimental - FESBE, 2012.
v. 000. p. 000-000.

Silva, M.F.G. ; Carreteiro, M. B. ; Lima, C. O. R. ; Alves, D. S. ; Gomes, A. M.
N. L. ; Ferreira, N. R. M. ; Guimardes, M. A. L. : Silva, L. N. O. S. ; FALCAO,
E. P. S. . Efeito do Percurso do Alcool no Organismo. In: II Encontro
Internacional de Pesquisa em Educacao Fisica, 2011, Vitéria de Santo Antdo -

PE. Anais do II Encontro Internacional de Pesquisa em Educacgdo Fisica, 2011.

v. 000. p. 000-000.

Dias, S. A. ; Santos, N. P. S. ; Falcdo, E. P. S. ; Freitas, E. M. S. ; Chagas, C. A.

Genotoxic Effect of 4-amino-2-phenyl, 6-(p-fuor-phenyl)-5-carbonitrile-
pyrimidine assessed by the comet assay. In: X Congresso da Brasileiro da
Sociedade Brasileira de Mutagénese, Carcinogénese e Teratogénese Ambiental
(SBMCTA), 2011, Sao Pedro - SP. Anais do X Congresso da Brasileiro da
Sociedade Brasileira de Mutagénese, Carcinogénese e Teratogénese Ambiental

(SBMCTA), 2011. v. 000. p. 000-000.

Bezerra, L. B. ; Araujo, A. E. P. ; Falcao, E.P.S. ; Silva, E. F. L. ; De Melo, G.
C.; Silva, G. A. . A Multi-Wavelength Solar Observatory. In: XXXVI Reuniao
Anual da Sociedade Astrondmica Brasileira, 2011, Aguas de Linddia. Anais do
XXXVI Reunido Anual da Sociedade Astrondmica Brasileira, 2011. v. 000. p.
59-59.

Martins, M. C. B. ; Silva, R. C. S. ; Pereira, E. C. ; Falcdo, E. P. S. ; SILVA, N.
H. . Potencial inseticida do 4cido usnico de Cladonia substellata vainio contra a
lagarta predadora do algoddao Alabama argillacea Hubner.. In: XXIII Congresso
Brasileiro de Entomologia, 2010, Natal. Anais do XXIII Congresso Brasileiro de
Entomologia, 2010. v. 000. p. 000-000.

Silva, R. C. S. ; Martins, M. C. B. ; Pereira, E. C. ; Falcao, E. P. S. ; Silva, N. H.
. Atividadse inseticida do dcido usnico sobre Alabama argillacea Hubner e seu

predador Podisus nigrispinus Dallas. In: XXIII Congresso Brasileiro de

48



16.

17.

18.

19.

20.

21.

entomologia, 2010, Natal - RN. Anais XXIII Congresso Brasileiro de
entomologia, 2010. v. 000. p. 000-000.

Arruda, A. C. P. ; Martins, M. C. B. ; Guerreiro, I. G. V. ; Cordeiro B. M. P. ;
Falcdo, E. P. S. ; Gusmao, N. B. ; Pereira, E. C. ; Silva, N. H. . Atividade
Sinergistica Entre os Compostos de Cladonia substellata e Antibidticos no

Combate a Bactérias Patogénicas. In: Quinto Encontro de Grupo Brasileiro de

Liquenologia, 2010, Recife. Livro de Resumos 50 GBL, 2010. v. 000. p. 39-39.

Cordeiro B. M. P. ; Falcao, E. P. S. ; Silva, N. H. ; Pereira, E. C. ; Gusmao, N.
B. . Avaliagdo da Atividade Antibacteriana de Extratos Organicos e de Ramalina

aspera (LIQUEN). In: Quinto Encontro de Grupo Brasileiro de Liquenologia,
2010, Recife. Livro de Resumos 50 GBL, 2010. v. 000. p. 43-43.

Gongalves J. P.; Falcdo, E. P. S. ; Silva, N. H. ; Pereira, E. C. . Avaliacdo da
Atividade Citotéxica de Extratos Organicos de Ramalina aspera (LIQUEN). In:

Quinto Encontro do Grupo Brasileiro de Liquenologia, 2010, Recife. Livro de

Resumos 50 GBL, 2010. v. 000. p. 45-45.

Luna, D. M. N. ; Falcdao, E. P. S. ; Melo, S. J. ; Andrade, C. A. S. .
Caracterizagdo fisico-quimica de monocamadas Interfaciais mistas compostas
por composto 4-amino-2-fenil-6-(p-fluor-fenil)-5-carbonitrila-pirimidina. In: 62
Reunido Anual da SBPC, 2010, Natal. Anais da 62 ReunidaoAnual da SBPC,
2010. v. 000. p. 000-000.

Luna, D. M. N. ; Falcdo, E. P. S. ; Andrade, C. A. S. . Interfacial properties of a
novel pyrimidine derivative and poly(ethylene Glycol)-Grafted phospholipid
floating monolayers. In: X Reunido Regional Nordeste da Sociedade Brasileira
de Bioquimica e Biologia Molecular-SBBq, 2010, Salvador. Anais da X
Reunido Regional Nordeste da Sociedade Brasileira de Bioquimica e Biologia

Molecular-SBBg, 2010. v. 000. p. 000-000.

Silva, R. C. S. ; Martins, M. C. B. ; Falcao, E. P. S. ; Pereira, E. C. ; Silva, N. H.

. Efeito Inseticida do Extrato Orginico e do Acido Usnico Purificado de

49



22,

23.

24.

25.

26.

Cladonia susbtellata Vainio Sobre o Predador Podisus nigrispinus (Dallas). In:

V Encontro do Grupo Brasileiro de Liquenologia, 2010, Recife. Livro de
Resumos do 5 GBL, 2010. v. 000. p. 48-48.

Martins, M. C. B. ; Silva, R. C. S. ; Falcdo, E. P. S. ; Pereira, E. C. ; Silva, N. H.
. Efeito do Acido Usnico obtido de Cladonia substellata VAINIO sobre a
Sobrevivéncia da Lagarta Alabama argillacca (HUBNER) e seu Predador
Podisus nigrispinus (DALAS). In: V Encontro do Grupo Brasileiro de
Liquenologia, 2010, Recife. Livro de Resumos do 5 GBL, 2010. v. 000. p. 50-
50.

Araujo, A. A. B. ; Martins, M. C. B. ; Falcdo, E. P. S. ; Pereira, E. C. ; Silva, N.
H. . Producio do Acido Barbitico por Cladia aggregata (SW.) NYL em Sistema
de Imobilizacdo fixo. In: V Encontro do Grupo Brasileiro de Liquenologia,

2010, Recife. Livro de Resumos do 5 GBL, 2010. v. 000. p. 53-53.

Araujo, A. A. B. ; Martins, M. C. B. ; Falcdo, E. P. S. ; Pereira, E. C. ; Silva, N.
H. . Avaliacdo do Sistema Fixo de Bioprodugio para Sintese do Acido Barbitico
por Cladia aggregata (SW.) NYL. In: V Encontro do Grupo Brasileiro de
Liquenologia, 2010, Recife. Livro de Resumos do V GBL, 2010. v. 000. p. 54-
54.

Carvalho, A. N. ; Silva, M. L. L. ; Falcao, E. P. S. ; Silva, N. H. ; Pereira, E. C. .
Bioprodu¢ao de Metabdlitos Secundarios do Liquen Cladonia corallifera
(Kunze.) Nyl. Através de Imobilizagao de Fragmentos do Talo em Sistema de
Fluxo Continuo com Caulinita. In: V Encontro do Grupo Brasileiro de
Liquenologia, 2010, Recife. Livro de Resumos do V GBL, 2010. v. 000. p. 54-
54.

Guerreiro, I. G. V. ; Martins, M. C. B. ; Silva, R. S. ; Falcdo, E. P. S. ; Silva, N.
H. ; Pereira, E. C. . Eficiéncia Bioprodutiva de Atranorina nos Fragmentos de
Talo de Heterodermia leucomela. In: V Encontro do Grupo Brasileiro de
Liquenologia, 2010, Recife. Livro de Resumos do V GBL, 2010. v. 000. p. 60-
60.

50



27.

28.

29.

30.

31.

Guerreiro, 1. G. V. ; Martins, M. C. B. ; Silva, R. S. ; Falcao, E. P. S. ; Silva, N.
H. ; Pereira, E. C. . Produgdo do Acido Salazinico por Sistemas de Imobilizacio
com Fragmentos do Talo de Heterodermia leucomela. In: V Encontro do Grupo
Brasileiro de Liquenologia, 2010, Recife. Livro de Resumos do V GBL, 2010. v.
000. p. 62-62.

Bezerra, L. B. ; Araujo, A. E. P. ; Silva, E. F. L. ; E.P.S. Falcdo ; De Melo, G. C.
; Silva, G. A. . Characterisation of Optical Turbulence Above a Pre-Selected
Astronomical Site.. In: XXXV Reunido Anual da Sociedade Astrondmica
Brasileira, 2010, Passa Quatro. Anais da XXXV Reunido Anual da Sociedade
Astrondmica Brasileira, 2010, 2010. v. 000. p. 000.

Carvalho, A. N. ; Falcao, E. P. S. ; Silva, N. H. ; Pereira, E. C. ; Buril M. L. L. .
Bioproducdo de Metabdlitos do Liquen Ramalina aspera Risidnen por
imobilizacdo celular de fragmentos do talo em sistema de fluxo continuo com
caulinita. In: IX Jornada de Ensino Pesquisa e Extensdo da Universidade Federal
Rural de Pernambuco, 2009, Recife. Resumos da IX Jornada de Ensino Pesquisa
e Extensdo da Universidade Federal Rural de Pernambuco. 000: 000, 2009. v.
000. p. 000-000.

Cavalcanti Neto, M. P. ; Falcao, E. P. S. ; Silva, N. H. ; Pereira, E. C. . Anélise
dos Metabdlitos Secunddrios de Cladonia salzmanii (Liquen) produzidos
Através de Imobilizacdo celular em sistema fixo com caulinita.. In: Sétimo
Simpésio Brasileiro de Farmacognosia, 2009, Ribeirdo Preto - SP. Anais do

Sétimo Simposio Brasileiro de Farmacognosia, 2009. v. 000. p. 000-000.

Buril M. L. L.; Carvalho, A. N. ; Pereira, E. C. ; Silva, N. H. ; Falcao, E. P. S. .
Bioproduc¢ao de Metabdlitos de Ramalina aspera Risdanen Por Sistema de
Imobilizagdo em Movimento sem Caulinita. In: IX Encuentro del Grupo
Latinoamericano de Liquendlogos, 2009, Corrientes - Argentina. LIBRO DE
RESUMENES, 2009. v. 0000. p. 65-65.

51



32.

33.

34.

3s.

36.

37.

Vasconcelos, T. L. ; Pereira, E. C. ; Silva, N. H. ; Falcado, E. P. S. . Acdo do
Fésforo em Cladonia verticillaris (Raddi) Fr. e Sua Influéncia na Composicao
Quimica do Solo de Origem. In: IX Encuentro del Grupo Latinoamericano de
Liquendlogos - GLAL9, 2009, Corrientes. LIBRO DE RESIjMENES, 20009. v.
0000. p. 67-67.

Vasconcelos, T. L. ; Pereira, E. C. ; Silva, N. H. ; Falcdo, E. P. S. . Producao de
Substincias de Cladonia verticillaris (Raddi) Fr. a Partir da Influéncia do
Fésforo. In: IX Encuentro del Grupo Latinoamericano de Liquendlogos -

GLALDY, 2009, Corrientes. LIBRO DE RESUMENES, 2009. v. 0000. p. 68-68.

Martins, M. C. B. ; Silva, R. C. S. ; Neves, R. C. S. ; Falcdo, E. P. S. ; Pereira, E.
C. ; Silva, N. H. . Ac¢ao Inseticida de Extratos Organicos e Acido Usnico de
Cladonia Substellata Contra Tenebrio Molitor. In: IX Encuentro del Grupo
Latinoamericano de Liquendlogos - GLAL9, 2009, Corrientes. LIBRO DE
RESUMENES, 2009. v. 000. p. 69-69

Carvalho, A. N. ; Martins, M. C. B. ; Falcao, E. P. S. ; Pereira, E. C. ; Silva, N.
H. . Bioprodugdo de Metabdlitos Secundarios de Ramalina aspera Através de
Imobilizagdo Celular em Sistema Fluxo Continuo sem Caulinita. In: IX
Encuentro del Grupo Latinoamericano de Liquendlogos - GLAL9., 2009,
Corrientes. LIBRO DE RESUMENES, 2009. v. 000. p. 71-71.

Silva, R. C. S. ; Martins, M. C. B. ; Pontes I. V. A. F. ; Falcido, E. P. S. ; Pereira,
E. C. ; Silva, N. H. . Acdo de Extratos Organicos e Acido Usnico Isolado de
Cladonia Substellata (Liquen) Sobre O Desenvolvimento Embrionério e Pds
Embriondrio de Dysdercus Maurus. In: IX Encuentro del Grupo
Latinoamericano de Liquendlogos - GLAL9, 2009, Corrientes. Libro de
Resumens, 2009. v. 000. p. 73-73.

Barbosa, H. M. S. ; Pereira, E. C. ; Silva, N. H. ; Falcao, E. P. S. ; Vasconcelos,

T. L. . Influéncia da Uréia No Metabolismo de Cladonia Substellata Vainio e

Biossintese do Acido Usnico. In: IX Encuentro del Grupo Latinoamericano de

52



38.

39.

40.

41.

42.

43.

Liquendlogos - GLALS9., 2009, Corrientes. Libro de Resimens, 2009. v. 000. p.
74-74.

Gongalves J. P. ; Lima J. R. ; Cordeiro E. Queiroz ; Falcao, E. P. S. ; Andrade,
C. A. S. . Bioquimica do Amadurecimento de Passifloriaceae. In: IV Simpdsio

Integrado de Ciéncias Bioldgicas e da Saide do Centro Académico de Vitdria,

2009, Vitoéria de Santo Antdo - PE. Livro de Resumos, 2009. v. 000. p. 000-000.

Cavalcanti Neto, M. P. ; Andrade, C. A. S. ; Silva, N. H. ; Falcdo, E. P. S. .
Desenvolvimento de Nanoformulacdes lipossomais contendo dcido barbético de
Cladonia salzmanii (liquen). In: IV Simpésio Integrado de Ciéncias Bioldgicas e
da Saude do Centro Académico de Vitéria - UFPE, 2009, Vitéria de Santo
Antdo - PE. Livro de Resumos, 2009. v. 000. p. 000-000.

Cordeiro B. M. P. ; Falcdao, E. P. S. . Producdo de acucar por celulas de
Ramalina aspera atraves de imobilizagdo utilizando-se sistema em movimento e
caulinita. In: Congresso de Inicia¢do Cientifica da UFPE - CONIC, 2009, Recife
- PE. Anais do XVII Congresso de Iniciacdo Cientifica da UFPE (CONIC),
2009. v. 000. p. 000-000.

Carvalho, A. N. ; Rodrigues A. C. G. ; Silva, L. G. M. ; Cavalcanti Neto, M. P. ;
Braz, M. B. C. ; Oliveira, T. L. ; Pereira, E. C. ; Silva, N. H. ; Falcao, E. P. S. ;
Martins, M. C. B. . Bioprodu¢dao de Metabdlitos Secundarios de Ramalina
aspera Risédnen através de imobilizacdo celular.. In: Terceira Reunido Brasileira
de Estudos Liquenolégicos - 3a REBEL, 2008, Mogi-Guacu. Livro de Resumos
da 3a REBEL, 2008. v. 000. p. 34-34.

Falcdo, E. P. S.; Melo, S. J. ; Souza, I. A. ; Anjos, J. V. . Sintese e avalia¢do da
atividade  antitumoral de  derivados  4-amino-2,6-diaril-5-carbonitrila

pirimidinicos. In: 31* Reunido anual da Sociedade Brasileira de Quimica, 2008,

Aguas de Lindéia - SP. Resumos da 31*RASBQ, 2008. v. 000. p. 000-000.

Buril M. L. L. ; CARVALHO, A. N. ; PEREIRA, E. C. ; SILVA, N. H. ;
FALCAO, E. P. S. . Bioprodugdo de Metabdlitos Secunddrios de Ramalina

53



44.

45

46.

47.

48.

aspera (Liquen) através de imobilizac¢do celular em sistema fixo com caulinita..
In: 590 Congresso Nacional de Botéanica, 2008, Natal. Anais do 590 Congresso

Nacional de Botanica, 2008. v. 000. p. 000-000.

D Melo, G. C. ; Araujo, A. E. P. ; Bezerra, L. B. ; Falcdo, E. P. S. . Relégio de
Sol: O Uso da Astronomia Como Elemento Motivador e Interdisciplinar em Sala
de Aula. In: XXXIV Reunido Anual da Sociedade Astrondmica Brasileira, 2008,
Passa-Quatro - MG. Anais da XXXIV Reunido Anual da Sociedade
Astrondmica Brasileira, 2008. v. 000. p. 000-000.

. Bezerra, L. B. ; Falcao, E. P. S. ; Araujo, A. E. P. . Equivalent Width of Selected

Balmer Emission. In: XXXIV Reunido da Sociedade Astrondmica Brasileira,
2008, Passa Quatro - MG. Anais da XXXIV Reunido da Sociedade Astrondmica
Brasileira, 2008. v. 000. p. 000-000.

Carvalho, A. N. ; Rodrigues A. C. G. ; De Lima, C. R. V. ; Falcdo, E. P. S. ;
Silva, N. H. ; Pereira, E. C. ; Gusmao, N. B. ; Cavalcanti Neto, M. P. . Atividade
antibacteriana de fendis ativos do liquen Ramalina aspera. In: IV Encontro do
Grupo Brasileiro de Liquendlogos - GBL, 2008, Curitiba. IV Encontro do Grupo
Brasileiro de Liquendlogos - GBL, 2008. v. 000. p. 000-000.

Leal, T. V. ; Falcdo, E. P. S. ; Melo, S. J. ; De Melo, C. P. ; Andrade, C. A. S. .
Avaliacdo fisico-quimica de filmes monomoleculares de 4-amino-2,6-diaril-5-
ciano-pirimidinicos. In: 3° Simpésio Integrado de Ciéncias da Sadde e
Bioldgicas e 2 Congresso de Ensino, Pesquisa e Extensdo, 2008, Vitéria de
Santo Antdo. Anais do III Simpdsio integrado de Ciéncias Bioldgicas e da Saude
e do II Congresso de Ensino, Pesquisa e Extensdo do Centro Académico de

Vitodria., 2008. v. 000. p. 000-000.

Bezerra, L. B. ; Araujo, A. E. P. ; Silva, E. F. L. ; E.P.S. Falcao . On-Sky
Testing of the Seeing Behavior to Optimise Flexible Scheduling in Astronomical
Observatories.. In: European and National Astronomy Meeting - JENAM 2010,
2008, Lisboa. Proceedings of the 2010 Joint European and National Astronomy
Meeting, 2010, 2008. v. 000. p. 000.

54



49.

50.

51.

52.

53.

De Melo, G. C. ; Bezerra, L. B. ; Araujo, A. E. P. ; Falcdo, E.P.S. . Reldgio de
Sol: O Uso da Astronomia como Elemento Motivador e Interdisciplinar em Sala
de Aula.. In: XXXIV Reunido Anual da Sociedade Astrondmica Brasileira,
2008., 2008, Passa Quatro. Anais da XXXIV Reunido Anual da Sociedade

Astrondmica Brasileira, 2008. v. 000.

Falcdo, E. P. S.; Silva L. G. M. ; Santana A. M. B. ; Braz, M. B. C. ; Pereira, E.
C.; Silva, N. H. ; Carvalho, A. N. . Avaliacdo do Perfil Cromatografico de
Ramalina aspera Liquen.. In: 2° Simpdsio Integrado de Ciéncias da Saude e
Bioldgicas do Centro Académico de Vitéria - CAV/UFPE, 2007, Vitéria de
Santo Antdo. Resumos do 2° Simpésio Integrado de Ciéncias da Saude e
Biolégicas do Centro Académico de Vitéria - CAV/UFPE, 2007. v. 000. p. 000-
000.

Falcdo, E. P. S.; Melo, S. J. ; Srivastava, R. M. ; Anjos, J. V. ; Mendonca Junior,
F. J. B. ; Catanho, T. J. A. ; Souza, I. A. . Sintese e avaliacdo da atividade
citotoxica de um derivado 4-amino-2-aril-6-(N-phthalimdofenil)-pirimidinico.
In: 1° Simpésio Integrado de Ciéncias da Saude e Bioldgicas., 2006, Vitéria de

Santo Antdo. Resumos do 1° Simpésio Integrado de Ciéncias da Saude e

Bioldgicas do CAV., 2006. v. 000. p. 000-000.

Falcdo, E. P. S.; Neri, D. F. M. ; Melo, S. J. ; Beltrao, E. 1. ; Carvalho Jr, L. B..
Quantitative Analysis of Lectin Histochemistry of Experimental Tumors. In:
XXXIII Reunidao Anual da Sociedade Brasileira de Bioquimica SBBq, 2004,
Caxambu. Resumos. Caxambu, 2004. v. 0000. p. 44-44.

Falcdo, E. P. S.; Mendonca Junior, F. J. B. ; Melo, S. J. ; Anjos, J. V. ; Costa, L.
W. D. ; Yamamoto, A. P. . Sintese de Novos Andlogos 4-amino-5-Carbonitrila-
2,6-Diaril-Pirimidinicos. In: Congreso Latinoamericano de Quimica, 2004,

Salvador-Ba. Livro de Resumos do Congreso Latinoamericano de Quimica,

2004. v. 000. p. 000-000.

55



54.

SS.

56.

57

58.

59.

Falcdo, E. P. S.; Mendonca Junior, F. J. B. ; Anjos, J. V. ; Yamamoto, A. P. ;
Costa, L. W. D. . Obtencdo de 2,6-diaril-4-(3H)-pirimidinonas. In: Congreso
Latinoamericano de Quimica, 2004, Salvador-Ba. Livro de Resumos do

Congreso Latinoamericano de Quimica, 2004. v. 000. p. 000-000.

Falcdo, E. P. S.; Araujo, A. E. P. ; Silva, E. F. L. ; Bezerra, L. B. . Automated
Alert Response System to Capture Gamma-ray Burst Afterglows In Optical
Range. In: Optical and Infared Astronomical Instrumentation for Modern
Telescopes, 2003, Angra dos Reis, RJ. Optical and Resumes of Infared
Astronomical Instrumentation for Modern Telescopes. Angra dos Reis, 2003. v.

00. p. 000-00.

Bezerra, L. B. ; Araujo, A. E. P. ; Silva, E. F. L. ; Melo, W. M. ; Falcdo, E. P. S.
. Automated Alert Response System to Capture Gamma-ray Burst Afterglows In
Optical Range. In: Encontro Anual da Sociedade Astrondmica do Brasil, SAB,

2003, Caxambu. Livro de Resumos do Encontro Anual da Sociedade

Astrondmica do Brasil, SAB. Caxambu, 2003. v. 000. p. 000-000.

. Bezerra, L. B. ; Araujo, A. E. P. ; Silva, E. F. L. ; Melo, W. M. ; Falcéo, E. P. S.

Implementacdo de Observatério Astrondmico Automatizado em Sitio Remoto.
In: 55 Encontro Anual da SBPC, 2003, Recife/PE. Resumos da 55a Reunido
Anual da SBPC, 2003.

Costa, L. W. D. ; Falcido, E. P. S. ; Melo, S. J. ; Yamamoto, A. P. ; Mendonca
Junior, F. J. B. ; Anjos, J. V. ; Soares Sobrinho, J. L. . Sintese de Derivados 4-
Amino-2,6-Diaril-5-Carbonitrila Pirimidinicos. In: 55a. Reunido Anual da

SBPC, 2003, Recife-PE. Resumos da 55a. Reuniao Anual da SBPC, 2003.

Melo, S. J. ; Falcao, E. P. S. ; Mendonca Junior, F. J. B. ; Anjos, J. V. ;
Yamamoto, A. P. ; Costa, L. W. D. . Estudo dos Fendmenos de Tautomerismo e
Dimeriza¢do em Heterociclos do Tipo Pirimidindnicos. In: XXVI Encontro
Nacional dos Estudantes de Farmacia, 2003, Cuiaba-MT. Anais do XXVI
ENEF, 2003. v. 56. p. 56-56.

56



60.

61.

62.

63.

64.

65.

Neri, D. F. M. ; Guimaraes, M. T. ; Falcdo, E. P. S. ; Melo-Junior, M. ; Coelho,
L. C. B. B. ; Melo, S. J. ; Carvalho Jr, L. B. ; Beltrao, E. I. . Lectin Binding in
Erhlich Carcinoma Treated with Anti-neoplasic Pyrimidinic Analogous. In:
XXXII Reunido Anual da Sociedade Brasileira de Bioquimica e Biologia
Molecular, 2003, Caxambui. XXXII Reunido Anual Programa e Resumos, 2003.
v. 000. p. 30-30.

Falcdo, E. P. S.; Mendonca Junior, F. J. B. ; Melo, S. J. ; Souza, I. A. ; Anjos, J.
V. ; Costa, L. W. D. ; Yamamoto, A. P. . Sintese e Avaliacdo da Atividade
Antitumoral de Derivados Pirimidinicos 4-amino-2,6-diaril-5-carbonitrila
pirimidinicos. In: XLIII Congresso Brasileiro de Quimica, 2003, Ouro Preto.

Livro de Resumos, 2003. v. 000. p. 357-357.

Santos, L. C. ; Falcdo, E. P. S. ; Melo, S. J. ; Catanho, T. J. A. ; Viana, O. S. .
Avaliacdao Quanto a Atividade Antiinflamatéria de Derivados 4-Amino-5-Ciano-
2,6-Dissubistituidos Pirimidinicos. In: Xl Congresso Brasileiro de Quimica,

2000, Recife. Anais do X1 Congresso Brasileiro de Quimica, 2000.

Falcao, E. P. S.; Santos, L. C. ; Melo, S. J. . Sintese de Novos Derivados 4-
Amino-5-Ciano-2,6-Dissubistituidos Pirimidinicos. In: XI Congresso Brasileiro

de Quimica, 2000, Recife. Anais do X1l Congresso Brasileiro de Quimica, 2000.

FALCAO, E. P. S.; SILVA, N. H. ; PEREIRA, E. C. ; GUSMAO, N. B. . Detec¢io
do principio Ativo de Ramalina sorediosa (B. de Lesd) Landron (Liquen)
Através de Ensaios Biocromatograficos. In: 50° Congresso Nacional de

Botanica, 1999, Blumenal. Anais do 500 Congresso Nacional de Botanica.

Falcdo, E. P. S.; Silva, N. H. ; Pereira, E. C. ; Ribeiro, S. M. ; Gusmio, N. B. .
Identificagdo dos Principios Ativos de Cladonia substellata Vainio (Liquen) de
Diferentes Procedéncias, através de Métodos biocromatograficos. In: XXII
Reunido Nordestina de Botanica, 1999, Macei6. Anais da XXIll Reunido

Nordestina de Botanica, 1999.

57



66.

67.

68.

69.

70.

71.

Ribeiro, M. A. ; Pereira, E. C. ; Silva, N. H. ; Falcdo, E. P. S. ; Gusmao, N. B. ;
Honda, N. K. ; Quilhot, W. . Deteccdo da atividade antibacteriana de substancias
liquénicas através do teste de microdilui¢do.. In: 4° Encontro Internacional de

Liquendlogos., 1999, Bariloche. Anais do 4° Encontro Internacional de

Liquendlogos, 1999. v. 000. p. 000-000.

Ribeiro, S. M. ; Falcdo, E. P. S. ; Pereira, E. C. ; Gusmao, N. B. ; SILVA, N. H. .
Determinagao dos principios ativos de Cladonia substellata, através de métodos
biocromatograficos. In: XXII Reunido Nordestina de Botanica, 1999, Macei6-

Al. Anais da XXII Reunido Nordestina de Botanica, 1999. v. 000. p. 000-000.

Falcdo, E. P. S.; Silva, N. H. ; Gusméao, N. B. ; Pereira, E. C. . Atividade
Antibidtica in vitro de Substancias Liquénicas.. In: XV Simpésio de Plantas
Medicinais, 1998, Aguas de Lindéia. Anais do XV Simpésio de Plantas
Medicinais, 1998.

Falcdo, E. P. S.; Gusmao, N. B.. Evaluation of Ethnobotanical Information
About a Folk Medicine: Use of a Factorial Planning in Determination of
Antifungic Activity. In: Symposyum Future Trends in Phytochemystry, 1998,
Rolduc na Holanda. Symposyum Future Trends in Phytochemystry. Rolduc na
Holanda, 1998.

Falcdo, E. P. S.; Ribeiro, S. M. ; Silva, N. H. ; Gusmado, N. B. ; Pereira, E. C. .
Influéncia Ambiental na Producdo de Metabdlitos Liquénicos Ativos contra
Microrganismos Patogénicos. In: XX Reunido Nordestina De Botanica, 1998,

RECcife. Anais da XX Reunidao Nordestina De Botanica, 1998.

Ribeiro, S. M. ; Pereira, E. C. ; Silva, N. H. ; Falcdo, E. P. S. ; Takaki, G. M. C. ;
Gusmao, N. B. . Influéncia ambiental na produ¢do de metabdlitos liquénicos
ativos contra microrganismos patogénicos.. In: II Encontro Brasileiro de

Liquendlogos., 1998, Campo Grande. Anais do II Encontro Brasileiro de

Liquendlogos.. Campo Grande, 1998. v. 000. p. 000-000.

58



72. Falcdo, E. P. S.; Gusmao, N. B. ; Silva, N. H. ; Pereira, E. C. ; RIBEIRO, S. M. .
Atividade Antimicrobiana de Ramalina sorediosa € Ramalina complanata. In:
XXI Reunido Nordestina De Botanica, 1997, Caxias - MA. Anais da XXI

Reunido Nordestina de Botanica, 1997.

73. Falcdo, E. P. S.; Gusmao, N. B. ; Pereira, E. C. ; Silva, N. H. . Avaliacdo do
Grau de Inibicdo do Crescimento de Amostras de Candida parapsilosis em
diferentes Concentracdes de Dimetilsulféxido. In: XIX Congresso Brasileiro de
Microbiologia, 1997, Rio de Janeiro - RJ. Re-collecting Vainio GLAL-3, 1997.
p. 35-35.

74. Falcdo, E. P. S.; Pereira, E. C. ; Silva, N. H. ; Gusmio, N. B. ; Takaki, G. M. C. .
Atividade Antimicrobiana de Substincias Derivadas do Acido Usnico. In:
Terceiro Encontro de Liquendlogos da América Latina, 1997, Campos do Jordao

- SP. Anais do Terceiro Encontro de Liquendlogos da América Latina, 1997.

75. Falcdo, E. P. S.; Pereira, E. C. ; Silva, N. H. ; Gusmao, N. B. . Deteccao do
Principio ativo de Ramalina sorediosa e Heterodermia leucomela. In: Terceiro
Encontro de Liquendlogos da América Latina, 1997, em Campos do Jordao - SP.

Anais do Terceiro Encontro de Liquendlogos da América Latina, 1997.

76. Falcdo, E. P. S.; Silva, N. H. ; Pereira, E. C. ; Takaki, G. M. C. ; GUSMAO, N.
B. . Susceptibilidade de Espécies de Candida a Diferentes Extratos de Liquens.
In: Apresentado no XIV Simpédsio de Plantas Medicinais de Brasil, 1996,
Florianépolis - SC. Anais do XIV Simpésio de Plantas Medicinais de Brasil,
1996.

I1.5- Resumos expandidos publicados em anais de congressos
1. Xavier, A. L. ; Alexandrino, D. S. ; Falcado, E. P. S. ; Srivastava, R. M. ; Anjos,
J. V. . A green, microwave-mediated, multicomponent synthesis of pyrimidine
and pyrimidinone derivatives. In: 14th Brazilian Meeting on Organic Chemistry-
2011, 2011, Brasilia, DF. Anais do 14th Brazilian Meeting on Organic
Chemistry-2011, 2011. v. 000. p. 000-000.
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I1.6- Trabalhos completos publicados em anais de congressos

1. Correia, W. B. ; Silva, M. A. C. ; Silva, L. M. ; Falcdo, Emerson Peter Da Silva ;
Helegda, L. C. . Teaching Fighting in Physical Education classes: Theoretical -
Metodological aspects. In: 340 Congresso Internacional de Educacdo Fisica -

FIEP 2019, 2019, Foz do Iguacu. FIEP Bulletin, 2019. v. 89. p. 66-67.

2. Falcao, E. P. S.; Santos, L. C. ; Melo, S. J. ; Catanho, T. J. A. . Sintese e
Avaliacdo da Atividade Antiinflamatéria do 2-(4-Metoxi-Fenil)-6-(4-Flior-
Feil)-4- Amino-5-Cianopirimidina. In: XLII Congresso Brasileiro de Quimica,
2002, Rio de Janeiro. Anais do XLII Congresso Brasileiro de Quimica, 2002. p.
355-355.

3. Falcdo, E. P. S.; Pereira, E. C. ; Silva, N. H. ; Gusmao, N. B. . Atividade
Antimicrobiana de Liquens do Nordeste Brasileiro. In: Terceiro Encontro de
Liquendlogos da América Latina, 1997, em Campos do Jorddo - SP. Anais do

Terceiro Encontro de Liquendlogos da América Latina, 1997.

III - ATIVIDADES DE EXTENSAO

III.1 Coordenacao de Projetos de Extensao

O Centro Académico de Vitéria € um campus cujos professores apresentam grande
vocagdo para a atividade extensionista. Ao longo dos dltimos anos tenho participado de
diversas agdes, incluindo-se o Projeto Bioquimica Solidédria, sob a coordenacdo da
Profa. Camem Ligia Burgos Ambrdsio, além de outros projetos importantes, entretanto,
listo apenas os projetos que coordenei, conforme se pode ler a seguir.

O projeto Karaté-DO, uma ferramenta para a formacido do carater, ocorreu
durante os anos de 2012 a 2019, sendo registrado anualmente até o inicio da pandemia.
basicamente se caracterizou por um curso de Karaté, voltado para a comunidade. Com

énfase ndo apenas ao desporto, mas, também aos fundamentos Zenbudistas e taoistas,
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que embasam as artes marciais, mais especificamente o Karaté. Este projeto foi
interrompido um ano antes da pandemia. Mas, chegou a formar um faixa marrom, cinco
faixas verde e uma roxa, a se saber, um faixa marrom s6 se forma apds o tempo de
caréncia e treinamento adequado o que leva, em média, cerca de trés a quatro anos.
Acredito que o aprimoramento proporcionado pelas artes marciais, acrescidas do
fundamento tedrico, € importante no desenvolvimento integral do ser humano. A figura
12 (A e B) apresenta alguns dos estudantes do curso, incluindo o meu professor o Sensei
Angelo Rafael Peregrino Neves que respaldava nossa acao junto a federagdao Shotokan

de Karaté.

Figura 12- Turmas do Projeto de extensdo Karaté — DO, uma ferramenta para a formacao do caréter. A —

um dos exames de graduagdo e B — Apds uma aula.

O projeto Jyu Jitsu ocorreu durante dois anos, de 2017 a 2018. Também tinha a
mesma conformacao. Caracterizava-se por aulas voltadas a estudantes da comunidade e
alunos do CAV, que praticam aquela arte marcial. Entretanto, neste caso, ndo ministrava
aulas, mas, dava suporte e acompanhamento aos treinamentos. Esta parte da agcdo era
realizada por estudantes graduados em Jyu Jitsu.

O projeto CAVEST ¢ de longe a acdo continua mais longa da qual participo e uma
das acOes de extensdo mais longevas do CAV. Também devo dizer que é de uma
importancia social impar para muitos estudantes carentes que buscam apoio académico
para preparagdo adequada com vistas ao ingresso em universidades publicas.

Foi proposto originalmente em 2007, pelo Prof. César Augusto de Souza Andrade,
colega de longa data e também amigo de antes do nosso ingresso na carreira Docente.

Em suas primeiras edi¢cdes fui um colaborador. A partir de 2012 passei a coordenar a
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acdo. Embora o coordene, certamente, por sua natureza peculiar a palavra participar € a
que mais se adequa. Tentarei explicar melhor.

O projeto se caracteriza por oferecer a comunidade aulas preparatOrias para os
Vestibulares, originalmente, e atualmente para o ENEM. Estas aulas sdo ministradas por
graduandos dos cursos de licenciatura e bacharelado de nossa universidade, ou de outras
Institui¢des, além de voluntérios, graduados ou graduandos, muitas vezes egressos do
proprio CAVEST.

Ao longo dos anos tem se proposto a atuar com objetivos de criar um ambiente de
“treinamento” para estudantes dos cursos de licenciatura da UFPE e, como dito acima,
preparacdo de estudantes da rede publica para o ENEM. Mas, € inegédvel a fun¢do social
do projeto, ao apoiar a entrada de estudantes das redes publicas, notadamente estudantes
carentes em seu processo de “passagem” pelo ENEM e ingresso em universidades.

O projeto, ao longo dos anos tem se adaptado a realidade da comunidade atendida
que efetivamente necessita de grande apoio ndo apenas em sua preparacdo para uma
avaliacdo, mas também, uma formacido mais humana e completa. Esta percepcao fez
com que fosse proposto um calendério anual de atividades que inclui, além de aulas
regulares e encontros adicionais, como os madrugaddes e simulados, também semanas
multiculturais, feira de livros, piquenique junino dentre outros. Todos criados pelos
estudantes/professores, atendendo as demandas da comunidade atendida, com o intuito
de fazer mais que apenas preparar estudantes para um processo de avaliacao.

Ao longo dos ultimos anos foram realizadas também avaliacdes e acompanhamentos
de nossos alunos que utilizam-se do CAVEST. Muitos foram aprovados em IES
publicas nos mais diversos cursos, como Direito, Histéria, Enfermagem, Ciéncias
Biolégicas, Medicina entre outros.

A figura 13 mostra a comemorag¢ao das aprovagdes do ano de 2020.
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Figura 13- Turmas do Projeto CAVEST, turma 2020. A- Equipe docente

e B - estudantes comemorando aprovagao.

Abaixo listo as edicdes do CAVEST e outros projetos que coordenei.

1. CAVEST - Um passo Rumo a Universidade2012;

2. CAVEST - Um passo Rumo a Universidade2013;

3. CAVEST - Um passo Rumo a Universidade2014;

4. CAVEST - Um passo Rumo a Universidade2015;
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5. Karaté-DO, uma ferramenta para a formagdao humana — 2015

6. CAVEST - Um passo Rumo a Universidade2016;

7. Karaté-DO, uma ferramenta para a formagdao humana — 2017

8. CAVEST - Um passo Rumo a Universidade2017;

9. Jyu Jitsu para a Comunidade — 2017;

10. CAVEST — Um passo Rumo a Universidade — 2018;

11. CAVEST - Um passo Rumo a Universidade — 2019;

12. CAVEST — Um passo Rumo a Universidade — 2020;

13. CAVEST — Um passo Rumo a Universidade — 2021;

14. CAVEST — Um passo Rumo a Universidade — 2022 (em execug¢ao);

15. CAVEST - Um passo Rumo a Universidade — 2022 (Aprovado com recursos,
Edital Pibexc, 2022, em execucao);

II1.2 Participacao e Organizacio de Eventos
1. Falcao, E. P. S.; Garcia, J. E. ; Francelino, M. C. ; Ferraz, J. C. S. ; Santos, A.
M. M. . V Simpésio Integrado de Ciéncias Bioldgicas e da Saide do Centro
Académico de Vitéria/ Reunido Regional da SBPC. 2010. (Congresso).
2. Falcao, E. P. S.; Ferraz, J. C. S. ; Santos, A. M. M. ; Francelino, M. C. ; Garcia,

J. E. . IV Simpésio Integrado de Ciéncias Bioldgicas e da Saude do Centro

Académico de Vitéria. 2009. (Congresso).
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3. Falcdo, E. P. S.; Andrade, C. A. S. ; Santos, A. M. M. ; Santiago, A. C. P. ;
Magalhaes, C. P. ; Gomes, E. C. S. ; Oliveira, 1. S. ; Ferraz, J. C. S. ; Freitas, E.
M. S. ; Cruz, R. R. G. C. . IIl Simpésio integrado de Ciéncias Bioldgicas e da
Saude do Centro Académico de Vitdria. 2008. (Congresso).

4. Andrade, C. A. S. ; Falcdo, E. P. S. ; Campos F., A., S. . I Simpé6sio Integrado
de Ciéncias da Saude e Bioldgicas do Centro Académico de Vitéria. 2007.

(Congresso).

S. Andrade, C. A. S. ; Falcdo, E. P. S. . I Simpésio Integrado de Ciéncias da Satude
e Bioldgicas do Centro Académico de Vitdria. 2006. (Outro).

IV- COORDENACAO DE PROJETOS DE PESQUISA, ENSINO OU
EXTENSAO E LIDERANCA DE GRUPOS DE PESQUISA

Ao longo dos anos tenho tido a oportunidade de colocar em agdo algumas ideias
de pesquisa cientifica e também de participar da realizacao das ideias de outros colegas.
Tem sido um processo de descoberta intenso e extremante interessante. A seguir cito e

descrevo, em linhas gerais, alguns dos projetos que coordenei.

IV.1 Coordenacao de Projetos de Pesquisa

1- 2014 - Sintese e avaliaciao da atividade mutagénica e genotoxica de compostos

4-amino-pirimidinicos-2,6-bissubstituidos

Descricao: Os heterociclos pirimidinicos sdo amplamente conhecidos por suas
propriedades  bioldgicas, citando-se  atividade antiinflamatéria, citotoxica,
antimicrobiana, antineoplésica, entre outras. Este projeto objetiva estudar efeitos de
compostos 4-amino-2,6-bissubstituidos-5-carbonitrila-pirimidinicos sobre o material
genético de Drosophila melanogaster in vivo e in vitro.

Situacdo: Em andamento; Natureza: Pesquisa.

Alunos envolvidos: Mestrado académico: (1).
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2. 2014 - Sintese e avaliacdo da atividade mutagénica e genotoxica de

compostos 4-amino-pirimidinicos-2,6-bissubstituidos

Descricao: Os heterociclos pirimidinicos sdo amplamente conhecidos por suas
propriedades  bioldgicas, citando-se  atividade antiinflamatéria,  citotoxica,
antimicrobiana, antineoplésica, entre outras. Este projeto objetiva estudar efeitos de
compostos 4-amino-2,6-bissubstituidos-5-carbonitrila-pirimidinicos sobre o material
genético de Drosophila melanogaster in vivo e in vitro.

Situacdo: Em andamento; Natureza: Pesquisa.

Alunos envolvidos: Mestrado académico: (1).

3- 2009 - Avaliacao da composicao de metabdlitos secundarios liquénicos e

avaliacao de seu potencial antimicrobiano e farmacologico

Descricao: Avaliacdo da composicdo fendlica e isolamento de compostos bioativos
liquénicos utilizando-se técnicas cromatograficas, CCD e CLAE. Avaliacao de
potencial antimicrobiano e farmacol6gico de compostos isolados e extratos organicos..
Situacdo: Em andamento; Natureza: Pesquisa.

Alunos envolvidos: Graduacao: (1) / Mestrado académico: (1) .

IV.2- Lideranca e Vice-Lideranca de Grupos de Pesquisa
1- Grupo de Pesquisa em Produtos Naturais Bioativos e Novos Farmacos, Lider.

V- EXERCICIO DE CARGOS NA ADMINISTRACAO CENTRAL E/OU
COLEGIADOS CENTRAIS E/OU DE CHEFIA DE UNIDADES/SETORES E/OU
DE REPRESENTACAO

Lecionar em uma instituicdo nova, ou melhor, em um novo campus, dd a
oportunidade de se participar intensamente do processo de gestdo. A seguir listo minha
passagem por Colegiados de cursos de graduacdo e pds-graduacao, além da participacdo
em camaras de gestdo institucionais. Ambientes que me trouxeram uma visao bastante

ampla da Universidade e do ensino superior.
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V.1 Membro de Colegiados de Cursos de Graduacao

Membro do Colegiado do Curso de Enfermagem de 2006 a 2007

V.2 Membro de Colegiados e de Conselhos de Cursos de Pés-Graduaciao

1- Membro do Colegiado do Curso de Satide Humana e Meio Ambiente — 2017

2- Membro do Colegiado do programa de P6s-Graduacdo Profissional em ensino de

Biologia — PROFBIO

V.3- Coordenacao e Vice Coordenac¢iao de Cursos de Pés-Graduacao

* Vice coordenador do Programa de P6s-Graduacdo em Satide Humana e Meio

Ambiente, 2014-2015;

e Coordenador do Programa de Saide Humana e Meio Ambiente, 2016-2018.

V.4- Representacoes

* Representante TITULAR do Conselho Coordenador de Ensino Pesquisa e

Extensdo (CCEPE) e do Conselho Superior da Universidade Federal de

Pernambuco, 2021 até a presente data;

* Representante Titular do CAV no Conselho Universitario da Universidade

Federal de Pernambuco, 2021 a presente data.
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V.5.1- Coordenacio Setorial de Extensao.

* Vice Coordenador do Nicleo de Pesquisa e Extensao (Setorial de Extensao) de

2006 a 2008

e Coordenador do Nucleo de Pesquisa e Extensdo (Setorial de Extensdao) de 2009

a2012.

* Vice- coordenador setorial de extensdo, 2021 até a presente data.

VL- PARTICIPACAO EM BANCAS DE CONCURSOS, DE MESTRADO E DE
DOUTORADO

VI.1 Participacdo em Bancas de Concursos

1. Falcdo, E. P. S.; Lima, M. C. A.; Andrade, C. A. S.. Concurso Publico para o
cargo de Professor Adjunto em Bioquimica pela Universidade Estadual da
Paraiba. 2007. Universidade Estadual da Paraiba.

2. Falcdo, E. P. S.. Processo Seletivo Simplificado para preenchimento de vaga
para o cargo de Professor Substituto - Area: Bioquimica da Nutricdo. 2008.

Universidade Federal de Pernambuco.

3. Falcdo, E. P. S.. Processo Seletivo simplificado para Professor Substituto. 2008.

Universidade Federal de Pernambuco.

4. Falcdo, E. P. S.; Leandro, C. V. G.; Silveira L.. Concurso Publico para professor
Adjunto area Bioquimica - sub-drea Bioquimica do Exercicio Fisico. 2010.

Universidade Federal de Pernambuco.

5. De Faro, Z. P.; BRITO, M.; Falcao, E. P. S.. Selecao Publica Simplificada para

Professor Temporério - Area Judo, 2011. Centro Académico de Vitdria.

6. Campos F., A., S.; Falcao, E.P.S.; Filho, A. G.. Selecdo Simplificada para

Professor Temporario - Bioquimica. 2013. Centro Académico de Vitdria.
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7.

Falcdao, E.P.S.; Almeida, M. B.; Aradjo, G.. Banca de sele¢do para professor
efetivo do Curso de Ed. Fisica sub-area Judo. 2013. Centro Académico de

Vitoria.

Falcdo, E. P. S.. Selecao Publica Simplificada para Prof. Substituto - Nicleo de
Saude Coletiva, drea: Administracdo e Gestdo. 2016. Centro Académico de

Vitoria.

VI.2 Participacdo em Bancas de Mestrado

1.

Pereira, E. C.; Castilho, C. J. M.; Falcdo, E. P. S.. Participacdo em banca de
Andreia Luiza Alves. Identificacdo de Impactos Ambientais no curso inferiorn
do Rio Pratagy - Al: Imediacdes do parque residencial Benedito Bentes. 2004.
Dissertacdo (Mestrado em Desenvolvimento e Meio Ambiente) - Universidade

Federal de Pernambuco.

Pereira, E. C.; Araujo, M. S. B.; Gehlen, V. R. F.; Falcao, E. P. S.. Participacao
em banca de Valéria Brito Silva. Diagndstico da Desertificacdo no municipio de
Imbimirim - PE. 2006. Dissertacdo (Mestrado em Desenvolvimento e Meio

Ambiente) - Universidade Federal de Pernambuco.

Pereira, E. C.; Silva, V. B.; Falcdo, E. P. S.. Participacdo em banca de Valéria
Brito Silva. Diagndstico da Desertificagdo no Municipio de Imbimirim ? PE.
2006. Dissertacio (Mestrado em Desenvolvimento e Meio Ambiente) -

Universidade Federal de Pernambuco.

Coelho, L. C. B. B.; Silva, M. P. C.; Falcao, E. P. S.. Participacdao em banca de
Alba Tatiana Serafim do Nascimento. Bioprodu¢do de Metabdlitos de
Canoparmelia texana (Tuck) Elix & Hale a partir de Imobilizacdo Celular..
2007. Dissertacdo (Mestrado em Bioquimica e Fisiologia) - Universidade

Federal de Pernambuco.
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10.

Correia, M. T. S.; Ximenes, E. C. P. A.; Falcido, E. P. S.; Silva, N. H..
Participacdo em banca de Maria Catarina Gomes Gadélha de Moura. Atividade
Antimicrobiana de compostos de Canoparmelia texana (Liquen). 2008.
Dissertacdo (Mestrado em Bioquimica e Fisiologia) - Universidade Federal de

Pernambuco.

Falcdo, E. P. S.; Pereira, E. C.. Participacdo em banca de Talitha Lucena de
Vasconcelos. Influéncia do Fésforo na Producdo de Substancias transformadoras
do Solo sob Cladonia verticillaris (Raddi) Fr. 2009 - Universidade Federal de

Pernambuco.

De Lima, C. R. V.; Falcao, E. P. S.; Coelho, L. C. B. B.; Silva, N. H..
Participacdo em banca de Cinthia Renata Vieira de Lima. Producdo de
Metabdlitos Bioativos de Pseudocyphellaria aurata (ACH.) Vainio por
imobilizagdo de fragmentos do talo.. 2009. Dissertacdo (Mestrado em Biologia

Vegetal) - Universidade Federal de Pernambuco.

Coelho, L. C. B. B,; Falcao, E. P. S.; Lima, V. L. M.; Silva, C. A.. Participacdo
em banca de Tiago Gomes Aratjo. Efeitos Metabolicos in vivo de Derivados
Benzilideno-Tiazolidinadionas. 2009. Dissertacio (Mestrado em Pds -

Graduagao em Bioquimica e Fisiologia) - Universidade Federal de Pernambuco.

Andrade, C. A. S.; Santos-Magalhdes S. N.; Santos, N. P. S.; Falcdo, E. P. S..
Participacao em banca de Jadilson Medeiros do Nascimento Filho. Avaliacao
Termodinamica de filmes mistos compostos por trans-desidrocrotonina e
fosfolipideos.. 2010. Dissertacio (Mestrado em Inovacdo Terapéutica) -

Universidade Federal de Pernambuco.

Pereira, A. K. V.; Aguiar Junior, F. C. A.; Lira, M. C. B.; Falcao, E. P. S..
Participacdo em banca de Ana Karina Vidal Pereira. Preparacio e
Caracterizacdo de Lipossomas contendo o anestésico Tetracaina. 2012.
Dissertacdo (Mestrado em Saude Humana e Meio Ambiente) - Universidade

Federal de Pernambuco.
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11.

12.

13.

14.

15.

16.

Campos, T. A.; Lira, M. C. B.; Santos, N. P. S.; Falcao, E. P. S.. Participacdo em
banca de Thiers Aradjo Campos. Complexos de Inclusio Acido
Fumarprotocetrarico:2-Hidroxipropil-Beta-Ciclodextrina: Preparacio,
caracterizacdo e encapsulacdo em lipossomas. 2012. Dissertagao (Mestrado em

Saide Humana e Meio Ambiente) - Universidade Federal de Pernambuco.

Catanho, T. J. A.; Silva, N. H.; Falcdo, E. P. S.. Participacdo em banca de Mosar
Lopes da Silva. Uso do Acido Barbitico de Cladonia salzmanii Nyl (liquen) no
tratamento de feridas cutaneas em ratos Wistar. 2012. Dissertacao (Mestrado em
P6s - Graduacdo em Bioquimica e Fisiologia) - Universidade Federal de

Pernambuco.

Floréncio, S. G. L.; Falcao, E. P. S.; Silva, C. G. M.; Lima, C. E. P.. Participacao
em banca de Sloana Giesta Lemos Floréncio. Influéncia da Radiacdo Gama
sobre Aspergillus, teor de fendlicos e atividade antioxidante do cha verde. 2012.
Dissertacdo (Mestrado em Tecnologias Energéticas e Nucleares) - Universidade

Federal de Pernambuco.

Lira, M. C. B.; Falcao, E. P. S.. Participacdo em banca de Soraia Lins de Arruda.
Avaliacdo da agdo cicatrizante de extratos organicos do muco produzido pelo
Zoantideo Palythoa caribaeorum. 2013. Dissertacio (Mestrado em Saude

Humana e Meio Ambiente) - Universidade Federal de Pernambuco.

Melo, S. J.; Araujo, J. M.; Falcao, E.P.S.. Participacdo em banca de Grace Kelly
Cordeiro da Silva. Caracterizacdo Quimica e Bioldgica da Senna alata L. Roxb e
Senna simea (Lam.) H. S. Irwin & Barneby. 2013. Dissertacdo (Mestrado em

Ciéncias Farmacéuticas) - Universidade Federal de Pernambuco.

Lima, V. L. M.; Lima, L.; Falcdo, E.P.S.. Participagao em banca de Bruna Maria
Pereira da Costa Ribeiro. Avaliacdo da Ac¢ado Sinérgica de dcido Divaricético e
extrato etéreo de Ramalina aspera (rinsidnen) frente a microrganismos
multiresistentes.. 2014. Dissertacdo (Mestrado em Bioquimica e Fisiologia) -

Universidade Federal de Pernambuco.
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17.

18.

19.

20.

21.

22.

23.

Falcdo, E.P.S.; Finkler C. L. L.. Participagao em banca de Roberto Siqueira dos
Santos. Contamina¢do de Banana, Macd, Pera e Inhame com a micotoxina
Patulina produzida por Penicilium sclerotigenum. 2014. Dissertacdo (Mestrado

em Bioquimica e Fisiologia) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.. Participacdo em banca de Ana Paula Vieira de Melo. "Educacao
Alimentar e nutricional: Relato de experi€éncia em uma escola da rede publica
estadual de ensino do municipio de Vitéria de Santo Antdo. 2015. Dissertagcao
(Mestrado em Sadde Humana e Meio Ambiente) - Universidade Federal de

Pernambuco.

Falcao, E. P. S.. Participacio em banca de Sandra Cabral de Silva.
Caracterizag¢ao farmacoldgica pré-clinica da atividade anti-inflamatéria de novos
derivados N-acilhidrazonicos. 2015. Dissertacdo (Mestrado em Inovacgdo

Terapéutica) - Universidade Federal de Pernambuco.

Coelho, L. C. B. B; Falcdo, E. P. S.; Lima, V. L. M.. Participagdo em banca de
José Guedes da Silva Junior. Estudo do potencial antitumoral de derivados
quimicos de ftalimidas glicoconjulgadas. 2015. Dissertacdo (Mestrado em

Bioquimica e Fisiologia) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Ribeiro, M. A.. Participacdo em banca de Renata Soares de
Lima. Adesdao a Merenda escolar por alunos das escolas da rede publica estadual
de ensino do municipio de Vitéria de Santo Antdao. 2015. Dissertacdo (Mestrado

em Saude Humana e Meio Ambiente) - Universidade Federal de Pernambuco.

Sttanford, T.; Falcdo, E.P.S.. Participacdo em banca de Pricilla Gregério de
Oliveira. Bioatividade de Quitosana como cobertura comestivel de queijo de
qualho na inibicao de Listeria monocytogenes. 2015. Dissertacao (Mestrado em

Saide Humana e Meio Ambiente) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Silva, R. A.; Salviano, T. L.. Participacdo em banca de Marllyn

Marques da Silva. Atividades Bioldgicas e perfil Protedmico do muco produzido
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24.

25.

26.

27.

28.

29.

pelo zooantideo Palithoa caribaeorum. 2016. Dissertacdo (Mestrado em Satde

Humana e Meio Ambiente) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Jorge, R. J. B.; Renh, V. N. C.. Participa¢do em banca de Igor
Cavalcanti Ferraz. Estudo de Atividades Farmacoldgicas do Oleo Essencial de
Eugenia brejoensis Mazine. 2016. Dissertacdo (Mestrado em Satide Humana e

Meio Ambiente) - Universidade Federal de Pernambuco.

Falcao, E. P. S.; Silva, P. C. V.; Renh, V. N. C.. Participacdo em banca de
Claudinelly Yara Braz dos Santos. Esquistossomose mansoni na zona da mata
de Pernambuco: Fatores socioambientais, educagdo ambiental e em saude..
2017. Dissertacdo (Mestrado em Saide Humana e Meio Ambiente) -

Universidade Federal de Pernambuco.

Santos F. M. S.; Houllou, L. M.; Falcdo, E. P. S.. Participacdo em banca de
Patricia Virginia Padilha Dantas. Prospec¢do Biotecnolégica de fungos
endofiticos de bambu micropropagado na producdo de enzimas e atividade
antimicrobiana. 2017. Dissertacdo (Mestrado em Satide Humana e Meio

Ambiente) - Universidade Federal de Pernambuco.

Freitas, E. M. S.; Magnata, S. S. L. P.; Falcao, E. P. S.. Participacdo em banca
de Mariana Vasconcelos de Paula Souza. Projetos Cientificos no ensino médio:
Uma ferramenta para a aprendizagem de Bioquimica. 2018. Dissertacao

(Mestrado em PROFBIO) - Universidade Federal de Minas Gerais.

Cavalcanti, I. M. F.; Arruda, S. G. B.; Flacdo, Emerson Peter S.. Participacdo em
banca de Rosélia Odete Justino da Silva. CAracterizagdo Fenotipica de
Resisténcia Antimicrobiana de Staphylococcus aureus spp. € Termotolerantes
isolados de queijos de coalho. 2018. Dissertacao (Mestrado em Saide Humana e

Meio Ambiente) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Lira, M. C. B.; Finkler, L.. Participacdo em banca de Arali da

Costa Gomes. Extracdo e Microencapsula¢do de Bixina por liofilizacdo. 2019.
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Dissertacdo (Mestrado em Saiide Humana e Meio Ambiente) - Universidade

Federal de Pernambuco.

30. Emerson Peter S. Falcdo; Garcia, J. E.; Maia, R. T.. Participacdo em banca de
José Alexandre Batista de Freitas. A Gamificacdo aliada ap uso das tecnologias
moveis (smartphone e tablets) e o QR code como estratégia facilitadora de
aprendizagem dos conteidos de genética. 2019. Dissertacdo (Mestrado em

PROFBIO) - Universidade Federal de Pernambuco.

31. Falcdo, E.P.S.; Garcia, J. E.; Vercosa, C. J.. Participagdo em Banca de Gabriel
Soares Pereira. A Composi¢do Musical como Ferramenta Didatico-Pedagégica
Para o Ensino de Genética na Educacao Basica. 2020. Dissertacao (Mestrado em

PROFBIO) - Universidade Federal de Pernambuco.

VI.3- Participacao em Bancas de Doutorado.

1. Chagas, C. A.; Aguiar Junior, F. C. A.; Falcdo, E.P.S.; Vanusa, M.; Correia, M.
T. S.. Participacdo em banca de Tamiris Alves Rocha. Isolamento, purificagao e
caracterizacdo de metabdlitos secundédrios de Ptyrocarpa moniliformes e
avaliacdo de seu potencial biolégico. 2019. Tese (Doutorado em Programa de

Pés-Graduagao em Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.

2. Silva, N. H.; Napoledo, Thiago Henrique; E.P.S. Falcdo. Participa¢dao em banca
de Alexsandra Nascimento de Carvalho. Potencial Biolégico do 4cido tsnico no
controle da esquistossomose. 2019. Tese (Doutorado em Bioquimica e

Fisiologia) - Universidade Federal de Pernambuco.

3. Ximenes, Rafael Matos; Falcio, E. P. S.; Aguiar, J. S.; Chagas, C. A
Nascimento, M. S.. Participagio em banca de Erima Maria de Amorim.
Avaliacdo do efeito genotéxico, mutagénico e teratogénico das plantas
medicinais Myracrodruon urundeuva Allemao (Anacardeaceae) e Sideroxylon
obtusifolium (Roem. & Shult.) T. D. Penn. (Sapotaceae). 2018. Tese (Doutorado
em Programa de Pés graduacdo em Biotecnologia - PPG - Renorbio) -

Universidade Federal de Pernambuco.
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. Silva, E. B.; Villavicencio, A. L. C. H.; Lopes, C. F. J. A.; Silva Filha, M. H. N.

L.; Falcdo, E. P. S.. Participacdo em banca de Sloana Giesta Lemos Floréncio.
Potencial do uso de machos esterelizados por radiagdo gama (60Co) para o
controle populacional de Aedes Aegypti (Diptera - culicidae): Um caminho
biotecnolégico do laboratério para o campo.. 2017. Tese (Doutorado em

Tecnologias Energéticas e Nucleares) - Universidade Federal de Pernambuco.

. Melo, S. J.; Falcdo, E. P. S.; Lima, G. M. S.; Santos-Magalhaes S. N.; Faria, A.

R.. Participacio em banca de Zenaide Severina do Monte. Pirimidinas: de
potenciais farmacos a marcadores fluorescentes. 2016. Tese (Doutorado em

Ciéncias Farmacéuticas) - Universidade Federal de Pernambuco.

. Ramalho, H. M. M.; Oliveira, J. S.; Dimenstein, R.; Campos F., A., S.; Falcdo,

E. P. S.. Participacio em banca de Danielle Soares Bezerra. Efeito da
Suplementacdao materna com megadose de vitamina A, administrada em
diferentes intervalos, nas concentragdes de retinol no leite materno.. 2015. Tese

(Doutorado em Nutri¢do) - Universidade Federal de Pernambuco.

. Pereira, E. C.; Andrade, L. H. C.; Santos, N. D.; Pontual, E. V.; Falcdo, E.P.S..

Participacdo em banca de Bruno Rafael Monteiro Rodrigues. Efeito do
Nitrogénio e do Fdsforo no Metabolismo de Trés Espécies de Cladonia. 2014.

Tese (Doutorado em Biologia Vegetal) - Universidade Federal de Pernambuco.

. Barbosa, H. M. S.; Filho, F. O. M.; Torres, M. F. A.; Mariano, G.; Silva, H. P.

B.; Falcdo, E. P. S.. Participacdo em banca de Hérika Maria da Silva Barbosa.
Intemperismo Biogeoquimico e ciclagem de nitrogénio pela interacdo do liquen
Cladonia substellata Vainio com granito e basalto. 2014. Tese (Doutorado em

Geografia) - Universidade Federal de Pernambuco.

. Melo, S. J.; Nascimento, S. C.; Stanford, T. L. M.; Lemos, T. L. G.; Falcao,

E.P.S.. Participacio em banca de Janaina Gongalves da Silva Melo.
Caracterizagdo Quimica e Avaliacdo da Atividade Bioldgica dos metabdlitos de

actinobactéria endofitica isolada de Momordica charantia L.. 2013. Tese

75



(Doutorado em Programa de Pods-Graduacdo em Ciéncias Bioldgicas) -

Universidade Federal de Pernambuco.

10. Silva, N. H.; Lima, V. L. M.; Falcdo, E. P. S.; Amancio, F. F.. Participacdo em
banca de Monica Cristina Barroso Martins. Aplicacdes Biotecnoldgicas de
compostos obtidos dos liquens.. 2012. Tese (Doutorado em Bioquimica e

Fisiologia) - Universidade Federal de Pernambuco.

11. Colaco, W.; Falcao, E. P. S.; Amancio, F. F.; Araujo, E. S.; Tabosa, J. N..
Participacdo em banca de Helena Paula de Barros Silva. Efeitos das radiacOes
gama e ultravioleta sobre Cladonia verticillaris (Raddi) Fr. (liquen) coletado em
diferentes ambientes. 2011. Tese (Doutorado em Tecnologias Energéticas e

Nucleares) - Universidade Federal de Pernambuco.

VI1.4- Participacao em Bancas de Conclusao de Curso de Graduacao

1. Silva, N. H.; Cavalcanti, M. S. M.; Falcdo, E. P. S.. Participacio em banca de
Fernanda Magalhdes Amaral.Modificacdo e Aperfeicoamento de técnicas para
bioproducdo de fendis produzidos por Cladonia verticillaris (Liquen). 2006.
Trabalho de Conclusiao de Curso (Graduagdo em Bacharelado em Ciéncias

Biolégicas) - Universidade de Pernambuco.

2. Silva, N. H.; Pereira, E. C.; Falcdo, E. P. S.. Participacdo em banca de Giselle
Lauritzen Duarte. Modificacdo e Aperfeicoamento de Técnicas de Bioproducao
de fendis produzidos por Cladonia verticilaris. 2006. Trabalho de Conclusao de
Curso (Graduacdo em Licenciatura em Ciéncias Bioldgicas) - Universidade

Federal de Pernambuco.

3. Morais, F. C.; Almeida, M. B.; Falcao, E. P. S.. Participacdo em banca de
Dayvson José de Lima. Karaté-do como um mecanismo de contencdo da
agressividade dos estudantes. 2017. Trabalho de Conclusio de Curso
(Graduacdo em Licenciatura em Educagdo Fisica) - Centro Académico de

Vitoria.
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10.

Amaral, F. M.; Falcao, E. P. S.. Participagdao em banca de Fernanda Magalhaes
Amaral. A Lavanderia do Hospital das Clinicas sob o olhar da Biosseguranca.
2006. Trabalho de Conclusdo de Curso (Graduagdo em Ciéncias Biomédicas) -

Universidade Federal de Pernambuco.

Buril M. L. L.; Falcdo, E. P. S.; Silva, N. H.; Martins, M. C. B.; Pereira, E. C..
Participacdo em banca de Maria de Lourdes Lacerda Buril.Bioproducdo de
metabolitos do liquen Ramalina aspera Réasidnen por imobilizacdo de fragmentos
do talo.. 2008. Trabalho de Conclusao de Curso (Graduacdao em Bacharelado em

Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.

Melo, S. J.; Araujo, J. M.; Falcao, E. P. S.. Participacdo em banca de JOnatas
Barbosa Xavier.Rubiaceae: breve revisao bibliografica, composi¢cdo quimica e
atividades farmacoldgicas.. 2008. Trabalho de Conclusao de Curso (Graduagao

em Ciéncias Biomédicas) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Melo, S. J.; Nascimento, S. C.. Participacdo em banca de Ana
Caroline dos Santos Barreto. Sintese e Avaliagdo da Atividade Antimicrobiana
de 5-cianopirimidinona. 2009. Trabalho de Conclusdo de Curso (Graduacido em

Ciéncias Biomédicas) - Universidade Federal de Pernambuco

Melo, S. J.; Falcao, E. P. S.. Participacdo em banca de Ana Caroline dos Santos
Barreto.Atividade Antimicrobiana de 5-Cianopirimidinona. 2009. Trabalho de
Conclusd@ao de Curso (Graduacdo em Ciéncias Biomédicas) - Universidade

Federal de Pernambuco.

Carvalho, A. N.; Falcdo, E. P. S.. Participacio em banca de Alexsandra
Nascimento de Carvalho.Bioprodu¢do de Metabodlitos do liquen Cladonia
corallifera (Kunze) Nyl. 2010. Trabalho de Conclusao de Curso (Graduagdo em

Licenciatura em Ciéncias Bioldgicas) - Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Martins, M. C. B.; Silva, N. H.. Participacio em banca de
Rayane Cristine Santos da Silva. Efeito do acido tsnico de Cladonia substellata

Vainio sobre o desenvolvimento poés-embriondrio do Podisus nigrispinus
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11.

12.

13.

14.

15.

(dallas) (Heteroptera: Pentatomidae). 2010. Trabalho de Conclusdao de Curso
(Graduacdo em Bacharelado em Ciéncias Bioldgicas) - Universidade Federal de

Pernambuco.

Araujo, A. A. B.; Falcdo, E. P. S.; Santos, N. P. S.; Silva, N. H.. Participa¢do em
banca de Ana Aline Batista de Aradjo.Obtencdo de dcido barbatico por
diferentes sistemas de imobiliza¢do de Cladia aggregata (Sw.). 2010. Trabalho
de Conclusdo de Curso (Graduacdo em Bacharelado em Ciéncias Bioldgicas) -

Universidade Federal de Pernambuco.

Falcdo, E. P. S.; Santos, N. P. S.; Finkler C. L. L.. Participacdo em banca de
Marinaldo Pacifico Cavalcanti Neto.Avaliacdo da atividade antineoplésica in
vivo de é&cido barbédtico de Cladonia salzmanii (Nyl.) e formaulacdo de
nanoestruturas lipossomais. 2010. Trabalho de Conclusdao de Curso (Graduagdo

em Enfermagem) - Universidade Federal de Pernambuco.

Silva, B. M.; Silva, N. H.; Martins, M. C. B.; Falcdo, E. P. S.. Participacdo em
banca de Bruna Mazulo da Silva.Atividade Citotéxica e Hemolitica do Extrato
Etéreo e Acido Barbitico Purificado de Cladonia salzmanii Nyl.. 2010. Trabalho
de Conclusdo de Curso (Graduacdo em Ciéncias Biomédicas) - Universidade

Federal de Pernambuco.

Santos, N. P. S.; Falcdo, E. P. S.. Participacdo em banca de Tamiris Alves
Rocha. Sintese de novos heterociclos 4-amino-pirimidinicos-2,6-bissubstituidos
e avaliacdo de suas propriedades citotéxicas.. 2012. Trabalho de Conclusao de
Curso (Graduagdo em Licenciatura em Ciéncias Bioldgicas) - Centro Académico

de Vitoria.

Anjos, J. V.; Falcdo, E. P. S.. Participa¢do em banca de Ivangela Elizabete Alves
da Silva.2-Amino-6-aril-4-(3H)-Pirimidinonas: Sintese Multicomponente e
Avaliacdo da Atividade antimicrobiana.. 2012. Trabalho de Conclusao de Curso
(Graduacdo em Bcharelado em Quimica) - Universidade Federal de

Pernambuco.
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16.

17.

18.

19.

20.

21.

Falcao, E.P.S.; Pires, E. H.. Participacdo em banca de André Severino da
Silva.Auséncia de Atividade Mutagénica e Recombinogénica de Compostos
Pirimidinicos com Propriedades Anti-inflamatérias em células somaticas de

Drosophila melanogaster. 2013.

Falcdo, E.P.S.; Aciole, E. H. P.. Participagdo em banca de André Severino da
Silva.Avaliacdo da Atividade Mutagénica e Recombinogénica de Compostos
Pirimidinicos em Células Sométicas de Drosophila melanogaster. 2013.
Trabalho de Conclusido de Curso (Graduagdo em Licenciatura em Ciéncias

Bioldgicas) - Centro Académico de Vitoria.

Falcdo, E.P.S.; Martins, M. C. B.; Santos, N. P. S.. Participacdo em banca de
Joelma Pessoa Gongalves.Avaliacdo da Atividade Citotoxica de Extratos
organicos e acido divaricatico purificado de Ramalina aspera (liquen). 2013.
Trabalho de Conclusdao de Curso (Graduagdo em Biomedicina) - Universidade

Federal de Pernambuco.

Falcdo, E. P. S.; Chagas, C. A.; Oliveira, 1. S.. Participacio em banca de
Amanda de Brito Nunes.Avaliacio da atividade antibacteriana do liquen
Ramalina usnea L. frente a oito bactérias.. 2015. Trabalho de Conclusdo de
Curso (Graduacdo em Licenciatura em Ciéncias Bioldgicas) - Centro Académico

de Vitoria.

Santos, J. A.; Santos, F. X.; Falcdo, E. P. S.. Participacdo em banca de Camila
Melo Alves de Lima.Qualidade de Vida Relacionada a Praticantes de Karaté-Da.
2015. Trabalho de Conclusdao de Curso (Graduagdo em Educacdo Fisica

Bacharelado) - Centro Académico de Vitéria.

Oliveira, G. F.; Falcao, E. P. S.; Rohde, C.. Participacdao em banca de Samuel
Lima de Santana.O Ensaio Cometa em Drosophila melanogaster como
bioindicador da poluicdo atmosférica em uma &rea urbana e rural. 2015.
Trabalho de Conclusdo de Curso (Graduagdo em Licenciatura em Ciéncias

Biolégicas) - Centro Académico de Vitdria.
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22. Chagas, C. A.; Rocha, T. A.; Falcao, E. P. S.. Participagdo em banca de
Cristiane Maria da Conceic¢do.Estudo sobre a atividade citotoxica de Ramalina
usnea Liquen.. 2015. Trabalho de Conclusdo de Curso (Graduagdo em

Licenciatura em Ciéncias Bioldgicas) - Centro Académico de Vitdria.

23. Falcdo, E.P.S.; Ribeiro, E. N.; Lira, M. M. R.. Participacdo em banca de Victéria
Beatriz Gomes da Silva. Propostas de mapas mentais como instrumento de
aprendizagem para o Ensino Médio. 2022. Trabalho de Conclusao de Curso
(Graduacao em Licenciatura em Ciéncias Bioldgicas) - Universidade Federal de

Pernambuco.

VII- REPERCUSSAO OU IMPACTO DA PRODUCAO ACADEMICA DO
DOCENTE

Certamente o maior produto da atividade de um docente sdo seus estudantes,
que, de fato, sdo numerosos ao longo de sua carreira, a contar cerca de 100 por
semestre, apds alguns anos este nimero pode se transformar em algumas dezenas de
milhares. No entanto, este fator € de dificil mensuragdo. J4 o impacto de sua producio
cientifica pode ser avaliado utilizando-se indices. Que, certamente podem aumentar ao
longo do tempo.

Minha produc¢do académica € modesta. Ao longo dos tultimos anos foram
publicados 41 artigos cientificos. Em sua grande maioria nas dreas de Quimica de
produtos naturais, Sintese organica e Quimica Medicinal.

Na plataforma Google Académico Existem registrados 20 destes trabalhos, com
510 citacdes. O indice H = 13 e 110=16. Na plataforma Scopus, registram-se 29 artigos

com indice H = 8. Portanto, uma produ¢do modesta, mas, com razodvel nimero de

citacdes e indices.
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VIII- OUTRAS ATIVIDADES RELEVANTES EM SUA CARREIRA
ACADEMICA

Conforme mencionei anteriormente, ainda no primeiro ano do curso de
Graduacdo, encontrei o Clube Estudantili de Astronomia, Organizacio Nao
Governamental, sem fins lucrativos, a qual me associei. Fiz o curso de iniciagdo a
Astronomia, que é uma paixao desde minha infancia, a minha participagao em diversos
projetos amadores, muitos dos quais relacionados a divulgacdo cientifica, fortaleceu
minha formag¢do académica, na drea de ciéncia bésica.

Em alguns destes projetos tive a oportunidade de receber estudantes
secundaristas e do ensino fundamental de escolas publicas, das redes municipais e
estaduais na antiga sede do clube, situada na Varzea, bairro INOCOP. Palestravamos a
respeito de objetos do sistema solar, estrelas bindrias e varidveis, etc.

O Clube continuou suas atividades na Vérzea até perder sua sede em 1992.
Entretanto, os membros continuaram a realizar atividades de divulgacdo cientifica. Em
certa ocasido conseguimos trazer o Falecido Prof. Ronaldo Rogério de Freitas Mourao,

Astronomo do Observatério Nacional, que palestrou no Espaco Ciéncia (Figura 14).

Figura 14- Palestra do Dr. Ronaldo Rogério de Freitas Mourdo por ocasido do aniversario do Clube
Estudantil de Astronomia. Foto com a equipe do CEA e Diretor do Espago Ciéncia Prof. Dr. Antonio

Carlos Pavao

81



Esta experiéncia ajudou a moldar minha formacdo cientifica, notadamente a
necessidade de se “dividir”, divulgar, o produto do conhecimento cientifico, em
linguagem clara para as pessoas simples, e, efetivamente para jovens. Como se diz, nds
apenas cuidamos deste mundo para as geragdes que vém apds nés mesmo.

Ao longo dos anos, entretanto, nosso grupo tem aprovado, alguns projetos de
divulgacdo apoiados pelo CNPq que abrangem cidades do interior de Pernambuco,
notadamente o sertdo, nestes projetos desenvolvemos palestras, noites de observagao,
divulgando a Astronomia com o objetivo de atrair e despertar o interesse cientifico em
jovens, mais especificamente, jovens de escolas publicas oriundos de dreas carentes.

Todo o stress e desgastes vivenciados na confec¢do de projetos e infindaveis
reunides do grupo é esquecido quando apresentamos a curiosos jovens e adolescentes
um belissimo e assombroso Universo de novas descobertas, “cerrado” de lindas gemas
brilhantes, nuvens de poeira e gas ionizado, galdxias distantes e quasares, entre outros
objetos que desafiam a nossa imaginacao. Imaginacdo que deve ser a forca motriz para

o desenvolvimento cientifico e, por conseguinte, de nossa civilizacdo.

IX- CONSIDERACOES FINAIS E PERSPECTIVAS

Definitivamente sinto a tentacdo de dizer que tudo foi em “um abrir e fechar de
olhos”, mas, certamente ndo foi assim. Ainda bem que ndo. Foram muitos anos de
trabalho duro, outros tantos de muitas incertezas, mas, certamente recheados pelo apoio
da familia e amigos, pelo suporte de professores e colegas, e por uma paixdo pela
natureza e pela descoberta. E a necessidade de se dar um sentido a vida colocando ‘““ao
servi¢co” todo o conhecimento adquirido.

Tenho a consciéncia de que tudo o que construi e construo € produto de muitas
“maos” e, portanto, devo dizer que espero honrar o apoio recebido continuando a
histéria de todos os docentes que me formaram. Desta forma tenho algumas ideias que
pretendo colocar em andamento, ao longo do tempo, ndo direi ao longo dos anos
vindouros, pois o senso de urgéncia deixado pela Pandemia me impele adiante com
muita forca, o tempo “urge”. Estas ideias incluem o ensino de Graduacdo, a pesquisa e a
Extensdo Universitdria. Cito-as, em linhas gerais a seguir, iniciando pela extensdo e

findando na pesquisa cientifica.
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O projeto CAVEST, juntamente com outros pré-académicos tem tido especial
atencdo pela Proexc, de modo que temos recebido, através de editais recursos
importantes. Pretendo aperfeicoar o projeto, introduzir no ambiente do
Projeto novas atividades relativas a divulgacdo de ciéncias, notadamente
Astronomia. Tentei isto, pouco antes da pandemia, mas, o esfor¢o nao logrou

éxito devido ao isolamento que se seguiu;

Devo retomar um curso de iniciacdo a Astronomia, como fiz, em 2006 (nao
mencionado nas paginas anteriores), com o intuito de se criar a semente a

formacgdo de um clube de Astronomia em Vitéria de Santo Antao;

Devo retomar o projeto de Karaté-DO, abrindo mais espaco para os alunos
antigos, ja graduados, no sentido de se ampliar o nimero de vagas, buscando
a interagdo com a Federacdo Pernambucana de Karaté para a formacdo de

novos atletas;

Depois de anos verificando a deficiéncia de nossos ingressantes nos cursos de
graduacdo na disciplina de Quimica, tenho a intensdo de propor uma
disciplina de graduagdo, eletiva, contemplando o conteido de Quimica
Organica, de forma mais aprofundada. Neste sentido iniciei conversagdes
com o Colegiado do Curso de Bioldgicas e conversarei com os docentes da

area;

Recentemente iniciamos, alguns colegas e eu, uma proposta de novo curso
em formato EAD, em cié€ncias naturais, enfatizando areas de quimica e fisica.

Temos a esperanca de concluir até o final deste ano.

Continuo esperangoso de que recursos sejam alocados para o
desenvolvimento da infraestrutura de nosso centro no sentido de se viabilizar
a implantacdo dos cursos ja autorizados pelas camaras superiores de nossa

UFPE, quando espero contribuir para a implantagcao destes cursos;

Em se tratando das ideias para pesquisa em Quimica sintética e Quimica de

Liquens tenho “uma ou duas” ideias bastante interessantes, a meu ver,
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envolvendo alguns fendis liquénicos recém-isolados pelo nosso grupo e o
ntcleo pirimidinico. Algumas moléculas inéditas que ja nascem com grande

potencial;

* O 4cido estitico, um fenol liquénico isolado ha alguns anos ainda precisa ser
melhor caracterizado quanto ao seu potencial farmacolégico, estamos

trabalhando nos primeiros ensaios, com um mestrando e um pds-doutorando;

* Estamos atualmente em fase inicial do estudo de uma Cyperaceae do género
Rhynchospora que parece ter potencial agdao hipoglicémica, esperamos poder

obter bons resultados nos proximos meses;

* Ainda intenciono retomar a pesquisa com metabdlitos secunddrios de

macroalgas de nosso litoral, drea que iniciei com colegas da UFRPE.

Alguns destes projetos ja estdo, por certo, mais ou “menos delineados”, uns até
em andamento, mas, ndo creio que sejam os Unicos ou Ultimos, pois a inspira¢do nao
tem hora para bater a porta. Além disso com a inspiracdo familiar de que disponho

(Figura 15), ndo pretendo diminuir o ritmo.

Figura 15- Minha inspira¢do maior
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B aE Y

UNIVERSIDADE CENTRO ACAMIERICH
FEDERAL

DEYITORIA
DE PERNAMBU O

UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO ACADEMICO DA VITORIA

Ata da 72 defesa de Memorial para Promo¢ao a Classe E (Professor Titular) de
EMERSON PETER DA SILVA FALCAO do Centro Académico da Vitéria da Universidade
Federal de Pernambuco, realizada em 10 de agosto de 2023. Proc. 23076.092207/2022-
74

Ao 10 dias do més de agosto de 2023, as 13:00h, em atendimento a Minuta Normativa n° 08
de 01 de abril de 2020 que regulamenta as atividades de trabalho remoto na Instituigao,
esteve reunida por video conferéncia através da ferramenta Google Meet
(https://meet.google.com/ouz-pgws-edm) disponibilizada pela UFPE a Comissao Especial
Avaliadora para Promocao a Classe E (Professor Titular) do Centro Académico da Vitéria,
cuja composi¢cdo encontra-se em consonancia com o Art. 28 da Resolu¢do do Conselho
Universitario n° 03/2014 de 10 de junho de 2014. A Comissao Especial Avaliadora foi
constituida pelos Professores Titulares: Dr.? Florisbela de Arruda Camara e Siqueira Campos
(Centro Académico da Vitdria /UFPE, membro interno - Titular e Presidente da Comisséao),
Dr.2 Dr.? Giselda Macena Lira (Faculdade de Nutrigdo da UFAL, membro externo - Suplente),
Dr.2 Jairza Maria Barreto Medeiros (Departamento de Ciéncias da Nutricdo, da Escola de
Nutricdo da UFBA, membro externo - Titular), Dr. Severino Mendes de Azevedo Junior,
(Departamento de Biologia/UFRPE, membro externo - Titular), estando presentes os
membros titulares para a apresentagao e defesa do Memorial do Professor(a) Emerson Peter
da Silva Falcdo do Curso de Nutricao do Centro Académico da Vitdria. A sessdo foi aberta
pela Professora Florisbela de Arruda Camara e Siqueira Campos (membro interno - Titular e
Presidente da Comissao)que fez a apresentagdo da Comissao, explicando aos presentes que
o(a) Prof. Emerson Peter da Silva Falcao ja havia cumprido a primeira etapa do seu pleito,
tendo obtido a nota 10 (dez) pela Comissao Avaliadora ao julgar o seu relatério de atividades,
primeira fase do processo de promocéo, se tratando a apresentagéo e defesa do Memorial, a
segunda etapa do processo. Dando continuidade, passou a palavra para o Prof. Emerson
Peter da Silva Falcao Santos e informou que ele dispunha de 45 (quarenta e cinco) a 55
(cinquenta e cinco) minutos para expor seu Memorial e que em seguida, cada membro teria
até 20 (vinte) minutos para, em forma de dialogo, expor suas considera¢cdes quanto ao
trabalho do candidato a promocéao pretendida. Finalizada a arguicao, a Comissdo Especial
Avaliadora, deliberando em outra sala virtual restrita aos membros, resolveu atribuir ao Prof.
Emerson Peter da Silva Falcdo a mengéo "aprovado por unanimidade” com média 9,75
(nove pontos e 75 décimos). Nada mais havendo a tratar, eu, Mirana Carla da Silva,

Secretaria das Camaras Setoriais do CAV/UFPE, neste ato secretariando os trabalhos, lavrei

Rua do Alto do Reservatério, s/n — Bela Vista, Vitéria de Santo Antdo—PE CEP: 55608-680,
E-mail: diretoria.cav@ufpe.br Fones: (81) 3114.41111/3114.4112
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a presente Ata, que assino juntamente com o candidato, com a Comissao Especial Avaliadora

e com quem de direito. Vitéria de Santo Antado, 10 de agosto de 2023.
Candidato:

Prof. Emerson Peter da Silva Falcédo

Comissao Especial Avaliadora:

- .
Prof I;ﬁlgib i

Prof Dr® Giselda Macena Lira

1S. Camnos.

Documento assinado digitalmente

’%gb GISELDA MACENA LIRA
g ol Data: 15/08/2023 20:17:23-0300
Verifique em https://validar.iti.gov.br

Documento assinado digitalmente
'%gb JAIRZA MARIA BARRETO MEDEIROS
g ol Data: 21/08/2023 13:20:45-0300

. . Verifi https:/ validar.iti.gov.b
Prof® Dr* Jairza Maria Barreto N S

Pro]yBZ everino Mengé’g/de Azeyédo Junior

Secretaria

Mirana Carla da Silva

Rua do Alto do Reservatério, s/n — Bela Vista, Vitéria de Santo Antédo—PE CEP: 55608-680,
E-mail: diretoria.cav@ufpe.br Fones: (81) 3114.41111/3114.4112
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(Assinado digitalmente em 21/08/2023 15:41 )
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ATA DE APROVACAO, data de emissdo: 21/08/2023 e o cédigo de verificagdo: 6f2000282b



http://sipac.ufpe.br/public/jsp/autenticidade/form.jsf

Reptiblica Federativa do Brasil
Ministério da Educagio
UNIVERSIDADE FEDERAL DE PERNAMBUCO

O Reitor da Universidade Federal de Pernambuco, no uso de suas atribuigoes, tendo em vista
a conclusao do Curso de DOUTORADO EM CIENCIAS BIOLOGICAS S s
no 1 semestredoanode = 2003 @@ ecolacdodegraua 19 / 08 /2003

confere o titulo de DOUTOFR |

4 EMERSON PETER DA SILVA FALCAO :
cédula de identidaden®  3.854.072 ~Orgao expedidor  SSP/PE

filho(a)de  EMERSON LUCENA FALCAO e
MARIA GOMES DA SILVA FALCAO

naturalde ~ PERNAMBUCO nascido(@)a 20 de SETEMBRO de 1972
nacionalidade  BRASILEIRA outorgando-lhe o presente Diploma, a fim de que possa gozar
de todos os direitos e prerrogativas legais.
Recife(PE), 20 de A JANEIRO de 2004
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CERTIFICADO

Certificamos que Emerson Peter da Silva Falcao participou na qualidade de OUVINTE da
Mesa Redonda: Ensinar e aprender a partir da experiéncia pandémica: processos, aprendizagens
e desafios, da IX Semana de Planejamento e Formacao Pedagogica da Universidade Federal
de Pernambuco - UFPE, realizada no dia 15 de julho de 2022, com carga horaria de 03 horas.

Prof?. Magna do Carmo Silva Roseane Patricia de Souza e Silva
Pro-Reitora de Graduacédo 4 z‘ 4 Diretora de Desenvolvimento de Ensino
PROGRAD === IX SEMANA DE DDE/PROGRAD
PLANEJAMENTO

%

PROGRAD E FORMACAO
I, e, PEDAGOGICA
FP DA UFPE

Cc
m



CERTIFICADO

VIil SEMANA DE FORMAGAO PEDAGOGICA DA UFPE

Certificamos que Emerson Peter da Silva Falcao participou na qualidade de OUVINTE da VIII Semana de Formacao
Pedagodgica da UFPE , realizada nos dias 08 e 09 de novembro de 2021, através do Canal Oficial da UFPE no
YouTube, cumprindo carga horaria de 7 horas.

Recife, 09 de novembro de 2021

- A

Prof Magna do Carmo Silva Prof® Roseane Patricia de S. e Silva
Pro-reitora de Graduacéo Diretoria de Desenvolvimento de Ensino
PROGRAD DDE/PROGRAD

PROGRAD

PrO-RETORIA DE GRADUACAD




CERTIFICADO

Certificamos que Emerson Peter da Silva Falcao participou na qualidade de OUVINTE da
Mesa Redonda: Saude mental e docéncia: (re)construcao de caminhos possiveis, da IX Semana
de Planejamento e Formacgao Pedagdgica da Universidade Federal de Pernambuco - UFPE,
realizada no dia 14 de julho de 2022, com carga horaria de 02 horas.

Prof?. Magna do Carmo Silva Roseane Patricia de Souza e Silva
Pro-Reitora de Graduacédo 4 z‘ 4 Diretora de Desenvolvimento de Ensino
PROGRAD === IX SEMANA DE DDE/PROGRAD
PLANEJAMENTO

%

PROGRAD E FORMACAO
I, e, PEDAGOGICA
FP DA UFPE

Cc
m
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MINISTERIO DA EDUCACAO
UNIVERSIDADE FEDERAL DE PERNAMBUCO
CENTRO ACADEMICO DE VITORIA DE SANTO ANTAO - UFPE / CAV

Declaramos para os devidos fins, que EMERSON PETER DA SILVA
FALCAO, SIAPE 1541578, Professor lotado no Curso de Nutricio, € membro do
Conselho de Centro, como Vice Coordenador Setorial de Extenséo e Cultura desde 04

de fevereiro de 2021 até os dias atuais.

Vitéria de Santo Antdo, 16 de agosto de 2022

Atenciosamente,

$2¢  “José Eduardo Garva
[E2] Centro Académico de VitsrialUFPE
Diretor
SIAPE 1605570

L
UFPE

Prof. Dr. José Eduardo Garcia
Diretor
Centro Académico de Vitéria/UFPE

Rua Alto do Reservatorio, S/N (Centro Académico de Vitoria)
Bela Vista, Vitdria de Santo Antdo/PE — CEP: 55608-680
CNPJ: 24.134.488/0004-50 Fone (81) 3114-4101/ 4102

diretoriacav.ufpe@gmail.com / gpessoascav.ufpe@gmail.com
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domenagem

Ao professor
Emerson Peter da Silva Falcao

Coordenador do Projeto de Extensdo CAVEST, do
Centro Académico de Vitéria - CAV - UFPE, a nossa
homenagem em agradecimento ao notavel desempenho
em prol da educacao brasileira, por mais de 15 anos.

Vitéria de Santo Antdo, 25 de Julho Coordenacgao Setorial de Extensao e
de 2023 Cultura do CAV




Documento 33

444

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Luan Maxwell Alves da Silva, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC






Documento 34

444

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Vinicius Nunes dos Santos, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC
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444

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Jenisson Everton Batista da Silva, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC
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UFPE

Universidade Federal de Pernambuco
Centro Académico da Vitoéria
Coordenacao Setorial de Extensao e Cultura

DECLARAGAO

Declaramos para os devidos fins que o Prof. Emerson Peter da Silva Falcao (CAV/UFPE) é
coordenador do projeto de extensdo intitulado “CAVEST - Um passo rumo a
Universidade”, a ser realizado no periodo de julho de 2022 a julho de 2023, com carga
horaria total prevista de 1740 horas. Este projeto foi aprovado no 2022-07 - Edital Pibexc de
Apoio Financeiro a Programas e Projetos de Extensdo, sob o numero de protocolo
383305.2167.87315.06062022.

Vitéria de Santo Antao, 26 de agosto de 2022.

Prof°. Dr. Adriano Bento Santos
SIAPE: 2936135
Coordenador Setorial de Extensao e Cultura
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UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Adriano José Peres Bezerra Filho, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC
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444

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador da discente Amanda Leticia Tavares dos Santos, bolsista no
pré académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC
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UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador da discente Ana Karina de Carvalho, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC






Documento 28

444

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Filipe de Melo Barbosa, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC
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UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Jefferson Aires Falcao, bolsista no pré académico
“CAVEST - Programa Pré-Académico”, desenvolvido no Centro Académico de
Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacdo e Gestao de
Projetos, n° 125643.315520.1919.87315.03122021, coordenado pelo

professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC
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UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador da discente Julia Graziele da Silva, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC






Documento 31

444

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador do discente Julio César de Oliveira, bolsista no pré
académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC






Documento 32 # ﬂ
B I:
L |-E--: I.:I: .

UFPE
DECLARACAO

Declaramos para os devidos fins que Emerson Peter da Silva Falcao , CPF n°
771.480.454-87, coordenador do departamento de Nutricdio no Centro
Académico de Vitoria - CAV da Universidade Federal de Pernambuco, atua
como orientador da discente Kalline Fernanda da Conceicao Silva, bolsista no
pré académico “CAVEST - Programa Pré-Académico”, desenvolvido no Centro
Académico de Vitoria - CAV, registrado no SIGPROJ- Sistema de Informacao e
Gestao de Projetos, n° 125643.315520.1919.87315.03122021, coordenado

pelo professor Emerson Peter da Silva Falcao.

Recife, 29 de agosto de 2022

Oussama Naouar
SIAPE: 1971764
Pro-Reitor de Extensao e Cultura/PROEXC






DOI:10.22600/1518-8795.ienci2021v26n2p127

ie n C |nVeStlgagéeS em V26 (2) — Ago. 2021
Ensino de Ciéncias PP 27 48

O USO DO STOP MOTION NO ENSINO DE BIOQUIMICA PARA O NiVEL MEDIO

The use of Stop Motion in teaching biochemistry to the middle level

Ana Jackeline de Franc¢a Santos [jack.bioprof@gmail.com]
Mestra em Ensino de Biologia (PROFBIO)
Escola de Referéncia Erem Dom Acacio Rodrigues Alves.
Rua Agamenon Magalhées, s/n, bairro Santo Onofre, Palmares — PE.

Emerson Peter Falcdo [emerson.sfalcao@ufpe.br]
Kénio Erithon Cavalcante Lima [kenio.lima@ufpe.br]
Professores no Mestrado Profissional em Ensino de Biologia (PROFBIO)
Centro Académico de Vitdria — Universidade Federal de Pernambuco.
R. Alto do Reservatorio - Alto José Leal, Vitoria de Santo Antdo - PE, 55608-680.

Resumo

Este trabalho analisa a producéo e a aplicacdo de videos de animacao usando a técnica de Stop
Motion em uma Sequéncia Didatica com o objetivo de operacionalizar os conhecimentos sobre
respiracdo celular aerébica, o que oportunizou construir conhecimentos cientificos na perspectiva da
Aprendizagem Significativa. Os estudantes de uma turma de terceiro ano do Ensino Médio realizaram
pesquisas e trabalhos em equipe para a criagcdo, com intervencdes artesanais, das estruturas
representativas das reacfes bioquimicas sobre o tema, acrescido de socializacdo do conhecimento
construido e identificacdo de equivocos nas representacées com as animacdes. Essas intervencoes
mobilizaram reestruturacées nas concepgdes prévias sobre a Bioguimica, reorganizacao cognitiva
com ancoramento de novas informacdes e subsuncores modificados, implicando mudancas
significativas quando se analisam resultados de testes Pré e Poés-construcdo e socializacdo das
animacdes. Por tais resultados, compreendemos que o uso do Stop Motion oportunizou o0s
estudantes a reestruturarem suas concepgdes e conceitos sobre o assunto de forma constante, no
percurso que surgiam duvidas e alcangcavam novos entendimentos, culminando na socializacdo das
animacgbes prontas para novas aprendizagens e reorganizacdo de suas representacbes mentais
sobre o tema respiracéo celular aerébica.

Palavras-chave: Stop Motion; Ensino de Biologia; Respiracdo Celular; Ferramentas Didaticas;
Bioguimica no Ensino Médio.

Abstract

This article analyzes the production and application of animation videos using the Stop Motion
technique in a Didactic Sequence using knowledge about aerobic cell respiration. This technique
allows to build scientific knowledge in the perspective of Meaningful Learning. In group, students, with
artisanal interventions, in a third-year high school class conducted research to create structures
representative of biochemical reactions on the topic, plus socialization of constructed knowledge and
identification of misunderstandings in representations with animations. These interventions mobilized
restructurings in previous conceptions about Biochemistry, cognitive reorganization with anchoring of
new information and modified subunits, implying significant changes when analyzing results of pre-
construction and post-construction tests and socialization of animations. For these results, we
understand that Stop Motion can help students to restructure their conceptions and ideas about the
subject and, during the course, their doubts have become opportunity to get new understandings
which may be socialized through ready-made animations for new learning and reorganization of their
mental representations on the topic of aerobic cell respiration.

Keywords: Stop Motion; Biology Teaching; Cellular respiration; Teaching Tools; Biochemistry in High
School.
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INTRODUCAO

A organizacdo social e os processos de ensino se colocam, cada vez mais, huma
perspectiva tecnoldgica e digital (MEC, 2018). De acordo com a Base Nacional Comum Curricular
(BNCC), torna-se pouco provavel, nos dias atuais, imaginarmos uma aula para o ensino da Biologia
em que o professor utilize apenas dialogos e exposi¢des das teorias. Por certo, compreendendo a
maior disponibilidade de recursos e estratégias atualmente incentivadas pela BNCC, € sempre viavel
gue o professor se utilize de recursos didaticos tecnoldgicos disponiveis para ampliar os meios de
comunicacéo e de novas aprendizagens com seus estudantes (Silva & Correa, 2014). Nesse sentido,
podemos imaginar que vérias técnicas podem ser aplicadas por profissionais da educacdo na
tentativa de facilitar a construcdo do conhecimento pelos estudantes, oportunizando novas
aprendizagens que reestruturem as representacdes conceituais existentes, a exemplo das animacgdes
em video Stop Mation, as quais s&o nosso foco de estudo.

Mas o que é o Stop Motion? A expressdo Stop Motion significa “movimento parado”. Trata-
-se de uma técnica em que uma situacao, processo e/ ou acontecimento é fotografado em diferentes
momentos e posi¢des para dar ideia de movimento as imagens que foram fotografadas. Para isso, as
fotografias sdo colocadas em ordem cronolégica ou de acordo com a evolugdo dos acontecimentos
para, com o auxilio de um software de edi¢cdo de videos, serem passadas em sequéncia por um
tempo determinado pelo editor, 0 que dara a percepg¢do de estar se movimentando. Em outra
proposta de defini¢cdo, ainda referente ao significado da técnica de Stop Motion, Nascimento (2016)
especifica que:

Ela utiliza um sequencial de fotografias de posicdes diferentes de um
mesmo objeto simulando assim um movimento (pois nada mais é do que
uma ilusdo de ¢tica). O fotdgrafo deve tirar as fotos sempre na mesma
posicdo e deve sofrer uma leve mudanca de lugar, o objeto a ser
fotografado, pois € isso que ao final da montagem da a ideia de movimento

(p. 10).

De acordo com Oliveira (2010, p. 51), a primeira vez em que se fez uso da técnica de Stop
Motion foi em uma situacao inusitada na qual, “durante uma filmagem, a camera de Méliés parou por
alguns instantes e voltou a gravar, posteriormente. O artista descobriu que podia utilizar este recurso
para produzir varios efeitos e deu o nome de stop-action a essa técnica.” Em breve explicagéo,
Barbosa, Santos, Alcoforado e Sartore (2012, p. 25) descreve a técnica como sendo o “... processo
artistico manual ou computacional de criar ilusdo de movimento continuo através de imagens que,
isoladamente sdo estaticas, mas quando sequenciadas de forma veloz proporcionam essa sensagao
de movimento ao observador’, o que faz estruturas inanimadas se moverem como se estivessem
vivas. Por essa peculiaridade da técnica, Shaw (2012) intitulou a introducdo de seu livro como
“Brincando de Deus”.

Com o passar do tempo e do aperfeigoamento da técnica, ja € possivel dispormos de varios
materiais e formas de se trabalhar a producédo desses videos no campo educacional usando o
conhecimento do conteldo, os detalhes das cenas e a criatividade. Como forma de diferenciagdo das
imagens ou videos prontos (como os que utilizamos em sala de aula) da producédo derivada da
técnica de Stop Motion, Santaella (2007) destaca a importancia da constru¢éo da informagéo a partir
do pensar para produzir, ndo se limitando ao fato do simples registrar dos fatos, como muitas vezes
acontece em videos educativos. Em outro entendimento, apresentado por Oliveira (2010), destaca-se

que (...)

(...) enquanto na foto e no filme, uma vez registrada, a informacdo é
irreversivel, nada pode ser mudado, a informacdo digital representa
exatamente o oposto. Tudo nela é variavel e adaptavel. Nao apenas pode
ser controlada e manipulada em sua inteireza, mas também em cada um de
seus pontos individuais (p. 51).

Ao criarmos as condi¢gfes de maior contato tatil e visual através da técnica do Stop Motion,
referentes aos conhecimentos das estruturas e acontecimentos biologicos, espera-se que o estudante
desenvolva maior sinergia (ato de sistemas biolégicos serem ativados ao executar uma dada fungéo)
acerca de um determinado contetido de modo que este permanecga por mais tempo em sua memoria.

128



Investigacoes em Ensino de Ciéncias — V26 (2), pp. 127-144, 2021

De acordo com Bossler e Caldeira (2013), em consonancia com a importancia da utilizagdo de
alternativas que possam reproduzir de forma concreta conteddos com aspectos microscopicos,
destaca-se que, quando o estudante tem a oportunidade de construir os recursos que materializam os
conceitos abstratos das Ciéncias da Natureza, ocorre a oportunidade de observarem seus equivocos
conceituais e reconstruirem seus modelos mentais com aproximagdes do que se € esperado como
conhecimento cientifico. Neste processo, ha a necessidade de os estudantes aprofundarem com as
leituras sobre as teorias que embasam o contelddo, de organizarem as estruturas para dar animacgdes
e de construirem o enredo das histérias (sequéncias), ocorre a possibilidade de maior contato desses
com o conhecimento em questéo, reestruturando suas representacdes e definicbes conceituais com
maior aproximagao dos modelos estruturados no campo do conhecimento cientifico.

Ratificando a pertinéncia da técnica para o processo de aprendizagem, Rodrigues e Lavino
(2020) afirmam que o trabalho com animag¢des Stop Motion mobiliza o estudante a construir sinteses
de conceitos e a representar, pelo uso de analogias e modelos concretos, as estruturas cientificas
estabelecidas cognitivamente. Ou seja, cria-se um canal para que as representa¢fes de um mundo
imaginario — muitas vezes construidos teoricamente em aulas expositivas e por imagens planas em
quadros brancos — assumam materialidade, com capacidade de serem mais bem visualizados e
avaliados por outros, dentre estes, o proprio professor que construiu o canal para as representacdes
e significados aos conceitos cientificos assimilados.

Nesse processo, espera-se que as pessoas envolvidas na confeccdo de animagdes em
Stop Motion consigam mostrar, de forma mais espontanea, ddvidas sobre o conteldo a partir da
producdo das animagfes, de tal maneira que esses equivocos se facam mais evidentes com a
aplicagdo da técnica. Em sintese, de acordo com Lima, Santos, Matias e Lima (2015, p. 06),
“..recursos alternativos como o Stop Motion, analogo ao acontecimento real dos fendmenos
biolégicos com imagens e midia tecnoldgica, do tipo animacdo, colabora na aproximacdo do
conhecimento cientifico ao entendimento do estudante”. Para tanto, acredita-se que é significante que
o professor crie e defina estratégias e procedimentos favoraveis para se construir as condicdes
pertinentes as diversas formas de assimilacdo do conhecimento cientifico pelos estudantes, como
também intermedeie as ac¢bes e intervencgbes desses para que se promovam as condi¢cdes de
aprendizagem pela ades&o de novos conhecimentos aos ja existentes em suas estruturas cognitivas
(Ausubel, Novak & Hanesian, 1980). Para a compreensdo de aprendizagem, construidas nas
propostas de intervencdo com animag@es tipo Stop Motion para o trabalho com conceitos abstratos,
acompanhando relatos e consideracdes na literatura pertinentes, é coerente o olhar na perspectiva da
teoria da Aprendizagem Significativa, a qual € definida como (...).

(...) a aquisicdo dos significados e das mudangas organizacionais n&o
transitdrias na estrutura cognitiva, acompanhando este processo na medida
em que o aprendiz responde as apresentacdes iniciais e sucessivas da
tarefa a ser aprendida (Ausubel et al., 1980, p.259).

Por essa teoria, estabelece-se, em condi¢des favoraveis construidas para tal propoésito, o
ancoramento de novas informacdes as estruturas mentais constituintes de conhecimentos pré-
-existentes — o cognitivo do individuo — por assimilacdo e acomodacdo com consequente
indissociabilidade dessa composi¢céo se for coerente a estrutura pré-existente (Ausubel et al., 1980).
Em condic¢des favoraveis, estabelecem-se subsuncores modificados. Nesse campo teoérico, € possivel
entender e se esperar que a nova informacdo expanda o sentido e amplie os conhecimentos aos ja
existentes, constituindo uma nova estrutura, ndo dissociada das anteriores. Mas, em situacdes em
gue ndo se estabelecem conexdes de forma consistente — ndo acontecem assimilagcdes entre 0 novo
conhecimento e o ja existente por ndo se encontrar significancia “ancoragem” — entre os saberes
arrebatados, faz-se coerente se utilizar de estratégias e recursos outros que aproximem ou criem as
condi¢Bes para novas aprendizagens.

Considerando a possibilidade entdo descrita, de ndo existir subsuncores que garantam a
ancoragem dos novos saberes, Ribeiro, Silva e Koscianski (2012) descrevem a aplicabilidade de
estratégias e recursos que se coloquem como organizadores prévios, entdo considerados como
“mecanismos pedagdégicos auxiliadores na ligacdo entre aquilo que o aprendiz j4 sabe e aquilo que
ird adquirir” (p.171). Em mesma perspectiva, justifica-se a aplicagdo dos denominados organizadores
prévios, como € o caso das animag¢Bes Stop Motion, compreendidos a luz da Aprendizagem
Significativa, pelo fato de que “as ideias existentes na estrutura cognitiva do aprendiz podem néo ter a
relevancia e o contelido suficientes para estabelecerem ligacdes com as novas ideias introduzidas
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pelo material de instrugédo” (p.171), o que se faz necessario, por agdo do educador, melhor estruturar
0 percurso de aprendizagem diante do material e/ ou conhecimento a ser assimilado. Em seu
trabalho, os mesmos autores consideraram as animacgdes Stop Motion confeccionadas para objetivos
especificos de intervengéo exploradas como recurso intermediario — mediacéo — para a aquisicao de
novas aprendizagens, entendendo-os como organizadores prévios. JA4 em trabalho de Bossler e
Caldeira (2013), a técnica de construcdo da animacdo pelos participantes se fez instrumento de
avaliacdo, pois consideraram os conflitos e a ressignificacdo conceitual que aplicaram para
estruturarem as representagdes e darem “materialidade a conceitos e fendmenos existentes para ele
apenas como imagens mentais” (Bossler & Caldeira, 2013, p.478).

Diante do ja exposto e considerando a associacdo das intervengfes com nossas
experiéncias docentes, partimos com a compreensdo de que as aulas de Bioquimica exigem que 0s
estudantes exercitem diferentes estratégias e a capacidade de apropriacdo, muitas vezes, para
assimilar termos associados as reagdes quimicas e fendmenos biol6gicos que acontecem durante um
dado processo. A apreensao desses contelidos no Ensino Médio é algo desafiador, pois necessita de
grande abstracdo, por parte dos estudantes, e elevado grau de criatividade e sensibilidade, por parte
do docente, para empregar técnicas pedagdgicas e ferramentas que possibilitem ao educando o
aprendizado significativo adequado.

Ao construirmos nossos entendimentos sobre a técnica do Stop Mation, refletindo sobre o
desafio de ensinar conteldos bioldgicos que s&o, por sua natureza, abstratos, surgiu-nos a
necessidade de pensar em uma ferramenta que pudesse estimular o processo criativo dos
estudantes e, a0 mesmo tempo, confronta-los com o desafio de ensinar/ expor o conhecimento
apreendido na forma de videos para, entdo, expressarem como 0 conhecimento cientifico foi
ancorado e modificado no subsungor dos estudantes envolvidos. Some-se a isso a propria
caracteristica dos jovens envolvidos pelo mundo da telecomunicacdo via celular e que possuem
potencial de usufruirem de aplicativos que estimulam a criatividade na esséncia desses.

Apesar de ter surgido como técnica cinematografica, essa proposta se tornou mais um
recurso de ensino na Biologia por ajudar a ilustrar conceitos abstratos e por representar fendmenos
de conteudos didaticos pouco atrativos. De acordo com esse pensamento, Oliveira (2010) menciona
gue essa técnica facilita a representacdo de cenas inexistentes na vida real (no nosso caso, cenas
abaixo do limite da microscopia O6ptica). Considerando a tematica respiracdo celular aerébica,
percebe-se que é um tema interdisciplinar, envolvendo Quimica e Biologia, contendo conceitos de
alta complexidade que escapam aos sentidos comuns, exigindo diversos conhecimentos e grande
dose de abstracdo para a adequada apreenséo.

Em situacbes como esta, percebe-se o estudante buscando construir modelos-chave
mentais para desvendar detalhes factiveis a uma compreensao do contetido estudado; ja o professor,
seja por imagens do livro, seja por ilustragdes feitas por ele mesmo no quadro, buscara favorecer a
aproximacao do conceito cientifico a essa representacdo, supostamente construida pelo estudante.
Mas, como saber se 0 conceito cientifico e a representagdo mental do estudante estdo compativeis?
E sempre um dilema a ser avaliado. Desse modo, na busca de diferenciar essas novas possibilidades
de ensino do “método tradicional”, chamado assim por Nascimento (2016, p. 22) ao caracterizar a
atuacdo do professor com o uso restrito da oratdria para emitir seu conhecimento aos estudantes,
admite-se que “impedimos, muitas vezes, que o aluno construa essas representacdes, dificultando,
assim, a aprendizagem”.

Ao refletir sobre a relevancia do Stop Motion como prética auxiliar na compreensdo de
temaéticas abstratas, a exemplo da respiracdo celular aerdbica, Nascimento (2016) e Rodrigues e
Lavino (2020) reforgam a importancia do uso desses meios para estimular o interesse e dar sentido a
teoria a partir da pratica, materializando o abstrato e desenvolvendo o conhecimento dentro dos
limites e interesses cientificos. Para tanto, Nascimento (2016, p. 10) também admite que (...)

A teoria aliada a pratica estimula o estudante a aprender o contetdo e além
de dinamizar a aula desperta o interesse deste, dando-o uma nova forma de
construir seu conhecimento; permite que o aluno veja, sinta, perceba o que
a teoria menciona como esta relacionada e como o que esta nos livros
influencia diretamente na vida.
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Trazendo para o contexto deste estudo, como € possivel enfatizar para os estudantes
envolvidos a relacdo existente entre a respiragdo fisiolégica que eles conhecem e sentem e o
processo mitocondrial de producdo de energia fundamental & vida, que necessita de oxigénio como
um agente oxidante para o processo quimico ocorrer? A representacdo que o professor faz, dessas
estruturas micro e macroscopicas envolvidas nos processos, talvez possa levar a uma compreensao
equivocada, como o fato de expor a imagem em datashow ou até mesmo no livro. Um exemplo seria
a ilustracdo das proteinas transportadoras de prétons e elétrons, as quais poderiam ser confundidas
pelos estudantes ao achar que elas seriam um conjunto Unico, ndo existindo, assim, outras
sequéncias em diferentes locais da crista mitocondrial, ou até mesmo o desenho de uma mitocdndria,
gue poderia simbolizar, para ele, uma célula.

A partir disso, considerando as aulas de Bioquimica para o estudo dos processos nao
verificaveis a olho nu, construimos questionamentos, pelos quais buscamos entender a seguinte
pergunta: de que forma e em que dimensdo a producao do Stop Motion colabora com a apropriacéo
dos conceitos cientificos mais abstratos das estruturas bioquimicas? Em que condi¢des a producéo
das animacdes em Stop Motion pelos estudantes complementam entendimentos das ilustracfes
bioquimicas presentes nos livros didaticos?

Por objetivos desta pesquisa, buscamos ndo s6 compreender como a producdo e
compartiihamento de animagdes tipo Stop Motion colaboram com a aprendizagem de conceitos
cientificos mais abstratos sobre estruturas moleculares exploradas na Bioquimica, como também
avaliar de que forma a producéo e compartilhamento de animag¢des Stop Motion, confeccionadas por
estudantes, colaboram com a Aprendizagem Significativa desses em referéncia a conceitos e
imagens bioquimicas contidas nos livros didaticos. Como hip6tese para o nosso estudo, afirmamos
gue o Stop Motion é uma ferramenta capaz de melhor aproximar o conhecimento acerca de conceitos
abstratos da Bioquimica que necessitem modelar, de forma macroscépica, estruturas microscépicas
para se buscar, com isso, uma melhor apropriacdo e compreensao cientifica desses conceitos pelos
estudantes.

METODOLOGIA

Nosso estudo teve cunho investigativo, construido para fins de entendimentos que
resultassem em um proposito de pesquisa qualitativa em diversas de suas intervengfes: observagdes
durante a construcdo e a apresentacdo de modelos biologicos proprios a animagdes, levantamento
pré e pos-intervencdes com questdes discursivas, interagbes entre os participantes para analise
sobre o que foi construido, 0o que estruturou conhecimentos importantes e atributos necessarios no
desenvolvimento, aplicac@o e avaliacdo em torno do nosso principal produto — anima¢des em Stop
Motion. Firma-se tal aplicagdo de recurso e estratégia como proposta adaptavel e replicavel para a
Educacao Baésica por ser de facil disseminacdo em diversas outras situacdes de ensino nos
diferentes espacos de aprendizagem dos nossos estudantes.

Para a construcao dos resultados, seguimos uma proposta de Sequéncia Didatica (SD) com
etapas constituidas de diferentes recursos e estratégias que nos permitiram registrar as
consequéncias das orientacfes e intervengdes, pertinentes as nossas analises, e confirmar a eficacia
das estratégias e de suas técnicas entdo aplicadas para o maior envolvimento dos estudantes ao
aprendizado de conteldos da Bioquimica. Como diretriz para esta pesquisa, realizada antes de
ocorrer as restricbes sanitarias por conta da Pandemia do COVID-19, afirmamos que as intervencdes
foram respaldadas no parecer do Comité de ética da UFPE com o nimero 3.716.276, de acordo com
0 CAAE: 21956719.9.0000.9430.

Participaram das interven¢des da SD 32 (trinta e dois) estudantes do terceiro ano do Ensino
Médio de uma escola publica estadual da cidade de Palmares — PE por ja possuirem conhecimentos
prévios sobre Bioquimica, comumente trabalhados no primeiro ano do Ensino Médio. Para o inicio
das intervencdes, os estudantes se organizaram em 04 (quatro) equipes para a realizacdo de estudos
individualizados e em grupo sobre conceitos e estruturas da Bioquimica, como também participaram
de oficinas para apropriagdo de técnicas basicas para a confeccdo de Stop Motion. Como
consequéncia das intervencdes da SD, os estudantes procederam com as pesquisas, 0s estudos e a
confeccdo das diferentes animagbes sobre o mesmo tema: respiracdo celular aerdbica, além de
outras intervencdes, conforme as etapas/ momentos apresentados na sequéncia SD. Utilizaram-se de
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materiais diversos, escolhidos pelas equipes, para a execucdo das animacdes, 0 que oportunizou a
liberdade criativa necessaria para materializarem nas animacdes 0s conceitos que possuiam.

Nossas intervencdes se iniciaram com a pesquisa dos estudantes sobre o conteldo
“respiragdo celular aerdbica” em livros e textos impressos, disponibilizados pelo professor
responsavel, com o proposito de reorganizar conceitos referentes ao assunto proposto. Os
estudantes, reunidos em suas respectivas equipes, concluiram esta fase com a confecgdo de textos-
-sinteses das principais informagBes que acreditam ser necessarias a confeccdo futura das
animacdes. Em outro momento, com aula presencial, o professor retornou ao assunto respiracao
celular aerdbica através das anotagbes que realizaram, utilizando-se de imagens em cartazes para
reorganizarem os conceitos e representagdes referentes as etapas da glicolise, do ciclo de Krebs e

da fosforilagdo oxidativa.

Apbs esses dois momentos de intervencdo — pesquisas e aula expositiva dialogada —,
aplicou-se o primeiro instrumento avaliativo/ investigativo na forma de questionario com perguntas
discursivas (Apéndice A) com o propésito de um primeiro diagnéstico sobre os conceitos até entédo
revisados. Com esse procedimento, foi possivel propor as primeiras intervengfes e reunides que
culminaram nas estruturas e escolhas para as anima¢des Stop Motion pelos estudantes. Em outro
momento, com materiais diversos (caixas de massa de modelar, cartolinas, papéis-cartdo e folhas de
emborrachado de cores variadas, canetas hidrograficas, lapis de diversas cores, cola branca
tradicional, cola bastdo, pistola para cola quente, tripé suporte para celular e tesoura) e espaco fisico
com mesas, adequado para a organizacdo das equipes, 0s estudantes iniciaram o processo de
confeccdo das estruturas presentes no processo de respiracéo celular aerdbica. Como estratégia
orientada para a confec¢do das animacgdes, salientamos que os estudantes tiveram que colocar o
celular em um tripé para que a camera permanecesse fixa durante a captagdo das imagens, o que
minimizou os riscos de perderem a qualidade dos registros. Outras equipes optaram em conectar o
fone de ouvido para usar o botdo de aumento de volume como dispositivo de captura de imagem, o
que evitou tocar na tela e fazer o celular estremecer, garantindo, ainda mais, a qualidade das
imagens construidas.

No momento da confec¢éo, cada equipe conjugou as mesas para analisarem as fontes de
informacgéo que levaram, dos escritos que fizeram em aulas e de pesquisas em videos da internet
com o uso dos préprios aparelhos celulares com a intengdo de revisitarem os conteldos para
aproximarem ao maximo possivel do processo correto. No processo de confec¢do das estruturas,
fizeram uso dos materiais disponiveis para a montagem das vérias estruturas constituintes do
processo da respiracdo celular aerdbica, como moléculas e componentes celulares (Fig. 01). Em
alguns momentos dessa etapa, surgiam davidas e a necessidade de novas pesquisas, mas a
professora ndo intervia com respostas prontas, apenas realizava o registro para resgate e diagnéstico
em etapas futuras. A medida que as dividas eram minimizadas e as figuras representativas dos
diversos processos relacionados a respiracdo celular aerdbica ficavam prontas, os respectivos grupos
prosseguiam com as fotografias em uma sequéncia ordenada de acontecimentos, como €
caracteristica da técnica do Stop Motion.

Torna-se exemplo o processo de uma das equipes que fez uma introducdo em sua
animacdo de um personagem que comia uma fatia de pizza para ilustrar a ingestdo da glicose pelo
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organismo (Fig. 02). Para isso, foram retiradas algumas fotografias, iniciadas com a foto do
personagem e da pizza desenhados, recortados e colocados sobre uma cartolina a uma determinada
distancia, seguida de outras imagens que aproximavam o alimento da boca do personagem de modo
sequenciado. As demais equipes prosseguiram com essa mesma estratégia e foram construindo suas
imagens para a posterior animagao (Fig. 02).

Figura 02 — Fotografias retiradas das animacdes prontas.Fonte: Autores, 2019.

A montagem das animagdes pelas equipes aconteceu no laboratério de informética da prépria
escola, que dispunha, em seus computadores do Windows, Movie Maker® (programa de edicdo de
videos), ativando, em seguida, o comando “Adicionar videos e fotos”. Feito isso, iniciaram as edicdes
e posterior ajustes na velocidade do video, inserindo explicacdes, musicas e textos informativos,
procedimentos comuns na construcdo das animacgfes Stop Motion. Os videos foram encaminhados
ao docente responsével para a pré-avaliacdo do material construido (Fig. 03), em que se avaliou a
coeréncia das estruturas moleculares, a pertinéncia conceitual referente ao contelido explorado
“respiragdo celular aerdbica” e a sequéncia dos respectivos processos constituintes da reagéo
bioguimica em questéo.
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Figura 03 — Fotografias retiradas das animacdes prontas. Fonte: Autores, 2019.

Como meio de validagéo conceitual e estrutural do que foi construido nas animacgfes, um
professor de Biologia do Ensino Superior, conhecedor dos aspectos bioquimicos envolvidos na
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proposta, também realizou a andlise dos videos como forma de diagnéstico de sua pertinéncia e
coeréncia conceitual entdo explorada.

Ao concluirmos as diversas etapas, culminadas na confeccdo e apresentacdo das
animacdes Stop Motion entdo confeccionadas pelos estudantes, aplicamos um segundo questionério,
também com questbes discursivas (Apéndice B). O propésito desse instrumento avaliativo foi
entendermos como a vivéncia de pesquisar sobre o contelido bioquimico em estudo, a confeccao e
compartiihamento das animagfes em Stop Motion colaboraram ao melhor conhecimento sobre o
conteudo da respiracéo celular aerdbica entre os estudantes participantes dessa SD.

O produto do processo nesta pesquisa

A interpretacdo dos nossos resultados possibilitou a validacdo de uma Sequéncia Didéatica —
produto final de um Trabalho de Conclusdo de Mestrado — oportunizando que outras pessoas
também usufruam das propostas. Ratificando essa nossa percepcao, Sarmento et al. (2013, p. 10) ja
compreendia que (...)

(...) os dados colhidos sobre o uso de tais principios no contexto em que
conduzimos nosso estudo poderdo ser transformados em evidéncias
transferiveis para outros contextos, numa generalizacdo teérica e situada,
caso outros professores percebam semelhanca com suas situacBes de
ensino, em termos de varidveis contextuais compartilhadas.

Nesse processo, a constru¢cdo do material para as analises empiricas foi registrada a partir
de anotacdes feitas durante todo o percurso das intervencdes, em que se verificaram comentarios,
mesmo que esporadicos, realizados pelos estudantes de forma descontraida, como também as
respostas aos questionamentos e comentarios provocados pelo professor. Também utilizamos de
registros feitos pelo professor, o que evidencia mudancgas conceituais e exercicios/ execucdo de
argumentacdes dentro dos grupos para a confeccdo das estruturas com respeito aos conceitos
cientificos ent@o construidos nas intervencdes anteriores. Também aconteceram avaliagbes nas
proprias animagfes ja concluidas, em que se constatou a pertinéncia cientifica das estruturas
abstratas entdo materializadas, o que permitiu inferir apropriacdo de conhecimentos dentro do
desejado para o ensino de Bioquimica na Educagéo Basica.

Assim, levamos em conta a propriedade no uso de palavras, de conceitos e o conhecimento
de estruturas e etapas que acontecem na respiracao celular aerébica, o que nos levou aos indicativos
de confirmacao de aprendizagem do contelido construidos por nossas interpretacdes. As questdes
discursivas foram, entdo, fragmentadas e categorizadas a posteriori, baseadas na Analise de
Contetdo (Bardin, 2011), as quais foram organizadas em quadros e figuras para melhor
apresentarmos as evidéncias de apropriacdo de conhecimentos cientificos pelos estudantes
participantes das etapas da SD. Os questionarios aplicados no periodo de pré e pos-intervencdes
(Apéndices A e B) foram confeccionados com questdes diferentes, ainda que abordassem as
mesmas tematicas relacionadas a respiracao celular. Colocamos como observacado referente aos
guestionarios 0 nao interesse em comparagfes entre as respostas do antes e do depois das
intervencdes por compreendermos melhor como a vivéncia das etapas de construcdo e apresentacéo
das animacfes em Stop Motion efetivamente colaboraram com a construcdo de entendimentos
dentro do campo cientifico sobre a bioquimica envolvida no processo de respiragdo celular aerdbica,
desejado para a Educacdo Basica, como destacado por pesquisas na areas sobre a proposta de
animagoes.

RESULTADOS E DISCUSSAO

Iniciamos nossas analises reconhecendo as potencialidades da técnica Stop Motion para a
formacéo dos estudantes ao materializarmos conceitos e modelos explorados no ensino de Biologia
com o contetdo de bioquimica. O proposito dessa tematica surgiu de experiéncias anteriores ao
trabalharmos o contetido de bioenergética, em que os estudantes aceitaram o desafio de produzirem
videos explicando o processo da fotossintese. As equipes, entdo, construiram filmes com os colegas
relatando o processo, fizeram um jornal, construiram paréddias e também uma animacgdo em formato
Stop Motion. Essa producéo teve repercusséo pelo fato de quererem assistir a elas mais de uma vez
e por ficarem curiosos em relacdo a sua producdo. Por percebermos que essa proposta tomou a
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atencgdo dos estudantes, resolvemos repetir a experiéncia, agora com toda a turma vivenciando uma
Sequéncia Didéatica (SD) que explorou o conteddo de Respiragdo Celular Aerbébica através da
producéo de animacdes em Stop Motion.

Dados apreendidos da analise da aula e de fontes

A aplicagdo da SD teve inicio com a apropriacdo de informacgdes sobre a tematica através
de fontes diversas (leitura do tema no livro didatico e em folhas impressas de site). As pesquisas e
leituras dos materiais pesquisados oportunizaram um claro exercicio do protagonismo na elaboracdo
de textos sinteses/ resumos e consequente assimilagdo do conteldo explorado, com o evidente
proposito de “modificar as atitudes e habilidades do estudante de forma que este fosse capaz de
buscar, por si s, o conhecimento em sua fonte” (Vieira et al., 2001, p. 02). Como apropriacdo de
novos saberes, registramos a assimilacdo de termos cientificos, amplo didlogo sobre tépicos que
classificaram como interessantes e/ ou curiosidades. Dentre essas, registramos o porqué de algumas
fontes se referirem a cadeia transportadora de elétrons como fosforilagdo oxidativa e outras como
cadeia respiratoria.

Detalhamento e analise do primeiro questionario

Ao aplicarmos o primeiro questionario (Apéndice A), constituido de 14 (quatorze) perguntas
para respostas discursivas, buscamos identificar quais conhecimentos os estudantes ja possuiam
sobre Bioquimica, ja que eram estudantes do terceiro ano do Ensino Médio e realizaram pesquisas e
participaram de revisdes em sala de aula. Para melhor mensurarmos a situa¢do de conhecimento,
trabalhamos com uma escala, a qual atribuia 0,71 (zero, setenta e um) ponto para respostas corretas
e completas, 0,5 (zero, cinco) ponto se a resposta estivesse incompleta e 0,0 (zero) ponto se
estivesse errada, o que possibilitaria um possivel somatério total de 10,0 (dez) se todas as 14
(quatorze) perguntas estivessem corretas e completas.

As perguntas exploraram todas as etapas do processo referente & respiracdo celular
aerdbica, coerente com o0 que se é exigido para o Ensino Médio, com conhecimentos gerais e
especificos. Sobre glicolise, questionamos o produto resultante dessa etapa, o saldo final de ATP e o
porqué, como também por qual motivo, essa fase glicolitica € chamada, pela maioria dos livros
didaticos, de anaerdbica, e a funcdo do NAD*. Do ciclo de Krebs, buscamos registrar 0 que o
estudante sabia sobre a func&o da coenzima A, quais os outros nomes que o ciclo de Krebs recebe e
0 porqué dos nomes, a diferenca entre GTP e ATP e se ele era capaz de relacionar o ciclo de Krebs
com a producdo do gas carbbnico que expiramos. Por fim, identificar onde ocorre a fosforilagdo
oxidativa, a funcdo dos protons e elétrons nesta etapa do processo, o conhecimento sobre as
proteinas participantes e, em Ultima analise, uma breve sintese da producdo de ATP pela cadeia
transportadora de elétrons. Nessa primeira analise diagndstica, percebemos significativa quantidade
de estudantes que erraram ou nao responderam as questdes ou que tiveram baixa quantidade de
acertos (Figura 04), mesmo apés participarem das pesquisas e da revisdo dos conceitos relativos.

Constatamos que o quantitativo de acertos decaia nas questdes que demandavam
conhecimentos e informacdes mais complexas sobre os contetdos explorados, como também
exigiam maior abstracdo. Esses dados revelaram a existéncia de lacunas conceituais e de
apropriagdo das estruturas abstratas dos conteltdos mais complexos que unem a Quimica e a
Biologia em uma mesma perspectiva. Trata-se de conhecimentos sobre as varias estruturas
moleculares, imperceptiveis a olho nu, o que concorda com Beckhauser, Almeida e Zeni (2006, p. B1)
quando afirma que “a Bioguimica exige do aluno uma capacidade de abstragcdo além de
conhecimentos prévios de outras ciéncias para um bom desenvolvimento da disciplina”.
Corroborando também com nossas percepcdes e resultados, temos que (...)

Fenbmenos que regem o0s processos bioloégicos sdao ensinados sem
vinculos com a realidade dos alunos. Desta forma, o contelddo referente a
Biologia é visto pelos estudantes como abstrato, ficticio, sem envolvimento
com o seu cotidiano e pouca aplicabilidade (Pinheiro & Pompilho, 2011, p.
A2).

Ao compreendermos que “um modelo desprovido de reflexdes, sem um olhar critico sobre a
ciéncia, € um saber cientifico adquirido de forma equivocada, sem produzir ganhos para a sociedade”
(Canga, Gongalves & Buza, 2010, p. 29), confirmamos que os estudantes participantes ainda
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confundiam ou ndo abstraiam os modelos que representavam as estruturas e as reacdes com
condic¢des de assimilar conhecimentos referentes a aspectos da Bioquimica.

Numero de respostas corretas por etapa da respiragao celular
aerdbica.

25

= Conhecimento geral
20 9

15 - m Glicélise

Ciclo de Krebs

= Fosforilagdo oxidativa

Nenhuma Ol resposta 02 respostas 03 respostas 04 respostas
(Erraram ou correta corretas corretas corretas
deixaram em

branco)

Figura 04 - Resultado do Questionario 1. Fonte: Autores, 2019.

Em relato, representativo como éxito para o ensino molecular da Biologia, Alves et al. (2016,
p. 107) admitem “o uso de modelos tridimensionais, ilustracfes e jogos como responsaveis pela
melhora na capacidade de adquirir e guardar informagdes em comparagdo com métodos de ensino
tradicionais”, pois, como lembrado por Scatigno e Torres (2016, p. 31), “.. boa parte das dificuldades
de aprendizado derivam da falta de integracdo dos niveis representacionais dos fendmenos quimicos
e bioquimicos: macroscopico, microscopico ou submicroscdpico e simbdlico, necesséaria para o
aprendizado significativo”. Mas, como oportunizar as condi¢fes para apropriar os estudantes dos
conhecimentos dentro do campo micro e da abstracdo? Dentre as possibilidades, destaca-se que ...

a elaboracdo de uma sequéncia de aulas a partir de um contexto
significativo e variedade de recursos/ atividades didaticos para os
estudantes pode se configurar como excelente alternativa a aprendizagem
de contetdos de dificil compreensdo, principalmente conteddos que
discutem conceitos abstratos e representativos da matéria (Silva & Santos,
2017, p. 4098).

Assim, concordamos que o ensino de Bioguimica exige mais que o livio e as imagens
criadas pelo professor nesse contexto para oportunizar que os estudantes facam a propria
representacdo dos modelos e conceitos, compativeis e aceitos dentro do campo do conhecimento
cientifico. Por certo, concordamos com Jdfili, S4 e Carneiro-Ledo (2010, p 436), ao afirmar que “.. a
aprendizagem € um processo de construcdo interna e ndo ocorre, exclusivamente, através da
transmisséo de conhecimentos feita pelo professor”.

Processos e percursos: confecgao, aplicagdo e analise critica das animac8es Stop Motion

Ao pensarmos na perspectiva de que as tecnologias da informacdo e comunicagao (TIC) ja
€ um bem global, com o uso amplamente estimulado nas escolas e nos diversos processos de
aprendizagem, o Stop Motion ja ndo é mais estranho como recurso e estratégia promotores de
aprendizagem. Seguindo essa perspectiva, concordamos que as TICs oportunizam diferentes
perspectivas de ensino e aprendizagem, em que 0 maior acesso a internet “disponibiliza para a vida
das pessoas autonomia para criar, desenvolver e aperfeicoar mecanismos que contribuem para a
construcao de variados conhecimentos” (Lima et al., 2015, p. 03), em que o Stop Motion pode traduzir
a linguagem usada nos livros que, pela sua complexidade, ndo faria sentido para os estudantes,

recaindo no dilema de se tornarem simbolos a serem memorizados.

Com a producao de videos de animagédo, é possivel ampliarmos o ensino com analogias
que buscam assemelhar as figuras confeccionadas com aquelas presentes nos processos
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microscopicos, cientificamente descritos, confirmando que uma animacgdo “constitui ferramenta
singular no que diz respeito a termos acesso ao arranjo que os alunos fazem do conhecimento que
lhes é apresentado, para além daquilo que € possivel conferir com as avaliagbes alicercadas
exclusivamente no universo das palavras” (Bossler & Caldeira, 2013, p. 478). Nessa logica, a
producdo de animacdes por estudantes nos possibilita constatar o que possuem de sintese e de
representacdes cognitivas sobre os conceitos explorados (Rodrigues & Lavino, 2020). Tal situagéo
assume significado no préprio processo avaliativo, ja que as animaclBes expressardo as

representacdes e assimilagcdes de modelos que os estudantes possuem das estruturas.

Seguindo essa logica, ao analisarmos a producdo dos estudantes participantes da SD,
registramos questionamentos que embasaram o processo de constru¢do das animacGes em Stop
Motion, no fluxo com que iam confeccionando e dando movimento ao material que representava as
diferentes reacdes bioquimicas da respiragdo aerdbica. Ocorreram comentarios como “Professora,
gual termo devemos usar, cadeia respiratdria ou fosforilagcao oxidativa?”, “O que significa aceptor final
de elétrons?”, “O GTP conta no saldo junto com o ATP?”, “Por que somente o ciclo de Krebs e cadeia
respiratdria acontecem dentro da mitocéndria?”, “Temos que colocar a quantidade exata de ATPs?”, a
esses comentarios, entretanto, a professora ndo forneceu respostas, 0 que 0s levou a necessidade
de retornar as suas anotacdes e efetuarem novas investigacdes, o que colaborou com mudancas de
decisdes e de estratégias para a montagem das estruturas e da sequéncia dos registros para a
animagcao.

Nessa passagem, observando os registros do professor, avaliou-se que as intervencdes
anteriores e as novas pesquisas realizadas pelos estudantes com os termos e conceitos cientificos
durante a confec¢do das animagdes colaboraram na assimilagdo e acomodacéo, relevantes aos
novos rearranjos, para o ancoramento dessas informacdes e consequente estabelecimento de
subsuncores reestruturados (Ausubel et al., 1980). Contudo os novos subsuncores nado se faziam
ainda suficientemente estruturados de forma a lhes dar significativa representatividade conceitual
através da modelarem das estruturas bioguimicas referentes as reacfes e estruturas moleculares
pertencentes ao processo da respiracdo celular aerébica. Seriam necessérias ainda intervencdes que
aproximassem os estudantes, ainda mais, ha composi¢cdo bioquimica em questdo, cientes de que
tudo se tratava de representacdes moleculares constituintes de conceitos abstratos e complexos.
Mesmo assim, por esse primeiro recorte e descricdo da fase inicial da produgcdo das animagdes,
confirma-se que o ensino com a proposta do Stop Motion, animag¢des efetivadas na SD, assumiu
diferenciagdo no processo de aprendizagem, pois 0s estudantes ficaram mais proximos dos conceitos
estruturantes do conteldo, revisitando-o através das fontes e criando suas préprias imagens para
tentar alcancar o maximo de consisténcia e fidedignidade na informacéo produzida com o video (Lima
et al., 2015; Rodrigues & Lavino, 2020).

Ja com as animacgdes prontas, 0 processo nos permitiu aferir mudancas na aprendizagem
(Fig. 05) ao nos apropriarmos das decisbes que o coletivo das equipes efetuou e das etapas que
seguiram para gerar um produto na forma de animacdes. Para melhor descrevermos e avaliarmos o
processo, analisamos a sintese das etapas, representadas em categorias (Quadro 01), em que
destacamos os aspectos desejaveis que foram alcancados com a aplicacdo do Stop Motion.
Utilizamos como classificacdo o0s seguintes adjetivos: “Bom” para quando a equipe estivesse de
acordo com o aspecto desejavel; “Regular’ quando muito resumido e “N&o satisfatorio” para a equipe
gue nao tivesse desenvolvido o aspecto desejavel.

Ao assistir as animacgdes criadas pelos estudantes, foi solicitado que as equipes pudessem
opinar, dando sugestdes e principalmente fazendo correcdes sobre o que nado estivesse de acordo
com as etapas da respiracao celular aerébica. No percurso em que os videos eram reproduzidos, foi
pedido que fizessem anotacbes para que, ao final, ocorresse a socializacdo. Nessa etapa, a
observacdo de erros e equivocos presentes nas animagdes serviram para detectar as duvidas que os
estudantes possuiam acerca do contetdo e que ndo foram superadas nas intervencdes durante a
confec¢do das animacdes — novas pesquisas e interacdes entre 0s estudantes — de modo que estas
pudessem ser posteriormente esclarecidas pela professora. A maioria desses detalhes/ informacdes
ndo constava nas fontes que os estudantes haviam trazido para as novas consultas. Mesmo assim, é
possivel afirmarmos que o conhecimento basico e necessario sobre respiracdo celular aerobica, a
nivel médio, foi alcangado (MEC, 2018). Tal fato vem confirmar compreenséo de Bossler e Caldeira
(2013, p. 477) quando afirmam que “os aprendizes, no momento em que buscam dar materialidade
ao conhecimento organizado abstratamente, revelam aquilo que conhecem e também o que
desconhecem sobre o assunto, ao deixar de representar estruturas ou etapas”, o que amplia a
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importancia do professor, em momento oportuno, atuando como facilitador, intervir com outros
recursos para corregdes ou ajustes conceituais quando necessarios.

.

Figura 05- Animagé&o pronta. Fonte: Autores, 2019.

Quadro 01 - Aspectos alcancados com a aplicacdo do Stop Motion. A equipe esté representada pela
letra inicial do nome do representante de cada uma delas. (Quadro construido pela autora, 2019)

Aspectos desejaveis com a Equipe Equipe Equipe | Equipe | Equipe
producdo de Stop Motion. = N C H R
Local onde ocorre cada etapa. Bom N&o Bom Bom Bom
Satisfatério
Conhecimento basico das estruturas | Bom Bom Bom Bom Bom
participantes.
Detalhamento de cada etapa. Bom Regular Bom Bom Bom
Criacao propria de acordo com o Bom Bom Bom Bom Bom
entendimento.
Organizacdo para que a animacao Bom Regular Bom Bom Bom
fosse compreendida.
Ordem correta das etapas. Bom Bom Bom Bom Bom
Compreensdao bésica de cada etapa. | Bom Bom Bom Bom Bom

Fonte: Autores, 2019.

Como diagnéstico das intervencfes executadas na Sequéncia Didatica, destacamos que 0s
diversos equivocos identificados nas constru¢des dos estudantes foram posteriormente socializados
e corrigidos (Quadro 02), o que oportunizou a reestruturacdo cognitiva por novas ancoragens sobre
as ja realizadas em etapas anteriores, oportunizando novos rearranjos nos subsuncores dos
estudantes (Ausubel et al., 1980). A apresentacdo dos equivocos ao coletivo serviu de propulsor para
que revelassemos duavidas acerca do contedudo, em que as inferéncias feitas pela professora
desencadeavam as discussGes e posteriores reflexdes baseada em problematizacbes. Nesse
sentido, os videos compartilhados entre as equipes ja expressavam 0 que ja tinham construido
conceitualmente e cognitivamente como representacdo esquemaética até o momento; como também,
oportunizaram perceber o que ainda ndo construiram sobre as estruturas e o fluxo das reacdes
bioquimicas envolvidas, o que criou espaco oportuno para a professora realizar suas consideracdes e
reorganizacdes diante do que continha nas animac¢des. De mesma forma, é necesséario ponderarmos
gue as animacdes compartilhadas e as falas argumentadas entre os estudantes atuaram como
reorganizadores, pois, ao observar e analisar o diferencial entre as exposi¢cfes das equipes — do que
uma equipe errou e a outra acertou na representacdo estrutural e conceitual — melhor auxiliaram as
equipes com equivocos de se aproximarem das representagdes visuais nas animacdes que se
desejava como representacdo cientifica, mediando o que se sabia com o que ainda se precisava
conhecer (Ribeiro et al.,2012), agindo como processo colaborativo a novas assimilagées coerentes a
teoria da Aprendizagem Significativa (Ausubel et al., 1980).
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Quadro 02 - Andlise dos videos de Stop Motion

Nome representativo das equipes | Equivocos sobre o contelido observados no video.

Equipe F -A enzima desidrogenase piruvato “dissolve” o piruvato;
-A cadeia transportadora de elétrons para;

-Os H* saltam junto com os elétrons pelas proteinas.

Equipe N -O CO:2 entra no processo para buscar o Carbono.
Equipe C -Sem equivocos.
Equipe H -O acetilCoa se forma no citosol;

-O Nad* é que retira o carbono e reage formando CO-.

Equipe R -Os prétons H* saltam pelas proteinas, ao invés dos elétrons.

Fonte: A autora, 2019.

Como registro, identificamos que muitos questionamentos e comentarios sé surgiram apés a
aplicacdo da técnica de Stop Motion, o que evidencia que “os videos educacionais sdo ferramentas
de grande importancia para o aluno do tipo visual, mas, que pode atrair o aluno verbal” (Coelho et al.,
2017, p. 215). De modo intrinseco, os estudantes, a partir do contato com o real do conteldo,
produzidos por eles, fizeram emergir o que Jofili et al. (2010) chama, em todo o seu texto, de “lacunas
conceituais”, de modo que sem essa estratégia talvez se tornasse impossivel conhecer os equivocos
conceituais dos estudantes.

Detalhamento e analise do segundo questionario

O questionario 2 foi aplicado ap0s a execucao da préatica e socializagdo das animacfes de
Stop Motion com o0 objetivo de avaliar o desenvolvimento do conhecimento cientifico sobre a
respiracdo celular aerébica, desenvolvida pelos estudantes, em relagdo ao diagnosticado no primeiro
momento de nossas intervencdes. Como foi observado no primeiro questionario, a maior dificuldade
dos estudantes estava relacionada as duas Ultimas etapas do processo, ciclo de Krebs e fosforilagédo
oxidativa. Devido a isso, 0 Questionario 2 (Apéndice B), com construcdo posterior ao diagnéstico e
andlise do primeiro questionario, foi elaborado aumentando-se o nimero de perguntas acerca destes
topicos, visando & analise do desenvolvimento cognitivo acerca de todas as etapas do processo.

Durante a aplicagdo do segundo questiondrio, ao contrario do primeiro, foi visto que todos
0s estudantes se mantiveram mais concentrados, possivelmente por possuirem novos conhecimentos
coerentes em relagdo aos que ja tinham sido questionados, o que oportunizou a construgcdo de
respostas mais satisfatérias e demonstrou grau maior de apropriacdo do conhecimento cientifico,
relativo a tematica. Sobre o processo de glicolise, 31 (trinta e um) estudantes conseguiram acertar as
duas questbes enquanto 5 (cinco) acertaram apenas uma das duas e nenhum errou ou deixou em
branco, em comparacdo aos resultados do Questionario 1. No caso do ciclo de Krebs, 7 (sete)
estudantes acertaram quatro das seis questdes, 21 (vinte e um) acertaram cinco e 8 (oito) acertaram
as seis. Em relag¢éo a fosforilacdo oxidativa, apenas 1 (um) estudante deixou de responder as seis
questdes, entregando em branco, enquanto 5 (cinco) estudantes acertaram duas questdes das seis
existentes, 14 (quatorze) acertaram trés, 7 (sete) acertaram quatro, 8 (oito) acertaram cinco e 1 (um)
estudante acertou as seis (Figura 06).

Observando o resultado das respostas para o Questionario 2, com destaque sobre a
fosforilacéo oxidativa, houve um desenvolvimento bom em comparagédo ao resultado construido antes
da producéo das animagbes com o Stop Motion, o que enfatiza que os estudantes ndo conseguiam
assimilar, de forma satisfatéria, o contelldo dessa etapa apenas com leituras proprias, consultas ao
livro didatico e explanacdo feita pela professora. Foi perceptivel a diferenca de comportamento,
interesse e seguranca nas respostas em relacdo a fase anterior dos trabalhos feitos com animacao.
Esses resultados s6 confirmam “a necessidade de buscar alternativas metodoldgicas que estimulem
a problematizacéo e a contextualizacdo para o0 ensino de conceitos basicos e que contribuam para a
construgdo do conhecimento” (Alves et al.,, 2016, p. 101), principalmente quando se referem a
processos complexos de conceitos abstratos, pois 0 processo conjunto das intervencdes de
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pesquisas, produgdo, apresentacdo e socializacdo das animacgbes entre as equipes proporcionou
maior envolvimento e consequente apropriacdo de conhecimentos cientificos pelos estudantes
participantes da SD. Como forma de validag&o de nossos resultados, consequéncia das intervencdes
para a confecgdo das animagbes, concordamos que “os educadores devem buscar métodos
diferenciados e alternativos para o ensino (...), facilitadores do processo de ensino-aprendizagem,
permitindo a participacdo mais ativa dos estudantes” (Glaser, Pierre & Fioreze, 2017, p. 51), em que o
processo é diagnosticado, mostrando o percurso evolutivo alcancado por eles.

Resultado do Questionario 2 referente ao nimero de respostas
corretas por etapa da respiragdo celular aerébica.

35

= Glicélise

30

25

20 = Ciclo de krebs

15

10 Fosforilagdo

5 I | oxidativa
; 1 ...

Nenhuma 01 correta 02 corretas03 corretas04 corretas05 corretas06 corretas
(Erraram
ou
deixaram
em branco)

Figura 06 - Resultado do Questionério 2. Fonte: Autores, 2019.

Em uma proposta de avaliagdo e comparacdo entre os dois instrumentos diagnoésticos,
constata-se nitidamente o quanto é evidenciada a apropriagdo de conhecimentos relativos a
respiracao celular aerdbica pelos estudantes, auxiliados pelo processo decorrido com a produgdo das
animacgbes em Stop Motion. A Figura 07 reflete essa nossa percepcdo de o quanto construir o
percurso para a elaboracdo das animacdes, explorado com a SD, oportunizou aos estudantes
revisitar conhecimentos sobre a Bioquimica em fontes diversas, nao restritas a fala do professor, além
do trabalho em equipe, no exercicio da argumentacao e das trocas de informagdes (res)significantes
e reestruturantes para os conhecimentos que possuiam.

Grafico comparativo de desempenho referente a aplicagdo do Stop
Motion

=
o

N° de Estudantes
O R, N WH»OOO O N 0O

05| 1 |15| 2 25| 3 (35| 4 |45 5 |55| 6 (65| 7 |75| 8 (859 |95
mtestel| 3 |2 |4 |4 |21|5|3|2f1f(1|1|1|1|0f2|212|3|1|0
mteste2| 0|0 |OfOfO|O|O|O|Of2|O0O|O0f2|7|2]|]9]|9

Figura 07 - Resultado total dos Questionarios 1 e 2. Fonte: Autores, 2019.
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CONSIDERACOES FINAIS

A pesquisa inferiu, a partir de questionamentos e exposi¢cdes de animac¢des, 0 quanto a
técnica de producao e socializacdo do Stop Motion sobre conceitos abstratos e complexos seria uma
opcao viavel para melhorar a compreensao e reconstrucdo dos modelos mentais sobre as moléculas
participantes das reagfes e processos relacionados ao contetdo de Bioquimica da respiragéo celular
aerobica. A realizacdo dessas intervencdes como SD com estudantes do Ensino Médio nos permite
constatar ndo sé o quanto a interacéo de pesquisas investigativas, as socializag6es e a expresséo do
entendimento construido cognitivamente através das animacgfes permitem ao professor avaliar o
antes e o depois, como também compreender o processo de reorganizacdo dos subsuncores dos
estudantes pelo ancoramento das novas informag6es que se acomodam e reorganizam 0s esquemas
mentais dos estudantes, estabelecendo aprendizagens significativas validas para novas apropriacdes
conceituais. Isso porque conteddos de Bioquimica exigem, do estudante, multiplos saberes de forma
unificada, ou seja, que todos eles sejam complementares para que possam ser compreendidos,
constituindo, assim, o questionamento desta pesquisa. A resposta para a indagacéo deste estudo é
gue sejam utilizadas ferramentas que simulem imagens que sejam mais proximas do real e tornem o
conteido compreensivel, de forma que os estudantes criem uma conexdo com tais assuntos,
estabelecendo conhecimentos coerentes e pertinentes a sua vida e contexto.

A producgédo de animag®8es a partir da técnica de Stop Motion promoveu a materializagéo de
estruturas e reagBes do processo de respiracdo celular aerébica e ampliou a capacidade de
abstracao requerida pelo contetido para que ele mesmo fosse compreendido. A ferramenta é eficaz
no processo de ensino-aprendizagem ao trazer uma dinamica pratica para um contetdo que exige
abstracdo dos estudantes e constante remodelagdo em suas representacdes e esquemas mentais. A
producdo dos videos despertou ndo sO o interesse e a participacdo de todos, mas também
desenvolveu a capacidade cognitiva autbnoma acerca de varios saberes envolvidos nas reacdes
bioquimicas, o que oportunizou diversas acomodacdes das novas informacdes, proporcionadas por
facilitadores prévios, esquemas visuais diversos, socializacbes e retomadas aos modelos que
construiram, dando-se conta do que j4 alcancaram e do que ainda precisaria reestruturar para se
aproximarem do que se é pertinente ao conhecimento cientifico no conjunto de conceitos referentes a
Respiracdo Celular Aerdbica.

Por certo, os equivocos registrados e os comentarios feitos durante a socializagcdo das
animagOes serviram para detectar os trechos do contelddo em que os estudantes tinham mais
davidas. A socializagcdo e as explicagdes para esses equivocos complementaram o conhecimento
adquirido durante a producéo, formalizando a compreenséo total do processo. Além da construgéo do
conhecimento pelos estudantes, a producdo das animag¢Bes em Stop Motion incentivou o
protagonismo, a ludicidade e a troca de ideias dentro de cada equipe. A criacao prépria também foi
verificada durante a construcéo dos textos e das imagens constituintes de cada etapa da respiracao.

Os estudantes atingiram niveis desejaveis de compreensao sobre o processo de respiracao
celular aer6bica apds a aplicagdo da técnica de Stop Motion, confirmando nossa hipétese no que
concerne ao efeito positivo para a Aprendizagem Significativa da producdo dessas animacdes, que,
embora tenha formalizado conhecimentos basicos de um contetdo reconhecidamente complexo e
abstrato, foi suficiente para o ensino de nivel médio.
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APENDICE A - MODELO DE QUESTIONARIO 1

ry Aluno(a):

EREM — OGO

i

Série:

Mestranda: XORKRRXRK IR

Teste de Sondagem - 1

1. Quais os locais em que acontece cada
fendmeno: glicdlise, ciclo de Krebs e
fosforilagdo oxidativa?

2. Qual a substancia resultante do processo de
glicdlise?

3. Por que ao final do processo de glicdlise
consideramos um saldo energético de duas
moléculas de ATP?

4. Expligue o real motivo do processo de
glicolise ser classificado como anaerdbico?

5. Qual a fungdio da CoA (coenzima A)?

6. O ciclo de Krebs também recebe outro
nome.? Se sim, diga qual e por qué?

7. Quais as fungdes das moléculas de NAD* e
FADH?

8. Especifique a diferenca entre GTFP e ATP e
a fungéio das mesmas:

9. Em que local da célula acontece o ciclo do
Krebs?

10. Em qual dos trés processos da respiragao
celular aerdbica ocorre @ formacgédo de CO:z
(Gas Carbdnico)?

11. Em que local da célula acontece a

fosforilago oxidativa?

12. Para que serve a cadeia transportadora de
elétrons e a diferengca na concentracdo de
protons?

13. Quais as proteinas participantes do
processo de fosforilagdo gxidativa?

14. Explique a formagéo do ATP pelo processo
da cadeia respiratdria:

APENDICE B — MODELO DE QUESTIONARIO 2

integral ¥ Aluno(a):

EREM — XOOO00C0O0000CK

Série:

Mestranda: XXX RN

Teste de Sondagem - 2

1. Em qual dos processos da respiragdo
celular aerdbica ocorre a formac&o de acido
pirdvico?

2. Por que dizemos que existe a fase de
pagamento no processo de glicdlise?

3. Qual das etapas de respiragdo celular
aerdbica ocorre a utilizagdo do 027

4. Qual o objetivo das moléculas de NADH e
FADHz7?

5. Em que processo ccorre @ oxidagdo do

piruyato em CO27?

6. Qual o resultado da juncdo da Acetil-CoA
com o acido oxalacético?

7. Sabemos que o resultado da respiracdo
também & a producéo de COz. Em quais dos
processos da respiracdo celular aerdbico o
mesmao & produzida?
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8. Qual o soldo de ATP's no final dos 2
primeiros processos da respiracdo celular
aerobica 7

9._ O que vocé entende por fosforilagdo

oxidativa?

10. Por que a cadeia fransportadora de
elétrons sd acontece na crista mitocondrial?

11. Quantos hidrogénios e elétrons séo
apreendidos pelas moléculas transportadoras?

12. O acido oxalacético reage com a acetil-
Co4 formando acido citrico. O que ocorre com
este acido no final do processo?

13. Expligue como funciona a ATP-sintase:

14. Qual a funcdo do gas oxigénio durante a

fosforilagdo oxidativa?
|
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4-amino-2-phenyl-6-(p-fluorophenyl)-5-
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loaded liposomes as promising
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FALCAO

Abstract: The aim of the present study was to perform in vitro and in vivo assessments
of the antineoplastic action of 4-amino-pyrimidine encapsulated in liposomes.
Liposomes were prepared and characterized for particle size and drug encapsulation
and submitted to long-term stability tests. Cytotoxicity assays were performed in Hela
cells. Antineoplastic activity was investigated using the experimental sarcoma 180 tumor
in Swiss albino mice. Encapsulation efficiency was 8293 + 0.04% and no significant
changes were found with respect to particle size or pH after centrifugation and
mechanical agitation tests. The in vitro results at concentration of 20 pg/mL indicated
a considerable reduction in cell viability after treatment with encapsulated pyrimidine
(75.91%). The in vivo assays using the compounds in encapsulated and free forms and
5-fluorouracil achieved tumor inhibition rates of 66.47 + 26.8%, 50.46 *+ 16.24% and 14.47
+9.22%, respectively. Mitotic counts demonstrated a greater reduction in the number
of mitoses in animals treated with liposomal pyrimidine (3215%) compared to those
treated with the pyrimidine free (87.69%) and 5-fluorouracil (71.39%). This study
demonstrated that the development of liposome formulations containing 4-amino-
pyrimidine is a promising alternative for overcoming limitations related to the toxicity of
current cancer treatment, ensuring greater therapeutic efficacy.

Key words: Antitumor activity, hela cells, liposomes, mitotic count, pyrimidine.

GLOBOCAN reports that around 19.3 million new
cases of cancer occurred worldwide in 2020,

Cancer comprises a group of diseases
characterized by the uncontrolled multiplication
of cells capable of developing and spreading
tumors throughout the body (Pérez-Herrero
& Fernandez-Medarde 2015). According to the
World Health Organization (WHO), cancer was
the first or second leading cause of death before
age 70 in 112 countries in 2019 and ranked third
or fourth in 23 other countries (Sung et al. 2021).
Despite considerable progress in cancer therapy,

with almost 10.0 million deaths and an expected
increase to 28.4 million by 2040 (Sung et al. 2021).

Chemotherapy is the main form of treatment
for most malignant tumors due to its ability to
reach metastatic cells. However, this treatment
modality has numerous side effects (Jesus
et al. 2016). To find drugs that are effective at
resisting anti-tumor cells and can reduce the
occurrence of side effects caused by the use of
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current anticancer drugs, new molecules lethal
to neoplastic cells are under development, most
of which have heterocycles in their structure,
especially pyrimidines (Zarenezhad et al. 2021).
The pyrimidine nucleusis one of the constituents
of DNA and RNA chains in living beings (Jubeen
et al. 2018) and is found in the scaffold of drugs
widely used against diseases such as cancer,
i.e., 5-fluorouracil (5-FU) (Vodenkova et al. 2020),
and AIDS, i.e, zidovudine (de Clercg 2010). The
pyrimidine nucleus has also been the object
of numerous studies for the development new
prototypes with several biological activities (de
Coen etal.2016), such as antibacterial (Verbitskiy
et al. 2015), anticancer (Zarenezhad et al. 2021),
antiviral (Zhuang et al. 2020) and antiparasitic
(de Melo et al. 2018).

Despite considerable advances in the
production of molecules for cancer therapy,
directing the action to neoplastic cells is a line of
research of considerable growth (Pérez-Herrero
& Fernandez-Medarde 2015) and has achieved
success in overcoming harm to non-neoplastic
cells. Such studies are based on the production
of drug delivery systems (Dianat-Moghadam et
al. 2018). Nano-encapsulation systems, such as
liposomes, improve the solubility of substances,
serving as carriers to the target, promote better
stability of the compound within the body by
interfering with the process of biodegradation
or systemic biodistribution and favor the
pharmacokinetics of therapeutic agents, which
would drastically decrease the therapeutic index
and, consequently, the toxic effects of drugs
(Belfiore et al. 2018).

De Melo et al. (2002) developed pyrimidine
prototypes using derivatives with numerous
biological activities. The present study involves
the encapsulation of 2-phenyl-4-amino-6-
(p-fluorophenyl)-5-carbonitrile-pyrimidine
(Pyr-Free) and the use of this encapsulated
compound in studies with the Hela cell line
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(cervical epithelial carcinoma) and sarcoma
180. Sarcoma-180 was discovered in 1914 as a
solid mass in the right armpit of a white mouse
(Qi & Xu 2006). The tumor invades skeletal
muscle, fatty tissue, nerves and blood vessels.
Despite its locally aggressive behavior, this
neoplasm does not metastasize (Kurashige &
Mitsuhashi 1982). Thus, the aim of the present
study was to investigate the optimization of the
antineoplastic potential of 4-amino-pyrimidinic-
bis-substituted derivatives.

MATERIALS AND METHODS

Materials

The synthesized 4-amino pyrimidine compound
was kindly supplied by the Research Group
on New Bioactive Drugs and Natural Products
supervised by Prof. Dr. Emerson Peter da Silva
Falcdo. Cholesterol (CHO), stearylamine (SA) and
5-FU were purchased from Sigma-Aldrich (St
Louis, USA). Soybean phosphatidylcholine (PC)
was obtained from Lipoid GmbH (Ludwigshafen,
Germany). Methanol and chloroform were
obtained from Merck (Darmstadt, Germany).
Aqueous solutions were prepared with purified
water obtained from the Human UP 900
purification system (Human Corporation, Seoul,
Korea).

Synthesis of pyrimidine compounds

The pyrimidine derivative was produced by the
Research Group on New Drugs and Bioactive
Natural Products through consecutive reactions
(Figure 1) using the method described by de Melo
et al. (2002). An appropriate aromatic aldehyde
initially (Figure 1a) reacted with malononitrile
(Figure 1b) to give substituted bisnitrile (Figure
1c), which was purified and crystallized and
then reacted with an amidine (Figure 1d),
yielding the compound Pyr-Free (Figure 1e).
The synthetic reaction was monitored by thin
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Figure 1. Reaction scheme. a: Aromatic aldehyde; b: Malononitrile; c: Substituted bisnitrile; d: Amidine; e:
2-Phenyl-4-amine-5-carbonitrile-6-(p-fluorophenyl)-pyrimidine.

layer chromatography (TLC). The synthetic
structure was confirmed by the common
technique of mass spectrometry (Delsi-Nermag
mass spectrometer coupled to a HP 5890 gas
chromatograph), Nuclear Magnetic Resonance
(NMR) (UNITY spectrophotometer, Varian model),
infrared spectrometry (Burker spectrometer, IFS
66 model) and the melting point (Electrothermal
digital - model 9100).

Preparation of liposomes containing 2-phenyl-
4-amino-6-(p-fluorophenyl)-5 carbonitrile-
pyrimidine compound

Liposomes containing the 4-amino-pyrimidine-
bis-substituted compound (Pyr-LIPO) were
prepared using the hydration lipid film method
(Lira et al. 2009). Lipids (PC, CHO and SA - 7:211,
42 mM) and the pyrimidine derivative (10 mg)
were solubilized in a mixture of chloroform and
methanol (3:1v/v). The mixture was submitted to
vacuum evaporation for complete elimination of
the organic solvents and consequent formation
of a thin lipid film. The film was then hydrated
with 10 mL of 7.4 pH phosphate buffer to form
Multilamellar Lipid Vesicles (MLVs). Small
Unilamellar Vesicles (SUVs) were obtained from
the sonication of the MLVs (Vibra cell, BRANSON,
USA) at 200 W and 40 Hz for 300 s.

Characterization of liposomes containing
2-phenyl-4-amino-6-(p-fluorophenyl)-5-
carbonitrile-pyrimidine compound

The following physicochemical characteristics
of the Pyr-LIPOs were analyzed: macroscopic
appearance, pH, particle size, polydispersity
index (PDI), zeta potential and drug
encapsulation efficiency. Pyr-LIPOs were
checked at predetermined times to determine
stability.

Inthe study of physical stability underforced
conditions, the preparations were submitted to
stress conditions to simulate processes such as
those occurring during transport and storage
(Lapenda et al. 2012). For such, the formulations
were aliquoted and subjected to centrifugation
at 6000 rpm for 1 h at 4 + 1 °C (KN-70 centrifuge,
Kubota, Japan), simulating the accelerated
passage of time. For the mechanical stress tests,
the samples were placed into an microtube,
immersed in a water bath and subjected to
horizontal shaking at 180 vibrations/min at a
controlled temperature of 37 + 1 °C for 48 h
(Polytest” 20 Bioblock Scientific, France) to
simulate transport conditions. Stability tests
were conducted at predetermined times (0, 7, 15
and 30 days) (Santos-Magalhaes et al. 2000) and
the formulations were maintained at 4 °C and
under atmospheric pressure.
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Macroscopic analysis was performed to
observe changes in the general appearance of
the preparations, such as homogeneity, color,
viscosity, deposition of materials, formation of
crumbs, cremating, flocculation, coalescence
and separation of phases. Particle size and
the polydispersity index were determined by
photon correlation spectroscopy using a laser
particle size analyzer (Beckman Coulter, UK). For
such, three samples of each liposome (50 uL)
formulation were diluted in ultra-pure water
(950 pL) (Lapenda et al. 2012). The zeta potential
(surface charge of vesicles) was measured by
determining electrophoretic mobility (Nanotrac’,
USA). Three 50-puL samples were diluted in 950
uL of ultrapure water. All results were expressed
as mean + standard deviation (SD).

Drug content and encapsulation efficiency
were analyzed by UV-Vis spectrophotometry
(Ultrospec” 3000 pro, Amersham Biosciences,
Sweden). Analyses were performed in triplicate
and values were expressed as mean = SD.
The content of the 4-amino-pyrimidine-bis-
substituted compound was quantified by
withdrawing an aliquot of the liposome
suspension (20 uL), which was dissolved in
methanoland sonicated for5min.The compound
was then quantified by spectrophotometry (260
nm) using the standard 4-amino-pyrimidine-
bis-substituted curve with concentrations
ranging from 0.5 to 5 ug/mL in methanol.

Encapsulation efficiency was determined by
the ultrafiltration/ultracentrifugation technique
(Andrade et al. 2004, da Silva Santos et al.
2006) using Microcon” units (Millipore, USA). An
aliquot of the liposome formulation (400 pL) was
centrifugedat10,000rpmforthat4°C.Thefiltrate
was quantified by UV-Vis spectrophotometry (260
nm). Encapsulation efficiency was calculated
by the equation EE% = ((total 4-amino-
pyrimidine-bis-substituted compound) -
(4-amino-pyrimidine-bis-substituted free) /
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(total of 4-amino-pyrimidine-bis-substituted
compound)) x 100%.

Cell culture

In vitro assays were performed at the NanoBioCel
Laboratory (UFPE - CAV) using the Hela cell line
in the exponential growth phase. The cells were
obtained from the Cell Bank of Rio de Janeiro
(BCRJ), cultured in a DMEM culture medium
supplemented with 10% fetal bovine serum,
1% antibiotic solution (penicillin 1000 1U/mL +
streptomycin 250 mg/mL) and 1% L-glutamine
200 mM and incubated at 37 °C in a 5% CO2
atmosphere with 80% humidity.

Determination of cell viability

Cell viability was determined using
the 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) assay
(Mosmann 1983), which is based on the reduction
oftheyellowsalts of tetrazolium by mitochondrial
reductase from metabolically active cells. Purple
crystals are formed intracellularly, which are
solubilized and further analyzed by UV-visible
spectrophotometry. A lower MTT reduction and
lower spectrophotometric signal indicate lower
cell viability.

The cell suspension (10° cells/mL) was
distributed in a 96-well culture plate (198 pL/
well). The plates were incubated at 37 °C in
an incubator (Sedas, Milan-Italy) with a humid
atmosphere enriched with 5% CO,. After 24
h of incubation, the 4-aminopyrimidine-bis-
substituted compound in its free form (DMSO-
diluted) and encapsulated forms, in addition
to 5-FU, were diluted in DMEM to obtain final
concentrations of 20, 10, 5 and 2.5 ug/mL.
Next, 22 uL of each solution were added to the
wells. Untreated cells were used as control.
The cytotoxic effects of the test samples were
assessed after 72 h and the cells were incubated
for 3 h with MTT for further reading. Absorbance
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was read using a plate reader at a wavelength of
490 nm. Mean absorbance of the control group
was considered 100% viability. Thus, the results
were assessed by determining the inhibition of
cell proliferation in relation to the control. Each
test was performed three times. In the analyses,
the results were expressed as a mean + SD and
were interpreted using analysis of variance
(ANOVA) with Bonferroni's correction to identify
significant differences (p < 0.05). Statistical
analysis was performed with the aid of the
GraphPad Prisma 5.0 program.

In vivo antitumor assay

Experimental animals

Male Swiss albino (Mus musculus) mice aged
35 to 60 days with a mean weight of 30.0 g
(n = 24) were acquired from the Keizo Asami
Immunopathology Laboratory (UFPE) and kept
at 22 °C £ 2 °C under a natural 12-h light/dark
photoperiod with free access to water and food
throughout the experiment. The animals were
distributed in groups according to experimental
design (negative control group treated with
saline, positive control groups treated with
5-FU, Pyr-free and Pyr-LIPO). The experiments
were conducted in accordance with the protocol
of the UFPE Ethics Commission on Animal
Experimentation (Recife, Brazil) (process no.
23076.050686/2012-43).

Antitumor activity of 4-amino-pyrimidine-
bis-substituted compound in free and
encapsulated forms

The in vivo antitumor activity of the 4-amino-
pyrimidine-bis-substituted compound was
assessed in its free and encapsulated forms
against sarcoma 180. Tumor cells (5.0 x 10°
mL" cells) in ascitic form were obtained by
punction and subcutaneous inoculation in the
right axillary region of the mice. The test was
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performed with four groups of six animals each
(negative control group treated with saline,
positive control group treated with 5-FU, Pyr-
free and Pyr-LIPO). Treatment began 24 h after
tumor inoculation and was carried out for seven
consecutive days. Injections of free 4-amino-
pyrimidine-bis-substituted solutions and
encapsulated in liposomes at a dose equivalent
to15mg/Kgof body weight, 5-FU (positive control)
at a dose of 20 mg/Kg and weight-dependent
placebos (saline) were given intraperitoneally.
The therapeutic doses were studied previously
(Da Silva et al. 2008, Falcao et al. 2006) The
4-amino-pyrimidine-bis-substituted compound
was dissolved in a solution of 2.5% Tween 80 in
sterile 0.9% NaCl solution.

After one week of treatment, the animals
were sacrificed with an overdose of urethane
(1.25 g/kg). The tumors were removed and
weighed prior to microscopic analysis. Tumor
inhibition was determined from the mean
tumor weight of the groups of treated animals
relative to the untreated control group using
the following equation: IT% = (C-T / C) x 100%,
in which C is the mean tumor weight of the
animals from the control group (saline solution)
and T corresponds to the mean tumor weight of
the animals in the treated groups (Pyr-free, Pyr-
LIPO and 5-FU).

Mitotic counts

The tumors were removed and submitted to
mitotic count analysis. The tissues were fixed
in 10% buffered formalin and embedded in
paraffin. Sections were cut using a microtome
set to 4 um and submitted to hematoxylin-eosin
staining. The histological images of the slides
were captured by a digital camera (Moticam 3.0)
coupled to the optical microscope (Nikon-E200)
with a fixed focus and field clarity, obtaining 10
fields per slide with a final magnification of 400
X. The photomicrographs were evaluated using
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Image) version 144 (Research Services Branch,
US National Institutes of Health, Bethesda, MD,
USA). In each field, the number of mitoses were
counted and determined as the mean number
of mitoses per tumor. To create the graph, the
values were normalized to the control, which
was considered equal to 100%. The data from the
histomorphometric analysis were statistically
analyzed. The results were expressed as a
mean + SD and were interpreted using ANOVA
with Tukey’s post hoc test to identify significant
differences (p < 0.05). Statistical analysis was
performed with the aid of the GraphPad Prisma
5.0 program.

RESULTS AND DISCUSSION

Preparation and characterization of liposomes
Pyr-LIPO (1 mg/mL) was prepared using the lipid
film hydration method, which is suitable for the
encapsulation of liposoluble substances, as the
low polarity makes these substances insoluble
in aqueous solutions (identified by solubility
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tests). The organic phase (chloroform:methanol)
was added and the compound could then be
incorporated into the liposome membranes
(Frézard et al. 2005). After the preparation
process, the liposome formulations had an
opaque, homogeneous milky appearance
with an evident Tyndall effect, confirming
the presence of SUVs (Lapenda et al. 2012).
A stability study was performed to analyze
the behavior of the 4-amino-pyrimidine-bis-
substituted compound in the formulations. A
previous study demonstrated an interesting
interaction between 4-amino pyrimidine
compounds and lipid membranes (Luna et
al. 2011), avoiding possible drug precipitation.
Macroscopic aspects, particle size, PDI and pH of
the formulations were analyzed in the study of
physical stability in forced conditions (Table 1),
as recommended in the literature (Batista et al.
2007). The liposome formulations containing the
4-amino-pyrimidine-bis-substituted compound
did not present changes in visual appearance

Table I. Study of physical stability in forced conditions of liposomes containing 4-amino-pyrimidine-bis-

substituted compound.

PARAMETERS Unloaded-LIPO Pyr-LIPO
®: 138.45 + 25.04 B: 270.04 + 24.94
INITIALS PDI- 032 + 0.04 PDI: 0.39 £ 010
pH: 6.53 + 0.05 pH: 717 £ ?'21,
. S macroscopic evaluation: no
macroscopic evaluation: no changes changes

©: 149.55 + 9.83

©:276.90 + 3521

CENTRIFUGATION PDI: 0.31 £ 0.05 PDI: 0.34 £ 0.05
pH: 734 + 013 pH: _7.16 * 0.16.
macroscopic evaluation: no changes macroscopic evaluation: no
changes
¢:103.82 + 873 Q;D2|82.1388t 2(;).(2)328
M +
PDI: 0.36 + 0.01 1038+ 0.
MECANIC STRESS .
pH: 6.58 £ 0.10 pH: _7.41 * 0.13.
macroscopic evaluation: no changes macroscopic evaluation: no
changes

@: Particle size; PDI: Polydispersity Index; pH: Hydrogenic potential; Micro and macroscopic analysis: homogeneity, color,
viscosity, deposition of material, formation of lumps, flocculation, coalescence and separation of phases.
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and were stable during centrifugation and
mechanical stress, as shown in Table |.

Stability tests at predetermined times
(Table 1) performed over a 30-day period
demonstrated no macroscopic changes and the
formulations maintained the characteristics
presented after preparation. The diameter of
the liposomes containing 4-amino-pyrimidine-
bis-substituted ranged from 270.04 + 24.94
(Day 0) to 341 + 25.32 (Day 30), with PDI values
around 0.37. The diameter increased due to the
presence of the lipolytic substance (Chorilli et
al. 2007). Moreover, the discrete increase may
be related to the tendency of the particles to
aggregate over time (Schaffazick et al. 2003).
No significant changes were found in the PDI,
indicating homogeneity in the distribution of
vesicle size (Chorilli et al. 2007). A slight decrease
in pH was found between the onset of the test
(717 + 0.23) and the last day of assessment
(6.61 + 0.12). However, these variations do not
constitute instability in the formulations.

The pyrimidine-loaded liposomes had a
zeta potential value of 37.7 + 2.26, whereas the
unloaded liposomes had a potential of 37.5
1.62. The presence of positively charged lipid
stearylamines in the bilayer composition gives
liposomes a positively charged surface. The
similar zeta potentials of the pyrimidine-loaded
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and unloaded liposomes indicate no drug on the
surface of the liposomes, remaining in the lipid
bilayer, as expected. Liposomes with negative
or positive zeta potential values above 30 mV
are stable in suspensions, as repulsive forces
prevent the aggregation of the vesicles (Calvo
et al. 1997, Schaffazick et al. 2003). Divergent
opinions are found in the literature regarding
the interaction between the charge of the
nanocarrier and tumor. However, Honary & Zahir
(2013) found that nanoparticles with a positive
charge are preferentially absorbed by tumor
cells and retained for a longer time compared to
neutral or negative nanoparticles. The authors
also found that a more positive nanoparticle
surface led to stronger bonds between the
nanoparticle and plasma membrane of
tumor cells, which are generally anionic.
Thus, the positive zeta potential values likely
determine that the liposomes developed in this
investigation contribute to the increase in the
antitumor activity of the pyrimidine compound.

Encapsulation efficiency calculated by
relating the total and free percentage of the
compound was 8293 + 0.04. The standard curve
equation was Y= 01675X + 0.0442, in which the X
axis is the concentration of liposome (dissolved
in analytical grade methanol) and the Y axis

Table II. Study of stability at predetermined times (0 to 30 days) of blank liposomes and liposomes containing

4-amino-pyrimidine-bis-substituted compound.

Unloaded LIPO

(days) 0 PDI pH
0 13845 + 25.04 032+ 0.04 6.53 + 0.05
7 151.86 + 26.31 026 + 0.03 6.22 + 0.02
15 151 + 2747 031+018 6.01+ 011
30 170 + 12.94 033+0.05 6.02 + 133

Pyr-LIPO

1) PDI pH
270.04 + 24.94 039+ 010 717 +0.23
287.88 + 20.58 0.37 + 0.0 712039
295.74 + 7310 036 + 0.03 6.58  0.04
34135 + 25.32 036 + 0.02 6.61+ 012

Formulations maintained at 4 °C and under atmospheric pressure. @: Particle size; PDI: Polydispersity Index; pH: Hydrogenic

potential.
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corresponds to absorbance at the wavelength of
203 nm, with an R? = 0.9885.

Cell viability study

The viability study with the Hela cell line was
performed to assess the effect of the 4-amino-
pyrimidine-bis-substituted compound in its free
and encapsulated forms and 5-FU, which is a
drug with known activity. Figure 2 demonstrates
the cell viability of Hela versus the compounds
tested. An increase in the concentration of the
compounds generated a decrease in cell viability,
denoting increased mortality, as reported in the
literature (Moghimipour et al. 2018). Pyr-LIPO
exhibited greater cytotoxicity compared to the
other compounds tested at concentrations of 5,
10 and 20 ug/mL. This result is in agreement with
data described inthe literature (Mirgorodskaya et
al. 2020), showing an increase in the therapeutic
efficacy of compounds when encapsulated.
Cytotoxic activity of the compounds was
determined according to the National Cancer
Institute (NCI) scale (Cocco et al. 2006).
Compounds are considered to lack cytotoxic
activity when inhibition is in the range of 1-20%
and exhibit little activity when between 20 and
50%, moderate activity when inhibition is 50 to
70% and high activity when the inhibition range
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is between 70 to 100%. Therefore, the compound
encapsulated at the concentration of 20 pg/
mL had high activity (75.91%), while the free
compound at the same concentration had little
activity (46.63%) and 5-FU had moderate activity
(60%). These data underscore the advantages
of liposomes and are in agreement with the
results of the analyses carried out in this study,
demonstrating that the compound encapsulated
in liposomes has greater cytotoxicity at
lower concentrations compared to the other
compounds tested, even 5-FU.

Study of antitumor activity in vivo

In addition to the 4-amino-pyrimidine-
bis-substituted compound in its free and
encapsulated forms, we used 5-FU as a positive
control in this study because this drug has been
shown to be clinically effective against cancer
in mice and humans (Zhang et al. 2012) and is a
pyrimidine analog, thus a possible mechanism
of action may be attributed to the drug. The
doses used were defined based on preliminary
studies conducted by Falcdo et al. (2006) with the
aim of defining the toxicity of some pyrimidine
derivatives, demonstratingthat these derivatives
have low toxicity. Thus, a minimal dose capable
of producing an antitumor effect was defined

Figure 2. Viability of HeLa cells
exposed to free pyrimidine (Pyr-
Free), encapsulated pyrimidine
. 5 ug/mL  (Pyr-LIPO) and 5-fluororucil (5-FU).
Statistically significant differences
. 10 yg/mL between groups determined by
ANOVA with Bonferroni correction,
20 yg/mL *p < 0.05. Data expressed as
mean * SD of three independent
experiments. “a” significantly less
than 5-FU at same concentration;
“b” significantly less than Pyr-Free
and 5-FU at same concentration;
“c” significantly less than Pyr-Free.
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for this study. Antitumor activity was calculated
by comparing the mean weight of the tumors
from the various experimental groups to that
of the control group. After treatment, a change
was found in tumor weight (Figure 3). A greater
reduction was found in the group treated with
liposomes containing the 4-amino-pyrimidine-
bis-substituted compound (1.42 + 114 g),
compared to its free form (210 + 0.69 g) and
5-FU (3.63 + 0.39 g). The animals in the control
group had tumors with a mean mass of 4.24 +
0.91 g. These results demonstrate that Pyr-LIPO
produced a greater regressive effect on tumor
mass than Pyr-Free and even 5-FU, which has
recognized antitumor activity.

The animals treated with Pyr-LIPO presented
satisfactory tumor inhibition of 66.47 + 26.8%
(Figure 4). According to the NCI, tumor inhibition
rates above 60% are considered satisfactory.
The suspension compound achieved 50.46 *
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Figure 3. Tumor weight in groups treated with saline
solution, 20 mg/kg body weight of 5-fluorourayl (5-
FU) and 15 mg/kg body weight of free (Pyr-Free) and
encapsulated 4-amino-pyrimidine-bis-substituted
compound (Pyr-LIPO). Statistically significant
differences between groups determined by ANOVA
followed by Tukey's post hoc test, *p < 0.05. Data
expressed as mean * SD of three independent
experiments. “a” significant difference compared to
saline group; “b” significant difference compared to
5-FU group.
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16.24% inhibition, whereas inhibition in the 5-FU
group was 14.47 + 9.22%, which was less than
that produced by the compound tested. The
antitumor activity of compounds containing the
pyrimidine scaffold has been described in the
literature and is attributed to the presence of
the pyrimidine ring and p-fluorophenyl region
(Muthuraja et al. 2019).

The increase in the effectiveness of these
compounds when encapsulated, however, has
not previously been reported in the literature,
although some studies report that liposomes
are able to increase the effectiveness of the
substances they encapsulate. Pyrimidine
derivatives, such as CDK inhibitors, o-TNF
inhibitors, protein tyrosine kinase inhibitors,
kinase inhibitors (PI-3 and AKT) and cytokine
inhibitors, have potent antitumor activity
(Xie et al. 2009). 5-FU, which is a pyrimidine
analogue, mainly interferes with thymidylate
synthesis (Zhang et al. 2012). It is possible that
the 4-amino-pyrimidine compound studied has
a similar mechanism of action, but additional
data are needed to infer the specific mechanism
with certainty.

The increased inhibition found with
the 4-amino-pyrimidine compound when
encapsulated demonstrates that liposomes
may be suitable carriers for this class of
compounds used for antitumor therapy due
to the ability to enhance drug effectiveness
(Pérez-Herrero & Fernandez-Medarde 2015). It
is possible that this effect is due to a change in
the pharmacokinetics and biodistribution of the
drug, as documented for other antineoplastic
drugs (Dianat-Moghadam et al. 2018).
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Figure 4. Tumor inhibition in groups treated with free 5-FU (20 mg/kg), Pyr-Free (15 mg/kg body weight) and Pyr-
LIPO (15 mg/kg of body weight) (a). Macroscopic aspect of tumor after treatment with saline (b), 5-FU (c), Pyr-
Free (d) and Pyr-LIPO (e). Statistically significant differences between groups determined by ANOVA followed by
Tukey'’s test, *p < 0.05. Data expressed as mean * SD of three independent experiments. “a” significant difference
compared to saline group.
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Figure 5. Effect of administration of free 5-FU (20 mg/kg), Pyr-Free (15 mg/kg body weight) and Pyr-LIPO (15 mg/
kg body weight) on quantity of mitoses. Values normalized to control (100%) (a). Histological photomicrographic
images stained with hematoxylin/eosin of groups treated with saline (b), 5-FU (c), Pyr-Free (d) and Pyr-LIPO (e).

* Indicates statistically significant differences (p < 0.05). Significant differences between groups determined by
ANOVA followed by Tukey's test, *p < 0.05. Data expressed as mean * SD of three independent experiments. “a”
significant difference compared to saline group; “b” significant difference compared to 5-FU group; “c” significant
difference compared to Pyr-Free group.

Determination of mitotic count abundant cytoplasm and no defined edges.

Regardless of the group studied, the tumors
invaded muscle, bone and fatty tissues. Areas
of necrosis and hemorrhage were also found.
Neoplastic cells were predominantly arranged
in a large solid pleomorphic pattern, with

The nuclei were hyperchromatic and large
and ranged in shape from oval to elongated.
Several mitotic figsures were observed, some of
which were atypical. As the number of mitoses
expresses cell division activity, a greater number
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of mitoses denotes greater proliferative activity
in the tissue (Ministério da Sadde 2019). Thus,
the mitotic count is an important indicator of
adequate cell proliferation (Gadano et al. 2002),
enabling better knowledge on mitoses (degree
of cellular activity of the tissue under study) and
providing information on biological behavior.
The inhibition of cell division demonstrated by
the mitotic index values (Figure 5) shows greater
inhibition of the number of mitoses in animals
treated with the Pyr-LIPO compound (32.15%)
compared to those treated with 5-FU (71.39%)
and Pyr-Free (87.69%). This demonstrates that
the compound tested has an antiproliferative
capacity that is enhanced by encapsulation in
liposomes, thereby increasing the therapeutic
efficacy of the compound.

The results demonstrated that liposome
formulations containing the compound
2-phenyl-4-amino-6-p-fluorophenyl-5-
carbonitrile-pyrimidine increased the effect
and efficacy of the test compound compared
to use in its free form, producing greater tumor
inhibition compared to the control group and
5-fluoracil. Therefore, the development of
liposomes containing the 4-amino-pyrimidine-
bis-substituted compound is an option that can
be adopted to overcome limitations related to
current antineoplastic treatment, thus ensuring
safety and therapeutic efficacy. Furthermore,
the compound was shown to be more effective
than 5-FU, which is a clinically accepted drug in
antitumor therapy.
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RESUMO - (Atividade antimicrobiana de derivados fendlicos do liquen Ramalina sorediosa (B. de Lesd.) Laundron). A atividade
antimicrobiana de extratos brutos de Ramalina sorediosa foi detectada pelo método de difusdo em disco de papel. Dois metabélitos
liquénicos de natureza fenélica foram identificados por meio de técnicas biocromatograficas. Uma dessas substancias foi identificada por
meio de cromatografia em camada delgada como sendo o 4acido usnico. A segunda substdncia, que se encontra presente em maior
concentra¢do em relagdo aos demais constituintes nos extratos, trata-se do acido homossequicdico. As andlises em cromatografia em
camada delgada (CCD) e cromatografia liquida de alta eficiéncia (CLAE) revelaram ainda a presenca do dcido salazinico. Os dados obtidos
tornam possivel atribuir a atividade antibidtica observada nesta espécie a uma provével associago sinérgica destas substancias.

Palavras-chave: atividade antibictica, Ramalina sorediosa, icido homossequicaico

ABSTRACT - (Antimicrobian activity of phenols actives from the liquen Ramalina sorediosa (B. de Lesd.) Laundron). The antimicrobian
activity of crude extracts from Ramalina sorediosa was detected by the diffusion disc-paper method. Two phenolic compounds from the
lichen considered active were detected by using biochromathograhye technique. Two of those compounds were identified through thin
layer chromatographic technique (TLC) as been usnic acid and the second one, wich is present in higher concentration when compared
with the other substances, was the homosekikaik acid. The TLC and high-pressure liquid chromatography (HPLC) assays still detected
the salazanic acid presence. The obtained data make it possible to attribute the antibiotic activity of this species to a synergic association
of those two substances.

Key words: antibiotic activity, Ramalina sorediosa, homosekikaik acid

pigmentos amarelos; (Shibata 1964; Huneck 1973; Hale
1983). Além disso, Xavier-Fillho (1989) acrescenta mais
uma via: a dos carboidratos, onde se tém os sacarideos

Introducio

Os liquens produzem metabdlitos resultantes de

rotas secundarias, denominados substéncias liquénicas,
também conhecidas como édcidos liquénicos. Atual-
mente, sabe-se que se tratam de derivados fenélicos e
carboidratos exclusivos, sendo que estes metabdlitos
$80 08 principais responsaveis por grande parte de sua
bioatividade (Llano 1951; Vicente 1975; Xavier-Filho
& Rizzini 1976; Hale 1983). A origem biossintética das
substéncias liquénicas ocorre em quatro vias: via do
acetato-polimalonato, onde sdo sintetizadas a maioria
das substancias tipicas, como quinonas, depsideos,
depsidonas e dcidos graxos; via do acido mevaldnico,
onde ocorre a formagdo dos terpendides e esterdis:
via do 4cido chiquimico, que origina muitos dos

e poliois, produtos da redugido de agticares.

A atividade antibacteriana de liquens, ou de suas
substéncias isoladas, tem sido estudada ha muitos anos.
Os primeiros estudos foram realizados por Burkholder
et al. (1944). Posteriormente, muitos outros pesquisa-
dores obtiveram resultados interessantes. Por exemplo,
foi verificado que extratos brutos de varias espécies
liquénicas eram ativos contra bactérias gram-positivas
e dlcool-acido-resistentes como o bacilo da tuberculose
(Mycobacterium tuberculosis var. bovis e
M. tuberculosis var. hominis) (Bustinza 1951;
Capriotti 1961; Silva et al. 1986; Xavier-Filho & Rizzini
1976).
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Via de regra, as substancias liquénicas sdo pouco
eficientes contra bactérias gram-negativas e eficientes
contra as gram-positivas (Hale 1983), inibindo seu
crescimento. O acido dsnico, isolado de Ramalina
reticulata inibiu o crescimento de varias espécies de
Pneumococcus, Staphylococcus e Streptococcus,
além de Mycobacterium tuberculosis var. avium, e
outras espécies de Mycobacterium patogénicas ao
homem (Xavier-Filho & Rizzini 1976; Marshak 1947;
Marshak et al. 1947; Barry et al. 1947; Bustinza
1951). Lauterwein et al. (1995) demonstraram que
metabdlitos secundarios de diferentes espécies de
liquens eram inativos contra bactérias gram-negativas
e fungos, entretanto possuiam atividade inibitdria contra
Staphylococcus aureus, Enterococcus faecalis, E.
faecium e algumas espécies anaerébicas como
Bacteroides e Clostridium. Esses autores demons-
traram ainda, que a susceptibilidade ao 4cido usnico
se mantinha, mesmo em isolados clinicos de S. aureus.
Ainda em relagdo a esta substancia, Ingolfsdéttir et al.
(1998) e Muller (2001) a consideraram de menor ag#o,
quando comparada a rifampicina e estreptomicina.

Mais recentemente, Falcdo et al. (2002)
detectaram atividade antimicrobiana em extratos de
Heterodermia leucomela, atribuindo tal efeito a
presencga de atranorina nos extratos da citada espécie.
Os pesquisadores também relataram agdo frente as
bactérias gram-positivas. Ribeiro et al. (2002)
testaram, além da referida atranorina, a leprolomina e
os acidos divaricatico, giroférico, rocélico e salazinico,
através de ensaios de microdiluigdo. Os autores
constataram que o 4cido salazinico foi inativo contra
todos os microrganismos testados, enquanto a
atranorina e a leprolomina inibiram Bacillus subtillis
e Staphylococcus aureus. O 4cido divaricatico agiu
apenas contra B. subtillis e os giroférico e rocélico
contra S. aureus.

Neste trabalho a atividade antibidtica de extratos
organicos de Ramalina sorediosa foi detectada por
meio de ensaios de difusdo em disco de papel sendo
os componentes ativos identificados por meio de
técnicas de cromatografia em camada delgada (CCD),
Cromatografia liquida de alta eficiéncia (CLAE) e
ensaios biocromatograficos.

Material e métodos

Coleta do material liquénico - Amostras de Ramalina
sorediosa (B. de Lesd.) Laudron, foram coletadas em
Alagoinha, regido semi-drida de Pernambuco
(caatinga). O material liquénico foi identificado

mediante observagdo de caracteristicas morfologicas
e quimicas do talo pelo Dr. Marcelo Marcelli do Instituto
de Botéanica de Sdo Paulo. Sua exsicata foi depositada
no herbério UFP sob registro nimero 36.432

Preparagdo dos Extratos - Os extratos foram obtidos
por maceragdo do talo liquénico e agitagdo pelo método
de esgotamento a frio, seguindo-se a série eluotrdpica,
a partir dos solventes, éter etilico, cloroférmio e acetona,
em grau de pureza analitica, (Santos ef al. 1997). Os
extratos organicos foram evaporados em temperatura
ambiente (28 + 3°C)e mantidos em dessecador, até a
realizagdo dos testes de atividade antimicrobiana.

Atividade antimicrobiana - Os ensaios de atividade
antibacteriana foram realizados em duplicata pelo
método de difusdo em disco de papel, em placas de
Petri contendo meio de Miieller-Hinton, segundo
metodologia descrita por Grove & Randal (1955). O
inéculo foi preparado segundo a metodologia de Bauer
et al. (1966).

Foram selecionados para os ensaios os
microrganismos Staphylococcus aureus (DAUFPE-
01), Bacillus subtilis (DAUFPE-16), Streptococcus
faecalis (DAUFPE-138), como bactérias gram-
positivas; Pseudomonas aeruginosa (DAUFPE-39),
Klebsiella pneumoniae (DAUFPE-396), Escherichia
coli (DAUFPE-224), como bactérias gram-negativas;
Mycobacterium smegmatis (DAUFPE-71), bactéria
alcool-acido-resistente; e amostras de Streptococcus
p-hemolyticcus dos grupos sorolégicos B e C
(bactérias gram-positivas) isolados clinicos
identificados e cedidos pelo laboratério de Analises
Clinicas, Setor de Microbiologia, do Hospital das
Clinicas da UFPE. Foram ainda utilizadas cinco
espécies de fungos filamentosos (dermatéfitos),
Microsporon canis, M. gypsium, Epidermophyton
floccosum, Trichophyton tonsurans, T. rubrum,
isolados clinicos cedidos pelo Departamento de
Micologia da UFPE, e duas espécies de fungos
leveduriformes do género Candida, sendo quatro
cepas de C. parapsilosis (URM-3624, 3626, 3621 ¢
3627) e seis de C. albicans (DAUFPE-1007, 4741 e
URM 3620, 3622, 3629, 3628). O meio foi inoculado
com suspensdes de 107 UFC.mL"' de microrganismos.

Os discos foram impregnados com 50 uL-' de
solugdes a 2,0mg.mL"' de cada extrato orgénico e entdo
incubados a 37°C por 24h. Discos previamente
umedecidos com os solventes orginicos foram
utilizados como controle negativo, enquanto discos
impregnados com 50uL"' de solugdes a 2,0mg.mL"!
dos acidos usnico, difractaico e atranorina foram
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utilizados como controle positivo.

Os resultados foram analisados através da
mensuragdo dos halos de inibi¢do ao redor dos discos,
sendo expressos em milimetros (mm).

Analise dos fenodis liquénicos - A analise da fragdo
fenolica foi realizada por meio de técnicas de
cromatografia em camada delgada (CCD) e
cromatografia liquida de alta eficiéncia (CLAE).

Os ensaios de CCD foram realizados em placas
de gel de silica F,q,,34.Merck. A fase mével utilizada
era constituida de tolueno\dioxano\acido acético
(180:45:5 v/v), de acordo com a metodologia de
Culberson (1972).

As manchas foram visualizadas por fluorescéncia
em luz UV (254 e 366nm) e reveladas com acido
sulfirico a 10% e aquecimento a 100°C, sendo
identificadas através de comparagdo de seus Rfs com
aqueles obtidos para as substincias padrdo: dcidos
salazinico, usnico, homossequicdico e norstitico. Os
padrdes de acido salazinico e usnico utilizados foram
subtincias puras, enquanto que os acidos homolse-
quicaico e norstitico, foram obtidos de Cladonia
signata e Cladonia symphycarpa (Ach.) Fr., espécies
coletadas na Finlindia e gentilmente cedidas e
identificadas por T. Ahti e S. Stenros (University of
Helsinki).

Os extratos orgénicos (etéreo, cloroféormico e
acetdnico) foram diluidos em seus respectivos solventes
até uma concentracdo de 2,0mg.mL"', sendo aplicados
a placa 50uL das respectivas solugdes e padrdes.

Os ensaios em CLAE foram realizados em
cromatégrafo HITACHI modelo 655A-11, acoplado a
um detector de UV CG, modelo CG437-B. As
condigdes de cromatografia foram, segundo Legaz &
Vicente (1983): coluna de fase reversa MicroPack
MCH-18 de 300x4mm com volume de 20uL; fase
movel isocratica constituida por (metanol : dgua : acido
acético 80:19,5:0,5 v/v); pressdo de 88 atm e
temperatura ambiente de 30°C; detector de UV
regulado a 254nm; padrdes internos de 0,1mg.mL"' de
atranorina, acidos usnico, e salazinico. Os extratos
foram diluidos até a concentragio de 0,lmg.mL"' e
entdo injetados no aparelho. Os resultados foram
avaliados mediante a determinagdo do tempo de
retengdo (TR) das substancias na coluna e a area dos
picos, respectivamente.

Identificagdo dos componentes ativos através de
biocromatografia - A biocromatografia foi realizada por
meio da metodologia de Homans e Fuchs (1970),
modificada por L.O. Costa-Filho (dados nio
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publicados). Os extratos ativos nos ensaios de atividade
antibacteriana, a concentragdo de 2,0mg.mL, foram
aplicados em placas de gel de silica F-254nm Merck
(5%10cm), segundo a metodologia utilizada para a
analise em CCD. As placas foram armazenadas até a
completa evaporagdo dos solventes.

O indculo foi preparado da mesma forma que os
ensaios de atividade antimicrobiana. Os cromato-
gramas foram colocados dentro de placas-de-Petri
(18mm), recebendo entdo uma fina camada de meio
(50mL) pré-inoculado com os microrganismos teste
(100uL). As substancias separadas que apresentaram
atividade antibacteriana foram detectadas através da
visualizagdo de halos de inibi¢do ao seu redor.

Foram utilizados como microrganismos teste
Staphylococcus aureus (DAUFPE-01) e o Bacillus
subtilis (DAUFPE-16); os extratos avaliados foram o
cloroférmico e etéreo e o acido norstitico como padréo.

Resultados e discussao

Atividade Antimicrobiana - Os ensaios foram
realizados em duplicata, sendo os resultados
apresentados com os respectivos desvios padrdo, que
se mostraram néo significantes.

Os extratos orgdnicos mostraram-se inativos
frente a todas as bactérias gram-negativas, fungos e
os dois Streptococcus p-hemolyticcus (Tab. 1).
Apenas os extratos etéreo e cloroférmico exibiram
atividade antibacteriana contra os microrganismos
utilizados.

Ao contrario o extrato acetonico ndo apresentou
qualquer atividade inibitdria. Estes resultados estdo de
acordo com Hale (1983) que verificou a baixa eficiéncia
de substincias liquénicas contra bactérias gram-

Tabela 1. Atividade antimicrobiana dos extratos orgénicos de
Ramalina sorediosa (B. de Lesd.).

Microorganismos/Zona de inibi¢do (mm)

Tratamento Bacillus subtilis ~ Staphylococcus aureus
DAUFPE-16 DAUFPE-01
X +Dp X £ Dp
Extrato Etéreo 16,7+ 0,5 14,7 £ 0,5
Extrato Cloroférmico 16,7+ 0,5 13,6 £0,5
Extrato Acetnico 0,0+0,0 0,0+0,0
Acido tisnico 19,6 £ 0,5 11,7£0,5
Atranorina 19,3+ 0,5 8,0 0,0
Acido difractiico 9,3+0,5 7,7+0,5

N amostral = 2; Desvio Padrdo = Dp; Média = X
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negativas, e com Bustinza (1951), Capriotti (1961), Silva
et al. (1986) e Xavier-Filho & Rizzini (1976), que
citaram a atividade de varias espécies liquénicas contra
bactérias gram-positivas e dcido-alcool-resistentes. Na
Tab. | sdo apresentados os dados de atividade inibitéria
dos extratos orgénicos testados apenas contra os
microrganismos que se mostraram sensiveis. Nela
verifica-se que os extratos etéreo e cloroférmico foram
ativos, apresentando atividades semelhantes.

Analise do Fenoéis Liquénicos - A andlise em CLAE
do extrato etéreo de R. sorediosa, revelou oito sinais,
trés com maiores concentragdes, com tempos de
reten¢do de 4,84min; 8,72min e 14,27min, além de dois
menores com TR de 3,68min e 9,74 min (Fig. 1A).
Destes o que apresentou a maior concentragio foi o

D.O. 5
(254nm) F

de TR = 14,27 min com 55,27% da concentragio do
extrato (Tab. 2). Este sinal, provavelmente, devido a
sua concentragdo, deve corresponder 4 mancha de
Rf=0,68, que foi observada nos ensaios em CCD dos
extratos etéreo e cloroférmico da referida espécie
liquénica (Fig. 2). Um dos sinais encontrados tem
TR = 3,68min, semelhante ao encontrado para o padrio
do acido salazinico (TR=3,47min) (Fig. 1 D).

A andlise em CLAE do extrato cloroférmico de
R. sorediosa (Fig. 1B) mostrou também oito sinais,
sendo trés com concentragdes maiores e tempos de
retengdo de 3,70min; 4,92min e 14,98 min, e dois
menores com tempos de retengdo de 9,05min e
10,14min. Os sinais que apresentaram maior
concentragdo foram os de TR iguais a 4,92min e 14,98
min com 20,50% e 42,28% do extrato (Tab. 2).

“783

34
347
442

E B C
Tempo (min)

Figura 1. Cromatogramas em CLAE dos extratos etéreo (A), Cloroférmico (B) e Acetodnico (C) de Ramalina sorediosa (B. de Lesd.) e dos
padrdes de dcido salazinico (D), isnico (E) e atranorina (F). D.O. - Densidade Otica.
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Tabela 2. Concentragéo dos principais componentes do extrato
etéreo de Ramalina sorediosa (B. de Lesd.).

Padrdes Tempo de Substancia Conc.  pg/mg
retengdo (min.) correspondente (%)

3,68 SAL 5,90 59,0

4,84 9,28 92,80

8,72 13,64 136,40

9,74 9,17 91,70

14,27 5527 55270
21,12 USN 1,90 19,0

USN 19,24 ) 100 1000
ATR 17,70 100 1000
SAL 3,47 100 1000

O género Ramalina, no Brasil, foi estudado por
Kashiwadani & Kalb (1993). Estes pesquisadores
citaram para R. sorediosa a presenga de quatro
componentes principais, que sio os acidos salazinico,
sequicaico, homossequicdico e tisnico.

Os ensaios cromatograficos em CCD
demonstraram a presenga de acido usnico, em pequena
quantidade nos extratos etéreo e cloroférmico (Fig. 2)
de R. sorediosa. Os cromatogramas em CLAE
demonstraram a presenga de um sinal arredondado
com TR semelhante ao do acido usnico (21,12min.)
conforme demonstra a Fig. 1A. Portanto, provavel-
mente esta substancia é co-responsavel pela atividade
antimicrobiana visualizada, agindo isoladamente, ou
sinergicamente com outras substancias presentes no
extrato.

A analise em CLAE do extrato acetonico de
R. sorediosa mostrou trés sinais (Fig. 1C), todos com
concentragdes elevadas e tempos de retengio de
3,02min.; 3,47min. e 4,42min. Quando somados, estes
representam 94,73% do extrato bruto (Tab. 3). Dos
sinais principais a substidncia com maior concentragio
(62,29%), apresenta um TR correspondente ao do
padrdo de acido salazinico (TR = 3,47min.) (Fig. 1D),
confirmando os resultados observados em CCD
(Fig. 2). Esta depsidona do grupo orcinol foi testada
por Shibata & Miura (1948), sendo considerada pouco
ativa frente ao B. subtilis, quando comparada a outras
substancias liquénicas. E importante lembrar que
aqueles pesquisadores utilizaram o acido puro, em
contraste com o extrato organico utilizado para os
testes de atividade antibacteriana neste trabalho. Por
outro lado, a falta de atividade do extrato acetdnico
abre a perspectiva para investigagdo complementar
no sentido de averiguar se o fato ocorre em fungéo da
baixa concentragdo do principio ativo no extrato, ou se
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087 087 087
D 4> w_—
0,68 0,68
0,68
0,64 0,64 0.64 0,64
0,28 0,28
. ® ° ° . " .
EtRs CIRs AoRs SAL  NSTI USN HSEK

Figura 2. Modelo Esquemitico do Cromatograma em camada
delgada dos extratos organicos de Ramalina sorediosa (B. de Lesd.).
Et Rs - Extrato etéreo de R. sorediosa; Cl Rs - Extrato cloroformico;
Ac Rs - Extrato acetonico; SAL - Acido salazinico; NST - Acido
norstitico; USN - Acido tsnico; HSEK - Acido Homossequicaico.

o solvente nfo € adequado para a extragdo do mesmo,
ou, em outra hipdtese, um antagonismo entre as
substancias presentes no citado extrato.

A composigdo quimica dos extratos etéreo e
cloroférmico diferem daquela observada para o extrato
acetonico, sendo constante apenas o acido norstitico
que apresentou concentragdes maiores neste tltimo
extrato (Fig. 2). Embora nao tenham sido encontradas
citagdes na literatura relacionando esta substancia a
espécie liquénica em estudo, esta mesma substincia
ja foi encontrada em espécies congéneres no Peru
(Kashiwadani 1987) e Chile (Kashiwadani 1990).
Além disto, estudos em CLAE, de fenodis liquénicos,
conduzidos por Huneck e Yoshimura (1996), mostram
que o &cido norstitico apresenta um tempo de reteng@o
maior que o acido salazinico, sendo eluido primeiro,
em condig¢des experimentais semelhantes deste
trabalho.
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Tabela 3. Concentragdo dos principais componentes do extrato
cloroférmico de Ramalina sorediosa (B. de Lesd.).

Padrdes Tempo de Substancia Conc.  pgmg
retengdio (min.) correspondente (%)

3,70 SAL 2,08 20,80

4,92 20,50 205,0

9,05 11,15 111,50
10,14 5,70 57,0

14,98 42,28 422,80

22,21 USN 1,60 16,00

USN 19,24 100 1000
ATR 17,70 100 1000
SAL 347 100 1000

Deste modo pode-se afirmar que as substancias
encontradas neste ultimo extrato sdo inativas. Portanto,
a atividade observada deve-se, provavelmente, a
presenca das substincias de Rf 0,68 e 0,87, que
correspondem aos acidos homossequicdico e usnico,
nao encontrados no extrato aceténico, sendo a maior
atividade antimicrobiana demonstrada pelo extrato
etéreo (Fig. 1A). Provavelmente isto se deve a maior
capacidade deste solvente em extrair substancias pouco
polares, como o acido Usnico, que possivelmente
encontra-se em concentragdo ligeiramente maior que
no extrato cloroférmico.

Os resultados obtidos com os dois primeiros
extratos poderiam sugerir que o acido norstitico,
presente nos extratos etéreo e cloroférmico, fosse um
dos responsaveis pela atividade antibacteriana, no
entanto esta substdncia, juntamente com o acido
salazinico estdo presentes em altas concentragdes no
extrato acetdnico, que foi inativo. As andlises em CCD
revelaram a presenga de duas substancias majoritarias
uma com Rf = 0,68 e outra com Rf = 0,87 (Fig. 2). A
substdncia com Rf = 0,87 foi identificada, por

- comparac¢do com 0s padroes como sendo o acido
usnico. Desde que a concentragdo do suposto acido

Tabela 4. Concentragdo dos principais componentes do extrato
acetonico de Ramalina sorediosa (B. de Lesd.).

Padrdes Tempo de Substancia Conc.  pg/mg
retengdo (min.) correspondente (%)
3,02 16,17 161,70
3,47 SAL 62,29 622,90
4,42 16,27 162,70
USN 19,24 100 1000
ATR 17,70 100 1000
SAL 3,47 100 1000

Figura 3. Biocromatogramas dos extratos Cloroformico (A) e
Etéreo (B) de Ramalina sorediosa (B. de Lesd.) contra Bacillus
subtilis e representagdo do halo de inibigdo sobre as manchas
cromatograficas (Rf=0,87; 0,68; 0,64) e o Acido Norstitico (NST).

Gsnico, nos extratos organicos, é relativamente baixa e
a atividade antibacteriana ¢ muito préxima aquela
observada para o padrdo mais ativo, o acido usnico
puro (Tab. 1), a atividade observada ¢, provavelmente,
devida a uma acgdo sinérgica dos dois constituintes
(Rf 0,68 e Rf 0,87).

Biocromatogramas - Com relagdo aos biocroma-
togramas observou-se um provavel efeito sinérgico
entre componentes dos extratos etéreo e cloroformico
de Ramalina sorediosa (Fig. 3A e 3B) quando testados
contra o Bacillus subtilis, sendo observados halos de
inibi¢ao sobre todas as manchas. Pode-se observar
um halo de inibi¢do muito maior no caso do extrato
etéreo de R. sorediosa em relagdo ao cloroférmico,
para a referida espécie, o que ja era previsto devido a
sua maior atividade observada nos testes de atividade
antibacteriana (Tab. 1).
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Os resultados mostraram que 0s componentes
ativos nos extratos de R. sorediosa correspondem as
manchas de Rf 0,68 e 0,87. Os ensaios biocroma-
tograficos e de CLAE demonstram que correspondem
aos dcidos homossequicdico e tisnico, respectivamente.
Por outro lado, verificou-se a inatividade do extrato
acetOnico e, inclusive o dcido salazinico nele detectado.
Além disto, os ensaios biocromatograficos mostram
que provavelmente deve haver ac@o sinérgica entre
0s componentes ativos nos extratos, contra os
microrganismos testados.
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Synthesis of New 1,2,4-Oxadiazoles Carrying (1’S,2°S)-t-Butyloxycarbonyl-1-amino-2-
methyl-1-butyl and (1°S)-t-Butyloxycarbonyl-1’-amino-1'-ethyl Groups at C-5
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Uma sintese ficil e eficiente de 3-aril-3[(/$)-t-butiloxicarbonil-1 -amino-(25)-metil-1-butil)]-
1.2.4-oxadiazéis 4a-f e 3-fenil-5-[(/5)-r-butiloxicarbonil- 1 -amino-1-etil]-1.2.4-oxadiazol 6 partindo
de arilamidoximas. N-t-Boc-L-isoleucina ¢ N-1-Boc-L-alanina € descrita. As estruturasedos
intermedidrios e compostos finais foram determinadas a partir dos dados espectroscopicos.

A facile and efficient synthesis of 3-aryl-5-[(15)--butyloxycarbonyl-1-amino-(25)-methyl-1-
butyl)]-1.2.4-oxadiazoles 4a-f and 3-phenyl-5-[( 15)-1-butyloxycarbonyl- | -amino-1-ethyl]-1.2.4-
oxadiazole 6 starting from arylamidoximes, N-r-Boc-L-isoleucine and N-t-Boc-L-alanine is decribed.
The structures of the intermediates and final compounds have been deduced from spectroscopic data.

Keywords: chiral drugs, 1,2,4-oxadiazoles. arylamidoximes, isoleucine, alanine,

antiinflammatory, antipyretic

Introduction

It is known that stereoisomers of chiral drugs often
exhibit pronounced differences in their pharmacokinetic
and pharmacodynamic properties both in quantitative and
qualitative terms.' So. it is extremely necessary to study
each stereoisomer separately. With the correct therapeutic
information it is possible to maximize the properties of
the drug by taking the most potent enantiomer, the
eutomer,” or eliminating the enantiomer that may cause
side effects, the distomer. The latter can be linked to a
secondary molecular target.’ The pharmaceutical market
has converged strongly to this idea of single enantiomers
as substitutes for their racemates. The change to chiral
technologies offers many advantages to the pharmaceutical
industry, including fewer toxicological tests, lower costs
for liberation and less metabolites. These advantages are
also beneficial for the patient’s health.* In the not too
distant future, chiral drugs in single enantiomeric forms
will probably substitute most of the existing racemates
and will eventually touch every area of clinical medicine.’

# g-mail: melosj@ibest.com.br

Only in a few situations that are not common at all, itis
more appropriate to use the racemate instead of the eutomer,
for example with ibuprofen, a nonsteroidal
antiinflammatory drug (NSAID) commercially available
in the market. In this particular case, there is an enzymatic
inversion of the R(-) distomer to the eutomer (5) responsible
for the activity.® In any event, it is a single enantiomer (S)
which is important. However, in other NSAIDs such as
flurbiprofen® and ketoprofen,’ this inversion is insignificant
in humans, and so the application of the chiral technology
for the use of the eutomer is more appropriate.

In view of the great importance of single enantiomers,
our current research is focused on synthesizing new 1.2.4-
oxadiazoles containing asymmetric centers in their C-5
side chain. Our main goal was to synthesize compounds
possessing an amino group in the C-5 side chain. It is well
known that a tertiary amine function attached to the C-5
alkyl chain of 1.2,4-oxadiazoles possess antiinflammatory
as well as other interesting pharmacological activities.*”
With this idea in mind, we synthesized seven Boc protected
amines. In fact, two of these new compounds 4d and 4e
showed antiinflammatory activity. These are very
significant in the sense that they can be deprotected easily
to remove the Boc group followed by their transformation



604

into N, N-dialkyl amino compounds. These compounds will
be potential candidates for analgesic. antiinflammatory
and antipyretic activity. Therefore. this communication
describes some biologically active 1.2.4-oxadiazoles with
one or two asymmetric centers in their side chain. Such
compounds have not been cited in the literature before.

Results and Discussion

The strategy used to achieve our goals explored known
protected amino acids as starting materials. We have already
published one paper relating to the synthesis of 3-aryl-
1.2.4-oxadiazoles carrying a protected L-alanine side
chain. starting from arylamidoximes and protected aspartic
acid,'"” and it has been established that the products
obtained from the condensation of arylamidoximes and
an appropriately protected amino acid didn’t lead to
isomerization. Applying a similar strategy. but using Boc-
protected L-isoleucine or L-alanine and arylamidoximes,
we synthesized seven 1,2.4-oxadiazoles, six containing
two asymmetric centers 4a-f and one oxadiazole having
only one asymmetric center 6, as showr below (Scheme
1). Earlier. another group has observed that even in pyridine
as reaction solvent, no significant racemization occurs in
the case of 1.2.4-oxadiazoles having an asymmetric carbon
attached to C-5."

Since the reaction conditions in the present work are
mild and similar to the one reported earlier,'” it is assumed
that no racemization occurred during the synthesis of these
1.2.4-oxadiazoles. This conclusion is supported by the 'H
NMR spectra. which showed the presence of only one H-3
absorption for 3a-f; had there been racemization, one would
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expect two diastereomers hence more than one absorption.
The 300 MHz '"H NMR spectra of compounds 3a-f showed
atriplet at 6 0.95 ppm and a doublet at & 1.02 ppm for the
terminal and C-3 methyl groups. In compounds 4a-f, the
doublet due to methyl group shifted to higher field and
generally overlapped with the triplet of the other methyl
group. This shift is attributed to the ring current effect
causing C-3 methyl group signals to move upfield.

The mass analyses agreed with the proposed structures.
However the compounds 4d. e and f, show a sequence of .
fragmentations which occurs during the decomposition of
M*. These include the loss of t-butyloxide radical (73
mass units), the extrusion of carbon monoxide (28 mass
units), rearrangement and finally the elimination of butene-
2 molecule (56 mass units) to provide the major fragments
a’, at m/z 204 (4d). b" m/z 208 (4e) and ¢’, m/z 219 for the
compound 4f. These are depicted in Scheme 2.

The synthesis of compound 6 was carried out with the
aim to shorten the side-chain containing the amino group
and consequently reduce the lipophilicity.

Experimental

Melting points were.determined with a Thomas Hoover
apparatus and are uncorrected. Elemental analyses of
compounds 4a-f were performed in the Central Analitica do
Departamento de Quimica Fundamental da Universidade
Federal de Pernambuco. Infrared spectra were recorded on a
Bruker spectrophotometer Model IFS66. 300 MHz 'H-NMR
and 75 MHz “C NMR spectra were recorded on a Varian
Unity plus instrument, using CDCL, as solvent and TMS as
internal reference. Thin-layer chromatography (tlc) was done
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Synthesis of New 1.2.4-Oxadiazoles
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on plates coated with silica gel having a fluorescent
indicator P, (Merck) and the spots were detected under
ultraviolet light. Arylamidoximes were obtained following
the methodology reported in the literature.'

General Procedure for the Synthesis of O-[(2S, 35)-2-
t-Butvloxycarbonylamino-3-methylpentanoyl]
arviamidoximes (3a-f). The appropriate arylamidoxime 1a-f
(3.7 mmol) was allowed to react with N-t-Boc-L-isoleucine
2 (3.7 mmol) and N.N -dicyclohexylcrbodiimide (4.1
mmol) in dry CH,Cl, 10 mL under N, atmosphere at room
temperature for periods varying from 3 to 5 hours. The
completion of the reaction was monitored by TLC.
Generally, the products were purified by column
chromatography on silica gel using n-hexane-ethyl acetate
(7.0:3.0) as eluent. The same solvent system was employed
for developing the TLC plates. An ultraviolet lamp was
used for the detection of the spots.

Data for O-[(2S, 3§)-2-t-butyloxycarbonylamino-3-
methylpentanoyl Jbenzamidoxime (3a). White crystals (69%
yield), mp 110-111 °C. IR (KBr) vmlcm": 3483 (vNH,,
asym); 3347 (vINH,. sym; vNH); 2966(vC-H): 1740 (»CO, );
1688 (vNHCO,); 1614 and 1519 (vC=C, ar); 1586 (vC=N):
1519 (vC=C band); 1172 (»C-0). '"H NMR (CDCl,) 6: 0.95
(3H.t.J 7.5 Hz): 1.02 (3H. d. J 6.9 Hz); 1.44 (9H, s); 1.14-
1.68 (2H. m); 1.84-2.00 (1H, m); 4.31(1H,dd,/8.7Hz. /6.3
Hz):5.16 (1H.d.J 8.7 Hz); 5.37 (2H. bs): 7.35-7.52 (3H, m);
7.67-7.75 (2H, m). "CNMR (CDCl,): 11.4(C-5); 15.3 (CH,):
25.0 (C4): 283 (CH,),; 37.8 (C-3): 57.3 (C-2): 80.1 (C);
130.8 (C-1"); 128.1 (C-2’ and C-6); 128.7 (C-3" and C-5');
131.1 (C-4"); 155.9 (C17); 157.8 (CONH); 170.1 (C-1).

Data for O-((2S, 35)-2-t-butyloxycarbonylamino-3-
methylpentanoyl]m-tolylamidoxime (3b). White crystals
(73% yield, mp 118-119 °C. IR (KBr) v_ /cm'': 3494
(vNH,, asym); 3343 (vNH,, sym: vNH); 2967 (vC-H); 1742

(¥»CO,); 1691 (vNHCO,): 1621 and 1522 (vC=C , ar); 1587
(vC=N); 1168 (vC-0).'HNMR (CDCl,) 6: 0.93 (3H, 1./ 7.4
Hz): 1.00 (3H,d. /6.9 Hz); 1.43 (9H. 5); 1.10-1.70 (2H, m);
1.82-2.00 (1H. m): 2.36(3H. s); 4.30 (1H,dd. /6.0 Hz, J 8.7
Hz):5.19 (1H.d,.J8.7Hz); 5.29 (2H. bs); 7.62 (2H.d.J9.3
Hz); 8.00 (2H, m). “C NMR (CDCl,): 11.4 (C-5); 15.5
(CH,): 21.4 (Ar-CH.): 25.0 (C-4); 28.3 (CH,),: 37.6 (C-3):
57.5 (C-2); 80.0 (C): 123.8(C-6’); 127.6 (C-1"); 128.6 (C-
2');130.2 (C-5"): 132.1 (C-4): 138.6 (C-3); 156.0 (C17);
158.3 (CONH):170 (C-1).

Data for O-[(2S, 35)-2-t-butyloxycarbonylamino-3-
methvipentanoylJp-tolylamidoxime (3c). White crystals
(65% yield), mp 105-106 °C. IR (KBr) v_ fem™ : 3500
(vNH, asym) 3358 (vNH,, sym): 3333 (vNH): 2965
(vC-H): 1746(vCO,); 1693 (VNHCOE): 1614 and
1521(»C=C, ar); 1587(¥C=N); 1175 (»C-0). 'H NMR
(CDCL,) 6: 0.94 (3H. t, J 7.4 Hz); 1.01 (3H. d. J 6.6 Hz);
1.44 (9H, s); 1.14-1.68 (2H. m); 1.82-2.00 (1H, m); 2.38
(3H,s); 4.30 (1H.dd, J 6.3 Hz, /8.1 Hz); 5.21 (1H,d, /8.4
Hz):5.44 (2H, bs); 7.35(2H.d,J 8.7 Hz); 7.61 (2H.d, /8.4
Hz). "C NMR (CDCl,): 11.4 (C-5); 15.5 (CH,); 21.2 (Ar-
CH,); 25.1 (C-4); 28.3 (CH,),; 37.5(C-3): 57.4 (C-2); 80.1
(C); 123.8 (C-1"); 127.4 (C-2’ and C-6"); 129.5 (C-3’ and
C-5'): 141.5 (C-4"); 155.9 (C-17); 158.3 (CONH); 170.0
(C-1).

Data for O-{(2S, 35)-2-t-butyloxycarbonylamino-3-
methylpentanoyl Jp-anisylamidoxime (3d). Yellow crystals
(80% vyield), mp = 112-113 °C. IR (KBr) v_ /fem'': 3493
(v-NH,, asym); 3344 (v-NH,, sym; vINH); 2970 (vC-H); 1744
(v-CO,); 1692 (»-NHCO0,);1615 and 1520 (vC=C, ar); 1565
(¥C=N); 1165 (vC-0). 'HNMR (CDCl,) 6 0.96 (3H, 1,/ 7.4
Hz.);1.04 (3H.d, J 6.9 Hz); 1.45 (9H, s): 1.16-1.70 (2H, m);
1.86-2.00 (1H, m); 3.81 (3H, s); 4.30 (1H, dd, J 6.3 Hz,
J8.1Hz):5.13(1H,d,J 8.4 Hz); 5.49 (2H, bs); 7.91 (2H. d,
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J9.0 Hz): 8.27 (2H, d. J 9.0 Hz). *C NMR (CDCL): 114

(C-5):15.4(CH,); 25.1(C-4); 28.3 (CH,),; 37.5(C-3);574,

(C-2):55.3(0-CH,); 80.1 (C): 113.9(C-3"and C-5); 122.5
(C-1"): 128.4 (C-2" and C-6'): 155.9 (C-4"); 157.8 (C-17);
161.9 (CONH): 170.1 (C-1).

Data for O-[(2S, 35)-2-t-butyloxyvcarbonylamino-3-
methylpentanoyl Jp-chlorobenzamidoxime (3e). White
crystals (80% yield), mp 114-115 °C. IR (KBr) v dom;
3500 (_v-NH:.asym); 3358 (vNH,.sym): 3315 (v-NH): 2963
(vC-H): 1751 (»CO,), 1692 (vNHCO,); 1615 and 1522
(vC=C, ar); 1587 (vC=N): 1172 (vC-0). 'H NMR (CDCl,)
6:0.95 (3H.t.J7.5Hz); 1.02 (3H.d, /6.9 Hz); 1.45 (9H, 5);
1.16-1.70 (2H, m): 1.80-2.00 (1H, m); 4.32 (1H. dd. J 6.0
Hz. /8.9 Hz): 5.13 (1H. d, J 8.7 Hz): 5.19 (2H, bs); 7.25
(2H,d.J 9 Hz): 7.60 (2H. d. J 8.1 Hz). “C NMR (CDCl,):
114(C-5);: 15.6 (CH,): 25.1 (C-4):28.4 (CH,),; 37.6 (C-3);
57.5 (C-2): 80.2 (C); 128.3 (C-2" and C-67): 128.9 (C-3°
and C-57); 129.2 (C-17); 137.2(C-4"); 155.1 (C-1"); 157.1
(CONH): 170.3(C-1).

Data for O-[(2S, 3S)-2-t-butvloxycarbonylamino-3-
methylpentanoy! jp-nitrobenzamidoxime (3f). White crystals
(75% yield), mp 110-112 °C. IR (KBr) v__ /fem': 3477
(vNH,,asym): 3341 (v-NH,,sym; vNH): 2967 (vC-H): 1755
(vCO2): 1691 (¥NHCO02); 1639 and 1522 (vC=C, ar); 1585
(vC=N): 1168 (#C-O). 'HNMR (CDCl,)d: 0.94 (3H,t,J 7.5
Hz): 1.02 (3H. d. J 6.9 Hz): 1.44 (9H, 5); 1.10-1.76 (2H, m);
1.80-2.00 (1H. m); 4.31 (IH, dd, J 6.0 Hz, J 8.7 Hz); 5.15
(1H.d.J9.0Hz); 5.26 (2H, bs); 7.25-7.30 (2H, m); 7.40-7.50
(2H ,m). "CNMR (CDCl,): 11.3(C-5): 15.5(CH,); 25.0(C-
4):28.2(CH,),; 37.4(C-3); 57.4(C-2), 80.3(C); 123.8(C-3’
and C-57); 127.9(C-2" and C-67); 136.9 (C-1"); 149.3 (C-4");
1559 (C-17); 156.1 (CONH);169.9 (C-1).

General Procedure for the Synthesis of 5-[(1°S, 2°S)-1-
i-Butvloxycarbonylamino-2-methylbutyl)]-3-aryl-1,2 4-
oxadiazoles 4a-f and 5-[(25)-1-t-Butyloxycarbonyl-1-
aminoeth-1-yl ]-3-phenyl-1,2,4-oxadiazole (6)

The intermediates 3 were heated at temperatures that
varied from 100 to 120 °C. The reactions were acompanied
by TLC and discontinued when the TLC plate showed the
disappearance of the starting compound, in three to five
hours. In the case of the compound starting from N-t-Boc-L-
alanine 5, it was not possible to isolate the intermediate.
The compounds obtained 4a-f initially had a pasty
appearance, but after some days in a dry atmosphere under
vacum the compounds started to crystallize. Conversion of
intermediates 3 a-f to 4 a-f were quantitative; however, the
yields of the pure and crystalline products are given below.

Data for 5-[(1°S, 2'S)-1’-t-Burvloxycarbonylamino-2 -
methylbutyl)]-3-phenyl-1,2,4-oxadiazole (4a). Colorless
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crystals (69% yield), mp 73.3-74.4 °C (ethanol-water).
[@], ™ -44° £ 6 (¢ =0.005, CHCL,). IR (KBr) v_ Jem':3356
(vNH); 2976 (vC-H): 1716 (»C=0); 1569 (vC=N); 1523
(vC=C, ar); 1160 (»C-O).'HNMR (CDCl,)6:0.95 (3H, t.J
7.2Hz);0.94 (3H,d. /6.3 Hz); 1.46 (9H, 5); 1.16-1.70 (2H,
m): 1.94-2.12 (1H. m); 5.06 (1H, dd, J 5.7 Hz. J 8.7 Hz);
5.26 (1H. d. J 9.3 Hz); 7.40-7.56 (3H, m); 8.04-8.14 (2H.
m). "C NMR (CDCl,): 11.4 (C-4): 15.1 (CH.); 25.0 (C-
3"):28.3 (CH,),; 39.2(C-2"); 52.6 (C-1"); 80.36 (C): 126.6
(C-17); 127.5 (C-2" and C-67); 128.8 (C-3" and C-3");
131.2 (C-47): 155.1 (C-3); 168.1 (C-5): 178.9 (CO). MS,
m/z (%) 332 [MH", 12%]. 174 (69%), 146 (81%), 119
(100%), 104 (48%). Anal. Calc. for C, H,N.O.: C, 65.17;
H, 7.54; N, 12.67. Found: C, 65.52; H, 7.53; N, 12.98.

Data for 5-[(1'S, 2'S)-1"-t-Butyloxycarbonylamino-2 -
methylburyl)]-3-m-tolyl-1,2,4-0xadiazole (4b). Colorless
crystals (80% yield). mp 59.6-60.2 °C (ethanol-water). IR
(KBr) v__/em: 3360 (vNH); 2982 (»C-H); 1685 (»C=0);
1564 (¥C=N); 1527 (vC=C,ar);1176 (+C-O). 'HNMR (CDCl,)
0:0.94 (3H.t,J 7.4 Hz);: 093 (3H,d. J6.3 Hz); 1.45 (9H, s);
1.14-1.82 (2H. m); 1.94-2.12 (1H, m); 2.40 (3H, s) 5.04 (1H,
dd./6.0Hz, J89Hz); 528 (1H,d,J 8.7 Hz); 7.27 (2H. d, J
8.1 Hz); 7.96 (2H. d. J 8.4 Hz). "C NMR (CDCl,):11.4 (C-
4’); 150°¢€H,); 213 (AriCH,); 25.1(C-3') 283 (CHL);3
39.3 (C-27): 52.7 (C-17): 80.3 (C); 123.8 (C-67). 127.6 (C-
17); 128.6 (C-27): 130.2(C-57); 132.0(C-4"): 138.6 (C-3™);
155.2 (C-3); 168.2 (C-5); 178.9 (CO). MS, m/z (%): 345
[M*, 8%]. 289 (53%). 233 (71%), 188 (100%). 160 (52%),
133 (86%), 118 (37%). Anal. Calc. for C,\H,.N.O.: C, 66.00;
H, 7.82; N, 12.16. Found: C, 66.52; H, 7.63; N, 12.28.

Data for 5-[(1'S, 2'S)-1"-t-Butyloxycarbonylamino-2 -
methylbutyl)]-3-p-tolyl-1,2,4-oxadiazole (4c). Colorless
crystals (75% yield), mp 65.4-66.8 °C (ethanol-water).
[a],*-58°+ 3 (c=0.01. CHCL). IR (KBr)v__/em'': 3357
(v-NH): 2970 (vC-H); 1687 (»C=0); 1569 (vC=N); 1510
(vC=C, ar), 1159 (»C-0).. 'HNMR (CDCl,) 6: 0.93 (3H, d,
J 6.3 Hz), 094 (3H.t, J 7.2 Hz,), 1.45 (9H, s): 1.15-1.90
(2H,m); 1.94-2.12(1H. m); 2.41 (3H,s); 5.05(1H.dd, J 5.4
Hz, J 89 Hz): 529 (1H. d, J 9.3 Hz); 7.27-7.40 (2H, m);
7.84-7.92 (2H, m). "C NMR (CDCl,): 11.4 (C-4’); 15.1
(CH,); 21.5 (Ar-CH,); 25.0(C-3"); 28.3(CH,),; 39.2(C-2’);
52.7 (C-17): 80.3 (C); 123.8 (C-17); 127.4 (C-2" and C-
67); 129.5 (C-3" and C-57); 141.5 (C-47); 155.1 (C-3);
168.1 (C-5): 178.7 (CO). MS, m/z (%): 345 [M*, 6%], 289
(71%), 188 (98%), 160 (48%), 133 (100%), 118 (44%).
Anal. Cale. for C H,.N.O.: C, 66.00; H, 7.82; N, 12.16.
Found: C, 65.93; H, 8.11; N, 12.73.

Data for 5-[(1’S, 2'S)-1"-t-Butyloxycarbonylamino-2 -
methylburyl) ]-3-p-anisyl-1,2,4-oxadiazole (4d). Colorless
crystals (73% yield), mp 70.3-71.2 °C (ethanol-water). IR
(KBr)v_, Jfem': 3349 (v-NH); 2968 (vC-H); 1689 (vC=0);
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1568 (vC=N): 1529 (¥»C=C. ar): 1173 (»C-0). '"H NMR
(CDCl,) 0: 0.93 (3H, d. J 6.3 Hz): 0.94 (3H. t. J 6.6 Hz);
1.16-1.70 (2H, m); 1.45 (9H, s): 1.90-2.10 (1H, m): 3.85
(3H.s); 5.03(1H.dd.J5.7Hz, /9.0 Hz): 5.28 (1H.d. /9.3
Hz); 6.97 (2H.d.J9.0Hz); 8.01 (2H.d. 79.0Hz). "CNMR
(CDCL): 11.4 (C4"): 15.1 (CH,); 25.1 (C-3"): 28.3 (CH,);:
349(0-CH,): 39.3(C-2"):52.7 (C-17): 80.4(C); 114.2 (C-
3" and C-57):119.1 (C-17); 129.1 (C-2" and C-67): 155.1
(C-3):161.9(C-47): 167.8 (C-5): 178.7 (CO). MS, nv/z (%):
204 (100%). 176 (47%), 149 (70%). 133 (11%). Anal. Calc.
for C,,H,.N.O: C, 63.15. H, 7.47; N, 11.63. Found: C,
63351 H, 7.27: N, 1222

Data for 5-[(1'S. 2'5)-1"-t-Buryloxycarbonylamino-2’-
methylbutyl)]-3-p-chlorophenyl-1,2 . 4-oxadiazole (4e).
Colorless crystals (65% yield), mp 68.2-68.8 °C (ethanol-
water). [e] * =-60"+ 4 (c=0.01. CHCL,). IR (KBr) v Jem':
3364 (v-NH); 2968 (vC-H); 1685 (vC=0): 1562 (¥C=N);
1518 (vC=C. ar): 1174 (»C-0). '"H NMR (CDCl,) 4: 0.93
(3H,d,/6.0Hz): 0.95(3H.t.J 7.5 Hz); 1.14-1.80 (2H. m);
1.45 (9H. s): 1.92-2.12 (1H. m); 5.05 (1H,dd. J 5.7 Hz, J
8.7Hz)5.25(1H,d, /8.7 Hz); 7.45(2H. d. /9.0 Hz): 8.02
(2H, d. J 9.0 Hz). ). "C NMR (CDCl,): 11.4 (C-4"); 15.1
(CH,); 25.0 (C-3"): 28.2 (CH,),; 39.1 (C-2"); 52.6 (C-1');
80.4 (C); 125.1 (C-17); 126.8 (C-2" and C-6"); 129.1 (C-
3" and C-37): 137.4 (C-4); 155.1 (C-3); 167.3(C-5): 179.0
(CO). MS. m/z (%): 208 (100%), 180 (47%). 153 (89%),
138, 20%). Anal. Calc. for C H, N,O.CI: C,59.10: H, 6.57;
N, 11.49. Found: C. 59.39; H. 6.77: N, 11.14.

Data for 5-[(1'S, 2'5)-1"-t-Buryloxycarbonylamino-2 -
methylbutyl)]-3-p-nitrophenyl-1,2,4-oxadiazole (4f).
Yellow crystals (80% vield), mp 76.1-77.2 °C (ethanol-
water). IR (KBr)v__/em: 3337 (vNH); 2969 (vC-H): 1690
(vC=0); 1575 (vC=N): 1528 (vC=C, ar):1172 (vC-0).
'HNMR (CDCl,)6: 0.97 (3H.t,J 7.4 Hz); 0.97 (3H.d.J 6.6
Hz); 1.47 (9H, s): 1.16-1.80 (2H. m); 1.96-2.12 (1H, m);
5.08 (1H. dd. J 6.0 Hz. J 9.0 Hz); 5.25 (1H. d. J 9.0 Hz),
8.29 (2H. d. J 9.0 Hz); 8.35 (2H, d. J 9.3 Hz). ). "C NMR
(CDCl,): 11.22 (C-4"): 15.18 (CH,): 25.08 (C-3" ): 28.25
(CH,),: 39.07 (C-2"); 52.81 (C-17); 80.63 (C); 124.0 (C-3"
and C-5™); 126.5 (C-2" and C-67); 132.5 (C-17); 149.6
(C-47):.155.1 (C-3); 166.6 (C-3): 179.9 (CO). MS, m/z (%):
219 (100%). 191 (35%), 164 (52%). Anal. Calc. for
C,H,.N,O.: C, 57.44: H. 6.43. Found: C, 57.51: H, 6.72.

Data for 53-[(1'S)-1-Butyloxycarbonylaminoeth-1"-yl]-
3-phenyl-1,2,4-oxadiazole (6) White crystals (70% yield),
mp 89.3-90.3 °C (ethanol-water). [a],,* -70"+ 2 (c = 0.02,
CHCL).IR (KBr)v, /em'': 3370 (vNH); 2983 (»C-H): 1687
(»C=0); 1571 (¥C=N); 1518 (vC=C, ar); 1164 (+C-0). 'H
NMR (CDCl,) d: 1.43 (9H, s); 1.60 (3H. d, J 6.9 Hz): 5.06-
5.24 (1H, m); 5.44 (1H, d, J 7.8 Hz); 7.38-7.52 (3H, m);
8.00-8.10 (2H, m). ). '*C NMR (CDCl,): 20.1 (C-2"); 28.3

Synthesis of New 1,2.4-Oxadiazoles 607

(CH,),: 44.8 (C-1"); 80.0 (C); 126.5 (C-17); 127.5 (C-2"
and C-6): 128.8 (C-3" and C-5"): 131.2 (C-4); 168.3 (C-
3); 173.7 (C-5); 180.1 (CO). MS, m/z (%): 289 [M", 8%],
234 (51%). 174 (72%). 160 (100%). 119 (98%). 104 (80%).
Anal. Cale. for C H N.O.: C, 62.49; H, 6.30; N, 14.57.

STUIN

Found: C. 62.58: H. 6.27: N, 14.87.
Conclusion

In conclusion. we have been able to synthesize and
prove the structures of seven new 1.2.4-oxadiazoles as well
as six of their intermediates 3a-f derived from L-(+)-
isoleucine.
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Abstract: Introduction: Despite numerous scientific advances, cancer continues to be one of the main causes of death
in the world. This situation has driven the search for promising molecules. Lichen substances have been widely de-
scribed for their pharmacological potential.

Objective: The present study evaluated the antitumour potential of a depsidone isolated from Parmotrema concurrens—
salazinic acid (SAL) — through in vitro, in vivo and in silico studies.

Methods: The molecule was isolated from the acetonic extract of the lichen and recrystallized in acetone. The macro-
phage J774, sarcoma-180 and MDA-MB-231 cell lines were used for the MTT cytotoxicity assay. The antitumor assay
used a murine model (Swiss albino mice) with sarcoma-180. The animals were treated for seven consecutive days with
doses of SAL (25 and 50 mg/kg) and 5-fluorouracil (20 mg/kg).
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inhibition rate was greater than 80% in the animals treated with SAL and 65% for those that received 5-fluorouracil.
Simulations of molecular dynamics to estimate the flexibility of the interactions between human thymidylate synthase
and derivatives of SAL and 5-fluorouracil revealed that SAL exhibited greater enzymatic interaction capacity, with
highly favourable energy, compared to 5-fluorouracil.

Conclusion: The present results demonstrate the potential of salazinic acid as a tumour inhibition agent.

Keywords: Cancer, lichen, molecular docking, Parmeliaceae, sarcoma-180, thymidylate synthase.

1. INTRODUCTION compounds are among the most promising candidates for combat-

ting malignant tumours [4]. Studies have reported the effectiveness

Despite advances in science, malignant tumours still pose a
considerable public health problem worldwide, and the adverse
effects of therapies constitute a barrier regarding adherence to
treatment [1]. While it is necessary to outline a complete therapeu-
tic plan for a good prognosis, strategies that offer a greater quality
of life to the patient should be considered when it is not possible to
maintain the disease in a subclinical state [2], considering the nega-
tive effects of traditional methods used for combating neoplasms.

Selecting effective therapeutic methods with a lower cost and
fewer side effects is a considerable challenge [1, 3]. Phytochemical
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of these molecules at inhibiting angiogenesis [5-8], which is fun-
damental to tumour development, and numerous medications of a
natural or semi-synthetic origin have saved thousands of lives [9].

Lichenised fungi are organisms formed by an association be-
tween a fungus (mycobiont) and algae or cyanobacterium (photobi-
ont) [10]. These organisms produce a variety of secondary metabo-
lites characterised by a broad structural diversity and high complex-
ity. Such metabolites have a phenolic nature and are known as li-
chen substances or phenols, which are reported to have anticancer
[11-15], anti-inflammatory [16], antiproliferative, antibacterial,
antifungal [17], leishmanicidal [18], larvicidal (dedes aegypti) [19,
20] and antioxidant properties [21].

Considering the potential and bioactivity demonstrated by li-
chen metabolites and the enormous impact of different forms of

© 2023 Bentham Science Publishers
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cancer on public health, the study of novel therapeutic agents from
natural sources is of extreme importance. Such studies could reveal
novel agents and promising molecules that could assist in treating
and lessening these diseases' impact on healthcare systems.

Therefore, the present study aimed to isolate salazinic acid
(SAL) from the acetonic extract of Parmotrema concurrens, assess
its potential cytotoxicity to cancer cells and its antitumour activity
in mice exposed to sarcoma-180 (S-180) and analyse behavioural
changes, biochemical characteristics and possible histopathological
changes in the liver, spleen and kidney of the animals studied. Ad-
ditionally, the possible association between SAL and human thymi-
dylate synthase (a validated enzyme target for antiproliferative
drugs) was investigated to determine a probable active site for the
substance analysed.

2. MATERIALS AND METHODS
2.1. Collection and Identification of Species

The species P. concurrens was collected from the municipality
of Taquaritinga do Norte in the state of Pernambucano, northeast
Brazil (altitude: 785 m; coordinates: 07° 54' 11" S and 36° 02' 39"
W). The in natura material was identified by Dr. Maria de Lourdes
Lacerda Buril of the environmental geography lab of the depart-
ment of geographic sciences of Universidade Federal de Pernambu-
co (UFPE). A voucher was deposited at the Geraldo Mariz herbari-
um of the UFPE botany department (deposit number: UFP84254).

2.2. Extraction and Isolation of Salazinic Acid

The extract was obtained through the exhaustion method in a
soxhlet apparatus using acetone (200 mL) at boiling temperature.
The solvent was then evaporated in a rotary evaporator at 40°C.
The acetonic extract (2 g) was submitted to recrystallisation to ob-
tain SAL. For such, the acetone precipitation method was per-
formed [22] with some modifications. Vacuum filtering of the ex-
tract was performed in a G4 porous bottom-funnel using acetone as
the washing solvent. The resulting solid was centrifuged in 20 mL
of acetone at 1500 rpm for 10 min. The supernatant was aspirated,
and the compound was placed in a desiccator for the complete
evaporation of the solvent.

2.3. Chromatographic Analyses
2.3.1. Thin-layer Chromatography — TLC

The analysis by TLC of the acetonic extract was carried out
[23]. The extract was diluted to a concentration of 0.01 mg.mL'l,
and 10 pL of the solution was placed on silica gel F,s4,,, chromato-
plates (Merck). The elution system was a mixture of tolu-
ene:dioxane:acetic acid (180:45:5, v/v/v). The bands were viewed
under UV light (254 and 366 nm) and developed with 10% sul-
phuric acid, followed by heating at 100 °C for 5 minutes on a hot
plate.

2.3.2. High-performance Liquid Chromatography — HPLC

Analysis was performed by HPLC [24] on SAL, using a Hitachi
Chromatograph (655 A-11, Tokyo, Japan) coupled to a UV CG437-
B detector adjusted to 254 nm coupled to a micro pack MCH-18
reverse phase column measuring 250 x 4.6 mm and 5 mm (Merck®
KGaA, Darmstadt, Germany). The sample was injected at a concen-
tration of 1.0 mg.mL'1 dissolved in chloroform (Merk®). The mo-
bile phase consisted of methanol:deionised water:acetic acid
(80:19.5:0.5, v/v/v) in an isocratic system with a pressure of 88 atm
at room temperature (27 + 3°C). The results were evaluated by de-
termining the retention time (RT), comparison to the SAL standard
and calculating the area of the peaks.

Lira et al.

2.4. Proton and Carbon Nuclear Magnetic Resonance — NMR

The SAL's chemical structure was confirmed using H' and C"
Nuclear Magnetic Resonance (NMR) spectrometry. The NMR
spectra were obtained using a Varian Spectrophotometer (Unity
Plus-300 MHz) with DMSO- dg as the solvent. Chemical shifts (8)
were expressed as ppm, and coupling constants (j) are presented in
hz.

2.5. Cytotoxic Activity

Cytotoxic activity was determined using the MTT method (3-
(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bromide) [25]
on the cancer cell lines sarcoma-180 (acquired from the cell bank of
the UFPE department of antibiotics) and human breast adenocarci-
noma (MDA-MB-231), beyond the macrophage J774 cell line, both
acquired from the Rio de Janeiro cell bank. The cells were kept in
Dulbecco's modified eagle medium (DMEM) supplemented with
10% foetal bovine serum and a 1% antibiotic solution (penicillin
[10000 IU] and streptomycin [10 mg.mL'l]) and incubated at 37°C.
S-180 and macrophage J774 cells were incubated in a 5% CO, at-
mosphere. The cells (10° cells/mL) were cultured in 96-well plates
and incubated for 24 h. Next, SAL was dissolved in 1% dimethyl
sulfoxide (DMSO) and added to wells at concentrations of 200,
100, 50, 25 and 12.5 pg/mL. After 24 h of incubation, 25 uL of
MTT (5 mg.mL'l) were added to each well, and the cells were fur-
ther incubated for 3 h. The culture medium with MTT was aspirat-
ed, and 100 uL of DMSO was added to each well to solubilise the
Formazan crystals. A group with only DMSO was used as the nega-
tive control. Absorbance was obtained at a wavelength of 630 nm in
a microplate reader (Biotek ELX808). The experiments were per-
formed in triplicate. Cytotoxicity values were expressed as cell
viability: (Aps of treated cell population x 100/Ay, untreated cell
population) [26].

2.6. Experimental Animals

The in vivo study was conducted with male swiss albino mice
(Mus musculus) 60 days of age (weight: 35 to 45 g). The animals
fasted for eight hours before each experiment. The protocols re-
ceived approval from the UFPE Animal Experimentation Ethics
committee (certificate no. 23076.012019/2018.58). They were con-
ducted in compliance with the norms stipulated by the National
Animal Experimentation Board (CONCEA) and international
norms (National Institute of Health Guide for Care and Use of La-
boratory Animals).

2.6.1. Antitumour Activity

The S-180 experimental tumour was maintained in the mice in
ascitic form with a seven-day maintenance frequency. The ascitic
tumour cells (5.0 x 10° cells/mL) were inoculated subcutaneously in
the right axillary region to develop a solid tumour.

Treatment began 24 h after the inoculation of the tumour cells
and was performed for seven consecutive days. Injections of the
SAL solutions were administered intraperitoneally at 25 and 50
mg/kg doses, corresponding to 1.25 and 2.5% of the maximum dose
of acute toxicity, respectively (data not presented). The animals in
the negative control group were treated with saline solution + 5%
tween 80. Those in the positive control group were treated with 5-
fluorouracil (5-FU) (20 mg/kg). Ten animals were used in each
group.

One day after the end of treatment, the animals were anaesthe-
tised with a solution of ketamine (1.25 g/kg) and xylazine (0.62
g/kg). Blood samples for the biochemical analysis were collected
through heart puncture, and the animals were then sacrificed with
an overdose of the anaesthetic solution.
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Tumour inhibition (TI) was determined based on the mean
weight of the tumours from the groups that received treatment in
comparison to the untreated group: TI% = (C — T)/C x100%, in
which C is mean tumour weight in the negative control group, and
T is mean tumour weight in the treated groups. For the calculation
of mean weight, tumours weighing 0.39 g or less (denominated
“no-takes”) were not considered [27].

2.6.2. Histomorphometric Analysis

Tumours and organs (spleen, kidney and liver) were dissected
and fixed in buffered formol solution (10%) for 48 h. The samples
were then dehydrated in increasing concentrations of ethyl alcohol,
cleared with xylol and embedded in paraffin.

Slices measuring 4 um in thickness were cut on a microtome
and mounted on slides. The slides were kept at a temperature of
60°C for 24 h and then stained with haematoxylin and eosin (H&E).
The histological images of these slides were captured with a Moti-
cam 2300 digital camera coupled to a microscope. Twenty fields
per slide were captured at magnification 100x for the spleen sam-
ples and 400x for the liver, kidney and tumour samples. Version
1.51 (Research Services Branch, U.S. National Institutes of Health,
Bethesda, MD, USA).

For the liver samples, counts were made of hepatocytes and
endothelial cells. Kidney structures were evaluated by measuring
the area of the glomerulus and renal corpuscle. Spleen tissue was
evaluated by the percentage of areas of the white and red pulp. The
tumour tissue evaluation consisted of counts of cells in mitotic
phases.

2.7. In silico Study of Coupling of SAL and Human Thymi-
dylate Synthase — hTS

2.7.1. Preparation of Ligands

The chemical structure of SAL was drawn using the Biovia
Discovery Studio [28]. The structures of 5-FU and its active deriva-
tive 5-fluoro-2'-deoxyuridine 5'-monophosphate (FDUMP) were
obtained from the PubChem Databank [29]. All structural energies
were minimised using the Avogadro program [30]. The respective
protonation states of the structures were considered to be pH 7 and
were saved in sdf* format.

2.7.2. Obtainment of Metabolites

The metabolised SAL structures related to reactions mediated
by the enzyme monooxygenase were predicted using the Metasite
Program of Moldiscovery [31] through enzyme-substrate recogni-
tion. The five best-ranked structures were selected and drawn, and
their energies were minimised using the Biovia Discovery Studio
[28].

2.7.3. Preparation of Macromolecule

Human Thymidylate Synthase (hTS) (PDB: 1HVY) was re-
trieved from the Protein Data Bank (PDB). All water ligands, ions
and molecules were manually excluded from the original structure,
and hydrogen atoms were added using the Biovia Discovery Studio
[28].

2.7.4. Anchorage

The AutoDock Vina, AutoDock 4 and Molegro Virtual Docker
programs were used for anchorage. The active site was designated
based on existing molecular interactions between amino acid resi-
dues of the enzyme substrate as well as the enzyme and co-
crystalised ligand. The grid box was adjusted and fixed at a radius
of 25 A to encompass all amino acids of the active site and the in-
teractions between the enzyme and ligand of the x-ray crystal struc-
ture. The results of the calculations were obtained in bond energy

values for each structural configuration of the ligands coupled to
the target enzyme.

2.7.5. Consensus Docking

Consensus analysis was performed using the average of auto-
scaled scores (AASS) [32]. Normalisation was first performed of
each score obtained with the different docking programs to values
between 0 and 1 by dividing the score of each molecule by the
smallest score obtained. The final score of each molecule and the
ranking were established by the average of all normalised scores.

2.7.6. Anchorage Validation

To validate the anchorage process, re-docking was performed
of the structure of the co-crystalised ligand extracted from the en-
zyme by the original PDB file and interpreted in terms of root mean
square deviation (RMSD) (1% structural configuration) of the atoms
of the refit crystallographic ligand [33].

2.7.7. Analyses and Illustrations

The Molegro Virtual Docker program was used to analyze the
interactions between the hTS amino acid residues and ligands as
well as the illustrations.

2.7.8. Molecular Dynamics

Molecular Dynamics (MD) simulations were performed to es-
timate the flexibility of the interactions between the hTS protein
and ligands using the GROMACS 5.0 program [34, 35]. The topol-
ogy of the ligands was prepared using the ATB topology generator
[36], applying the GROMOS96 54a7 force field. The topology of
the protein was also prepared using the GROMOS96 54a7 force
field in GROMACS. The MD simulation was performed using the
SPC simple point-charge water model in a cubic box [37]. The
system was neutralised by adding ions (CI and Na") and minimised
to remove bad contacts between complex molecules and the sol-
vent. The system was also equilibrated at 300 K using the v-rescale
algorithm in 100 ps, represented by the constant number of parti-
cles, volume and temperature (NVT), followed by equilibrium at 1
atm of pressure using the Parrinello-Rahman algorithm as the con-
stant number of particles, pressure and temperature (NPT) up to 100
ps. The MD simulations were performed in 5.000.000 steps at 10
ns. To determine the flexibility of the structure and whether the
complex was stable close to the experimental structure, the RMSD
of all Ca atoms was calculated in relation to the starting structures.
Root mean square fluctuations (RMSF) were also analysed to un-
derstand the role of residues close to the bonding site of the recep-
tor. The RMSD and RMSF graphs were generated in the Grace
Software program and the protein and ligands were viewed in the
UCSF Chimera program [38].

2.8. Statistical Analysis

The cytotoxicity results were expressed as the mean and stand-
ard deviation (SD) of the repetitions. Analysis of variance
(ANOVA) was performed with Tukey’s test for multiple compari-
sons. A p-value < 0.05 was considered indicative of statistical sig-
nificance. The Kolmogorov-Smirnov test was used to determine the
normality of the histomorphometric data. The nonparametric Mann-
Whitney U test was used with the statistical package for the social
sciences (SPSS 15.0) to analyse these data. The data were ex-
pressed as mean + SD, with a p-value < 0.05 compared to the con-
trol considered significant.

3. RESULTS AND DISCUSSION
3.1. Obtainment of SAL

SAL isolated from the acetonic extract of P. concurrens was
identified by TLC (retention factor = 0.15) and HPLC (RT = 2.97
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min) (Fig. 1), with data compatible with those described by Falcao
et al. [39] and Manojlovié et al. [40] for the substance (RT of 3.47
and 3.01 min, respectively).

The chemical structure of SAL was confirmed by the H'
and C!* NMR results, which were compatible with data described
by Huneck & Yoshimura [41], Eifler-Lima ef al. [42] and Michelet-
ti et al. [22].

Salazinic acid: HNMR (DMSO - dg, 400MHz / ppm): & 2.379
(3H, s, CH;); 6 4.618 (2H, s, CHy); & 6.779 (2H, s, H2, H9); &
10.381 (1H, s, H,0, CHO). *C (DMSO-d 400 MHz) 594.89 (C-2),
137.30 (C-3), 138.09 (C-4), 165.89 (C-6), 110.67 (C-7), 163.56 (C-
8), 117.42 (C-9), 152.28 (C-10), 111.95 (C-11), 160.29 (C-12),
148.13 (C-14), 123.45 (C-15), 152.83 (C-16), 109.66 (C-17),
164.01 (C-18), 192.75 (C-20), 21.43 (C-23), 52.69 (C-25). Yield:
10.36%.

3.2. Cytotoxic Assay

The lowest cell viability rates in the presence of SAL were
86.54 £ 3.33 (%) and 86.88 £ 1.02 (%) at doses of 25 and 50
pug/mL, respectively, for the MDA-MB-231 cell line and 79.49 +
4.15 (%) at a dose of 200 pg/mL for S-180 after 24 h of incubation.

500r1\/
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The SAL was not toxic to macrophage J774 cells at the lowest dos-
es, 12.5 and 25 pg/mL (100.5 + 2.66 and 91.48 + 2.90 %, respec-
tively) (Fig. 2).

Paluszczak et al. [43] also evaluated SAL in cell viability as-
says using colorectal carcinoma cell lines (HCT116 and DLD-1).
They found a viability rate of approximately 60% when exposed to
SAL at a 100 pg/mL dose. Micheletti ef al. [22] found a cell viabil-
ity rate of 85.31% for the human breast cancer cell line MDA-MB-
435 exposed to SAL at a dose of 25 pg/mL. These data are compat-
ible with the cell viability rates found in the present investigation.

The present results are also compatible with cytotoxic data re-
ported by Manojlovi¢ et al. [40], who evaluated the FemX (human
melanoma) and LS174 (human colon carcinoma) cell lines in the
presence of SAL and found viability rates of approximately 65%.
Thus, the available data suggest that SAL does not exhibit high
toxicity to cancer cell lines.

3.3. Effect of SAL in Mice with S-180 Tumour
3.3.1. Assessment of Biochemical Variables

No significant difference was found between the treated and
control groups regarding plasma levels of albumin, total proteins or
alanine aminotransferase (ALT).

However, a reduction in aspartate aminotransferase (AST) was
found in the group that received SAL2S, and a reduction in triglyc-
erides was found in all treated groups compared to the negative
control. Moreover, an increase in glucose was found in the groups
exposed to SAL25 and 5-FU, and an increase in cholesterol levels
was found in the group exposed to SAL25 (Table 1).

ALT and AST are specific biomarkers of hepatotoxicity used in
early clinical trials to monitor acute harm caused by ingesting
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Fig. (1). HPLC chromatograms of salazinic acid isolated from P. concurrens (A); salazinic acid standard (B). (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).
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Fig. (2). Cell viability of macrophage J774 (A), MDA-MB-231 (B) and S-180 (C) cell lines in the presence of SAL. Data expressed as mean + SD. *p < 0.05,
**p < 0.01; ¥**p < 0.001 vs. negative control. Statistically significant differences were determined by ANOVA followed by Tukey’s test. NC = negative con-

trol (saline solution + 5% Tween 80). (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Table 1. Biochemical variables were analysed in mice exposed to S-180 and treated with SAL and 5-FU.
Groups ALT AST Albumin Triglycerides Total Proteins Glucose Cholesterol
(U/L) (U/L) (g/dL) (mg/dL) (g/dL) (mg/dL) (mg/dL)
NC 59.70 £9.94 246.30 + 42.86 2.87+0.10 213.43 +£30.10 4.74+0.14 68.60 + 20.40 127.72 £ 6.43
5-FU 45.73 £ 8.56 230.77 + 43.72 2.99+0.10 149.66 + 22.68*** 4.93+0.27 132.06 £ 9.32%** 120.95 +8.97
SAL25 60.89 + 15.55 229.46 +32.77 2.91+0.26 189.01 £ 35.69** 4.88+0.27 105.65 + 13.87*** 142.13 £9.44*
SAL50 53.39 + 14.68 178.90 + 44.71* 2.94+0.18 155.73 4+ 19.50%*** 4.85+0.23 72.48 £10.51 121.37£12.95

Note: Data expressed as mean + SD; (N = 10); Significant differences determined by ANOVA followed by Tukey’s test, *p < 0.05, **p < 0.01; ***p < 0.001 vs. NC = negative
control; 5-FU = 5-fluorouracil; SAL = salazinic acid 25/50 mg/kg; ALT = alanine aminotransferase; AST = aspartate aminotransferase.

therapeutic drugs. ALT is a more specific hepatic marker than AST.
This enzyme is found in the heart, skeletal muscle, brain and liver.
Thus, it is not possible to confirm liver damage based on AST lev-
els in the bloodstream [44].

The significant reduction in triglycerides found in the treated
animals and the increase in glucose levels in the mice treated with
SAL2S5 and 5-FU indicate harmful effects on the organism due to
metabolic imbalance [45].

3.3.2. Tumour Growth and Inhibition

A significant difference in tumour weight was found in all
treated groups compared to the negative control (5.2 + 1.91 g). Tu-
mour weight was significantly lower in the animals exposed to SAL
at concentrations of 25 and 50 mg/kg (1.03 £ 0.39 and 0.73 + 0.35
g, respectively). The mean tumour weight in the positive control
group (treated with 5-FU) was 1.79 = 0.56 g (Fig. 3). All animals
survived to the end of treatment with no behavioural changes.

The different doses of SAL presented promising results in terms
of the percentage of inhibition of the S-180 tumour. The greatest
inhibition rate (86%) was found in the group treated with a dose of
50 mg/kg, and the inhibition rate was 80.23% in the group treated
with a dose of 25 mg/kg. The 5-FU group's inhibition rate was
65.46% (Fig. 3).

S-180 is considered valid for determining antitumour activity
due to its versatility in the form of an ascetic or solid tumour, de-
pending on the injection site, as well as its aggressivity to the or-
ganism. Therefore, this cell line is suitable for preclinical studies of
natural or synthetic substances. The use of S-180 in vifro and in
vivo is sufficient to prove the antitumour potential of the molecule
being tested [46]. An agent with anticancer potential is considered

valid when it can slow the cell proliferation process and trigger the
signalling of mechanisms that initiate the cell death process [47].

The present results are in agreement with data described by
Alexandrino et al. [8], who evaluated the potential of SAL (33.3
mg/kg) in mice with the B16-F10 tumour (murine melanoma) and
found an 83% reduction in tumour growth. However, the authors
used a higher concentration of SAL than that employed in the pre-
sent study (25 mg/kg), with which tumour inhibition was around
80%.

Geng et al. [15] also found an anticancer effect of another li-
chen phenol - usnic acid. Despite not being a depsidone-like SAL,
similarities are found in its chemical structure and biosynthetic
origin. The authors evaluated the effect of usnic acid (100 mg/kg)
and 5-FU (25 mg/kg) in BALB/C mice with gastric cancer. They
found that the lichen substance was significantly more effective at
suppressing tumour growth than the commercial drug 5-FU. This
finding agrees with the present study's results and shows that some
lichen acids are more effective than 5-FU.

The 5-FU is widely used in chemotherapy. This drug belongs to
the group of antimetabolite agents and functions by blocking the
synthesis of DNA and inhibiting the metabolism of folic acid coen-
zymes. 5-FU is a fluorinated pyrimidine analogue with a 10 to 30%
single-agent response rate. However, its continuous use can have
serious side effects, such as myelosuppression and immunosuppres-
sion, due to its low selectivity for tumour cells in relation to healthy
cells [48, 49].

The cellular toxicity mechanism of 5-FU is attributed to the
negative incorporation of fluoronucleotides in DNA and RNA and
the inhibition of thymidylate synthase (TS), a nucleotide enzyme.
The enzymatic activity of TS is considerably enhanced in neoplastic
cells and is directly linked to the tumour proliferation rate [50].
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Fig. (3). Tumour growth (mg/kg) (A) and Tumour inhibition (%) (B) in mice exposed to S-180 and treated with SAL and 5-FU. Data expressed as mean + SD.
(N = 10). Significant differences were determined by ANOVA followed by Tukey’s test. **p < 0.01; ***p < 0.001 vs. NC. Tumour photography (inserted in
figure A): NC = negative control (A); 5-FU = 5-fluorouracil (B); SAL = salazinic acid 25 mg/kg (C) and 50 mg/kg (D). (4 higher resolution / colour version

of this figure is available in the electronic copy of the article).

However, chemotherapy remains one of the most efficient and
widely used methods for anticancer therapy [51]. Moreover, studies
have shown that bioactive molecules of a natural origin are promis-
ing candidates for this purpose [4].

Due to the production of different classes of metabolites, li-
chens are considered promising organisms in the search for thera-
peutic agents for combating neoplastic diseases. Moreover, the
antitumour effect of these metabolites can be mediated by the indi-
rect induction of cell apoptosis as well as antiproliferative activity
[13].

3.3.3. Histomorphometric Analysis of S-180 Tumour

The histopathological analysis of the S-180 tumours in the
treated and negative control groups revealed pleomorphic cells,
anaplasia, hyperchromatic nuclei, and degrees of pleomorphism.
Areas of muscle invasion, unilocular adipose tissue invasion and
the infiltration of blood vessels were also observed. These results
are compatible with findings described by Santos e al. [7], who
highlight the infiltrative potential of S-180 in adjacent tissues, such
as nerves, fat and muscle fibres. All groups exhibited tissue necro-
sis, with a greater area extension in the treated groups (Fig. 4). Cell
proliferation was also found, with high numbers of cells in mitotic
phases.

Fig. (4). Representative photomicrographs of tumours in mice exposed to S-
180 and treated with SAL and 5-FU. Negative control group (A); treated
with 5-FU (B); treated with SAL at doses of 25 (C) or 50 mg/kg (D). H&E
staining (magnification: 100X). (4 higher resolution / colour version of this
figure is available in the electronic copy of the article).

Atypical mitosis was found in all groups. No significant differ-
ences were found regarding the quantity of mitoses in the negative
control group and experimental groups: 10.63 + 2.48, 10.06 + 2.69,
10.43 + 3.99 and 10.69 + 3.34 in the negative control, 5-FU, SAL
25 and SAL 50 mg/kg groups, respectively.

According to Ciresan ef al. [52] and Veta et al. [53], the quanti-
ty of visible mitoses in histological slices is an important indicator
for the screening and assessment of neoplasms as well as the deter-
mination of the aggressivity of the tumour cells, furnishing a repro-
ducible prognosis regarding invasive tumours [54, 55].

3.3.4. Histomorphometric Analysis of Kidney, Spleen and Liver

The histomorphometric analysis of the liver revealed a signifi-
cant increase in the number of hepatocytes and endothelial cells in
the groups exposed to the different doses of SAL compared to the
negative control (Table 2). These findings may be related to the
increase in the organ found in the experimental animals.

For the spleen, a reduction in white pulp was found in the
groups treated with SAL, and an increase in red pulp was found in
the group exposed to SAL50 compared to the negative control (Ta-
ble 2).

A significant reduction was found in the glomerulus in the
group that received SAL50 compared to the negative control for the
kidney. No significant difference in the size of the renal corpuscle
was found between the treated groups and the negative control (Ta-
ble 2).

The liver tissue is very sensitive to lesions induced by synthetic
and natural compounds due to its central role in the metabolism of
these substances [56]. Indeed, hepatotoxicity is one of the main
aspects to study during the verification of the action of a drug in the
organism, especially during prolonged periods of therapeutic use
[57]. The detoxification process occurs in the liver as the metabolic
products of many chemotherapeutic drugs accumulate in this tissue,
causing harm due to toxicity [47].

An increase in the number of liver cells may indicate tissue
damage. Hepatocytes have an important metabolic function. Their
abnormal proliferation may indicate possible tissue regeneration to
compensate for adverse conditions influenced by different factors,
such as the administration of therapeutic drugs [58].

Endothelial cells play an important role in maintaining liver
function under adverse conditions caused by external agents. The
increase in the quantity of these cells may be related to exposure to
toxins, chemical products and pharmacological agents [59].
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Histomorphometric analysis of liver, kidney and spleen of mice exposed to S-180 and treated with SAL and 5-FU.

Table 2.
Groups Liver (Mean No of Cells per Photomicrograph) Kidney (um?) Spleen (% per Photomicrograph)
- Hepatocytes Endothelial cells Corpuscle Glomerulus White pulp Red pulp
NC 39.35+6.87 13.07 +3.71 4455.25 + 1600.6 2912.597 £ 971.7 23.28 +8.01 74.01 +7.37
5-FU 38.41 +£9.05 12.69 +3.57 4034.84 +1218.3 2614.538 + 784.1 22.46 +7.90 74.53 +7.61
SAL25 54.74 + 11.87*** 18.95 + 5.55%** 4570.97 +2064.9 2939.502 + 1434.3 15.58 +3.00%* 81.97 £2.41%**
SALS50 56.74 + 14.45%** 20.30 + 5.93%** 4410.087 + 1619.7 2602.429 + 954.7* 18.96 + 6.44* 78.38 + 6.66

50 mg/kg.

Note: Mann-Whitney test. Data expressed as mean + SD. (N = 10). *p < 0.05; **p < 0.01; ***p < 0.001 vs. NC = negative control; 5-FU = 5-fluorouracil; SAL = salazinic acid 25 /
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Fig. (5). Metabolites of SAL (D1-5) and respective reactions.

Renal tissue is also very sensitive to harm caused by foreign
agents in the bloodstream. The cells of this tissue have the function
of the resorption and concentration of solutes, making metabolised
compounds interact with their organelles, which can alter the cell
signalling pathway and even cause tissue damage [60].

The spleen can also undergo ultrastructural changes, which
emerge not only due to the negative effect of the substance but also
due to the reaction of the tissue, increasing the activity of defence
cells [61], which indicates the protection of the organ from a possi-
ble harmful reaction caused by the compound [62].

3.4. In silico Analysis
3.4.1. Obtainment of Metabolites

Five structures of the most probable metabolites of SAL with a
higher contribution score (D1-5) were selected. The contribution
score results from the probability function for the metabolism site
(Pms), which is correlated with the free energy of the overall en-
zyme-substrate coupling process [63]. Fig. (5) illustrates the SAL
transformations with the greatest probability and respective reac-

tions.
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The first three metabolites generated (D1-3) are the result of
aliphatic hydroxylation and carbonylation reactions in the carbon of
the methyl group of SAL and have the highest contribution scores
(100%). Metabolites D4-5 are from aldehydic hydroxylation reac-
tions and the reduction of aldehydes, with contribution percentages
of 50%. The other metabolites had contribution scores lower than
33.33% and were disregarded (data not shown).

3.4.2. Active Site of Human Thymidylate Synthase (hTS)

Thymidylate synthase is a valid target for antiproliferative
drugs that has a catalysing function in the reductive methylation
process of 2'-deoxyuridine-5'monophosphate (dUMP) into 2'-
deoxhthymidine-5'-monophosphate (dTMP) through the cofactors
N5, N10-methylenotetrahydrofolate (mTHF). Moreover, it is ex-
tremely important for the replication of DNA and impedes rapid
cell division processes through cellular apoptosis [64].

Structurally, hTS is an obligatory homodimer with residues of
the two subunits -A and B (Fig. 6) -as contributors to the coupling
of the substrate. Besides the amino acid residues Arg 50, Phe 80, Ile
108, Trp 109, Asn 112, Argl75', Argl76', Arg215, Gln 214, Asp
218, Gly 222, Phe 225, Asn 226, His 256, Tyr 258 and Met 311, the
target site also has residues (181-197) and Cys 195 of the catalytic
loop, which is exposed only in the active conformation [64-66].

The scores obtained in the coupling of all ligands were energet-
ically favourable. However, consensus docking was performed to
obtain a greater success rate in the screening of the compounds.

A) (B)

Fig. (6). Cluster of ligands and hTS highlighting (A) and (B) subunits. (4
higher resolution / colour version of this figure is available in the electronic
copy of the article).

Table 3. Ranking of compounds based on consensus docking means.

Lira et al.

Studies have shown that combining different molecular docking
programs increases the probability of hits [67]. Thus, a ranking was
established among the means of the consensus of SAL, its possible
metabolites (D1-5), FAUMP and the co-crystalised ligand (Table 3).

As shown in Table 3, D3 was the compound with the best cou-
pling mean (0.98), followed by D5 (0.95). SAL and D2 had the
same coupling mean (0.94). The co-crystalised ligand and o
FAUMP had coupling means of 0.88 and 0.84, respectively.

To determine what interactions may be determinants for the
inhibition, the three compounds with the best coupling mean and
the standard compounds (co-crystalised ligand and FAUMP) were
analysed regarding their interactions with the amino acid residues
of hTS (Fig. 7).

All compounds interacted with amino acid residues of the ac-
tive site of hTS with hydrogen bond interactions. D3 had hydrogen
bond interactions with the residues Glu 87, Ile 108, Arg 175, His
196, Gln 214, Ser 216, Asp 218, Asn 226 and His 256. Moreover,
two Arg residues (Arg 50 and Arg 175) had two electrostatic inter-
actions with the carboxyl group in the aromatic ring (Fig. 7A). D5
had similar interactions as D3 with Arg 50, Arg 175, His 196, Gln
214, Ser 216, Asp 218, Asn 226, His 256, Tyr 258 and Ala 312
(Fig. 7B).

In its non-metabolised form, SAL interacted with four residues
(Ile 108, Gln 214, Ser 216 and Asp 218). Ser 216 was the residue
consistently found in all interactions with the other compounds
(Fig. 70).

Amino acid residues Arg 50, Ile 108, Gln 214, Ser 216, Asp
218 and Tyr 258 interacted with the co-crystalised ligand (Fig. 7D).
The main difference found between the interactions of the co-
crystalised ligand and the other compounds was the absence of Arg
175. FAUMP interacted with seven amino acid residues (Arg 50,
Asn 171, Asp 173, Arg 175, Arg 176, Arg 215 and Ser 216) (Fig.
7E).

Electrostatic interactions with important residues of the active
site of hTS (Arg 50 and Arg 175) did not occur in all compounds.
Hence, this is a peculiarity of D3 that may be related to its first
position in the ranking of coupling means. However, hydrogen
interactions with residues such as Arg 50, Arg 175 and Ser 216
were found in all compounds and are important to inhibiting hTS.

3.4.3. Molecular Dynamics

The molecular dynamics simulations were performed to inves-
tigate whether the three compounds with the best coupling means in

Binding Energies’ Consensus
P Vina Auto Dock 4 Molegro Vina Auto Dock 4 Molegro Mean
D3 -10.1 -7.01 -145.85% 1.00 0.94 1.00 0.98
D5 -9.7 -7.48° -127.858 0.96 1.00 0.88 0.95
D2 -9.9 -1.37 -124.887 0.98 0.99 0.86 0.94
SAL -10.17 -7.26 -122.718 1.00 0.97 0.84 0.94
D1 -9.7 -6.81 -133.029 0.96 0.91 0.91 0.93
D4 -9.3 -6.95 -137.75 0.92 0.93 0.94 0.93
Ligand -9 -6.22 -135.325 0.89 0.83 0.93 0.88
FdUMP -8.5 -6.66 -115.548 0.84 0.89 0.79 0.84
5-FU -4.9 -4.51 -74.4245 0.49 0.60 0.51 0.53

Note: D1-5 = metabolite derivates of SAL; SAL = salazinic acid; FIUMP = 5-fluoro-2'-deoxyuridine 5'-monophosphato; 5-FU = 5-fluorouracil. *lowest bond energies. 'Binding

energies in kcal/mol for Vina and Autodock 4 and kJ/mol for Molegro.
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Fig. (7). Interactions between amino acid residues of the active site of hTS and metabolite derivatives of SAL. D3 (A), D5 (B), SAL (C), co-crystalised ligand
(D) and FAUMP (E). D3-5= metabolite derivatives of SAL; SAL= salazinic acid; FAUMP= active derivative of 5-fluorouracil. (4 higher resolution / colour

version of this figure is available in the electronic copy of the article).

the molecular docking and the two standard compounds can bond to The RMSD analysis of hTS revealed that the protein reached
hTS under the influence of the water solvent, ions, temperature and fluctuations ranging from 0.2 to 0.4 nm at 10 ns, exhibiting greater
pressure. stability throughout practically all the dynamics, with some peaks at

Flexibility and conformational changes in the structure of hTS
were also investigated to analyse the influence of structural changes
in the bonds and interactions with the compounds. For such, the
root mean square deviation (RMSD) was calculated for Ca atoms of

the protein and compounds separately. target site.

7 and 9 ns. The complexed protein exhibited greater stability along
the 10 ns than the non-complexed protein. Thus, hTS complexed
with the compounds is more stable that the non-complexed protein,
enabling the compounds analysed to remain strongly bonded to the
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Fig. (8). Simulations of molecular dynamics during 1000 ps and 2D and 3D interactions at different times. A1- Structure of hTS+SAL complex and its active
site; 3D and 2D interactions at A2- 200 ps; A3- 600 ps and A4- 1000 ps. B1- Structure of hTS+D5 complex and its active site; 3D and 2D interactions at B2—
200ps, B3- 600 ps and B4- 1000 ps. Hydrogen bonds with solvent (SOL) and different amino acids are highlighted in green. Hydrophobic and steric interac-
tions are highlighted in violet and red, respectively. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

The RMSD of the compounds revealed stability beginning at 3
ns. All compounds analysed, except the ligand, exhibited stability.
The findings suggest that the SAL, D3, D5 and FAUMP molecules
remain at the protein's active site even in the presence of factors
such as temperature, pressure, solvent and ions. The root mean
square fluctuations (RMSF) were calculated for each protein amino
acid to understand the flexibility of the residues and amino acids
that contribute to the conformational change in hTS. Residues with
high RMSF values suggest greater flexibility.

As amino acids with fluctuations greater than 0.3 nm contribute
to the flexibility of the protein structure, we found that only amino
acids 44, 46, 48-51, 175 and 310-313 of the 313 amino acids pre-
sent in the protein contributed to the conformational change of the
complexed protein. We found the same fluctuations with these ami-
no acids in the non-complexed protein. Moreover, we found that the
majority of amino acids responsible for the conformational change
in hTS were not part of the active site, except Argl75, Met311 and
Ala312 [68]. Therefore, the active site was considered stable.

When analysed using graphic programs, we found that hTS
complexes with the SAL molecule exhibited small conformational
changes, as identified by the RMSD values. Some bonds observed
in the docking were lost. However, the bond with the residue of Arg
175, which is important to the inhibition of hTS, was maintained.
Moreover, other strong bonds were formed with the amino acids
Gly 44, Trp 182 (of the catalytic loop) and Gln 270 (Fig. 8A).

Analysing the RMSD and RMSF graphs, D5 exhibited consid-
erable stability throughout the dynamic's entire time. Fig. (8B)

shows some interactions between D5 and hTS. D5 maintained an
important interaction with the residue of Argl75 and exhibited new
interactions compared to those observed in the docking. Two new
interactions were formed with the residues Trp182 (present in the
catalytic loop) and Arg215, which, together with Arg 50, Arg 175’
and Arg 176’°, form a cluster of four arginine residues of fundamen-
tal importance to the anchoring of the substrate (lUMP) at the ac-
tive site [64].

CONCLUSION

Salazinic acid did not exhibit toxicity to the cancer cell lines but
demonstrated in vivo antitumour activity to sarcoma-180 without
causing significant harm to the kidney, liver or spleen.

SAL exhibited interaction capacity with human thymidylate
synthase, with highly favourable energy (better than that of 5-FU)
and was also capable of forming bonds with critical residues of the
active site of the enzyme analysed. Thus, the present findings
demonstrate that salazinic acid is a strong candidate as an anti-
cancer agent.

LIST OF ABBREVIATIONS
AASS
ALT = Alanine Aminotransferase

DMEM = Dulbecco's Modified Eagle Medium

Average of Auto-scaled Scores

MD = Molecular Dynamics
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NMR = Nuclear Magnetic Resonance
RMSF = Root Mean Square Fluctuations
TI = Tumour Inhibition

TS = Thymidylate Synthase
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SUMMARY. This paper describes in silico studies of pyrimidine derivatives. Cytotoxic activity of compounds
was evaluated on cell lines MCF-7, HCT-116, HL-60 and NCI- H292. In parallel, leishmanicidal activity against
both intracellular promastigote and amastigotes forms of Leishmania amazonensis and L. infantum was deter-
mined. The compounds presented ICs, low of 25 ug/mL were 3b, 3f-g, 31-m, 3p, 3s, 5b, and 6g for cell HCT-
116, and compounds 3d,3f, 3n-p, 5b, 5c, 5f, and 6i for cell MCF-7. Compounds 3b, 3f, 3h, Sb, and 6h presented
the most promising results, showing antileishmanial activity. Furthermore, the values for several physicochemi-
cal parameters were obtained, such as molecular weight, the number of heavy atoms, the number of aromatic
heavy atoms, the number of rotatable bonds, the number of H-bond acceptors, the number of H-bond donors, the
fraction of carbon bond saturation (Csp3), the number of sp3 hybridized carbons/total carbon count, the solubili-
ty (S), the lipophilicity parameter (LogP) predicted and the molar refractivity, and were given for each molecule
by the online SwissADME web tool. The pyrimidine derivatives 3a-s, Sa-f and 6g-i do not violate the Lipinski
rule, being very good candidates for oral administration.

RESUMEN . Este articulo describe estudios in silico de derivados de pirimidina. La actividad citotdxica de los
compuestos se evalud en las lineas celulares MCF-7, HCT-116, HL-60 y NCI-H292. Paralelamente, se determin6
la actividad leishmanicida contra las formas promastigotes intracelulares y amastigotes de Leishmania amazo-
nensis 'y L. infantum. Los compuestos que presentaron una Cls, baja de 25 yg/mL fueron 3b, 3f-g, 31-m, 3p, 3s,
5b y 6g para las células HCT-116, y los compuestos 3d, 3f, 3n-p, 5b, Sc, 5f y 6i para las células MCF-7. Los
compuestos 3b, 3f, 3h, 5b y 6h presentaron los resultados mas prometedores, mostrando actividad antileishma-
nia. Ademads, se obtuvieron los valores para varios pardmetros fisicoquimicos, como el peso molecular, el nime-
ro de dtomos pesados, el nimero de dtomos pesados aromdticos, el nimero de enlaces rotativos, el nimero de
aceptores de enlaces H, el nimero de donantes de enlaces H—, la fraccién de saturacién de enlace de carbono
(Csp3), el nimero de carbonos sp3 hibridados/recuento total de carbono, la solubilidad (S), el pardmetro de lipo-
filia (LogP) predicho y la refractividad molar, y fueron dados para cada molécula por la herramienta web el
SwissADME en linea. Los derivados de pirimidina 3a-s, Sa-f y 6g-i no violan la regla de Lipinski, siendo muy
buenos candidatos para la administracion oral.

INTRODUCTION

Leishmaniasis is a protozoan parasitic human
disease of Leishmania genus, the disease is
caused by more than 20 species of protozoan
and transmitted by the bite of female phle-
botomine sandflies 1. Leishmaniasis affects more
than 12 million people worldwide, it is estimat-
ed that 2 million people of whom develop

symptomatic disease annually 2. In developing
countries, it is a serious illness, which if untreat-
ed, can reach a 90% mortality rate 24. Leishma-
niasis is classified into three major clinical
forms: visceral leishmaniasis (VL), cutaneous
leishmaniasis (CL) and mucocutaneous leishma-
niasis (MCL), the VL caused by Leishmania
donovani is the most severe form and is usually
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morbidity and mortality in the absence of treat-
ment 5. Current treatment are expensive and
cause severe side effects and emerging drug re-
sistance ¢, the most of the first line drugs such
as sodium stibogluconate, meglumine antimoni-
ate, pentamidine, amphotericin B, and miltefos-
ine, cause serious side effects and toxicity 7. Re-
sistance is well described for antimonials where-
as resistance to amphotericin B and miltefosine
is at risk, and only the latter can be adminis-
tered orally 8.

Ergo, there is a great need for more effective
and less toxic drug options. As pyrimidine
derivatives have played an important role in the
medicinal chemistry because possess a broad
spectrum of biological activities 9, we decided
realized an new study biological properties of
28 pyrimidine analogues with synthesis reported
in the recent scientific literature, see spectral da-
ta presented in supplementary material 91! to in-
vestigate for their antileishmania, cytotoxicity
and anticancer agents with respect to cell lines
MCF-7, HCT-116, HL60, and NCI-H292. Besides,
we conducted prediction of physicochemical
descriptors, to predict ADME parameters and
pharmacokinetic properties, these analogues in
discussion.

MATERIAL AND METHODS
Cytotoxicity on macrophages

RAW 264.7 macrophages were used to assess
cell cytotoxicity by MTT assay. Cells (1x105
cells/well) were plated in 96 well plates and in-
cubated for 24h (37 °C, 5% CO,) for adhesion.
Compounds were added, in six concentrations
(6.2 to 200 pg/mL) and incubated for 48 h.
Were used DMSO and miltefosine as negative
and positive control, respectively. After incuba-
tion with compounds, MTT (5mg/mL in PBS)
was added. Two h later, cell culture medium
and excess of MTT not reduced were aspirated
and 100 pL of DMSO was added for formazan
crystals solubilization. Absorbance was mea-
sured at 570 nm. Cytotoxic concentration for
50% inhibition of viability (CCsy) was calculated
by regression analysis using GraphPad Prism
software 5.0 12. Assays were done in triplicate.

Promastigote assay

Promastigotes of L. amazonensis or L. infan-
tum (1 x 106 cells/mL, Schneider’s medium with
10% fetal bovine serum) were incubated in a 96
well plate with compounds in eight different
concentrations (1,5 to 200 pg/mL) for 72 h at 26
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°C. Miltefosine was used as a reference drug.
Cells without treatment were used as negative
controls. Cell growth was assessed and ICsy/72
h was determined by regression analyses. As-
says were conducted in triplicate.

Amastigote assay

For amastigotes obtainment, RAW 264.7
macrophages were plated (3 x 105 cell/mL, RP-
MI supplemented with 10% Fetal Bovine Serum)
in a 24-well plate with a 13 mm glass cover slip
and allowed to adhere for 24h, at 37°C in 5%
CO,. Adhered macrophages were then infected
with promastigotes of L. amazonensis or L. in-
Sfantum in the stationary growth phase using a
ratio 1:15 at 37° C for 6 h. Afterward, non-interi-
orized parasites were removed by washing and
infected culture were incubated with com-
pounds for 24 h (12.5 to 400 pg/mL). Only RP-
MI 1640 medium was used as negative control.
The cover slips were collected and stained using
Pandtico staining kit (Laborclin, PR, Brazil). Per-
centage of infected macrophages was deter-
mined by counting 100 cells and its intracellular
amastigotes, in triplicate. Leishmanial activity
was assessed by decrease of infected
macrophages and intracellular amastigotes in
cultures treated (T) and non-treated (NT), de-
scribed by formula: % amastigotes = T x
NT/100. ICs, was determined by regression
analyses.

In vitro anticancer activity
Material

Tumor lines used, MCF-7 (breast cancer),
HCT-116 (colorectal cancer), HL-60 (promyelo-
cytic leukemia), and NCI-H292 (lung cancer)
were obtained from the Cell Bank of Rio de
Janeiro, having been grown in medium RPMI
1640, supplemented with 10% fetal bovine
serum and 1% antibiotics, kept in an oven at 37
°C and atmosphere containing 5% CO,. The
samples were diluted in pure sterile DMSO.
Method

Anticancer analysis by the MTT method has
been used in the screening of USA National
Cancer Institute (NCI), which tests more than
10.000 samples each year 13. Tt is a fast, sensible
and cheap method. Tt was first described by
Mosmann 4, having the ability to analyze the vi-
ability and metabolic state of the cell. Tt is a col-
orimetric analysis based on the conversion of
the salt 3-(4,5-dimethyl-2-thiazole) -2,5-
diphenyl-2-H-bromide of tetrazolium (MTT) in
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formazan blue, from mitochondrial enzymes
present only in metabolically active cells. The
anticancer study by the MTT allows us to easily
define cytotoxicity, but not the mechanism of
action 15. The lineages MCF-7 (breast cancer),
HCT-116 (colorectal cancer), HL-60 (promyelo-
cytic leukemia) e NCI-H292 (lung cancer) were
plated at 1.10 5 or 3.105 cells/mL previously dis-
solved in DMSO were serially diluted in the
medium RPMI to obtain final concentrations and
added to a 96-well plate. The plates were incu-
bated for 72 h in the greenhouse 5% of CO, at
37 °C. Thereafter, 25 pL of the solution of MTT
(tetrazolium salt), and the plates were incubated
for 3 h. The absorbance was read after dissolu-
tion of the precipitate with pure DMSO in plate
spectrophotometer at 595 nm.
Analysis metbhod

For single concentration, an intensity scale
was used to evaluate the anticancer potential of
the samples tested. Samples without activity,
with little activity (inhibition of cell growth
ranging from 1 to 50%), with moderate activity
(inhibition of cell growth ranging from 50 to
75%) and very active (inhibition of growth rang-
ing from 75 to 100%). Samples with more than
75% inhibition will be calculated at CIs,, was
calculated by non-linear in the program Graph-
Pad Prism 12. Each sample was tested in dupli-
cate.
In silico studies

The SMILE (Simplified Molecular Input Line
Entry System) code for all the structures was ob-
tained and used as input in order to run the on-
line SwissADME web tool 1 for generating a
prediction of physicochemical descriptors, as
well as to predict ADME parameters and phar-
macokinetic properties.

RESULTS AND DISCUSSION
Chemistry

In our synthetic approach, the pyrimidine
derivatives were the compounds 3a-s, 5a-f and
6g-i already reported in the literature for con-
ventional synthesis our research group9-11.
Spectral date compounds 3a-s, 5a-f and 6g-i are
given in Fig 1.

4-Amino-5-cyano-2-phenyl-6-(m-nitrophen-
yD-pyrimidine (3a)

This compound was obtained as colorless
crystals from MeOH in 98% yield, m.p. 221-222,
R = 0.41; n-hexane-ethyl acetate 7:3); IR, KBr,
Ymax cml: 5494 (NHZasymm.)» 3388 (NHZSymmA)a
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2214 (C=N), 1621 (C=N); 'H-NMR (DMSO-dy 300
MH2), &: 8.78 (t, 1H, H2”, J 1.60 Hz); 8.46 (t, 2H,
H4” and H6”, J 8.4 Hz); 8.43(d, 2H, H2" and H6’,
7 8.4 Hz); 7.95-8.55 (b, 2H, C2-NH,); 7.91 (t, 1H,
H5”) and 7.57-7.54 (3H, H3’, H4 and H5"); 13C-
NMR (DMSO-dd, 300 MHz), 8: 166.0 (1C, C5");
164.4 (1C, C17); 164.2 (1C, C2); 147.8 (1C, CO);
138.0 (1C, C4"); 136.3 (1C, C6); 135.0 (1C, C4");
131.8 (1C,C17); 130.3 (1C, C27); 128.6 (2C, C2
and C6"); 128.4 (1C, C3”); 125.5 (1C, C1");
123.3(1C,C4); 116.0 (2C, C3 and C5) and 85.0
(1C, C5). MS (MALDI TOF MS: m/z molecular
mass found = 318.0946; calculated for
C7H,N5O, [M+1]*, mass = 318.0984.

4-Amino-5-cyano-2-p-phenyl-6-(p-nitro-
phenyD)-pyrimidine (3b)

This compound was obtained as colorless
crystals from MeOH in 98% yield, m.p. 220-221,
Rf = 0.42; (n-hexane-ethyl acetate, 7:3); IR, KBr,
Ymax cmh: 3436 (NHZ’szmm.)7 3326 (NHZSymm.)y
2227 (C=N), 1647 (C=N); 'H-NMR &: (DMSO-d,
400 MHz), §: 8.47 (d, 2H, J 1.8 e 11.2 Hz, H2’
and H6); 8.59 (s, 2H, C2-NH,); 8.05 (d, 7 11.2
Hz H2” and H6”); 7.58 (d, 2H, J 11.2 Hz, H3’
and H5”) and 7.50 -7.40 (m, 3H, H3, H4 and
H5); 13C-NMR (DMSO-dg 400 MHz), §: 166.3
(1C, C6) and 164.2 (1C, C1™); 163.9 (1C, C2);
162.3 (1C,C17); 148.5 (1C,C4™); 135.9 (2C, C2”
and C6™): 131.2 (2C, C3” and C57); 127.9 (2C,
€2 and C6); 124.9 (1C, C17); 112.6 (2C, C3’ and
C5): 113.6 (1C, C4); 84.9 (1C, C5). MS MALDI
TOF MS: m/z (molecular mass found =
318.1087; calculated for C17H;,NsO, [M+1]*,
mass = 318.0984.

4-Amino-5-cyano-2-(p-anisyl)-6-(m-nitro-
phenyD)-pyrimidine (3¢)

This compound was obtained as colorless
crystals from ACN in 89% yield, m.p. 226-227, R¢
=0,4 (n-hexane-ethyl acetate 7:3); IR, KBr, Yyux
em: 3439 (NHyugpmm)s 3327 (NHogymm), 2227
(C=N), 1647 (C=N); 'H-NMR §: (DMSO-d4 400
MH2), §: 8.61 (s,1H, H2"); 8.43-8.34 (m, 4H, H2’
and H6’; H4” and HG6”); 8.22-8.20 (d, 1H, H3");
8.20-8.09 (b, 2H, C2-NH,) 7.91-7.87 (t, 1H, H5");
7.55-7.54 (d, 2H, J = 5.7 H3’and H5’) and § 3.84
(s, 3H); 13C-NMR (DMSO-d, 400 MHz), &: 166.2
(1C, C6); 164.2 (1C, C17); 163.9 (1C, C2); 162.3
(1C, C4"); 148.7 (1C, C3); 142.6 (1C,C17); 135.0
(1C,C4™); 131.8 (1C, C57); 130.1 (1C, C6™); 130.3
(2C, C2" and C6); 128.6 (1C, C1); 123.6 (1C,
C27); 113.90 (2C, C3 and C5); 116.0 (1C, C4);
84.3 (1C, C5) and 55.4 (1C,C1""). MS (MALDI
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Figure 1. Synthesis of pyrimidine analogs 3a-s, 5a-f and 6g-i.

TOF MS: m/z molecular mass found = 348.1148;
calculated for C;gH4N5O3 [M+1]", mass =
348.1018.

4-Amino-5-cyano-2-(p-anisyl)-6-(p-nitro-
phenylD)-pyrimidine (3d)

This compound was obtained as colorless
crystals from ACN in 91% yield, m.p. 221-222, R;
= 0.45 (n-hexane-ethyl acetate 7:3); IR, KBr, V.«
em: 3109 (NHyugpmm.), 3033 (NHagymm), 2227
(C=N), 1601 (C=N); 'H-NMR &: (DMSO-d; 400
MHz), &: 8.38 (d, 2H, J 8.8 Hz, H2” and H6");
8.32 (d, 2H, J 8.8 Hz, H2' and H6); 8.16 (d, 2H,
7 6.6 Hz, H3” and H5"); 7.92 (b, 2H, C2-NH,);
7.04 (d, 2H, J = 8.8 Hz, H3' and H5); and § 3.81
(s, 3H); BC-NMR (DMSO-d; 400 MHz), 8: 166.2

(1C,C47); 163.9 (1C, C2) 164.2 (1C, C17); 148.6
(1C, C6); 142.6 (1C,C17); 130.3 (2C, C2’ and
C6); 130.0 (2C, €27 and C6"); 128.6 (1C, C17);
123.6 (2C, C3” and C5"); 55.3 (1C,C1™); 116.0
(1C, C4); 113.9 (2C, C3' and C5); and 84.3 (1C,
C5). MS MALDI TOF MS: m/z molecular mass
found = 348.1148; calculated for C;gH4NsO3
[M+1]*, mass = 348.1018.

4-Amino-5-cyano-2-(p-diethylaminophenyl)-
6-Gm-nitrophenyl)-pyrimidine (3e)

This compound was obtained as colorless
crystals from MeOH in 90% yield, m.p. 236-237,
Rf = 0.7 (n-hexane-ethyl acetate 6:4); IR, KBr,
Ymax cm-t 3123 (NHZasymm.), 3033 (NH25ymm4)a
2228 (C=N), 1685 (C=N); 1H-NMR (DMSO-d 300
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MHz); 8: 8.61 (s, 1H, H2"); 8.43-8.35 (m, 4H, H2’
and HG6’, H4”, H6"); 8.32-8.28 (b, 2H, C2-NH,);
8.23-8.20 (d, J 8.0 Hz, 2H, H3 and H5); 7.58-
7.52 (m, 1H, H5”) and 3.03 (s, 6H); 13C-NMR
(DMSO-dg 300 MHz), &: 165.9 (1C, C6) and
164.4 (1C, C1"); 164.1 (1C, C2); 147.7 (1C, C37);
137.8 (1C, C4); 136.2 (1C,C1”); 135.0 (1C,C4");
131.7 (1C, C57);130.3 (2C, C2’ and C6); 128.6
(1C, C67); 128.4 (1C, C17); 125.4 (1C, C27); 123.3
(2C, €3’ and C5); 115.9 (1C, C4); 84.9 (1C, C5)
and 39.6 (2C,C1"). MS (MALDI TOF MS: m/z
molecular mass found = 360.1383; calculated for
CioHgN¢O3 M*, mass = 300.1335.

4-Amino-5-cyano-2-(p-diethylaminophenyl)-
6-(p-nitrophenyl)-pyrimidine (3f)

This compound was obtained as colorless
crystals from MeOH in 92% yield, m.p. 222-223,
Rf = 0.75 (n-hexane-ethyl acetate 6:4); IR, KBr,
Ymax cm1: 3117 (NHzasymm.): 3039 (NHZSymm.)a
2230 (C=N), 1602 (C=N); 'H-NMR (DMSO-d4 300
MHz), §: 8.24 (d, 2H, J 9.3 Hz, H2 and H6));
7.97 (d, 2H, 7 9.3 Hz, H2” and H6"); 7.73 (b, 2H,
C2-NH,); 7.64 (d, 2H, J = 9.3 Hz, H3” and H5");
6.77 (d, 2H, J = 9.3 Hz, H3’ and H5) and 6 3.10
(s, 6HD); 13C-NMR (DMSO-d¢ 300 MH2), §: 166.50
(1C, C6); 164.3 (1C, C17); 164.2 (1C, C2); 152.6
(1C, €4); 135.7 (1C, C17); 135.5 (1C,C4™); 130.4
(2C, C2” and C6”); 130.1 (2C, C2’ and C6"); 128.5
(2C, C3” and C5”); 123.1 (1C, C1"); 116.8 (1C,
C4); 111.1 (2C, C3 and C5); 82.4 (1C, C5); and
d 39.7 (2C,C1°7). MS MALDI TOF MS: m/z
molecular mass found = 360.3219; calculated for
C1oHgN¢O3 M*, mass = 360.1335.

4-Amino-5-cyano-2-(p-anisyl)-6-(p-chloro-
phenyl)-pyrimidine (3h)

This compound was obtained as colorless
crystals from in 87.76% yield, m.p. 221-223 °C,
Ry = 0.3; (n-hexane-ethyl acetate, 7:3); IR, KBr,
Ymax cml: 3422 (NHZZSymm.): 3237 (NHZSymm.)a
2218 (C=N), 1640 (C=N); 'H-NMR (DMSO-d; 400
MHz), §: 8.42 (d, 2H, J 8.0 Hz, H2 and HO6);
8.35 (d, 2H, 7 8.0 Hz, H2” and H6"); 8.02 (b, 2H,
C2-NH,); 8.19 (d, 2H, J 8.0 Hz, H3” and H5");
7.08 (d, 2H, J = 8.0 Hz, H3 and H5) and & 3.84
(s, 3H); BC-NMR (DMSO-ds 300 MHz), 8: 166.3
(1C, C6); 164.2 (1C, C17); 163.9 (1C, C2); 162.3
(1C, C4); 148.7 (1C, C4”); 142.6 (1C,C17); 130.3
(2C, C2 and C6Y); 130.0 (2C, C2” and C6”); 128.6
(1C,C1); 123.6 (2C, C3 and C5"); 116.0 (1C, C4);
114.0 (2C, C3” and C57); 84.3 (1C, C5); and §
55.3 (1C,C1”"). LCMS-IT-TOF: m/z (molecular
mass found 336.0992; calculated for for
CioH16NgO3 M*, mass = 336.0778.
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4-Amino-5-cyano-2-(p-aminophenyl)-6-(m-
nitrophenyl)-pyrimidine (3j)

This compound was obtained as colorless
crystals from MeOH in 97% vyield, m.p. 243-245,
Ry = 0.2 (ethyl acetate-methanol 9.7:0.3); IR,
KBr, Y max cm-L: 5451 (NHZZISYHH’H,)’ 5558
(NHagymm), 2299 (C=N), 1654 (C=N); H-NMR
(DMSO-dg 400 MHz), &: 8.77 (s, 1H, H2"); 8.59
(d, 78.8 Hz, 2H, H2’ and H6"); 8.48-8.42 (m, 2H,
H4”and H6”); 8.39(d, /8.8 Hz, 2H, H3’ and H5);
8.30-8.00 (b, 2H, C2-NH,); and 7.91 (t, J 16.0
Hz,1H, H5"); BC-NMR (DMSO-dg 300 MHz),
166.2 (1C, C6) and 164.4 (1C, C1"); 162.3 (1C,
C2); 149.3 (1C, C4); 147.8 (1C, C3"); 142.0 (1C,
C1); 137.6 (1C,C17); 135.1 (1C, C6™); 130.4 (1C,
C57); 129.6 (2C, C2" and C6"); 125.6 (1C,C47);
123.4 (1C, C2"); 123.3 (2C, C3 and C5); 115.6
(1C, C4) and 86.1 (1C, C5). LCMS-MALDI-TOF:
m/z molecular mass found = 334.9344; calculat-
ed for C1;H,NgO, [M+2]*, mass = 334.1022.

4-Amino-5-cyano-2-(p-nitrophenyl)-6-(m-
nitrophenyl)-pyrimidine (3D

This compound was obtained as colorless
crystals from MeOH in 91% yield, m.p. 260-262,
Ry = 0.7(n-hexane-ethyl acetate 7:3); IR, KBr,
Ymax ¢m~t: 3092 (NHZasymm.)7 3003 (NHZSymm.)v
2225 (C=N), 1699 (C=N); 'H-NMR (DMSO-d, 400
MHz), &: 8.77 (t, / 2.0 Hz, 1H, H2"); 8.47-8.43
(m, /9.2 Hz, 2H, H2"and H6); 8.40 (d, /9.2 Hz,
2H, H2'and H6); 8.28-8.10 (b, 2H, C2-NH,); 7.92
(t, /7.6 Hz, 1H, H5”) and 7.54 (d, /9.2 Hz, 2H,
H3’ and H5");13C-NMR (DMSO-dg 300 MHz), 9:
166.0 (1C, C6) and 164.4 (1C, C1"™); 164.2 (1C,
C2); 148.7 (1C, C4"); 147.8 (1C, C3”); 138.0
(1C,C1"); 136.3 (1C, C1"); 131.8 (1C, C6”); 130.3
(1C, C5); 128.6 (2C, C3’ and C5°); 128.4
(1C,C4™); 125.5 (2C, C2’ and C6); 123.3 (1C,
C27); 116.0 (1C, C4) and 85.0 (1C, C5). MALDI -
TOF: m/z molecular mass found = 363.1696; cal-
culated for C;H;NgO4 [M+1]*, mass = 363.0794.

4-Amino-5-cyano-2-(p-nitrophenyl)-6-(p-
nitrophenyl)-pyrimidine (3m)

This compound was obtained as colorless
crystals from MeOH in 90% yield, m.p. 237-239,
Rf = 0.65(n-hexane-ethyl acetate 7:3); IR, KBr,
Ymax cm1: 3107 (NHZZISYIHHL)7 3019 (NHZSymmA)v
2230 (C=N), 1602 (C=N); 'H-NMR (DMSO-dy 400
MHz), &: 8.37 (d, 2H, J 8.4 Hz, H2 and H6);
8.37 (d, 2H, J 8.4 Hz, H2” and H6"); 8.37-8.17
(b, 2H, C2-NH,); 8.17 (d, 2H, J 8.4 Hz, H3” and
H5”) and 8.17 (d, 2H, J 8.4 Hz, H3 and H5");
13C-NMR (DMSO-dg 300 MHz), 6: 165.9 (1C, C6);



164.4 (1C, C1™); 164.2 (1C, C2); 150.0 (2C, C4’
and C47); 138.0 (2C, C2" and C6); 137.0 (1C,
C17); 136.3 (1C, C1);136.0 (2C, C2” and C6”);
124.4 (4C, C3 and C5’; C3” and C57); 115.6 (1C,
C4) and 86.1 (1C, C5). MS MALDI TOF MS: m/z
(molecular mass found = 362.3434; calculated
for C;sH;1NgO4 M*, mass = 362.0764.

4-Amino-5-cyano-2-(p-methylphenyl)-6-Gmn-
nitrophenyl)-pyrimidine (30)

This compound was obtained as colorless
crystals from MeOH in 95% vyield, m.p. 241-243,
R; = 0.55 (n-hexane-ethyl acetate-methanol
6:3:1); IR, KBr, Ymax cm': 3443 (NHyugmm ), 3352
(NHymm), 2167(C=N), 1606 (C=N); 'H-NMR
(DMSO-dg 400 MHz), &: 8.75 (t, J 2.10 Hz, 1H,
H2"); 8.47-8.39 (m, 2H, H4” and H6”); 8.29 (d, J
8.10 Hz, 2H, H2’ and H6"); 8.06 (b, 2H, C2-NH,);
7.89 (t, J 8.10 Hz,1H, H5") 7.34 (d, J 8.10 Hz,
2H, H3 and H5); and 2.38 (s, 3H); 13C-NMR
(DMSO-dg 300 MHz), 8: 166.0 (1C, C6) and
164.4 (1C, C1"™); 164.3 (1C, C2); 147.8 (1C, C3");
141.9 (1C, C4); 135.1 (1C,C4"); 133.6 (1C, C1");
130.4 (1C, C57); 129.3 (2C, C3 and C5); 128.5
(2C, C2 and C6); 125.5 (1C, C6); 125.4 (1C,
C2”); 123.4 (1C,C1"); 116.1 (1C, C4); 84.7 (1C,
C5) and 21.2 (1C,C1”7). MS MALDI TOF MS: m/z
(molecular mass found = 332.3184; calculated
for CgH4N5O, M*, mass = 332.1009.

4-Amino-5-cyano-2-(p-methylphenyl)-6-(p-
nitrophenyl)-pyrimidine (3p)

This compound was obtained as colorless
crystals from MeOH in 96% yield, m.p. 289-291,
Rf = 0.65 (n-hexane-ethyl acetate-methanol
6:3:1); IR, KBr, Y. cm—1: 3480 (NHa5mm.), 3348
(NHgymm), 2217 (C=N), 1638 (C=N); 'H-NMR
(DMSO-dy 300 MHz), 6: 8.31 (d, 2H, J 8.0 Hz,
H2 and H6); 8.29 (d, 2H, J 8.0 Hz, H2” and
HO6™); 7.90 (d, 2H, J 8.0 Hz, H3” and H5); 7.65-
7.30 (b, 2H, C2-NH,); 7.00 (d, 2H, / 8.0 Hz, H3’
and H5") and 6 3.10 (s, 6H); 13C-NMR (DMSO-d,
300 MHz), &: 165.9 (1C, C6); 164.4 (1C, C17");
164.2 (1C, C2); 159.3 (1C, C4"); 148.0 (1C,C4");
138.00 (1C, C17); 131.2 (2C, C2” and C6™); 130.3
(2C, C2" and C6"); 130.2 (1C, C1"); 128.5 (2C, C3”
and C57); 127.9 (2C, C3’ and C5"); 116.1 (1C,
C4); 84.7 (1C, C5); and & 21.1 (1C,C1’). MS
(MALDI TOF MS: m/z molecular mass found =
331.1184; calculated for CigH 3N5O, M*, mass =
331.1008.

4-Amino-5-cyano-2-phenyl-6-(p-chloro-
phenyl)-pyrimidine (3r)
This compound was obtained as colorless
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crystals from MeOH in 88% yield, m.p. 210-211,
R = 0.30; (n-hexane-ethyl acetate, 7:3); IR, KBr,
Ymax cmL: 3334 (NHZasymm,)7 5226 (NHZSymm.)’
2217 (C=N), 1627 (C=N); 'H-NMR (DMSO-d; 300
MHz), &: 8.39 (d, 2H, J 1.8 e 11.2 Hz, H2 and
H6); 8.01 (d, 7 11.2 Hz H2” and H6"); 7.57 (d,
2H, 7 11.2 Hz, H3” and H5”) and 7.57 -7.50 (m,
3H, H3', H4" and H5"); 7.56 (s, 2H, C2-NH,). 13C-
NMR (DMSO-dg 300 MHz), §: 166.9 (1C, C6) and
164.5 (1C, C1); 164.0 (1C, C2); 163.4 (1C,C1");
136.4 (1C,C4"); 135.8 (2C, C2” and C6”); 135.3
(2C, C3” and C57); 131.6 (2C, C2’ and C6"); 130.4
(1C, C1%); 128.6 (2C, C3 and C5); 116.2 (1C,
C4); 84.2 (1C, C5). MALDI-IT-TOF: m/z molecu-
lar mass found = 306.9344; calculated for
Cy7H;;,CIN4 M*, mass = 306.0672.

4-Amino-5-cyano-2-(p-anisyl)-6-(p-anisyl)-
pyrimidine (3s)

This compound was obtained as colorless
crystals from ACN in 91% yield, m.p. 194-195, R¢
= 0.45 (n-hexane-ethyl acetate 7:3); IR, KBr, Y.«
emt: 3109 (NHayagpmm)s 3033 (NHopgymm), 2227
(C=N), 1601 (C=N); 'H-NMR (DMSO-ds 400
MHz), &: 8.42 (d, 2H, J 8.7 Hz, H2' and HO);
8.35 (d, 2H, /8.7 Hz, H2” and H6”); 8.19 (d. 2H.

J 87 Hz. H3” and H5"); 8.02 (b, 2H, C2-NH,);

7.01 (d, 2H, J 8.7 Hz, H3 and H5"); and & 3.81
(s, 6H); 13C-NMR (DMSO-dy 400 MHz), MS
(MALDI TOF MS: m/z molecular mass found
=334.1604; calculated for C;gH 4N5O; [M+2]*,
mass = 334.1273.

4-Amino-5-cyano-2-p- phenyl-6-Gmn-succini-
midephenyl)-pyrimidine (5a)

This compound was obtained as colorless
crystals in cyclohexane and ethyl acetate (6:4)
yield. 89%. m.p. 220-222. R¢ = 0.15; IV, KB, Yy
cm-b: 5404 (NHZHSSim.); 3345 (NHZSiﬂ’l.); 2265
(C=N). 1797 (C=0); 1601 (C=N); 'H-NMR (DM-
SO-dgs 300 MHz), §: 8.78 (s, 1H, H2"); 8.46 (t,
2H, H4” and H6”, J 8.4 Hz); 8.43(d, 2H, H2’ and
H6', ] 8.4 Hz); 8.01 (b, 2H, C2-NH,); 7.91 (t, 1H,
H5") and 7.57-7.54 (3H, H3', H4' and H5); 2.82
(s, 2H, 3”7 and 4””); 1BC-NMR (DMSO-d, 300
MHz), §: 191.0(2C, C2”” and C57); 165.6 (1C,
C57); 164.4 (1C, C17); 164.2 (1C, C2); 147.8 (1C,
C6); 138.0 (1C, C4); 136.3 (1C, C6™); 135.0 (1C,
C47); 131.8 (1C, C17); 130.3 (1C, C27); 128.6 (2C,
C2 and CO6"); 1284 (1C, C37); 125.5 (1C, C17;
123.3 (1C, C4); 116.0 (2C, C3 and C5") and 85.0
(1C, C5); 23.7 (2C, C3”” and C4””). LCMS-IT-
TOF: m/z molecular mass found = 369.1224; cal-
culated for C,HsN5O, M*, mass = 369.1226.
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4-Amino-5-cyano-2-p- phenyl-6-(p-succini-
midephenyl)-pyrimidine (5b)

This compound was obtained as colorless
crystals in cyclohexane and ethyl acetate (6:4)
yield. 98%. m.p. 220-221. Ry = 0.12; IV, KBr, Yy
cm-L: 5436 (NHZassim.); 5326 (NHZSilTl.); 2227
(C=N); 1647 (C=N); 'H-NMR (DMSO-d; 300
MHz), §: 8.41 (d, 2H, J 1.2 and 9.3 Hz, H2’ and
H6); 8.0 (d, 2H, /9 Hz H2” and H6"); 7.9 (b,
2H, C2-NH,); 7.78 (d, 2H, J 9 Hz, H3” and H5")
and 7.57 -7.48 (m, 3H, H3', H4" and H5") 2.75 (s,
2H, H3”” and H4"”); 13BC-NMR (DMSO-ds; 300
MHz), &: 173.8 (2C, C27” and C4™); 166.3 (1C,
C6) and 164.2 (1C, C1); 163.9 (1C, C2); 162.3
(1C, C17); 148.5 (1C, C4™); 135.9 (2C, C2” and
C6”); 131.2 (2C, C3” and C57); 127.9 (2C, C2’
and C6); 124.9 (1C, C1); 112.6 (2C, C3’ and
C5); 113.6 (1C, C4); 84.9 (1C, C5); 31.1 (2C,
C3”” and C4””). LCMS-IT-TOF: m/z (molecular
mass found = 368.9627; calculated for
Cy,HsNsO, [M-1]7, mass = 368.1226.

4-Amino-5-cyano-2-(p-anisyl)-6-(m-succi-
nimidephenyl)-pyrimidine (5¢)

This compound was obtained as colorless
crystals in cyclohexane and ethyl acetate (6:4)
yield. 78%. m.p. 224-226. Ry =0.8 IV. KBr. Yy«
cml: 3467 (NHyugsim); 3345 (NHygp )5 2217
(C=N). 1798 (C=0); 1647 (C=N); 'H-NMR (DM-
SO-dg 300 MHz), &: 8.77 (s,1H, H2"); 8.47-8.38
(m, 4H, H2' and H6’; H4” and H6”); 8.40 (d, 2H,
H3"); 8.36-8.34 (b, 2H, C2-NH,) 7.92-7.84 (¢, 1H,
H5"); 7.58-7.52 (m, 2H, /5.7 H3 and H5); 2.90
(s, 2H, 3" and 47); and 3.85 (s, 3H); 13C-NMR
(DMSO-dg 300 MHz), &: 174.0(2C, C2” and
C57); 166.2 (1C, C6); 164.2 (1C, C17); 163.9
(1C, C2); 162.3 (1C, C4); 148.7 (1C, C3"); 142.6
(1C, C17); 135.0 (1C, C4”); 131.8 (1C, C57); 130.1
(1C, C67); 130.3 (2C, C2’ and C6"); 128.6 (1C,
C1); 123.6 (1C, C2”); 113.9 (2C, C3’ and C5");
116.0 (1C, C4); 82.3 (1C. C5), 55.3 (1C, C1™);
32.0 (2C, C3”” and C4””). LCMS-IT-TOF: m/z
molecular mass found = 398.9311; calculated for
Cy3H5N505 [M-1]7, mass = 398.1331.

4-Amino-5-cyano-2-(p-anisyl)-6-(p-succi-
nimidephenyl)-pyrimidine (5d)

This compound was obtained as colorless
crystals in cyclohexane ethyl acetate (6:4) yield
94%. m.p. 224-226. Ry = 0.75; IV, KBTI, Y. cmL:
3109 (NHyugm). 3033 (NHyg, ). 2227 (C=N).
1601 (C=N); 'H-NMR (DMSO-dg 400 MHz), §:
8.37 (d, 2H, /8.7 Hz, H2 and H6); 7.98 (d,. 2H,
J 8.7 Hz, H2” and H6); 7.78 (b, 2H, C2-NH,);
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7.68 (d. 2H. /8.7 Hz. H3” and H5"); 7.08 (d, 2H,
/8.7 Hz, H3” and H5"); 3.84 (s, 3H) and 2.89 (s,
2H, H3”” and H4””); 13C-NMR (DMSO-d4 400
MHz), &: 173.6 (2C, C2 and C5); 166.2 (1C,
C4”); 163.9 (1C, C2) 164.2 (1C. C17); 148.6 (1C.
C6); 142.6 (1C, C17); 130.3 (2C, C2" and C6);
130.0 (2C, C2” and C6”); 128.6 (1C, C17); 123.6
(2C. C3” and C57); 55.3 (1C, C1™); 116.0 (1C,
C4); 113.9 (2C, C3’ and C5"); 84.3 (1C, C5); and
32.6 (2C, C3”” and C4””). LCMS-IT-TOF: LCMS-
IT-TOF: m/z molecular mass found = 401.0958;
calculated for C,3H;NsO; [M+2]*, mass =
401.9311.

4-Amino-5-cyano-2-(p-diethylaminophenyl)-
6-(m-succinimedephenyl)-pyrimidine (5¢)

This compound was obtained as colorless
crystals in cyclohexane ethyl acetate (6:4) yield.
93%. m.p. 223-225. Ry = 0.7; IV, KBr, Y. cm L
3423 (NHZHSSinl.)v 3433 (NHZSim.)a 2288 (CEN),
1807 (C=0), 1685 (C=N); 'H-NMR (DMSO-d,
300 MHz), §: 8.91 (t, 1H, H2"); 8.52-8.44 (m, 4H,
H2, H6, H4” and H6”); 7.62-7.38 (b, 2H, C2-
NH,); 8.59-8.40 (m, J 8.0 Hz, 2H. H3’ and H5");
7.98-7.82 (t, 1H, H5™); 3.23 (s, 6H) and 2.67 (s,
4H, H3”” and H5””). 13C-NMR (DMSO-d4 300
MHz), 6: 170.6 (2C, C2”” and C5); 166.0 (1C,
C6); 164.4 (1C, C1"™); 164.1 (1C, C2); 147.7 (1C,
C3"); 137.9 (1C, C4); 136.2 (1C, C17); 135.0 (1C,
C47); 131.7 (1C, €57);129.3 (2C, C2' and C6");
128.6 (1C, C6"); 128.4 (1C, C17); 125.4 (1C, C27);
123.3 (2C, €3’ and C5"); 116.6 (1C, C4); 83.5 (1C,
C5); 39.33 (2C, C1””) and 31.1 (2C, C3””” and
C4””). LCMS-IT-TOF: m/z molecular mass found
= 414.3004; calculated for Cy3H,0NgO, [M+2]*
mass = 414.1638.

4-Amino-5-cyano-2-(p-diethylaminophenyl)-
6-(p-succinimedephenyl)-pyrimidine (5f)
This compound was obtained as colorless
crystals in cyclohexane ethyl acetate (6:4) yield.
89%. m.p. 220-222. Ry = 0.8; IV, KBr, Y. cm-,
3457 (NHZJSSIH’I) 5369 (Nstlm) 2336 (CEN)
1756 (C=0); 1602 (C=N); 'H-NMR (DMSO-dj
300 MHz), §: 8.24 (d, 2H, /6.9 Hz, H2" and H6);
7.98 (d, 2H, /6.9 Hz, H2” and H6"); 7.68 (b, 2H,
C2-NH,); 7.58 (d, 2H, J 6.9 Hz, H3” and H5");
6.75 (d, 2H, J 6.9 Hz, H3 and H5); 3.04 (s, 4H,
H3”” and H4”"); and 2.08 (s, 6H) 13C-NMR
(DMSO-dg 300 MHz), &: 170.4 (2C, C2"” and
C577); 166.7 (1C, C6); 164.3 (1C, C17); 164.2
(1C, C2): 1525 (1C, C4); 135.7 (1C, C17); 135.5
(1C, C4); 130.4 (2C, C2” and C6”); 130.1 (2C,
C2 and and C6); 128.5 (2C, C3” and C5”); 123.1



(1C, C1); 116.8 (1C, C4); 111.1 (2C, C3’ and
C5"); 82.3 (1C, C5); 39.7 (2C, C1™) and 28.7 (2C,
C3”” and C4””’). LCMS-IT-TOF: m/z (molecular
mass found = 414.3096; calculated for
Cy3Hp NGO, [M+2]*, mass = 414.1638).

4-Amino-5-cyano-2-(p-diethylaminophenyl)-
6-(p-pyrrol-2-onephenyl)-pyrimidine (6g)

This compound was obtained as yellow crys-
tals from MeOH in 82.9% yield, m.p.234.7-235.5
°C, Ry = 0.56 (n-hexane-ethyl acetate 7:3); IR,
KBr7 Ymax cm-h: 3334 (NHZasymm.)» 3270
(NHogymm), 2219, (C=N), 1587 (C=N); 'H-NMR
(DMSO-dg 400 MHz), &: 8.20 (d, 2H, J 9.2 Hz,
H2' and H6); 8.02 (d, 2H, J 9.2 Hz, H2” and
H6”); 7.70 (b, 2H, C2-NH,); 7.63 (d, 2H, J = 9.2
Hz, H3” and H5”); 6.76 (d, 2H, J = 9.2 Hz, H3
and H5); 6.52 (m, 1HJ = 6.2 Hz, H3""); 6.38
(m, 1H,/ = 6.2 Hz, H4"™); 3.30 (s, 2H, H5"");
and 2.99 (s, 6H); 3C-NMR (DMSO-ds 300 MHz),
8: 164.5 (1C, C6); 164.2 (1C, C1™); 164.1 (1C,
C2); 161.4 (1C, C277); 153.8 (1C, C4); 152.6 (1C,
C4777); 138.0 (1C, C4™); 135.0 (1C,C17); 130.4
(2C, C2” and C6™); 130.3 (2C, C2’ and C6); 128.6
(1C, C37); 125.4 (1C, C1); 123.3 (2C, C3” and
C57); 116.2 (1C, C4); 114.0 (2C, C3’ and C5);
84.1 (1C, C5); 52.8 (1C, C5”"); and 3 39.4
(2C,C1"”). LCMS-IT-TOF: m/z molecular mass
found 396.0357; calculated for Cy3H,0NgO3 M*,
mass = 396.1699.

4-Amino-5-cyano-2-(p-anisyl)-6-(p-pyrrol-2-
onephenyl)-pyrimidine (6h)

This compound was obtained as brown crys-
tals from MeOH in 87.45% yield, m.p. 344.3-
345.1, Ry = 0.2 (ethyl acetate-methanol 9.7:0.3);
IR, KBI, Ypay cm-': 3487 (NH,uqpmm), 3186
(NHagymm), 2210 (C=N), 1697 (C=N); H-NMR
(DMSO-d, 400 MHz), 8: 8.20 (d, 2H, J = 12 Hz,
H2’ and H6); 8.02 (d, 2H, /= 11.6 Hz, H2” and
H6™); 7.80 (b, 2H, C2-NH,); 7.67 (d, 2H, /= 11.6
Hz, H3” and H5"); 7.08 (d, 2H, J = 12 Hz, H3
and H5"); 6.80 (m, 1H, J = 6.6, H3"); 6.72 (m,
1H, J = 6.6,H4”); 3.84 (s, 3H) and3.30 (s, 3H,
H577");13C-NMR (DMSO-dg 300 MHz), &: 165.5
(1C, C6); 164.5 (1C, C17); 164.3 (1C, C6); 162.3
(1C, C2"); 153.8 (1C, C4”); 152.5 (1C,C17);
130.3 (1C, C4”); 130.1 (1C, C37™); 129.5 (2C, C2’
and C6"; 125.3 (2C, C2” and C6”); 123.2 (1C,
C1); 122.9 (2C, C3” and C5"); 116.5 (1C, C4);
112.1 (2C, C3’ and C5"); 82.8 (1C, C5); 55.9 (1C,
C1”) and 47.3 (1C, C5””). LCMS-IT-TOF: m/z
molecular mass found 384.9397; calculated for
CyH5N5O, [M+1]*, mass = 384.4027.
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4-Amino-5-cyano-2-(p-maleimidephenyl)-6-
(p-anisyl)-pyrimidine (6i)

This compound was obtained as yellow crys-
tals from MeOH in 79.5% yield, m.p. 236.4-
236.9, Re= 0.7 (n-hexane-ethyl acetate 6:4); IR,
KBr’ Ymax cm-L: 3476 (NHZasymmA)a 3212
(NHqymm), 2213 (C=N), 1621 (C=N); 'H-NMR
(DMSO-dg 400 MHz), §: 8.40 (b, 2H, C2-NH,);
7.98 (d, 2H, J = 11.6 Hz, H2" and H6); 7.79 (s,
2H, H1” and H2"); 7.37 (d, 2H, J = 7.6 Hz, H2”
and H6”); 7.20 (d, 2H, /= 7.6 Hz, H3” and H5");
7.11 (d, 2H, J = 11.6 Hz, H3 and H5) and &
3.88 (s, 3H""); 1BC-NMR (DMSO-d,; 300 MHz), &:
166.9 (1C, C6); 164.6 (1C, C17); 164.2 (1C, C17);
164.1 (2C, C1” and C27); 164.0(1C, C2); 134.9
(1C, C1); 130.9 (1C,C17); 130.2 (2C, €2 and
C6); 128.5 (2C, C2” and C6”); 124.0 (2C, C3’ and
C5); 113.8 (1C, C4); 113.7 (2C, C3” and C5"):
84.4 (1C, C5); and § 55.4 (2C,C1””).LCMS-IT-
TOF: m/z molecular mass found 398.0965; cal-
culated for C,,H7NsO, [M+1]*, mass = 398.3802.

Antileishmanial and cytotoxic activities

According to the results shown in Table 1,
pyrimindine derivatives 3(a-f), 3h, 31, 3r, 3s, 5a,
5b, 5f and 6(g-i) showed activity against both
intracellular promastigote and amastigotes forms
of L. amazonensis and L. infantum. However,
compounds 3g, 3i, 3j, 3k, 3(m-p) and 5(c-e) did
not show activity. The derivatives active showed
significant antileishmanial activity, the most ac-
tive compounds for promastigotes of L. amazo-
nensis were 3¢, 3h and 5f, and for L. infantum,
3b, 5b and 6h the best ICs, values found for
amastigotes forms of L. amazonensis were 3b,
3e and 3f and for L. infantum, 3a and 3f. How-
ever, although leishmanicidal activity was deter-
mined. The other active compounds presented
reasonable results.

We evaluated activity antileishmanial in par-
allel the toxicity of compounds on mammalian
cells, using the murine macrophages RAW 204.7.
A variation in the activity of the pyrimidines was
observed. Three, of 27 pyrimidines in Table 1,
showed lower cytotoxicity, with high CCs, val-
ues, above 100 pM. Crossing the results obtained
in the evaluation of Antileishmanial and mam-
malian cells toxicity, pyrimidines which showed
the best results, i.e., low toxicity in macrophages
and high mortality rate at the concentration of
100 pg/mL were: forms promastigote (L. infan-
tum) 3b and amastigote (L. infantum) 3a, 3b
and 3f. We note that compound 3b was active
for the two forms in L. infantum.
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Leisbmania sp.

Pyrimidine Cytotoxicity

derivatives CCsp @ Promastigote Amastigote
ICsg [pM] P ' o ICso [pM] P Src ICsg [pM] P gpc ICso [pM] P srec
L. amazonensis L. infantum L. amazonensis L. infantum

3a 112.1 >630 0.11 70.81 0.33 141.5 0.16 50.58  0.40
3b 124.55 >630 0.11 31.46 0.73 88.96 0.26 129.0  0.18
3¢ 88.56 49.41 0.74 272.31 0.24 327 0.20 564 0.12
3d 16.37 117.1 0.57 278 0.24 >1.152 0.06 >1.152  0.06
3e 33.29 325 0.20 146.6 0.44 267 0.24 345 0.18
3f 203.56 >554 0.11 185 0.35 156 0.41 226 0.28
3g 31.07 Inactive ND ND ND ND ND ND ND
3h 57.06 35.51 1.78 162.2 0.42 518 0.13 550.2  0.12
3i 82.69 Inactive ND Inactive ND Inactive ND Inactive ND
3j 188.06 Inactive ND Inactive ND Inactive ND Inactive ND
3k 264.78 Inactive ND Inactive ND Inactive ND Inactive ND
31 49.81 442.7 0.40 194.5 0.81 945.1 0.18 1236 0.13
3m 131.47 Inactive ND  Inactive  ND Inactive ND Inactive  ND
3n 46.89 Inactive ND Inactive ND Inactive ND Inactive ~ ND
30 175.85 Inactive ND  Inactive  ND Inactive ND Inactive ND
3p 30.02 Inactive ND Inactive ND Inactive ND Inactive ND
3q 17.39 Inactive ND Inactive ND Inactive ND Inactive ND
3r 87.8 84.46 0.90 76.65 0.98 4175 0.18 322 0.23
3s 56.8 56.08 1.22 71.09 0.98 627.8 0.11 >1.204  0.06
5a 136.1 2.886 0.20 133.5 0.45 527.4 0.11 >1.041  0.06
5b 52.36 69.24 0.87 49.46 1.21 >1.041 0.06 >1.041  0.06
5¢ 17.32 Inactive ND Inactive ND Inactive ND Inactive ~ ND
5d 128.85 Inactive ND  Inactive  ND Inactive ND Inactive ND
5e 99.3 Inactive ND Inactive ND Inactive ND Inactive  ND
5f 84.4 39.18 1.43 234.2 0.24 >970 0.06 >970 0.06
6g 60.94 289.0 0.20 >504.8 0.11 554.6 0.10 605.0  0.10
6h 56.03 101.1 0.60 54.56 1.10 >1.044 0.06 >1.044  0.06
6i 37.2 142.8 0.40 170.9 0.34 >1.007 0.06 511.9 011
Miltefosine d 56.7 15.8 3.6 18.0 3.15 7.06 8.0 1.7 33.3

Table 1. Antileishmanial activity (ICs(), cytotoxicity profile (CCsy) and selectivity index (SD of compounds 3(a-
s), 5(a-f) and 6(g-1). 2*CCs(: 50% cytotoxicity concentration on macrophages; PICsy: 50% inhibitory concentration
on L. amazonensis promastigotes; ¢SI: selective index (CCsy/ICs(); dMiltefosine, positive control; ND= not deter-
mined.
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Pyrimidine Derivatives

HCT 116, SD

MCF-7, SD

3a 75.89299, +6.067729
3b 18.66996, +0.094736
3¢ 47.43217, £0.300981
3d 32.46395, +0.451082
3e 28.82544, +0.214583
3f 12.06678, +0.057381
3g 25.93754, £0.159224
3h 6.062659, +0.93421
3i 68.89632, +6.992866
3j 44.99831, +2.430969
3k NT

31 21.47656, +3.772754
3m 4.251545, £1.551534
3n 6.631995, +1.152128
30 0

3p 0.162689, +0.010641
3q 0

3r 0

3s 19.62953, £2.600476
5a 0

5b 13.5079, +3.292948
5c 29.02085, £0.790107
5d 2.595609, +0.180113
5e 30.41046, +0.668505
5f 0

5g 20.68623, +1.152382
5h 44.30412, +4.087427
5i 0

68.77627, £3.593525
0
17.77286, £2.651725

SO O O O O

45.67615, +4.746421
24.73332, +1.137158
NT
46.70941, +11.65046
53.21094, +9.395792
10.01312, £2.630914
12.65945, +6.801657
16.96454, +4.157411
75.80805, +7.247705
60.49854, +4.36229
33.06087, £7.278725
51.16712, +1.372398
4.767468, £0.105401
21.77861, +1.058768
31.66241, £2.009119
68.5059, +0.367039
3.94053, +0.656797
30.63052, +1.684528
29.05951, +0.454447
4.632688, £0.292455

Table 2. Percent inhibition at single concentration (10 pg/mL) of growth of compounds 3(a-s), 5(a-f) and 6(g-i).

SD: Standard deviation.

Anticancer evaluation

The cellular cytotoxicity of the compounds
3(a-s), 5(a-f) and 6(g-i) was verified by the MTT
assay. In the MTT assay, the samples were con-
sidered non-toxic at a concentration of ICs, low
of 25 pg/mL (Table 2). The compounds present-
ed concentration of ICs, low of 25 pg/mL were
3b, 3f-g, 31-m, 3p, 3s, 5b and 6g for cell HCT-
116, and compounds 3d and 3f, 3n-p, 5b, 5c, 5f
and 6i for cell MCF-7.

Compounds 3a and 3i (Table 3) have inhibi-
tion close to 75% and thus will be selected to
determine the Concentration which inhibits 50%
growth.

In silico studies
The values for several physicochemical pa-
rameters were obtained, such as molecular

weight, the number of heavy atoms, the number
of aromatic heavy atoms, the number of rotat-
able bonds, the number of H-bond acceptors,
the number of H-bond donors, the fraction of
carbon bond saturation (Csp3), the number of
sp3 hybridized carbons/total carbon count, the
solubility (S), the lipophilicity parameter (LogP)
predicted and the molar refractivity, and were
given for each molecule by the online Swis-
SADME web tool.

The prediction of the partition coefficient be-
tween n-octanol and water (log P ), that is the
classical descriptor for lipophilicity, was ob-
tained for all the structures and can be observed
at Fig. 2. The SwissADME gives access to five
freely available predictive models, in order to
increase the prediction accuracy through con-
sensus log P .
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Pyrimidine derivatives 4 MCF-7 IC50 (CD b HCT-116 1C50 (D ¢ NCI-H292 IC50 (CD d HL-60
3a 17.36 (11.6-25.9) 12.39 (9.5-16.6) 11.31 (5.9-21.6) Not active
3i Not active 28.02 (19.96-39.87) Not active Not active
¢ Dox 0.3 (0.21-0.43) 1.2 (0.6-2.2) 0.2 (0.1-0.5) 0.02 (0.01-0.03)

Table 3. Cytotoxic effect on tumor cell lines. Inhibitory concentration by 50% (ICsq) and confidence interval (CI)
of the compounds 3a and 3i in three tumor lines in pg/mL. DOx: doxorubicin positive control. aICsy: 50% in-
hibitory concentration on cell MCF-7; PICsq: 50% inhibitory concentration on cell HCT-116; ¢ICsq: 50% inhibitory
concentration on cell NCI-H292, dICs: 50% inhibitory concentration on cell HL-60; ¢ Dox, positive control.

Log P

— LGP ==XLOGP3 —WLOGP =—=MLOGP

Silicos-IT Log P —#=Consensus Log P

Figure 2. Graphical representation for predicted partition coefficient between n-octanol and water (Iog Py, ).

From the analysis of the graph at Fig. 2, it is
possible to observe that the predictive models
XLOGP3 17 and WLOGP 18. demonstrate similar
results for all structures, which can be observed
because both models are based on atomistic
methods. The models MLOGP 19. Comparison of
reliability of log P values for drugs calculated by
several methods 20 and Silicos-IT 2! Log P
[http://silicos-it.be.s3-website-eu-west-1.amazon-
aws.com/software/filter-it/1.0.2/filter-it.html, ac-
cessed april 2019] showed a high diversity in all
the results obtained, because both are topologi-
cal methods. The ILOGP method relies on free
energies of solvation in n-octanol and water,
calculated by the Generalized-Born and solvent
accessible surface area (GB/SA) mode, and
showed similar results with the consensus Log
P, which is the arithmetic mean of the values
predicted by the five proposed methods 1.

Another physicochemical parameter which is
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very important is the solubility in water, that fa-
cilitates many drug development activities, pri-
marily the ease of handling and formulation 22.
The SwissADME tool uses three different meth-
ods to predict the water solubility of the com-
pounds, the ESOL model 23, Ali model 24 and
SILICOS-IT 21 model [website-eu-west-1.amazon-
aws.com/software/filter-it/1.0.2/filter-it.html, ac-
cessed april 2019]. The results can be observed
in Fig. 3. The values of solubility presented
large unconformity each other so that’s not pos-
sible to predict, with high precision, the solubili-
ty in water for this class of compounds, by this
methodology.

The predictions for intestinal absorption and
brain permeation were determined using the tP-
SA/WLogP-based graphical (BOILED-Egg
method), included at the SwissADME tool. The
results show that only the molecules 3j, 3k, 31
and 3m seems to have low intestinal absorption,
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Figure 3. Graphical representation for predicted water solubility (log S).

while all the rest have predicted high absorp-
tion. Also, only the compound 3r seems to be
permeable to the brain (BBB). Overall, the com-
pounds do not violate the Lipinski rule, soon

very good candidates for oral administration
25,26,

CONCLUSION

The biological activities and in silico studies
of pyrimidine derivatives cell lines (MCF-7, HCT
116, HL60 and NCI H292) and leishmanicidal ac-
tivity in forms promastigote (L. infantum) 3b
and amastigote (L. infantum) 3a, 3b and 3f are
active. The compounds 3b and 3i have inhibi-
tion close to 75% and thus will be selected to
determine the Concentration which inhibits 50%
growth. We prediction of physicochemical de-
scriptors compounds 3§, 3k, 31 and 3m seems to
have low intestinal absorption, while all the rest
have predicted high absorption. Also, only the
compound 3r seems to be permeable to the
brain (BBB). Overall, the compounds do not vi-
olate the Lipinski rule, soon very good candi-
dates for oral administration.
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ARTICLE INFO ABSTRACT

Keywords:

The aim of the present study was to evaluate the insecticidal activity of ether extract from the lichen Ramalina
complanata, and an isolated metabolite (divaricatic acid), against the maize weevil, Sitophilus zeamais. The evalu-
ation of ingestion toxicity was performed using an artificial diet composed of the extract or compound (4 mg/g,
8 mg/g, or 12 mg/g) mixed with wheat flour. After 7 days of incubation, we determined the mortality rates and
nutritional parameters. In the fumigation assay, the insects were incubated for 7 days in sealed chambers con-
taining either the extract or divaricatic acid in 0.195-3.125 mg/L of air. The ingestion of the extract led to a max-
imum mortality rate of 33.33% (12 mg/g) and the extract had a deterrent effect ranging from weak (feeding de-
terrent index, FDI: 50%) at 4 mg/g to strong (FDI: 71%) at 12 mg/g. The mortality rate of the insects that in-
gested divaricatic acid reached 52.50% (12 mg/g) and the insects were also unable to convert the food into bio-
mass. A moderate deterrent effect (FDI: 51%) of the divaricatic acid was found at a concentration of 12 mg/g. In
the fumigation test, the mortality rates with the extract and divaricatic acid were 43.33-50.00% and 33.33-
63.33%, respectively. An LCsg of 1.658 mg/L of air was determined for divaricatic acid. The results highlight the
need for further studies on these kinds of compounds for the control of this insect, as well as for the investigation
of the mechanisms by which lichen preparations work.

Bioinsecticide

Maize weevil

Lichen metabolite
Ramalina complanata

1. Introduction

The maize weevil, Sitophilus zeamais Motsch. (Coleoptera, Cur-
culionidae), is considered the main pest of stored corn, causing signifi-
cant losses in production across the world by rendering the corn unvi-
able for consumption. This problem is particularly important in tropical
countries, such as Brazil, where the climate favors the development of
the insect (Corréa et al., 2017). Phosphine is the most widely used fumi-

* Corresponding author.
** Corresponding author.

gant in combating stored grain pests; other insecticides used against S.
gzeamais include the organophosphate chlorpyrifos (Pimentel et al.,
2009; Brito et al., 2021) and the pyrethroid deltamethrin (Vélez et al.,
2018). However, there have been descriptions of insect resistance to
some of these products, and their use is linked to concerns regarding en-
vironmental and human health (Pimentel et al., 2009; Cordeiro et al.,
2017; Wakil et al., 2021). Therefore, the development of novel control
strategies, such as using natural products, is needed.
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Plant-based substances with an insecticidal effect on pests of stored
products have been studied as promising alternatives to synthetic insec-
ticides because they are less hazardous to non-target species and show a
higher degree of degradability, thereby being less harmful to the envi-
ronment (Camaroti et al., 2017; Braga, 2019). For instance, essential
oils have proved efficient in the control of S. zeamais because of their re-
pellent and/or toxic effects. These include oils obtained from Alpinia
purpurata, Croton rudolphianus, Cymbopogon winterianus, Eucalyptus glob-
ulus, Eucalyptus staigeriana, Foeniculum vulgare, Ocimum basilicum, Oci-
mum gratissimum, Elletaria cardamomum, and Piper hispidinervum
(Estrela et al., 2006; Cosimi et al., 2009; Nerio et al., 2010; Lira et al.,
2015; Aratjo et al., 2019; Ribeiro et al., 2020). The essential oil from
peppermint (Mentha piperita), studied in a fumigation test against two
stored-product pests (Sitophilus oryzae and Tribolium castaneum),
achieved a 100% mortality rate among adult individuals exposed to
24 h of treatment at concentrations of 75.0 puL/L of air and 100.0 pL/L
of air (Rajkumar et al., 2019). Studies involving the methanol extract
from the Agave americana leaf have demonstrated repellent action and
toxicity upon contact against S. oryzae (Maazoun et al., 2019). Addi-
tionally, aqueous extracts obtained from the plants Myracrodruon urun-
deuva, Schinus terebinthifolia, and Moringa oleifera exhibited antifeedant
activity and toxicity to S. zeamais (Napoledo et al., 2013; Camaroti et
al., 2018; Oliveira et al., 2020).

Compounds derived from lichens have also displayed insecticidal
activity (Sachin et al., 2018). Extracts from Lecanora muralis, Letharia
vulpina, and Peltigera rufescens obtained using n-hexane, diethyl ether,
acetone, and methanol solvents were toxic to Sitophilus granarius adults
upon ingestion, causing mortality rates of 100%, 100%, and 86.86%,
respectively, at a concentration of 20 mg/mL (Emsen et al., 2015).
Martins et al. (2018) described the termiticidal effect of usnic, fu-
marprotocetraric, and barbatic acids, which were isolated from the
lichens Cladonia substellata, Cladonia verticillaris, and Cladia aggregata,
respectively, in a study involving the termite Nasutitermes corniger. Di-
varicatic acid belongs to the class of depsides, which constitutes a group
of phenolic compounds often found in lichens but can also be isolated
from plants (Hillebrand et al., 2004; Reynertson et al., 2006). This com-
pound has exhibited molluscicidal activity against Biomphalaria
glabrata, as well as an antiparasitic effect against Schistosoma mansoni
(Silva et al., 2018). However, the insecticidal effects of this compound
have not been reported until now.

Ramalina complanata (Sw.) Ach. is a corticolous, fruticose, and
shrubby lichen found in Brazil. It is also characterized by the produc-
tion of divaricatic (race 1), salazinic (races 1 and 2), and usnic (race 2)
acids (Kashiwadani and Kalb, 1993). The aim of the present study was
to evaluate toxicity via fumigation and ingestion of the ether extract
from the lichen Ramalina complanata, and the divaricatic acid that was
isolated from this extract, against S. zeamais.

2. Materials and methods
2.1. Acquisition of lichen material

The lichen R. complanata was collected from the municipality of Sa-
lo4 in the state of Pernambuco, Brazil (09°01.399’ S, 36°47.565" W) at
an altitude of 1052 m in winter (June). The thallus was identified by
one of the authors (M.L.L. Buril) based on morphological characteristics
and a voucher (n°® 54299) was deposited in the Geraldo Mariz Herbar-
ium of the Universidade Federal de Pernambuco.

2.2. Preparation of extract and isolation of divaricatic acid

The dried lichen material (30 g) was placed in a Soxhlet extractor,
with 100 mL of diethyl ether, at a temperature of 40 °C. The solvent
was then eliminated in a rotary evaporator under low pressure and the
material was placed in a desiccator until a constant weight was ob-
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tained. The isolation of divaricatic acid was performed using the
method described by Asahina and Shibata (1954), in which the ether
extract was dissolved in absolute ethanol, left under reflux in a water
bath at 40 °C for 20 min, and then placed in the desiccator.

2.3. Physicochemical analysis of divaricatic acid

Divaricatic acid was subjected to thin layer chromatography (TLC)
with F254 silica gel plates (Merck®) (Culberson, 1969). The elution
system comprised toluene/dioxane/acetic acid (45:12.5:2 v/v/v). The
bands were viewed under UV light at 254/312 nm, and then the plate
was subjected to 10% sulfuric acid (v/v) with heating at 100 °C for
color reaction.

The purity of the divaricatic acid was determined using high perfor-
mance liquid chromatography (HPLC) in a Hitachi chromatograph
(model 655-11) coupled to a UV detector (CG, model 437) operating at
254 nm. An RP18 column was used. The mobile phase consisted of
methanol/water/acetic acid (80:19.5:0.5 v/v/v) in an isocratic system
and the injection volume was 20 pL. Divaricatic acid previously ob-
tained at the Laboratério de Produtos Naturais of the Universidade Federal
de Pernambuco was used as the standard. The samples (0.1 mg/mL)
were dissolved in ether. The identification of the compound was per-
formed by comparing the retention time (RT) and the area of the peak,
to the profile obtained from the standard (Huneck and Yoshimura,
1996). The molecular structure was confirmed by proton nuclear mag-
netic resonance (‘H NMR) in a Varian Unity Plus spectrophotometer at
400 MHz, using CDCl;3 as the solvent.

2.4. Insects

The colony of S. zeamais is maintained at the Laboratdrio de Bio-
quimica de Proteinas of the Universidade Federal de Pernambuco with au-
thorization (no. 36301) from the Instituto Chico Mendes de Conservagdo
da Biodiversidade of the Brazilian Ministry of Environment. The insects
were reared in glass pots containing pesticide-free kernels of corn and
kept in a BOD chamber at 25 °C with a relative humidity of 70% and a
12-h light/dark photoperiod. Insects 30-40 days of age were used in the
assays. Colonies with individuals of uniformized ages were separated
according to Khan et al. (2014).

2.5. Evaluation of ingestion toxicity

The evaluation of ingestion toxicity was performed using an adapta-
tion of the method by Xie et al. (1996) as described by Napoledo et al.
(2013). For each bioassay, an artificial diet was prepared by mixing
1.0 g of autoclaved wheat flour with the extract or compound diluted in
2.0 mL of distilled acetone. This formed a solution of the samples from
which we obtained the final concentrations of 4 mg, 8 mg, and 12 mg
of extract/pure compound per gram of wheat flour (mg/g). A control
group was also formed and the individuals of which were fed a mixture
of wheat flour with acetone alone. After homogenization and incuba-
tion for 24 h at 37 °C, aliquots (100 pL) of the suspension were trans-
ferred to sterile Petri dishes (90 X 100 mm) to form disks (five disks
per dish). Dishes with dry disks were weighed. Next, 10 insects were
weighed in plastic pots and transferred to the Petri dishes with the
disks. The dishes were incubated for 7 days at 28 °C. Two independent
assays were performed in quadruplicate. The mass of flour disks and in-
sects was recorded again on the seventh day after the start of the experi-
ment, along with the mortality rate. Insects were considered dead when
their abdominal appendages were not moving, and no reaction was ob-
served when touched with tweezers.

The data obtained were used to calculate the feeding deterrence in-
dex (FDI) and nutritional variables. The FDI was calculated as follows:
FDI (%) = 100 x [(A-B)/(A)], where A is the mass ingested by the in-
sects in the control group and B is the mass ingested by the test insects
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(Isman et al., 1990). Based on the FDI data, the treatments were classi-
fied as non-deterrent (FDI < 20%), or they were classified as having a
weak deterrent effect (50% > FDI > 20%), a moderate deterrent effect
(70% > FDI > 50%), or a strong deterrent effect (FDI > 70%) (Liu et
al., 2007). The following nutritional indices were calculated based on
Xie et al. (1996): the relative consumption rate = C/(D X days), where
C is the mass (mg) ingested and D is the initial biomass (mg) of the in-
sects; the relative biomass gain rate = E/(D X days), where E is the
biomass (mg) acquired or lost by the insects; as well as the efficiency of
the conversion of ingested food (ECIF) = E/(C x 100).

2.6. Evaluation of fumigation toxicity

The fumigation toxicity test was based on work done by Chu et al.
(2010) and was conducted in plastic containers (2.5 cm in
width X 5.5 cm in length; volume: 24 mL), the lids of which were cov-
ered internally with filter paper (2 cm in diameter). To these we added
20 pL of solution (ether extract or divaricatic acid) diluted in distilled
acetone to achieve concentrations of 0.195 mg/L, 0.390 mg/L,
0.781 mg/L, 1.562 mg/L, and 3.125 mg/L of air. Distilled acetone
alone was used for the control group. After 1 min had passed to allow
for the evaporation of the solvent, 20 insects were placed into each con-
tainer and the lids were firmly closed to form a sealed chamber. After
24 h of exposure, the insects were transferred to new containers that
had no sample and the mortality rate was recorded after 7 days. Three
independent assays were performed in quadruplicate.

2.7. Statistical analysis

The results were expressed as the mean *+ standard error of the
mean (SEM). Significant differences between groups were evaluated by
analysis of variance (ANOVA). This was followed by the mean separa-
tion of the treatments using Tukey's test (p < 0.05) with the aid of
GraphPad Prism version 4.0 for Windows (GraphPad Software, San
Diego, California, USA). The LCso (lethal concentration required to
cause 50% mortality) for divaricatic acid in the fumigation assay was
determined using the program MedCalc version 19.8 (MedCalc Soft-
ware Ltd, Ostend, Belgium).

3. Results and discussion

Divaricatic acid was obtained from the ether extract of R. com-
planata. The analysis performed with thin-layer chromatography re-
vealed a spot with Rf = 0.56, confirming the presence of divaricatic
acid when compared to the standard. The HPLC analysis confirmed the
presence of this component with the highest concentration found in the
ether extract. In the HPLC analysis of the purity of the compound, a
peak with a retention time of 16.47 min was detected, which is similar
to the standard and the compound at a 99% degree of purity.

The 'H NMR data confirmed the structure of the divaricatic acid and
is as follows: (400 MHz, CdCl3)5 0.98 (6H, T, 5.4 Hz, Me, C18, 27); 1.68
(4H, m, CH; — C-16 and 26); 2.97 (4H, m, CH,, C-17, 25); 2.93 (3H, s,
OCHj;, C-20); 6.38 (2H, d, 2.4 Hz, C4, 11); 6.64 (1H, d, 2.4 Hz, C15);
6.76 (1H, d, 2.4 Hz, C-6); and 10.65 (2H, s, OH, C7, 22).

The results of the ingestion test are displayed in Table 1. The ether
extract caused the death of 33.33% of S. zeamais adults and the divari-
catic acid caused the death of 52.5% of adults at the highest concentra-
tions tested. Camaroti et al. (2018) demonstrated that the saline extract
from the leaves of Schinus terebinthifolius influenced the survival of S.
zeamais 7 days after treatment that caused the death of 51% of the in-
sects at a concentration of 250 mg/g. The saline extract from the leaves
of Myracrodruon urundeuva caused the death of S. zeamais adults, with
an LCsg of 72.4 mg/g (Napoledo et al., 2013). The present data show
that the ether extract from R. complanata was more active than both ex-
tracts investigated in the studies cited.
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Table 1
Mortality rate of Sitophilus zeamais adults after being submitted to diet con-
taining ether extract from Ramalina complanata or isolated divaricatic acid.

Concentration (mg/g) Mortality rate (%)

Extract Divaricatic acid
Control 0.00 = 0.00 0.00 = 0.00
4 5.00 *= 10.00 0.00 = 0.00
8 22.50 *+ 5.57 35.00 + 5.77
12 33.33 = 11.55 52.50 = 9.57

Mean =+ standard deviation. Data obtained seven days after treatment. Distilled
acetone was used in the control group.

We evaluated the nutritional status of the insects after exposure to
the extract and divaricatic acid. Fig. 1A shows that, compared to the
control, there was a significant loss of biomass in the insects exposed to
the extract at concentrations of 8 mg/g and 12 mg/g (F323 = 31.69;
p < 0.0001), while the relative consumption rate (Fig. 1B) was signifi-
cantly lower in all the treatments with the extract (F3o3 = 21.61;
p < 0.0001). The extract exhibited a weak deterrent effect at a concen-
tration of 4 mg/g (FDI: 50%), a moderate effect at a concentration of
8 mg/g (FDI: 67%), and a strong effect at a concentration of 12 mg/g
(FDIL: 71%). No conversion of the ingested food occurred in the treat-
ments with the extract, as demonstrated by the negative ECIF values
(F328 = 77.08; p < 0.0001) shown in Fig. 1C. These results indicate
that the insects had needed to metabolize their energy reserves.

Regarding the isolated compound (divaricatic acid), there was also a
significant (F3 25 = 49.71; p = 0.0029) loss of biomass in the insects
exposed to concentrations of 8 mg/g and 12 mg/g (Fig. 2A). The rela-
tive consumption rate (Fig. 2B) was significantly lower (F3 25 = 15.82;
p = 0.0471) than the control but this was only in the treatment with
the concentration of 12 mg/g. Divaricatic acid had no deterrent effect
at concentrations of 4 mg/g and 8 mg/g (FDI: 5% and 16%, respec-
tively), and a moderate deterrent effect at the concentration of 12 mg/g
(FDI: 51%). However, even with the insects feeding on this compound,
the biomass conversion efficiency rate was negative in the treatments
with 8 mg/g and 12 mg/g (Fig. 2C), demonstrating a significant
(F328 = 40.14; p = 0.0083) anti-nutritional effect, which may explain
the mortality induced by the lichen compound.

Similar to our results, Camaroti et al. (2018) reported that the saline
extract from the leaves of S. terebinthifolius had a strong feeding deter-
rent effect (FDI: 100% at all tested doses) on S. zeamais, whereas a com-
pound isolated from it (in this case a lectin called SteLL) had no deter-
rent effect. Similar to what was seen for divaricatic acid, the insects fed
on the diet containing SteLL, but there was no conversion of the food in-
gested into biomass, which indicates a post-ingestion toxic effect.
Studying a water extract from M. oleifera seeds, Oliveira et al. (2020)
found an LCsy (concentration required to kill 50% of insects) of
214.6 mg/g for S. zeamais adults after ingesting the extract, which also
did not show a feeding deterrent effect.

Emsen et al. (2015) demonstrated that extracts from the lichens
Lecanora muralis, Letharia vulpina, and Peltigera rufescens caused death
when ingested by S. granarius adults. The extracts from L. muralis, L.
vulpina, and P. rufescens caused mortality rates of 100%, 100%, and
86%, respectively, at the concentration of 20 mg/mL. Moreover, com-
pounds isolated from lichens have been found to exhibit insecticidal
activity via ingestion against other pests. For example, usnic, fu-
marprotocetraric, and barbatic acids obtained from Cladoniaceae, ex-
hibited 100% mortality rates on the termite N. corniger at all concen-
trations tested (5 mg/mL, 7 mg/mL, and 10 mg/mL) (Martins et al.,
2018). Yildirim et al. (2012) reported that extracts from the lichens L.
vulpina and P. rufescens (20 mg/mL), as well as the diffractaic and us-
nic acids (10 mg/mL) isolated from Usnea longissima, showed insectici-
dal effects on S. zeamais adults when mixed (0.8 mL) in maize grains,
with mortality rates of 96.97%, 95.96%, 96.97%, and 76.77%, respec-
tively.
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Fig. 1. Effect of ether extract from Ramalina complanata (4 mg/g, 8 mg/g,
and 12 mg/g) on nutritional variables in Sitophilus zeamais adults. (A) Rela-
tive biomass gain rate; (B) Relative consumption rate; (C) Efficiency of the
conversion of ingested food. Different letters indicate significant differences
between treatments by analysis of variance (ANOVA) followed by Tukey's test
(p < 0.05). Each bar corresponds to the mean + SEM of eight replicates.

The results of the fumigation test reveal a significantly higher mor-
tality rate in the treatments involving the extract (Fig. 3A;
Fsee = 14.42; p < 0.0001), or the divaricatic acid (Fig. 3B;
Fs66 = 199.7; p < 0.0001), when compared to the control group. This
demonstrates toxicity via inhalation of the extract and the isolated com-
pound. The effect was dose-dependent for divaricatic acid, being deter-
mined an LCsy of 1.658 [1.248-2.068] mg/L of air (x> = 53.694;
p < 0.0001). The mortality rates between the assays with the extract
and the isolated compound has similar values, indicating that divari-
catic acid is one of the active compounds in the extract from R. com-
planata.

The fumigant property against insect pests has been described for
essential oils. Lira et al. (2015) reported the fumigation toxicity of the
essential oil from A. purpurata, with an LCsy of 41.4 pL/L of air. Simi-
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Fig. 2. Effect of divaricatic acid (4 mg/g, 8 mg/g, and 12 mg/g) on nutri-
tional variables in Sitophilus zeamais adults. (A) Relative biomass gain rate; (B)
Relative consumption rate; (C) Efficiency of the conversion of ingested food.
Different letters indicate significant differences between treatments by analysis
of variance (ANOVA) followed by Tukey's test (p < 0.05). Each bar corre-
sponds to the mean + SEM of eight replicates.

larly, the essential oil from Artemisia vestita caused the death to 50% of
S. zeamais adults that were exposed to a concentration of 13.42 mg/L of
air (Chu et al., 2010). The essential oil from the flowers of Dipsacus
japonicus exhibited fumigant action against the pests S. zeamais
(LCso = 10.11 mg/L of air) and Tribolium castaneum (LCsy = 5.26 mg/
L of air) (Li et al., 2013). Kim et al. (2016) demonstrated the fumigation
toxicity of essential oils from Hyssopus officinalis, Origanum majorana,
and Thymus zygis against Sitophilus oryzae adults at concentrations of
25 mg/L of air.

There are few studies on the use of lichens and their secondary
metabolites for pest control. The present study is the first in the litera-
ture to describe the fumigant effect of an extract and compound ob-
tained from a lichen on S. zeamais. This could stimulate further studies
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Fig. 3. Evaluation of the fumigant activity of ether extract from Ramalina
complanata and divaricatic acid on Sitophilus zeamais adults. Different letters
indicate significant differences between treatments by analysis of variance
(ANOVA) followed by Tukey's test (p < 0.05). Each bar corresponds to the
mean *= SEM of eight replicates.

on these kinds of compounds on the control of this insect, as well as an
investigation of the mechanisms by which lichen preparations work.

4. Conclusions

The ether extract from R. complanata, and divaricatic acid isolated
from this extract, exhibited toxicity via fumigation and ingestion to the
adult forms of S. zeamais. Divaricatic acid exhibited greater toxicity
than the extract in both cases. Moreover, toxicity by ingestion was
found to have anti-nutritional effects, which exerted a negative impact
on the conversion of food into biomass by the insects.
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Histological evaluation of the liver of mice
with sarcoma-180 treated with salazinic acid
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Abstract: Many of the drugs used to fight cancer cells induce various damage causing
hepatotoxic effects which are characterized by tissue changes. The aim of the study is to
know the possible effects of salazinic acid on livers of mice exposed to Sacoma-180. The
tumor was grown in the animals in ascitic form and inoculated subcutaneously in the
axillary region of the mouse developing the solid tumor. Treatment with salazinic acid
(25 and 50 mg/kg) and 5-Fluorouracil (20 mg/kg) started 24-hours after inoculation and
was performed for 7 days. To verify these effects, the qualitative method of histological
criteria investigated in liver tissue was used. It was observed that all treated groups
showed an increase of pyknotic nuclei in relation to the negative control. There was
an increase in steatosis in all groups compared to the negative control but there was
a decrease in the groups treated with salazinic acid in the 5-Fluorouracil. There was no
necrosis in the salazinic acid treated groups. However, this effect was seen in 20% of the
positive control group. Therefore, it can be concluded that salazinic acid did not show
hepatoprotective action on mice but demonstrated a decrease in steatosis and absence

of tissue necrosis.

Key words: cancer, hepatoxicity, lichen, sarcoma-180.

INTRODUCTION

Cancer is the term used to describe a set of
more than 100 diseases that have in common
the disordered growth of altered cells, that
invade organs and tissues. The different types
of cancer correspond to the various types of cells
inthe body. When cancer cells grow in epithelial
tissues, such as skin or mucous membranes,
they are called carcinomas. If the starting point
are connective tissues, such as bone, muscle or
cartilage, this is referred to as a sarcoma. It is
called metastasis, when cancer cells in disarray
spread to other regions of the body through the
blood stream (INCA 2019).

These cancer groups of disease as a public
health issue are the second leading cause of

death in the United States. Therefore, cancer
has become a major challenge for research
in the search for definitive solutions, such as
healing through a drug (Siegel et al. 2019). Thus,
experimental animal models are important and
essential to determine the antitumor potential
of molecules and extracts for healing, as
well as understand their action and effects
throughout treatment. One such experimental
model / method, is the use of tumors in mice
and specifically, Sarcoma-180 (5-180), which
is widely accepted due to its characteristic of
forming ascitic, or solid tumors (Cai et al. 2012,
Debnath et al. 2017, Ramos et al. 2019).

However, it is not enough to only determine
the antitumor potential according to tumor
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weight or ascitic volume. In addition, it is
important to verify the effects of the drug,
whether isolated or not, on the organs of
potential animals, through histological and/
or histomorphometric analysis. This is in order
that a new drug to be developed for use, a
greater safety path and possible adverse effects
and achievements to be considered by the
competent agencies such as ANVISA (National
Health Surveillance Agency) in the case of Brazil,
and the Food and Drug Administration (FDA)
which is a federal agency in the United States
Department of Health and Human Services
responsible for oversight of drug development,
manufacturing and use (Silva et al. 2012, 2019).

One of the main organs responsible for
maximum activity, right after feeding, is the
liver, so it is the target of every drug, especially
when administered orally. In addition, in cancer
patients, the liver is often reached, through
metastases for example. For these reasons,
the liver is often the first, to be investigated
for possible changes or adverse effects such
as hepatotoxicity (disease caused by toxins),
followed by the spleen and kidney's (Saad-
Hossne et al. 2004, Marinho et al. 2017).

In view of the great challenge of curing
cancer, lichen are part of an extremely diverse
group of fungi found in nature, symbiotically
associated with algae and/or cyanobacteria
which have been studied for a long time,
as they produce secondary metabolites with
large pharmaceutical properties. Uric acid for
example, abundant in Alectoria, Cladonia,
Usnea, Lecanora, Ramalina and Evernia,
are examples of metabolites widely studied for
having anti-proliferative activity (Ingolfsdottir
2002). Kupchan & Kopperman (1975) first
presented his antitumor activity against Lewis
lung carcinoma in rats. Some extracts of Cladonia
convoluta, Cladonia rangiformis, Parmelia
caperata, Platismatia glauca and Ramalina

ACTION OF SAL ON THE LIVER OF MICE WITH S-180

cuspidata demonstrated activities against
various strains of human cancer cells (Bézivin
et al. 2003).

In addition to uric acid, salazinic acid (SAL)
is also a secondary lichen metabolite, present in
some species of the Parmeliaceae Family, such
as Parmotrema lichexanthonicum, and presents
antibiotic and cytotoxic activity against
human tumor cells (Micheletti et al. 2009)
and P. cetratum have antitumor action against
neoplastic cells of mice (Alexandrino et al. 2019).

Considering the importance of qualitatively
characterizing the possible effects caused by SAL
in relevant organs such as the liver, this study’s
main objective was to histologically evaluate the
liver tissue of mice exposed to S-180 and treated
with SAL, as well as to analyze the activities
of transaminases Aspartate Aminotransferase
(AST) and Alanine Aminotransferase (ALT). Thisis
the first study that aims to determine probable
reversals, promoted by SAL, to possible liver
damage of mice with malignant tumors.

MATERIALS AND METHODS

Obtaining salazinic acid

SAL was provided by the Laboratorio de Sintese
e Isolamento Molecular, do Centro Académico
de Vitoria, coordinated by Prof. Dr. Emerson
Peter da Silva Falcao. The lichenic compound
was isolated from the acetonic extract of the
lichen Parmotrema concurrens, with more than
90% of purity level.

Experimental animals

Male Swiss albino mice (Mus musculus) (35-45g)
were used, at 60 days of age. The animals were
fasted for 8 hours before each experiment.
The experimentation protocolswere approved by
the Animal Experimentation Ethics Commission
(CEEA) of Universidade Federal de Pernambuco
(UFPE) (N© 23076.012019/2018.58), with as
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standards proposed by the Conselho Nacional
de Controle de Experimentacao Animal (CONCEA)
and by international standards established
by the Guia do Instituto Nacional de Salde para
Cuidados e Uso de Animais de Laboratorio.

Tumor assay

The experimental tumor, S-180 was kept in
Swiss Albino mice, males, in the ascetic form
with maintenance frequency of 7 days. Ascitic
tumor cells (5.0 x 100 mL™" cells) were inoculated
subcutaneously in the right axillary region of the
mouse developing the solid tumor.

Treatment started 24 hours after inoculation
and was performed for 7 consecutive
days. Injections of SAL were administered
intraperitoneally at doses of 25 and 50 mg/kg
of live weight of the animal. The animals in
the negative control group were treated with
saline solution + tween 80 to 5 %, as well
as the animals of the positive control group
treated with 5-Fluorouracil (20mg/kg of body
weight). Fifty animals per group were used for
the experimental model.

At the end of treatment, the animals
were anesthetized with ketamine (1.25 g/
kg) and xylazine (0.62 g/kg), and the liver was
removed, dissected and fixed in formaldehyde
solution (10 %) buffered and then submitted to
histopathological analyses (Martins et al. 2016).

Qualitative study of liver histopathology

The organs were packed in a 10% buffered
formaldehyde solution, remaininginthissolution
for a period of 48 hours. After this procedure,
the samples were dehydrated in Ethyl alcohol
at increasing concentrations, diaphanized by
Xilol, impregnated and included in paraffin.
Tissue cuts, 4 um thick, were submitted to
the staining technique by Hematoxylin-Eosin.
Histological images were captured by digital
camera Moticam 2300, coupled under optical

ACTION OF SAL ON THE LIVER OF MICE WITH S-180

microscope, under fixed focus and field clarity,
using the 40x lens and obtaining 20 fields per
blade.

Histological findings were interpreted
according to qualitative criteria on the
appearance of pyknotic nuclei, microvesicular
steatosis, tissue necrosis, hepatic fibrosis
and micro hemorrhages with erythrocytes
extravasation (Fontes et al. 2004).

Statistical analysis

The results of animal and liver weight analyses,
togetherwith liver enzyme activity, are expressed
as the means of repetitions * standard
deviation. For variance analysis (ANOVA)
the Tukey test was performed for multiple
comparisons. A value of p <0.05 was adopted as
a significance level.

RESULTS AND DISCUSSION

All animals exposed to ascystic S-180 presented
solid tumor growth in the right axillary region
during the 7 days of treatment, death was
not observed among the groups undergoing
treatment.

On the last day of treatment, the weight
of the animals was verified and no significant
differences were observed in the weight of the
treated groupsin relation tothose of the negative
control group. The mice were euthanized for
organ removal. In macroscopic analysis of the
collected livers, no apparent damage was seen.
Overall, the organs seemed healthy, with no
morphological changes or macroscopic lesions.
In the analysis of liver weight, there were no
significant differences between those exposed
to treatment and those who only received the
vehicle. Data in the Table I.

For enzymatic analysis of AST and ALT
transaminases, serum samples were collected
from mice. There were no significant differences
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Table I. Analysis of the weight of livers and animals exposed to treatment with salazinic acid and enzymatic

activity of transaminases.

Weight (g) Enzymatic activity (U/L)
Groups Animal Liver ALT AST
Negative control 52,02+4,69 3,25+0,57 64,04+595 21812+36,70
Positive control 50,80+5,84 3,26+0,36 4794+8,07 216,07+38,80
SAL (25mg/Kg) 48,92+6,11 3,26+0,46 50,64+12,89 205,82+31,78
SAL (50mg/Kg) 48,34+5,07 3,51:0,28 44,87+6,37 184,11+46,93

Data expressed as mean # SD. The statistical differences determined by ANOVA followed by the Tukey test. N= 5. p <0.05 vs.
Negative control. N= number of animals per group. AST= Aspartate aminotransferase; ALT= Alanine aminotransferase; SAL=

salazinic acid.

between the groups exposed to SAL treatment
and the negative control group for the ALT
and AST activities, Table I. These enzymes are
considered markers sensitive to liver lesions
(Liu et al. 2016). However, it can be confirmed
that treatment with SAL did not cause lesions in
the liver tissue.

The histological evaluation showed that the
negative control group presented liver tissue in
good condition, with well-defined nuclei and
visible presence of Kupffer and endothelial

cells, but 20% of the animals presented
Pyknotic nuclei and 10% microvesicular
steatosis.

In the group treated with 5-Fluorouracil,
the presence of pyknotic nuclei,microvesicular
steatosis and small regions of tissue necrosis
were verified. The animals treated with salazinic
acid (25 and 50 mg/kg) presented pyknotic
nuclei, microvesicular steatosis and only at the
dose of 50 mg/Kg were observed some regions
of hepatic fibrosis. These lesions are presented
in Figures 1 and 2. The presence of micro
haemorrhages was not seen in analyzed groups
(Table 11).

It was also seen that the negative
control group presented, preserved hepatic
parenchyma and without severe cellular
damage, hepatocytes with round central nucleus
and homogeneous cytoplasm. Regarding

histomorphology of hepatocytes and Kupffer
cells, no cell differences were observed
compared to the negative control group. The
results of this study are in accordance with
those evaluated by Alexandrino et al. (2019) who
analyzed the acute toxicity of SAL (100 mg/Kg)
and verified the low toxicity of this substance in
liver histopathology.

However, Araujo et al. (2019) observed that
uric acid (2000 mg/Kg), a lichenic compound,
caused liver tissue lesions. The pyknotic
nucleus present in hepatocytes indicates
a destructive fragmentation of the nucleus,
which is characterized by irregular distribution
of chromatin, causing programmed cell death
(apoptosis), promoting future damage, such as
tissue necrosis (Kumar et al. 2010).

Hepatic steatosis is defined as an
accumulation of lipids in the cytoplasm
of hepatocytes, especially triglycerides.
Nicotinamide adenine dinucleotide present in
hepatocytes leads to disturbance of B-oxidation
of fatty acids in mitochondria, which leads
to lipid changes in the tissue. The excess of
these free fatty acids in hepatocytes exceeds
the ability of it to process and re-export them
(Baraona & Lieber 1979). These changes lead to
cell death and cause elevation of serum marker
enzymes that are released by the liver into the
bloodstream (Lowry et al. 1951).
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However, it was considered that there is an
interrelationship between metabolic processes,
such as oxidative stress, endoplasmic reticulum
stress, insulin resistance and inflammatory
response at the hepatic level with the triggering
ofhepaticsteatosisanditsprogression of chronic
diseases such as inflammation, fibrosis and
cirrhosis (steatohepatitis) commonly associated
with non-alcoholic fatty liver disease — NAFLD
(Valenzuela & Videla 2011).

NAFLD is caused by the excess of
triglycerides accumulated in liver cells
resulting from increased lipogenesis, which can
be caused by the ingestion of various drugs and
multiple defects in energy metabolism (Rolo et
al. 2012). NAFLD can cause inflammation causing
negative regulation of PPAR-a (Peroxisome
proliferator-activated-a), causing an increase in
the activation of the pro-inflammatory nuclear
transcription factor, Nuclear factor-kB (NF-kB)
(Valenzuela & Videla 2011).

PPARs are transcription factors of nuclear
receptors that have the function of regulating
energy homeostasis, lipid metabolism and

ACTION OF SAL ON THE LIVER OF MICE WITH S-180

" Figure 1. Photomicrograph of
the histological section of the
' liver of mice exposed to S-180.
(N=5). a) Negative control; b)
5-Fluorouracil treatment; c)
s and d) Treatment with SAL (25

1 and 50 mg / kg); PN- Pyknotic
nucleus and ST- microvesicular
steatosis. HE staining with 40X
maghnification.

inflammation (Tavares et al. 2007). They are
considered sensors for fatty acids acting
on gene expression controlling metabolic
pathways that act in the maintenance
of energy balance (Viswakarma et al. 2010).
Its activation may decrease the activity of other
transcription factors, such as NF-kB, thus acting
directly in inflammatory processes (Wang et al.
2002).

Activation of NF-kB can result in oxidative
stress and inflammatory processes. To minimize
these causing damage in the body, the
transcription factors PPAR-a and Nrf2 (nuclear
factor-erythroid 2-related factor 2) come into
action, acting in the inhibition of NF-kB, thus
causing a decrease of metabolic disorders
in the tissue, reducing the pro-inflammatory,
pro-lipogenic and oxidative stress effects
(Hernandez-Rodas et al. 2017, Valenzuela et
al. 2017, Barbosa et al. 2019). It is known that
damage to liver tissue can be caused mainly by
oxidative stress and inflammatory response
(Rolo et al. 2012, Valenzuela et al. 2017).
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Figure 2. Photomicrograph of histological section of the liver of mice exposed to S-180. (N=5). a) treatment with
5-Fluorouracil and b) treatment with SAL (50 mg / kg). NC-Liver necrosis and FB- liver fibrosis. HE staining with 10X
maghnification.
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Table Il. Qualitative histopathological analysis of the liver of mice exposed to S-180.

Qualitative analysis criteria (%)

Groups Pyknotic nuclei Steatosis
Negative control 40 (2) 20 (1)
Positive control 80 (4) 100 (5)
SAL (25 mg/Kg) 100 (5) 80 (4)
SAL (50 mg/Kg) 80 (4) 60 (3)

Necrosis Fibrosis Micro hemorrhage
0 0 0
40 (2) 0 0
0 0 0
0 20 (1) 0

Data expressed as a percentage in number of animals. N=5. N= number of animals per group. Negative control= saline + tween 80
to 5 %; Positive control= 5-Fluorouracil (20 mg/Kg); SAL= salazinic acid (doses of 25 and 50 mg/Kg).

Liver damage is also associated with the
use of ethanol, obesity, viral infection and
the use of synthetic and natural medicines
(Hewawasam et al. 2003). It is very important
to understand the mechanisms of action
caused by the side effects of antineoplastic
agent in different organs, thus having a
considerable significant role in establishing the
treatment strategy. Thus, there is an adaptation
to the body’s response in relation to the action
of anti-tumor agents and tolerance of different
tissues regarding immunosuppressive state

induced by chemotherapy (Craciun & Pasca
2014).

Further, liver tissue is very sensitive to
lesions induced by synthetic compounds and
of natural origin. This is due to its central role
in the metabolism of these substances and it is
possible toinduce some degree of tissue damage
during this experimentation and many of these
compounds are involved in the mechanisms
that lead to liver cell damage. For example,
disorders in vital cellular organelles result
in impairment of homeostatic balance, thus
resulting in intracellular oxidative stress with
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excessive formation of reactive oxygen species
and suppressed immune response (Singh et al.
2016).

Studies have evidenced that hepatotoxicity
is one of the main reasons for the withdrawal
of Cancer medicines from the market. Natural
products have already shown themselves to be
promising in combating the toxicity of several
commonly used drugs. In addition, many of
these natural substances, such as resveratrol
and curcumin, are now used as widely accepted
chemo-preventive agents. It is known that
compounds of natural origin not only reduce the
risk of liver damage caused by medication, but
also provide an alternative solution to remedy
drug-induced hepatotoxicity response (Singh et
al. 2016).

CONCLUSIONS

In conclusion, the main finding of this study is
that the treatment with SAL in mice with S-180
caused apparent lesions in the liver tissue,
however, at the enzymatic level no damage was
seen. However, treatment with SAL caused a
noticeable decrease in microvesicular steatosis
compared to the positive control group. Tissue
necrosis was not observed in the groups treated
with lichenic acid.
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Abstract

Six new 4-amino-5-cyano-2,6-diarylpyrimidines 5a—h has been synthesized in a facile manner by reacting the appropriate arylamidines 4a—d
with bisnitriles 3a—e. Reduction of the nitro group of Sa—e using Pd in ethyl acetate furnished 6a—e in good yields. Reaction of 6a—e individually
with phthalic anhydride yielded 7a—e in good to excellent yields. The newly synthesized heterocycles were characterized by IR, '"H-NMR and
mass spectral data. Compounds 5f~h and 7a—e were also evaluated against inflammation. Pyrimidines 5g, h exhibited better antiinflammatory
activity when compared with acetylsalicylic acid (ASA). Phthalimide derivatives 7a—e also presented antiinflammatory activity, and three of
them, viz., 7a—c¢ have been found to be twice more active than aspirin. Cytotoxical evaluations of compounds 7a—e using neoplastic cells (NCI-
H,g, and Hep-2) presented 41% of growth inhibition of neoplastic cells NCI-H,g,.

© 2006 Elsevier SAS. All rights reserved.

Keywords: Pyrimidines; Bisnitriles; Antiinflammatory activity

1. Introduction

Pyrimidine derivatives comprise a diverse and interesting
group of drugs [1]. The subject has been discussed recently
[2]. Earlier, a comprehensive review concerning pyrimidines
has been published by Brown [3]. Pyrimidines in general are
extremely important for their biological activities. For example,
some are antiviral agents [4], the others are selective cholecys-
tokinin subtype 1 (CCK1) receptor antagonists [5], and a few
are antiinflammatory [6,7]. In fact, there are so many pyrimi-
dine derivatives with pharmacological activities that it is diffi-
cult to describe much about them in the present paper.

In our continuing work on pyrimidines [8,9], we became
interested to incorporate a phthalimido group in one of the phe-
nyl rings. The reason for this is that phthalimide derivatives are

" Corresponding author. Fax: +55 81 3271 8346.
E-mail address: melosj@ibest.com.br (S.J. de Melo).
! Taken in part from the Ph.D. thesis (2003) of Emerson Peter da S. Falcao

0223-5234/$ - see front matter © 2006 Elsevier SAS. All rights reserved.
doi:10.1016/j.ejmech.2005.09.009

gaining importance due to their different and significant biolo-
gical activities [10]. Thalidomide is one of them, which was
once prohibited in the market is again being considered impor-
tant due to its activity as an antiinflammatory agent [10]. This
drug has been found to reduce tumor growth by blocking an-
giogenesis both in model systems and in clinical studies [11—
14]. Thalidomide and its analogs also slow down the replica-
tion rate of HIV-1 in vitro [15].

Since many phthalimide derivatives have presented hypoli-
pidemic activity [16] and antiinflammatory activities [loc. cit.],
we perceived that when two moieties, like phthalimide and
pyrimidine are joined the molecules might exhibit superior
antiinflammatory activity. It is with this idea in mind that the
present work was undertaken. Therefore, this paper describes
the synthesis of eight pyrimidine derivatives 5a—h where six of
them 5a—e, h have not yet been reported in the literature. Com-
pounds 5f-h and 7a—e have been tested for antiinflammatory
property with impressive results. In fact, 7a—e turned out to be
very active against inflammation.
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2. Chemistry

The starting benzaldehyde and 3- and 4- substituted benzal-
dehydes 1a—e were allowed to react with malononitrile 2 to
give unsaturated bisnitriles 3a—e. Condensation of these with
arylamidines 4a—d in the presence of piperidine furnished 4-
amino-5-cyano-2,6-diarylpirimidines 5a’~h’ in good yields [8,
17]. Reduction of compounds 5a—e using Pd/C provided their
respective amines 6a—e. Reaction of 6a—e individually with
phthalic anhydride yielded 7a—e in good to excellent yields. It
may be worthwhile to comment that only the amino group
either at meta or para positions of the phenyl ring suffered
selective reaction while the 4-amino group of the pyrimidine
ring did not take part in the reaction at all. The formation of
phthalimido-2-yl function at the meta and para positions in the
C-6 phenyl ring of the substituted pyrimidines 7a—e was veri-
fied by the "H-NMR, infrared (IR) and mass spectral data. The
synthetic maneuvering leading to 7a—e has been presented in
Scheme 1.

3. Results and discussion

All substituted pyrimidines are crystalline and stable com-
pounds with high melting points. These can be recrystallized
and are homogeneous by thin layer chromatography.

3.1. Spectroscopy

The IR and mass spectra of all compounds agreed with the
proposed structures. The series 5a’~h’ have the correct chemi-
cal shifts for the protons in the "H-NMR spectra and it was
easy to characterize them. Similarly, the amines 6a—e obtained
by the reduction of the nitro groups presented the expected
chemical shifts. The target compounds could also be character-
ized by "H-NMR without any problem and the chemical shifts
of one of them, i.e. 7a are given: H,' and H¢' (6 =8.43 and
J=9.0 Hz); H3ll and H5[ (6=8.12 and J=8.7 Hz); § 7.9
(b, 2H, NH,) H,[l and Hgll (6=7.69 and J=8.1 Hz); H;' and
Hs' (0=7.61 and J = 8.4Hz); H,'ll and H,'0 (6 = 8.02 m); H,'l
and H;' (0=7.94 m). 6 3.82 (s, 3H, CH;50) the chemical
shifts of all other compounds are given in Section 5.

4. Pharmacology

4.1. Preliminary toxicity and antiinflammatory tests
of 4-amino-5-cyano-2,6-diarylpyrimidines 5f—h' and 7a—e

The antiinflammatory assays were preceded by the acute
toxicity tests in mice. The pyrimidine derivatives 5f—h’ were
dissolved individually in a 2.5% Tween 80 solution of 0.9%
saline water. Administration of this suspension (0.5 ml) intra-
peritonially to the animals in doses of 125, 250, 500,
1000 mg kg ' of body weight followed by the waiting period
of 4-72 hours did not show any toxic effects. Pyrimidines con-
taining phthalimido-2-yl group on the C-6 phenyl function in
7a—e were also subjected to toxicity test which did not show

any toxicity symptoms when evaluated in five groups each
containing five animals under the same conditions described
above. The doses were from 100, 200, 400, 800,
1600 mg kg ™' of the body weight.

Antiinflammatory tests have been performed for compounds
5f—h’ and 7a—e using groups of 10 Swiss albino mice at the
dose of 250 mg kg '. All of them exhibited such property
when compared with aspirin (acetylsalicylic acid, ASA) as well
as indomethacin (INDO). Both of these commercially available
antiinflammatory agents were also tested for comparative pur-
poses employing the same solution as described above. Com-
pound 5h’ showed the highest activity reducing the paw edema
by 47.8%. Pyrimidines 5g’ and 5f" presented 38.7% and 20.7%
of inflammation reductions, respectively (Table 1).

Substances 7a—e also presented antiinflammatory activity,
but 7a—c¢ were much better in terms of inflammation reduction
(Table 2). It is well known that INDO is stronger antiinflam-
matory drug than aspirin. A comparison of these two with
compounds 7a—c clearly demonstrate that compounds 7b and
7c¢ are even superior in activity than INDO while 7a is compar-
able to INDO (Tables 1 and 2). Figs. 1 and 2 provide the per-
centage reduction of edema for compounds 5f—h’ and 7a—e
and their comparison with ASA and INDO.

Figs. 1 and 2 represent the comparative analyses of the anti-
inflammatory activity of compounds 5f—h" and 7a—e.

4.2. Cytotoxical test evaluations

Initially, compounds 5g'-h’ were tested for cytotoxical
property but no significant activity was found. Next, phthalimi-
dopyrimidines (7a—e) were tested, which did not present cyto-
toxical activity against HEp-2 in the concentrations tested. All
compounds except 7e inhibited the growth of the neoplastic
cells NCI-H,g,. The most active one was 7d with 40.03% of
inhibition activity at the concentration of 10 pg ml™" (Table 3).

5. Experimental protocols
5.1. Chemical analysis

IR spectra were recorded with a Bruker spectrometer, model
IFS 66 (Fourier Transform) utilizing KBr pellets. EI mass spec-
tra were obtained with a Delsi-Nermag mass spectrometer,
coupled to GC (HP 5890) at an ionization potential of 70 eV.
"H-NMR spectra were recorded with a 300 MHz Varian spec-
trophotometer model UNITY plus. Melting points were ob-
tained with an Electrothermal digital melting point apparatus
(model 9100) and are uncorrected. Thin-layer chromatography
was carried out on plates coated with silica gel containing
fluorescent indicator F,s4 and the spots were detected under
ultraviolet light. The solvent system was ethyl acetate/hexane
(4:1) for compounds Sa—h and ethyl acetate/hexane (3:1) for
compounds 6a—e and 7a—e.
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Table 1
Antiinflammatory test results of compounds 5f~h, ASA and INDO

Compound Average difference in paw weights ~ Edema reduction
(g); standard deviation (S.D.) (%)
2.5% Tween 80 0.1045 £ 0.007 0.0
in 0.9% aqueous
NaCl
INDO 0.5081 +£0.012 51.4
ASA 0.06680 + 0.001 36.5
5f 0.08280 =+ 0.003 20.7
5g’ 0.06432 £ 0.002 38.7
5h’' 0.05450 + 0.005 47.8
Table 2

Antiinflammatory test results of compounds 7a—e

Compound Average difference in paw weights ~ Edema reduction
(g); standard deviation (S.D.) (%)
2.5% Tween 80 0.16487 £+ 0.005 0.0
in 0.9%
Aqueous 0.05081 + 0.012 69.2
NaCl INDO
ASA 0.10436 £ 0.008 36.7
7a 0.08454 £0.010 65.7
7b 0.05986 +0.010 73.6
Tc 0.06066 =+ 0.007 73.2
7d 0.11122£0.012115 32.53
Te 0.116120 +0.01494 29.54
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all
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Fig. 1. Comparative analyses of the antiinflammatory activity of compounds
5t-h, ASA and INDO.
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Fig. 2. Comparative analyses of the antiinflammatory activity of compounds
7a—e, ASA and INDO.

5.2. General method for the preparation of bisnitriles (3)

An appropriate aldehyde 1 (24 mmol) and malononitrile 2
(24 mmol) were dissolved in methanol under stirring, and the
contents stirred for 4 h at room temperature. The reaction was
monitored by thin layer chromatography. Solvent evaporation

left a solid mass, which was chromatographed over a silica gel
column. Elution with n-hexane/ethyl acetate (4:1) afforded the
desired compounds. The nitriles described in this work are
known and their melting points agreed with the literature [18,19].

5.3. General method for the preparation of 4-amino-2,6-
diarilpyrimidines-5-cyano (5a—h)

Bisnitrile 3 (5.36 mmol) and arylamidine 4 (5.36 mmol)
were dissolved in methanol (20 ml) and refluxed for 7 h. The
contents were cooled to room temperature and solvent evapo-
rated under reduced pressure to give a solid mass, which was
chromatographed over silica gel. The desired compound was
eluted using a mixture of n-hexane/ethyl acetate (8:2). The
fractions containing 5 were combined, solvent evaporated,
and the product crystallized from methanol in every case.

5.3.1. 4-Amino-2-(p-anisyl)-5-cyano-6-(p-nitrophenyl)-
pyrimidine (5a)

This compound was obtained as colorless crystals in 32%
yield, m.p. 238-240 °C; Ry=0.41 (n-hexane/ethyl acetate,
8:2); IR (KBr, ymax cm ') 3446 (NH,), 3356 (NH,), 2209
(CN), 1648 (C=N); '"H-NMR: (DMSO-ds 300 MHz), 6 8.42
(d, 2H, J=8.1Hz, H,', Hy'), § 8.48 (d, 2H, J=8.7 Hz, H;[l,
Hsll), 6 7.14 (1, 2H, NH,), § 8.25 (d, 2H, J= 8.4 Hz, H.[,
Hell), 6 7.14 (d, 2H, J=8.1 Hz, Hy, Hy), 6 3.65 (s, 3H,
CH;0), MS: m/z (rel. int.) 347 (M, 100), 214 (35.5). Anal.
calculated for C;gH;3Ns50,-1/4H,0: C, 61.44%; H, 3.86%; N,
19.90%. Found: C, 61.40%; H, 3.75%; N, 19.96%.

5.3.2. 4-Amino-5-cyano-6-(p-nitrophenyl)-2-(phenyl)-
pyrimidine (5b)

This compound was obtained as colorless crystals in 33%
yield, m.p. 265-266 °C; Ry=0.45 (n-hexane/ethyl acetate,
8:2); IR (KBr, Jmax cm '): 3421 (NH gymm), 3339 (NH,
asymm)> 2218 (CN), 1639 (C=N); "H-NMR (DMSO-d,
300 MHz); ¢ 8.42 (2H, d, J=8.7 Hz, H,' and Hy'), 6 8.43
(2H, d, J=8.7 Hz, H;ll, Hsll) 6 8.09 (2H, b, NH,), J 7.37
(3H), m, Hy', H,' and Hs', 0 8.21 (2H, d, J=8.7 Hz, H,[,
Hell). MS: m/z (rel. int) 317 (M*, 100), 318 (49.66), 214
(25.9), 303 (12.41), 270 (10.44). Anal. calculated for
C17H NsO;: C, 64.35%; H, 3.49%; N, 22.07%. Found: C,
64.24%; H, 3.47%; N, 22.01%.

5.3.3. 4-Amino-2-(p-chlorophenyl)-5-cyano-6-
(p-nitrophenyl)-pyrimidine (5c’)

This compound was obtained as colorless crystals in a yield
of 55%; m.p. 319-320 °C; Ry=0.17 (n-hexane/ethyl acetate,
8:2); (KBL Vimax Cmil): 3469 (NHZ asymm): 3346 (NHZ symm)’
2220 (CN), 1645 (C=N), '"H-NMR (DMSO-ds 300 MHz), &
8.42 (2H, d, J=8.7 Hz, H,', Hy'), 6 8.39 (2H, d, J=8.7 Hz,
Hsl, Hsl), 6 8.13 (2H, b, NH,), 6 8.21 (2H, d, J = 8.7 Hz, H,[l,
H¢"), 0 7.61 (2H, d, J= 8.7 Hz, H;', Hs'). Anal. calculated for
C17HoN5O,CI' 1/4H,0: C, 57.31%; H, 2.97%; N, 19.65%.
Found: C, 57.54%; H, 2.67%; N, 19.73%.
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Table 3

Cytotoxic activity in vitro of 4-amino-2-aryl-5-cyano-6-{3- and 4-(N-phthalimidophenyl)} pyrimidines 7a—e

Growth inhibition (%)

NCI-Hyg,
Concentration (ug ml™") 1.25 2.50 5.0 10.0
Compound 7a 9.31+0.023 16.55+0.011 24.38 £0.042 26.69 +0.020
7b 7.09 £ 0.006 9.55+0.032 10.55+0.016 18.78 £0.029
Tc 8.22+0.016 17.30 +0.034 28.17 £0.035 30.97 +0.036
7d 8.07+0.016 24.39 £ 0.034 27.51+0.035 40.03 +0.036
Te - - - -

5.3.4. 4-Amino-5-cyano-2-(p-fluorophenyl)-6-
(p-nitrorophenyl)-pyrimidine (5d')

This compound was obtained as colorless crystals in a yield
of 44%; m.p. 254-256 °C; Ry=0.57 (n-hexane/ethyl acetate,
8:2); (KBI', Ymax Cmil): 3417 (NHZ asymm), 3334 (NHZ symm)s
2219 (CN), 1640 (C=N); '"H-NMR (DMSO-dg, 300 MHz): §
8.42 (4H, d, J=8.7 Hz, H2', H¢', H3ll, Hs[l), 5 8.16 (2H, b,
NH,), 6 7.36 (2H, t, Hy', Hs'), § 8.21 (2H, d, J = 8.7 Hz, H,[],
Hell). Anal. calculated for C;,H;(NsO,F-1/4H,0: C, 60.59%;
H, 3.00%; N, 20.88%. Found: C, 60.59%; H, 2.94%; N,
20.45%.

5.3.5. 4-Amino-5-cyano-2-(p-chlorophenyl)-6-(m-nitrophenyl)-
pyrimidine (5€')

This compound was obtained as colorless crystals in a yield
of 53%; m.p. 295-296 °C; Ry=0.29 (n-hexane/ethyl acetate,
82)a (KBI', Ymax Cmil): 3486 (NHZI asymm)a 3331 (NHZ symm)a
2216 (CN), 1630 (C=N); 'H-NMR (DMSO-ds 300 MHz), 6
8.38 (2H, d, J=8.7 Hz, H,', Hy'), 6 8.42 (1H, d, J=8.7 Hz,
H,0), 6 8.39 (2H, b, NH,), 6 7.62 (2H, d, J= 8.4 Hz, Hy', Hs"),
5 8.76 (1H, t, J=1.8 Hz, J=2.1Hz, H¢ll), 5§ 8.47 (1H, t,
J=8.7 Hz, J=1.8 Hz, Hl), § 7.9 (1H, t, J=7.8 Hz,
J=8.1 Hz, Hsll). Anal. calculated for C,,H;,N5O,Cl-1/4H,0:
C, 57.47%; H, 2.97%; N, 19.71%. Found: C, 57.68%; H,
2.76%; N, 19.74%.

5f" and 5g’: The melting points and spectroscopic data of
these compounds agreed with the reported data in [17].

5.3.6. 4-Amino-2-(p-anisyl)-6-(p-anisyl)-5-cyano-pyrimidine
(5h')

This compound was obtained as colorless crystals in a yield
of 84%; m.p. 191-192 °C; Ry=0.28 (n-hexane/ethyl acetate,
82)a (KBI', Ymax Cmil): 3446 (NHZ asymm)’ 3356 (NH2 symm)a
2209 (CN), 1648 (C=N); '"H-NMR (DMSO-d¢, 500 MHz); &
8.37 (2H, d, J = 5.1 Hz, H,', Hy"), 6 8.02 (2H, d, J=5.4 Hz,
H,l, Hel), 6 7.76 (2H, L, NH,), 6 7.14 (2H, d, J= 5.4 Hz, Hy',
Hs), 6 7.09 2H, d, J=5.4 Hz, Hsll, Hsl), 6 3.86 (6H, s,
CH;0), MS: m/z (rel. int.) 332 (M", 100), 331 (65.2), 199
(24.9). Anal. calculated for C;oH;sN4O, 1/4H,0 C, 68.66%;
H, 4.85%; N, 16.86%. Found: C, 68.99%; H, 4.76%; N,
17.19%.

5.4. General method for the preparation of compounds (6a—e)

Nitro pyrimidines (5a’—e") (5.36 mmol) were dissolved in
ethyl acetate and 5% Pd on charcoal (20% by weight) was

added to it. The contents were stirred at room temperature for
2 h under hydrogen atmosphere, and filtered to remove the
catalyst followed by the solvent removal and crystallization
from ethyl acetate.

5.4.1. 4-Amino-6-(p-aminophenyl)-2-(p-anisyl)-5-cyano-
pyrimidine (6a)

This compound was obtained as yellow crystals in a yield of
90%; m.p. 177-178 °C; R¢= 0.53 (n-hexane/ethyl acetate, 8:2);
(KB, ymax cm '): 3442 (NH, asymm)> 3344 (NH; gymm), 2203
(CN), 1610 (C=N); '"H-NMR: (DMSO-ds 300 MHz), 5 8.34 (d,
2H, J=9.0 Hz, H,', H), 6 7.85 (d, 2H, J = 9.0 Hz, H,[, H,[),
0 7.75 (b, 2H, C4-NH,), 6 7.04 (d, 2H, J=9.0 Hz, H3', Hy"),
6.68 (d, 2H, J = 8.7 Hz, H3ll, Hsll), 6 5.65 (s, 2H, 4”-NH.,), the
NH, signals disappeared after addition of D,O; 3.65 (3H, s,
CH;0); MS: m/z (rel. int.) 347 (M", 100), 348 (24.31), 214
(36.43).

5.4.2. 4-Amino-6-(p-aminophenyl)-5-cyano-2-(phenyl)-
pyrimidine (6b)

This compound was obtained as yellow crystals in a yield of
76%; m.p. 185-186 °C; R¢y= 0.27 (n-hexane/ethyl acetate, 8:2);
(KB, Vimax cm '): 3323 (NH, asymm)> 3212 (NH gymm), 2201
(CN), 1611 (C=N); 'H-NMR: (DMSO-ds, 300 MHz), 5 8.40
(dd, 2H, J=8.0 Hz; J=2.0 Hz, H,', H{"), 6 7.90 (d, 2H,
J=8.7 Hz, H,ll, H(ll), § 7.69 (b, 2H, 4”-NH,), 7.53 (m, 3H,
Hy', Hy', H); 6.69 (d, 2H, J = 8.7Hz, H;[l, Hs[l); 6 5.89 (s, 2H,
C¢-NH,), the NH, signals disappeared after addition of D,O;
MS: m/z (rel. int.) 317 (M", 100), 318 (49.66), 214 (25.89).

5.4.3. 4-Amino-6-(p-aminophenyl)-5-cyano-2-
(p-chlorophenyl)-pyrimidine (6¢)

This compound was obtained as yellow crystals in a yield of
55%; m.p. 240-245 °C; Ry= 0.23 (n-hexane/ethyl acetate, 8:2);
(KB, Ymax cm 1): 3464 (NH,), 3418 (NH,), 2202 (CN), 1618
(C=N); 'H-NMR: (DMSO-ds, 300 MHz), 6 8.46 (d, 2H,
J=9.0 Hz; Hy', Hy'), 6 7.95 (d, 2H, J=9.0 Hz, H,[l, Hell), ¢
7.81 (b, 2H, C4-NH,), 7.66 (d, 2H, J= 9.0 Hz; H3’, Hy"); 6.75
(d, 2H, J=9.0 Hz, H5[l, Hsll); 9 5.97 (b, 2H, 4"-NH.,), the NH,
signals disappeared after the addition of D,O.

5.4.4. 4-Amino-6-(p-aminophenyl)-5-cyano-2-(p-fluorophenyl)-
pyrimidine (6d)

This compound was obtained as yellow crystals in a yield of
69%; m.p. 262-263 °C; Ry= 0.22 (n-hexane/ethyl acetate, 8:2);
(KBT, pmax cm ') 3465 (NH,), 3412 (NH,), 2203 (CN), 1605
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(C=N); 'H-NMR: (DMSO-ds, 300 MHz), 6 8.44 (q, 2H,
J=8.7 Hz; J=5.0 Hz, Hy, Hy'); 7.90 (d, 2H, J=8.70 Hz,
H,[, Hl); 7.65 (b, 2H, C4-NH,); 7.34 (m, 2"H, Hy', Hs);
6.69 (d, 2H, J=9.0 Hz, Hsll, H;[l), 5.85 (s, 2H, 4”-NH,), the
NH, signals disappeared after addition of D,O).

5.4.5. 4-Amino-6-(m-aminophenyl)-5-cyano-2-(p-
chlorophenyl)-pyrimidine (6e)

This compound was obtained as yellow crystals in a yield of
55%; m.p. 237-238 °C; Ry=0.21 (n-hexane/ethyl acetate, 8:2);
(KB, max cm 1): 3423 (NH,), 3342 (NH,), 2208 (CN), 1650
(C=0); 'H-NMR: (DMSO-ds, 300 MHz), ¢ 8.38 (d, 2H,
J=9.0 Hz; H,', Hy), 0 7.13 (2H, m, H,[, Hsll), 6 7.07 (d,
1H, J=9.0 Hz, Hgll), 5 7.88 (b, 2H, 4"-NH,), 7.60 (d, 2H,
J=9.0 Hz, Hy, Hs'); 6.76 (d, 1H, J=9.0 Hz, Hyll), ¢ 5.35
(s, 2H, 4"-NH,) the NH, signals disappeared after addition of
D,0.

5.5. General procedure for the synthesis of compounds (7a—e)

Compound 6 was dissolved in nitrobenzene with phthalic
anhydride. The contents were refluxed and stirred for 30 min.
The solid mass was precipitated using cyclohexane and the de-
sired compound 7 was crystallized from acetic acid.

5.5.1. 4-Amino-2-(p-anisyl)-5-cyano-6-{4-
(N-phthalimidophenyl)} pyrimidine (7a)

This compound was obtained in a yield of 67%; m.p. 335—
340 °C; R¢=0.60 (n-hexane/ethyl acetate 8:2); (KBr, Ymax
cm '): 3459 (NH, asymm)s 3361 (NH: gymm), 2212 (CN), 1750
(C=N), 1644 (C=0); '"H-NMR: (DMSO-d¢ 300 MHz/d ppm), 6
8.4 (2H, d, /=9.0 Hz, H,', H¢"), 6 8.11 (d, 2H, J=8.4 Hz,
H,l, Hsl), 6 8,02 (m, 2H, H,'0 H D), 6 7.9 (b, 2H, NH,, after
addition of D,O the signal disappeared), J 7.94 (m, 2H, H,'[,
Hy'0), 6 7.68 (d, 2H, J=8.4Hz, H,l, Hl), 5§ 7.08 (d, 2H,
J=8.7 Hz, Hy, HS), 6 3.82 (s, 3H, CH;0); "*C-NMR
(DMSO-dg): 0 167.41, 166.86, 164.46, 163.84, 162.23,
136.15, 134.85, 134.10, 131.60, 130.41, 129.20, 128.89,
127.22, 123.59, 116.56, 113.94, 83.75, 55.42; MS: m/z (int.
rel.) 317 (M", 100), 403 (44.2), 316 (81.6). Anal. calculated for
CosH17N503:1/2H,0: C, 68.41%; H, 3.75%; N, 15.34%.
Found: C, 68.62%; H, 3.52%; N, 15.30%.

5.5.2. 4-Amino-5-cyano-2-(phenyl)-6-{4-
(N-phthalimidophenyl) }-pyrimidine (7b)

This compound was obtained in a yield of 64%; m.p. 327—
328 °C; Ry=0.29 (n-hexane/ethyl acetate 8:2); (KBr, ymax
cm '): 3404 (NH, asymm)> 3355 (NHz gymm), 2210 (CN), 1718
(C=N), 1609 (C=0), '"H-NMR: (DMSO-dg 300 MHz/d ppm), §
8.44 (2H, d, J=17.5 Hz, H,', Hy'), 6 8.13 (d, 2H, J=8.7 Hz,
H;[, Hil), 6 8.02 (m, 2H, H,'ll, H,'D), 6 7.9 (2H, b, NH., after
addition of D,O the signal disappeared), 6 7.94 (m, 2H, H,'[,
Hy'l), 6 7.76 (2H, d, J=8.4 Hz, H,ll, Hell), 5 7.55 (d, 3H,
J=17.5 Hz, Hy, H, Hs), >C-NMR (DMSO-d¢): 6 167.50,
166.85, 164.61, 164.10, 136.51, 136.01, 134.85, 134.18,
131.57, 129.88, 129.28, 128.58, 127.21, 123.59, 123.34,

116.45, 84.58; MS: m/z (int. rel.) 417 (M", 100), 418 (18.75),
314 (62.13). Anal. calculated for C,cH;;Ns5O3-1/2H,0: C,
68.41%; H, 3.75%; N, 15.34%. Found: C, 68.62%; H,
3.52%; N, 15.30%.

5.5.3. 4-Amino-5-cyano-2-(4-chlorophenyl)-6-{4-(N-
phthalimidophenyl) }pyrimidine (7c)

This compound was obtained in a yield of 61%; m.p. 312—
313 °C; R¢=0.26 (n-hexane/ethyl acetate 8:2); (KBr, ymax
cm '): 3471 (NH, asymm), 3445 (NHz gymm), 2250 (CN), 1730
(C=N), 1611 (C=0); '"H-NMR: (DMSO-d4 300 MHz/6 ppm), &
8.43 (d, 2H, J = 9.0 Hz, H,', Hy¢"), ¢ 8.12 (d, 2H, J=8.7 Hz,
Hsl, Hsl), 6 8.02 (m, 2H, H,'[, H D), 6 7.94 (2H, m, H,'[,
Hy'D), 6 7.69 (d, 2H, J=8.1 Hz, H,l, H), 6 7.61 (d, 2H,
J=8.4 Hz, H;', Hs'); It was not possible to locate the -NH,
protons '*C-NMR (DMSO-dg): & 167.59, 166.86, 164.56,
163.08, 136.57, 135.86, 135.38, 134.88, 134.24, 131.59,
130.25, 129.28, 128.75, 127.23, 123.61, 116.32, 84.80. Anal.
calculated for C,4H7NsO5-1/2H,0: C, 68.41%; H, 3.75%; N,
15.34%. Found: C, 68.62%; H, 3.52%; N, 15.30%.

5.5.4. 4-Amino-5-cyano-2-(4-fluorophenyl)-6-{4-
(N-phthalimidophenyl) }pyrimidine (7d)

This compound was obtained in a yield of 68%; m.p.
314.5-315 °C; R¢=0.28 (n-hexane/ethyl acetate 8:2); (KBr,
Ymax Cmil): 3466 (NH2 asymm)a 3317 (NHZ symm), 2187 (CN):
1734 (C=N), 1644 (C=0); '"H-NMR: (DMSO-d¢ 300 MHz/6
ppm), ¢ 8.48 (d, 2H, J=9.0 Hz, H,', H¢'), § 8.13 (d, 2H,
J=17.8 Hz, H;ll, Hsll), 6 8.0 (m, 2H, H,'l, H,O), 5§ 7.7 (d,
2H, J=17.8 Hz, H,ll, Hll), 6 7.94 (m, 2H, H,'ll, Hy'D), 6 7.35
(t, 2H, J=8.1 Hz, J= 8.4 Hz, H;', Hs'); the -NH, protons pre-
sumably appeared 7.20 ppm '*C-NMR (DMSO-dg): 6 167.53,
166.85, 164.56, 163.11, 135.92, 135.34, 134.87, 134.21,
133.04, 131.56, 131.09, 129.89, 129.28, 127.21, 123.60,
116.38, 84.51. Anal. calculated for C,sH;4sNsFO,-H,O: C,
66.22%; H, 3.56%; N, 15.45%. Found: C, 66.22%; H,
3.31%; N, 15.21%.

5.5.5. 4-Amino-2-(4-chlorophenyl)-5-cyano-6-{3-
(N-phthalimidophenyl) }Jpyrimidine (7e)

This compound was obtained in a yield of 50%; m.p. 309—
310 °C; Ry=0.34 (n-hexane/ethyl acetate 8:2); (KBr, ymax
cm '): 3460 (NH, asymm)s 3351 (NHz symm), 2187 (CN), 1727
(C=N), 1642 (C=0); 'H-NMR: (DMSO-dg 300 MHz/6 ppm), &
8.4 (d, 2H, J=18.7 Hz, Hy', Hy'), 6 8.07 (m, 2H, Hyll, Hyl), &
8.01 (m, 2H, H,'l, H,0), 6 7.93 (m, 2H, H,'ll, Hy'), 5 7.74 (d,
1H, J=8.4 Hz, Hyll), § 7.72 (bs, 1H, Hsll), 6 7.59 (2H,
J=8.4 Hz, H;', Hs"); The -NH, protons could not be located
BC-NMR (DMSO-dg): 6 173.06, 167.36, 167.10, 164.71,
163.24, 137.27, 136.74, 135.40, 134.99, 132.46, 131.67,
130.35, 130.04, 129.25, 128.81, 128.33, 127.69, 123.69,
116.21. Anal. calculated for C,sH4NsC,0,°1/2H,0O: C,
65.15%; H, 3.28%; N, 15.26%. Found: C, 64.86%; H,
3.33%; N, 15.61%.
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5.6. The antiinflammatory activity of the compounds 5 and 7

The antiinflammatory activity was evaluated by the model
of carrageenan-induced mouse paw edema following the litera-
ture method [20], which was described earlier by Levy [21].
The inflammation was induced by injecting a 1% solution of
carrageenan lambda (sigma) dissolved in a 0.5% saline solution
containing 2.5% of Tween 80, in the right hind paw of a group
of 10 animals (body weight ~ 19-21 g of each animal). After
30 min the compounds were administered to a group of 10
mice intraperitoneally having a dose of 250 mg kg '. The anti-
inflammatory drug used as standard was ASA at the dose of
250 mg kg '. Even with the discovery of many new medicines,
aspirin is still the analgesic—antipyretic and antiinflammatory
agent more prescribed in the medicine and is standard to the
evaluation of new drugs in pharmacological assays [22].

The cytotoxical assays were performed using the methodol-
ogy described by Mosman [23] to evaluate the cell prolifera-
tion. The drugs were dissolved in DMSO having four concen-
trations of 10, 5, 2.5 and 1.25 pl. A suspension at the
concentration of 5 x 10* cells mI™' were prepared and distrib-
uted in culture cell plates and incubated at 37 °C over a damp
atmosphere. After 24 h the test drugs were added. DMSO was
used as control and the test were made in quadruplicate. The
cells were incubated for additional 72 h. After this time, a so-
lution of 25 pl of MTT at a concentration of 5 mg ml™' [24]
was added. The plates were incubated at 37 °C for more than
2 h and the reading were made by an ELISA reader model
ELX 800 at 540 nm.

6. Conclusion

We have achieved an efficient and simple synthesis of Sa—
h. The transformation of these to 6a—e followed by the pre-
paration of phthalimidoyl pyrimidines 7a—e has also been ac-
complished. The discovery that these final phthalimidopyrimi-
dines are antiinflammatory without any toxic effects is
exciting. This finding is quite satisfactory. Hence, this study
has widened the scope for evolving the new and promising
antiinflammatory drugs.
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Summary

The chemical composition of fatty acids and ubiquinones was studied in 18

strains of Cunninghamella, to establish quantitative and qualitative differences
within the genus. Fatty acids analysis has shown the presence of four groups.
Ubiquinone analysis, through high performance liquid chromatography (HPLC),
demonstrated the existence of three different groups based on the ubiquinone
type. The average percentage of fatty acids of the species Cunninghamella
elegans and Cunninghamella bertholletiae, show variations in linolenic and stea-
ric acids, suggesting the possibility of differentiation between the two species.

Key words

Chemotaxonomy, Ubiquinone system, Fatty acids, Cunninghamella

Marcadores bioquimicos en la taxonomia del género
Cunninghamella

Resumen

Se estudio la composicion quimica de los dcidos grasos y ubiguinonas en 18

cepas de Cunninghamella para conocer y establecer diferencias cuantitativas y
cualitativas dentro del género. El andlisis de acidos grasos mostré la presencia
de cuatro grupos. El analisis de ubiquinonas, por cromatografia liquida de alta
resolucién (HPLC), demostré la formacion de tres grupos diferentes segun el
tipo de ubiquinona. El porcentaje medio de acidos grasos entre las especies
Cunninghamella elegans y Cunninghamella bertholletiae mostré una variacion
en los acidos linolénico y estedrico, sugiriendo la posibilidad de diferenciacién
entre las dos especies.

Palabras clave

The genus Cunninghamella contains species of
mmportance in medical mycology and in biotechnological
processes. Within medical mycology over seventy cases
of infections caused by Cunninghamella bertholletiae
STADEL 1911, have already been reported, including
cases of sinusitis [1], endobronchial zygomycosis [2] and
pulmonary infection in cancer patients and in patients
with diabetes mellitus [3]. In the biotechnological field,
Cunninghamella species such as Cunninghamella bainieri
NAUMOV 1939 have the capacity to metabolize xenobio-
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tics, including aromatic compounds and pharmacological
drugs [4-6]. Cunninghamella elegans has the ability to
oxidise polycyclic aromatic hydrocarbons, petroleum
compounds and to degrade fluorantene, and the most com-
mon polycyclic aromatic hydrocarbon in the environment
[7-9], such as the nitrated polycyclic aromatic hydrocar-
bons, considered as mutagenic and carcinogenic agents [10].

The taxonomy of Cunninghamella is based only
upon morphologic and physiological aspects; however
C. elegans and C. bertholletiae, show similar reproductive
structures, making their identification difficult [11].
So, other parameters can serve as aids to morphological
taxonomy, such as the use of biochemical markers, in the
identification of microorganisms. This methodology has
contributed substantially to the resolution of several pro-
blems related to aspects of classification and phylogene-
tics [12,13].

Because of the need for a broader knowledge of
the biology of the species of the genus Cunninghamella,
studies were made with the objective of determining the
chemical composition of the ubiquinone system and fatty
acids of 18 strains. In addition, the value of these parame-.
ters as additional tools for the morphologic taxonomy
of the species studied, was assessed, with the purpose
of establishing the inter and intraespecific relationships
especially between the species of C. elegans and C. ber-
tholletiae.
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MATERIALS AND METHODS

The eight strains of the Cunninghamella genus
used were from the collection of the Research Center for
Pathogenic Fungi and Microbial Toxicoses, Chiba
University, Japan (IFM), five isolated samples from
Amazonia legal (LIKA) and five strains from UFPE
(URM) collection. The strains studied are listed in table 1.

Table 1. Strains used in this investigation.

Strains No

IFM 40505
IFM 46109
IFM 47050
LIKA 0017
LIKA 0014
LIKA 0015
LIKA 0016
IFM 47591
URM 2084
URM 3172

Species

Cunninghamella elegans

IFM 46110
IFM 46111
IFM 46114
IFM 46987
LIKA 0013

URM 168
URM 2136

Cunninghameila bertholletiae

Cunninghamelia blakesleeana
Cunninghamella echinulata

Cunninghamella ramosa URM 1918

Cultural conditions. The culture medium used
for maintenance and for obtaining the mycelial mass was
the YMB: malt extract (3 g), yeast extract (3 g), peptone,
D-glucose, adding distilled water until the final volume
was 1.000 ml and pH 5.8, as a solid medium 20 g of agar
was added, being denominated YMA.

Extraction and preparation of ubiquinone.
The ubiquinone was extracted from saponified cells with
hexane, and purified by preparative thin-layer chromato-
graphy on a silica-gel plate with pure benzene as solvent [14].

Identification of ubiquinones. The purified ubi-
quinones were analyzed by high performance liquid chro-
matography (HPLC) and identified by comparison of
retention times of the samples with the following standard
of ubiquinones: Q6 Coenzyme, Q7 Coenzyme, Q9
Coenzyme, Q10 Coenzyme (obtained from Sigma
Chemical Company - USA). The analysis was made
using a Cosmosil column 5C18-P (4,6x250mm), on the
following conditions: eluent: methanol-isopropanol (2:1,
v/v). flow rate: 1.0 ml/min, UV detector: 270nm.

Extraction and methylation of fatty acids. The
fatty acids were converted to methyl ester according to
Dunlap and Perry’s method (1967), described by Durham
and Kloos [15].

Gas chromatography The analyses were carried
out in a gas chromatograph equipped with capillary
column HR-SS-10 (0.125X50M), using helium as carrier
gas. The injector and detector (FID) temperature was
350 °C, oven temperature at 130 °C, starting and increa-
sing to 170 °C in 1 °C/min, to 180 °C em 3 °C/min, kept
isothermically for 10 min. The fatty acids were identified
through the comparison of the retention time of the peaks
of the samples with the standard. Relative amounts of
methyl esters CFA were calculated through the integration
of the areas of the peaks. The standard fatty acids were:
myristic acid (C14:0), palmitic acid (C16:0), stearic acid

(C18:0), oleic acid (C18:1), linolenic acid (C18:3) and Y-
linolenic acid (C18:3) (obtained from Sigma Chemical
Company - USA).

RESULTS

Ubiquinone system analysis. The Cunningha-
mella genus was divided in three groups based on the ubi-
quinone system. The results are shown in table 2.

It was observed in this study that the isolates of
Cunninghamella contained Q6 ubiquinone, Q9 ubiquino-
ne and Q10 ubiquinone.

Within the group of isolates studied three groups
were recognized based on the ubiquinone type. Group I
was distinguished by having Q6 ubiquinone as the main
compound, and group II by Q9 ubiquinone. Both of them
subdivided in A, with the presence of Q10 ubiquinone and
subgroup B differing by the absence of Q10 ubiquinone
and group III constituted by a higher percentage of Q9
ubiquinone.

C. bertholletiae (IFM46987, IFM46110 and
IFM46111) and C. elegans (IFM40505, IFM47050,
IFM46109 and IFM47591) species were united into group
1A. Cunninghamella ramosa (URM1918) and C. bertho-
lletiae (IFM46114 and L13) were united into group IB.
The C. bertholletiae species was characterized into this
group as all the strains present the Q6 ubiquinone as the
main compound. Group IIA contained only the C. elegans
isolate URM3172. Group 1IB included the C. elegans is0-
lates L14, L15, L16, L17and URM2084 and Cunningha-
mella blakesleeana URM168.

The species Cunninghamella echinulada
(URM2136) was characterized by its higher Q9 ubiquino-
ne percentage (91,91%) amongst all of the strains studied
and constituted group 1L

Fatty acids chemical composition analysis. Five
fatty acids were found in all of the strains of the studied
genus (Table 3). Oleic acid (C18:1) was the main com-
pound, followed by palmitic (C16:0). linolenic (C18:3),
y-linolenic (C18:3), stearic (C18:0), and myristic acids
(C14:0). Myristic acid (C14:0) was found in low percenta-
ges in all of isolates, except for strain URM 168 of C. bla-
kesleeana.

The composition of the fatty acids shows the
existence of four groups: Group 1 has higher concentra-
tions of palmitic, oleic and y-linolenic acids; group II hig-
her concentrations of palmitic and oleic acids; group III
higher concentrations of palmitic, oleic and linolenic acids
and group IV only higher concentrations of oleic acid, as
shown in table 3.

Three strains of the species C. elegans are inclu-
ded within group I (L15, L17 and [FM47591).

Group I was subdivided into: IIA with high
levels of linolenic acid and low levels of myristic acid.
The species C. bertholletiae (L13) and C. elegans (L14,
1.16) are included. IIB has high levels of stearic acid and
low levels of linolenic acid. Three representatives of
C. elegans are included, TIC has high levels of linolenic
acid and low levels of stearic acid, and includes C. bertho-
lletiae (IFM46114, IFM46111 and IFM46987) and C. ele-
gans (40505), and subgroup IID has high levels of
y-linolenic and low levels of stearic acid, and includes
C. blakesleeana (URM168) and C. ramosa (URM1918).

: Group III consisted solely of C. bertholletiae
(IFM46110) isolates but group IV contained C. echinulata
(URM2136) and C. elegans (URM2084).

The C. bertholletiae (IFM46987, IFM46110 and
[FM46111) isolates could not be separated from C. ele-
gans (IFM40505, TEM47050, IFM46109 and IFM47591)
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Table 2. Distribution of the groups formed using ubiquinone system as chemotaxonomic marker in Cunninghamella strains.

Group |
CoQ 6 main

CoQ 9 main

Group Il Group Il

Major percentage

A B
Presence / CoQ 10 Absence / CoQ 10

C. bertholletie IFM46987  C. ramosa URM1918

C. bertholletiae IFM46110 C. bertholletiae IFM46114
C. bertholletiae IFM46111 C. bertholletiae L13

C. elegans IFM40505

C. elegans IFM47050

C. elegans IFM46109

C. elegans IFM47591

Table 3. Distribution of fatty acids in groups.

A
Presence / CoQ 10

C. elegans URM3172

Group |
C16:0, C18:1,C18:3

Group Il
C16:0 and C18:1

B
Absence / CoQ 10 CoQ9

C. elegans L14 C. echinulata URM2136
C. elegans L15

C. elegans L16

C. elegans L17

C. elegans URM2084

C. blakesleeana URM168

Group Il Group IV
C16:0, 18:1,C18:3 Cc18:1

C. elegans (L17) A
C. elegans (L15) C14:0(low percentage)
C. elegans (IFM47591) + C18:3 (high percentage)
C. elegans (L14)
C. bertholletiae (L13)
C. elegans (L16)
IB
C18:0 (high percentage)
+ C18:3 (low percentage)
C. elegans (URM3172)
C. elegans %lFM4?050
C. elegans (IFM46109

lic

C18:0 (low percentage)

+ C18:3 (high percentage)
C. elegans (IFM40505
C. bertholletiae
C. bertholletiae
C. bertholletiae

11D
C18:3 g (high percentage)
+ C18:0 (low percentage)

C. blakesleeana (URM168)

C. ramosa (URM1918)

IFM46114)
IFM46987)
IFM46111)

C. bertholletiae (IFM46110) C. echinulata (URM168)

C. elegans (URM2084)

Table 4. Fatty acids chemical composition average percentage in C. elegans and C. bertholletiae.

Average percentage (average + error standard)

Species

C14:0 C16:0 C18:0 ci8:1 C18:3 C18:3 (y)
C. elegans 1.37 £ 0.11 23.39 + 0.84 11.98 £ 1.63 36.63 = 1.44 13.17 + 1,55 13.56 + 1.94
C. bertholletiae 1.63 + 0.24 36.47 +1.42 18.56 = 1.05 10.24 + 1.21

2489 + 0.88

as both species are included in ubiquinones Group IA.
The same was true for fatty acids, where C. elegans
belongs to group IIC as well as C. bertholletiae
(IFM46987 and IFM46111). Although C. ramosa

" (URMI1918) and C. berhtolletiae (IFM46114 and L13)

belong to the same ubiquinone group (IB) they can be
separated through the fatty acids Group IID. C. elegans
(URM3172) differed from other strains in being confined
to ubiquinone Group IIA. The especies in ubiquinone
group 1IB (C. blakesleeana URM168 and C. elegans L14,
L15,L16, L17 and URM2084), could be separated accor-
ding to fatty acids group IID. The species C. echinulata
(URMZ2136) was separately characterized in ubiquinone
group III since it shows the highest percentage of Q9 ubi-
quinone, in the same way as it has been found in fatty
acids of group IV. The average percentage between the
isolates of C. elegans and C. bertholletiae species are
shown in table 4.

8.21+0.74

Through C. elegans and C. bertholletiae fatty
acids chemical composition average percentage, differen-
ces in stearic and linolenic acids values have been obser-
ved. showing the possibility of its use as an additional
parameter to morphophysiologic taxonomy in the separa-
tion process between the two species; however the C. ele-
gans IFM40505 and C. bertholletiae IFM46987 species,
have shown near values in its chemical composition, sug-
gesting a more detailed analysis of those two species
through molecular biology techniques.

DISCUSSION

The ubiquinone system found in this study has
already been studied in other fungi [16-19]. Billon-Grand
[20,21] discussed the importance of the smaller com-
pounds of ubiquinone on yeast taxonomy and suggested a
standard on analysis conditions for an easier reproduction.
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Okada et al. [22] also found through the smaller com-
pounds, an additional parameter to characterize
Malbranchea and Coccidioides. The smaller ubiquinone
peaks within the strains studied were also found in
Cunninghamella. In higher fungi, Basidiomycetes,
Ascomycetes and Deuteromycetes, most of the fungi have
shown a system consisting of Q9 or Q10 ubiquinone [18].
Q6 and Q9 ubiquinone were found as the main peaks in
species of Cunninghamella.

Many authors describe the usage of ubiquinone
systems in a generic and intrageneric level in fungi
[18,23]. However, Shubert and Kreisel [24], Kuraishi
et al. [25) and Yagushi et al. [26] also obtained satisfac-
tory results at the infrageneric level. The results obtained
in the present study allowed the characterization of
C. bertholletiae species, as it shows Q6 ubiquinone as the
main compound. It could not nevertheless suggest a diffe-
rentiation between C. elegans and C. bertholletiae.

No fatty acid that has not already been pre-
viously found in other Zygomycetes fungi lipids was
detected in this study [27-29]. The fatty acids C16:0,
C18:0 and C18:1 are universally found in fungi, and were
also found in Cunninghamella.

Shaw suggested that the y-linolenic acid is a cha-
racteristic of the Zygomycetes. This fatty acid was also
found in all of the species studied, in agreement with the
other authors [30,31].

Welch [32] comments on the scant diversity of
fatty acids in filamentous fungi compared to other micro-
organisms, In this study, the strains differed only in relati-
ve concentration of each fatty acid. Qualitative variations
were found only for C. blakesleeana URM168.
The higher percentages of fatty acids found within
Cunninghamella strains were of oleic and palmitic acids.
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ARTICLE INFO ABSTRACT

Keywords:

Ramalina complanata
Cladonia verticillaris
Divaricatic acid
Fumarprotocetraric acid
Larvicidal

Docking

The Aedes aegypti mosquito is the main vector of the arboviruses that cause Zika, Yellow Fever, Dengue, and
Chikungunya, incapacitating diseases that may even be fatal. There are still no vaccines for any of these viruses.
Therefore, the only way to contain outbreaks is to control the vector that transmits them. In the present study, we
investigated the larvicidal activity of lichen extracts (Ramalina complanata (Sw.) Ach., 1810 and Cladonia ver-
ticillaris (Raddi) Fr.), isolating components that were used against larvae of the mosquito A. aegypti. The ether
extract from R. complanata exhibited an LCso = 5.9 pg.ml™!, while a compound isolated from this species,
divaricatic acid, had an LCso = 27.1 pg.ml ™. The acetone extract of C. verticilaris exhibited an LCso = 17.4 pg.
ml~! and the isolated compound fumarprotocetraric acid (FUM) had an LCso = 13.6 pg.ml_l. These results
demonstrate that extracts and isolated compounds from the two lichen species have strong larvicidal activities.
FUM is the most active compound in our investigation. The molecular docking studies of divaricatic acid and
FUM demonstrated that they bind to the active site of AaAChE1 in an energetically favorable manner. The
TRP286 residue may have contributed to the more pronounced activity of fumarprotocetraric acid compared to
divaricatic acid. Other aspects related to the more pronounced activity of fumarprotocetraric acid are its mo-
lecular weight and higher solubility. Our results provide evidence of the importance of studying lichen secondary
metabolites as natural sources of insecticides and investigating possible interactions with AaAChE1.

cycle with egg traps, larvicides and insecticides (Consoli and Oliveira,
1994). Larvicides are effective for combating larvae, which is one of the

1. Introduction

The mosquito Aedes aegypti is a vector of the viruses that cause Zika,
dengue, chikungunya and yellow fever, which affect thousands of peo-
ple in tropical and subtropical regions throughout the world (Musso
et al., 2015; World Health Organization, 2016). In Brazil, the number of
cases of dengue increased by 48.1% in 2022 compared to 2021 (Bra-
zilian Health Ministry, 2022). The most common way to prevent these
diseases is to combat the transmitting mosquito by interrupting its life
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aquatic forms in the life cycle of the mosquito. However, synthetic lar-
vicides have led to the development of resistant mosquito populations
(Diniz et al., 2014). It is important to emphasize that the use of synthetic
larvicides can also affect the environment and human health (Vieira
Santos et al., 2017; Aiub et al., 2002).

One alternative is the use of natural larvicides derived from sec-
ondary metabolites from plants, which have been widely investigated as
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a source of promising products for combating mosquitoes and other
insect pests (Budiman et al., 2021). An example is the larvicidal activity
of 2-hydroxy-4-methoxy-6-propyl-methyl benzoate and (+4)-usnic acid
isolated from Ramalina usnea (lichen); these compounds exhibited sig-
nificant toxicity to A. aegypti, with LCs values of 4.85 and 4.48 pg.ml™,
respectively (Moreira et al., 2016). The literature offers other examples
of natural products with larvicidal activity, such as extracts and essential
oils from plants and microalgae (Navarro et al., 2013). Bianco et al.
(2013) reported the larvicidal activity of marine macroalgae and found
that the substance responsible for the mortality of the larvae was elatol
(LCs0 = 10.7 ug.ml™1). Essential oils are an effective tool against Aedes
aegypti mosquito larvae. There is extensive scientific literature on this
subject (Budiman et al., 2021).

Lichens are a symbiotic association between fungi and algae or
cyanobacteria. There are ca. 17,000 known lichen species and no less
than 800 lichen-based products are used in the cosmetic, perfume, and
food industries, with further uses as pollution bioindicators, dyes, and
drugs. In medicine, it is possible to mention the use of lichens in folk
medicine to cure some diseases, such as inflammation of the joints
(arthritis), inflammation of the skin (eczema), and pulmonary disease.
Usnea longissima, a lichen species that is highly sensitive to air pollution,
is used to monitor air quality. It can also be used as a hair strengthener
and hygiene product, as well as in the treatment of leg injuries, skin
eruptions, and as an expectorant (Jayanthi et al., 2012).

Lichens are also rich in secondary metabolites with proven biological
properties, such as fumarprotocetraric and lecanoric acid. Fumarproto-
cetraric acid has demonstrated expectorant and antioxidant activity in
rats and lecanoric acid has antioxidant activity as well as antimicrobial
activity, with action against Gram-positive bacteria (Gaikwad et al.,
2014; Nobrega et al., 2012; De Barros Alves et al., 2014). Extracts from
the lichens Lecanora muralis, Letharia vulpina and Peltigera rufescens
exhibited insecticidal activity against adult forms of the grain weevil,
Sitophilus granarius (Emsen et al., 2015). There are studies on molecular
docking of acetylcholinesterase, butyrylcholinesterase, and tyrosinase
enzymes to molecules isolated from seaweeds (isoamijiol, 14-deoxyami-
jiol, amijidictyol, dictyodial, and 4a-acetoxydictyodial). They show that
these molecules can interact with enzymes and inhibit them, evidencing
the mode of action of larvicides in mosquitoes (Kilic et al., 2021). Sec-
ondary metabolites confer the protection of lichens from certain types of
insects (Poykko et al., 2010) and constitute a promising source of
compounds with insecticidal activity that could be a good option in the
search for bioinsecticides for pest control programs.

Relatively few studies have addressed the insecticidal activity of
substances derived from lichens against insects of public health impor-
tance. Therefore, the aim of the present study was to investigate the
larvicidal activity of extracts from lichens (Ramalina complanata (Sw.)
Ach., 1810 and Cladonia verticillaris (Raddi) Fr.) and isolated compo-
nents of these extracts against larvae of the mosquito A. aegypti.

2. Methods
2.1. Lichen material

The lichen R. complanata was collected from the municipalities of
Saloa (09° 01.399' S; 36° 47.565 W) in the state of Pernambuco in
northeast Brazil in the winter period of the Southern Hemisphere (June
2008). The identification of the thallus was performed by an evaluation
of morphological characteristics and a voucher (n° 54299) was depos-
ited in the Geraldo Mariz Herbarium of the Botany Department of Uni-
versidade Federal de Pernambuco (UFPE), Recife, PE, Brazil.

The lichen C. verticillaris was collected from the municipality of
Taquaritinga do Norte (09° 01.399" S; 36° 47.565’ W) in the state of
Pernambuco, Brazil in the winter period of the Southern Hemisphere
(June 2017). The identification of the thallus was performed as
described above and a voucher (n° 54301) was deposited in the Geraldo
Mariz Herbarium of the Botany Department of UFPE, Recife, PE, Brazil.
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2.2. Preparation of extracts and isolation of compounds

The isolation of all compounds was performed following the methods
described by Asahina and Shibata (1954).

Preparation of ether extract of R. complanata and isolation of divar-
icatic acid: dried and crushed lichen (10 g) was extracted using 100 ml of
diethyl ether in a soxhlet apparatus under reflux. The extract was
transferred to a vacuum rotary evaporator and subsequently stored in
glass vials and placed in a desiccator until constant weight was obtained.
A mass of 0.870 g of dry extract was obtained (yield: 8.7%). Around
0.87 g of extract was used to isolate divaricatic acid. The glass vial (10
ml) containing the entire extract was placed in a water bath, followed by
the addition of 5 ml of ethanol. A glass rod was used to mix the solid with
ethanol in an attempt to dissolve the impurities contained in the
divaricatic acid. The mixture was filtered using a filter paper, and the
solid obtained was transferred back to the flask. Every time the solid was
filtered, a very small sample was used in thin-layer chromatography
(TLC) to check the purity of the divaricatic acid. This procedure was
repeated until a single spot was obtained on TLC, i.e., highly purified
divaricatic acid. TLC: the elution system used was toluene/dioxane/
acetic acid (45:12.5:2 v/v/v), reveal in 10% sulfuric acid. The com-
pounds’ bands were observed under UV light (254/312 nm). We ob-
tained 0.249 g of divaricatic acid (28% yield).

Preparation of the acetone extract of C. verticillaris and isolation of
FUM: Lichen thalli (30 g) were submitted to extraction in a shaker at
room temperature for 3 h using 100 ml of acetone. The extraction was
repeated 3 times and the extracts were combined. The extract was kept
in a freezer for 24 h then filtered. The solvent was removed in a vacuum
rotary evaporator until a dry extract was obtained (2.4 g; 8% yield). TLC
was used to monitor compound bands in extract preparation. Isolation of
FUM from C. verticillaris acetone extract: 2.4 g of the acetone extract was
dissolved in 20 ml of cold acetone and centrifuged at 5000 rpm for 5
min. This centrifugation procedure was repeated 4 times, until the for-
mation of a precipitate could be observed. Then, the acetone solution
was separated from the precipitate using a Pasteur pipette. The precip-
itate was moved to a G4 sintered glass funnel, and very gently washed
with drops of ice-cold acetone. A mass of 0.50 g of FUM was obtained
(20% yield).

2.3. Identification of compounds in extracts and confirmation of
molecular structure

The identification and isolation of compounds was performed using
thin-layer chromatography (TLC), high-performance liquid chromatog-
raphy (HPLC) and proton nuclear magnetic resonance (*H NMR).

TLC analyses followed the methods described by Culberson (1969).
Chromatography was performed in the ascending direction using
Merck® silica gel F254 nm chromatoplates. The solvent system was
toluene-dioxane-acetic acid (80:19.5:0.5, v-v:v). After the run, bands
corresponding to the compounds were viewed under a UV lamp (254
and 366 nm) and subsequently developed by spraying a 10% sulfuric
acid solution and heating to 100°C/10 min. Compounds were identified
by comparison with standards of lichen phenols available in the lab.

HPLC analyses were performed in a Hitachi liquid chromatograph
coupled to a UV/Vis detector, following the method described by Legaz
et al. (1986). An RP18 reverse phase column was used, with pressure of
88 atm and a flow of 1 ml/min. Compounds were identified based on
retention time in the column and comparison with standards available in
the lab.

'H NMR analysis was performed in a Varian spectrometer (Unity
model) at 300 MHz.

2.4. Maintenance of Aedes aegypti colony

Larvae were obtained from the Aedes aegypti Linneaus (Rockefeller
strain) colony of the insectarium of the UFPE Chemical Ecology Lab. The
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insectarium was kept at a temperature of 27 + 1°C, average relative
humidity of 80% and a photoperiod with 14 h of light and 10 h of
darkness. The Rockefeller strain is cultivated and used in entomology as
a reference of susceptibility, which enables its use in bioassays for the
comparison of resistance with local populations.

2.5. Rearing of Aedes aegypti in laboratory

For the hatching of the eggs of Aedes aegypti, paper platforms con-
taining eggs were placed in a cup with water from the larval rearing
containers in the lab. This procedure is normally performed within 24 h.
The newly hatched eggs were distributed and placed in round plastic
containers with a 20-cm diameter containing approximately 450 ml of
distilled water. Feeding throughout the larval stage was performed with
ground Purina® dog ration.

The water in the containers was exchanged every two days until the
larvae reached the pupal stage. The pupae were removed from the
containers and placed in glasses, which were placed in square cages (35
cm per side) for the emergence of the adults. The adults were fed daily
with a 10% sucrose solution. Chicken blood meal was offered to the
females, supplied in an artificial glass apparatus at 35-36° C.

2.6. Larvicidal bioassay

The extracts and pure compounds were diluted in distilled water for
the preparation of different concentrations. Tween 80 (three drops) was
used as co-solvent for better homogenization in 100 ml of distilled
water. Twenty A. aegypti larvae (L4 instar) were exposed to the treat-
ment in 50-ml beakers containing 20 ml of the test solution. Each test
was conducted in triplicate. The negative control was distilled water
with Tween 80 (same concentration used to dissolve the extracts and
isolated compounds — three drops per 100 ml of water) and 20 larvae (L4
instar). The positive control was Temephos (LCsy = 0.0033 pg.ml™1),
used to kill 20 larvae (L4 instar) (to confirm non-resistant colony).
Mortality of the larvae exposed to the treatments was determined after
24 and 48 h. The quantity of dead larvae was recorded on a chart and
lethal concentrations (LCso and LCqg) were calculated. Larvae with no
motor activity 48 h after the onset of the bioassay were considered dead.
The calculation of the LCsy and LCgqq for the extract and isolated com-
pounds was performed using Probit — Package Ecotox: Analysis of Eco-
toxicity (Wheeler et al., 2006; Hlina et al., 2021; De Carvalho et al.,
2017).

2.7. Molecular docking of compounds

Preparation of ligands: For the molecular docking analysis, two stan-
dards (Temephos and AL200 co-crystalized ligand) and two lichen
compounds were used in the preparation of the ligands. All structures of
the compounds were designed, and energies were minimized using the
BIOVIA Discovery Studio Visualizer (https://discover.3ds.com/discov-
ery-studio-visualizer-download).

Preparation of macromolecule: The enzyme acetylcholinesterase 1
from Aedes aegypti (AaAChE1) (PDB: 5FUM) was retrieved from the
Protein Data Bank (PDB). All ligands, ions and molecules of water were
manually removed from the original structure and hydrogen atoms were
added using the BIOVIA Discovery Studio.

Docking: The docking process was performed using the Molegro
Virtual Docker (MVD) program and the binding site was defined by
molecular interactions between amino acid residues and the co-
crystallized ligand (AL200). The grid box was set at a radius of 15 A.
The results for each calculation were given by the bond energy (Kj.
mol 1) for each pose of the ligand coupled to the target enzyme.

Consensus docking: The consensus analysis was based on the average
auto-scaling scores (Oda et al., 2006). All scores obtained by five
methods (GPU Score, Moldock Score, Rerank Score, Docking Score and
Similarity Score) for each molecule were divided by the lowest value
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among them. The average of the normalized values (consensus) was
calculated for each compound and the compounds were subsequently
ranked as a function of this average.

Docking validation: Docking validation was performed by the re-dock
of the co-crystallized ligand (AL200) extracted from the original PDB file
(PDB ID: 5FUM) and interpreted in terms of the root mean square de-
viation < 2 for overlap of the re-docked ligand and crystallographic pose
(Silva-Junior et al., 2016).

Analyses and illustrations: The analyses of the interactions between
the ligands and amino acid residues of AdAChE1 were performed using
the BIOVIA Discovery Studio. The same program was used for the
illustrations.

3. Results and discussion
3.1. Physicochemical analysis of lichen metabolites

The isolation of the compounds was accompanied by TLC. For FUM,
the retention factor (RF) = 0.18 corroborates the data reported in the
literature (Martins et al., 2018). The RF for divaricatic acid was 0.56.
The purity of the compounds was evaluated using HPLC. The divaricatic
acid had 99% purity (Fig. 1) and a retention time of 16.47 min (Figs. 1
and 2).

FUM had a retention time of 2.79 min and 93.79% purity (Fig. 2).

3.1.1. C. verticillaris

The spectroscopic analysis was performed using H' NMR and the
results confirmed data reported by Huneck and Yoshimura (1996):

Divaricatic acid: (400 MHz, CdCl3)é 0.98 (6 H, T, 5.4 Hz, Me, C18,
27); 1.68 (4 H, m, CH2 — C-16 and 26); 2.97 (4 H, m, CH2, C-17, 25);
2.93 (3 H, s,0CH3, C-20); 6.38 (2 H, d, 2.4 Hz, C4, 11); 6.64 (1 H, d,
2.4 Hz, C15); 6.76 (1 H, d, 2.4 Hz, C-6); 10.65 (2 H, s, OH, C7, 22).

Fumarprotocetraric acid (FUM): ' NMR (300 MHz, DMSO-dg) 6y (H;
mult.; int.): 2.38 (3 H; s; CH3-9), 2.41 (3 H; s; CH3-9'). 5.26 (2 H; s; CHy-
8'), 6.60 (2 H; s; CH-2'; CH-3'), 6.80 (1 H; s; CH-5), 10.53 (1 H; s; CH-8),
11.93 (1 H; s; C-4-OH or C-2'-OH).

3.2. Larvicidal activity of compounds

The LCs¢ and LCqg of the lichen compounds against the A. aegypti
larvae are displayed in Table 1. The ether extract from R. complanata had
50% lethality at a concentration of 5.9 ug.ml ™}, whereas the compound
isolated from this lichen (divaricatic acid) had an LCsg of 27.1 pg.ml’l,
demonstrating that the extract had greater larvicidal action compared to
the isolated compound. This finding may be due to the synergism be-
tween divaricatic acid and other chemical components of the extract
that were also active in the larvicidal tests. Further investigation is
necessary to identify these active compounds in the extract. The syner-
gistic effect was well discussed by Pavela (2008) in a study in which the
authors showed that a mixture of compounds improved the mortality of
the insects compared with compounds tested separately.

The acetone extract of C. verticilaris had an LCsq of 17.4 yg.ml~! and
its isolated compound (FUM) had an LCsg of 13.6 pg.rnl’1 (Table 1),
demonstrating that the isolated compound had greater larvicidal activ-
ity than that of the extract. Thus, FUM is the active compound of this
extract in terms of larvicidal activity for Aedes aegypti.

The insecticidal potential of FUM has been reported in the literature.
Martins et al. (2018) demonstrated the insecticidal action of FUM for the
development of Nasutitermes corniger. Lectin isolated from the lichen
C. verticillaris also presented insecticidal action against Nasutitermes
corniger (Silva et al., 2009).

Other compounds isolated from lichens have been described as bio-
insecticides. Usnic acid isolated from the lichen Ramalina usnea caused
50% mortality of A. aegypti larvae exposed to the compound at a con-
centration of 4.48 pg.ml’1 (Moreira et al., 2016). Extracts from the li-
chens Lecanora muralis, Letharia vulpina and Peltigera rufescens caused the
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Fig. 2. HPLC chromatogram. Fumarprotocetraric acid (FUM) isolated from.
Table 1

Larvicidal data (LCso and LCqo) for A. aegypti exposed to lichen extracts, isolated compounds and Temephos.

Material Larvicidal activity*
N! X2 Slop (SE) DF? LCY LCdo
(95% CD** (95% CD*"
Temephos 520 0.5687 0.348 4 0.0033 0.0102
(0.00299-0.00370) (0.00777-0,0158)
Ether extract of 400 0,2091 0.705 3 5.9 15.0
R. Complanata (2.92-8.03) (12.6-18.3)
Divaricatic acid 350 0,7179 0.403 3 27.1 60.4
(19.3-36.1) (42.9-162)
Acetone extract of 300 0.624 0.419 3 17.4 349
C. verticilaris (15.5-19.3) (31.0-40.7)
Fumarprotocetraric acid (FUM) 300 0,0814 0.590 3 13.6 22.1
(3.36-27.1) (19.5-23.5)

1Numder of insects used in test, 2degrees of freedom, 3lethal concentration and confidence interval; * ug.ml ™. *LC values are considered significantly different when

95% CI fail to overlap (P < 0.05).

death of adult forms of the grain weevil, Sitophilus granarius (Emsen
et al., 2015).

The results in Table 1 of the larvicidal tests (LCso and LCqp) with
Aedes aegypti exposed to the lichen extracts and compounds isolated
from these extracts are similar to those reported for synthetic com-
pounds derived from thiosemicarbazones by Da Silva et al. (2015). The
most active compounds in the study had an LCsy ranging from 5.8 to
28.8 pg.ml L.

The present larvicidal data of the lichens against Aedes aegypti are
similar to data reported in studies using the plant Piper corcovadensis. Da
Silva et al. (2016) demonstrated that the essential oil from the leaves of
this plant had an LCsg of 30.52 ug.ml~! and the major constituent of the
oil (1-butyl-3,4-methylenedioxybenzene) had an LC50 = 22.1 yg.ml .
In a larvicidal study involving Aedes aegypti, Albuquerque et al. (2022)
demonstrated that the hexane extract of the leaves of the same plant had
an LC50 = 18.23 ug.ml™! and the compound beta-germacrene-D-4-ol
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isolated from the extract had an LC50 = 6.71 pg.ml ™",

The present findings suggest that the lichen extracts and isolated
compounds show promising insecticidal potential against Aedes aegypti
when compared to the results obtained with essential oils compiled in
the review by Budiman et al. (2021) and with seaweed extracts compiled
by Ali et al. (2013).

The LCsg and LCyq of R. complanata ether extract are comparable to
those of several plant extracts and isolated compounds described in the
literature (Pavela, and Pavela et al., 2019, 2021). The leaf ethanolic
extract of Andrographis paniculata (Burm.f.) Nees showed an LCsgg
= 12 ppm and the petroleum ether leaf extract of Argemone mexicana L.
an LCsp =49 ppm. But there are plant extracts showing even better
results, such as the extract of Artemisia annua L. with an LC50 = 0.7 ppm
and the root essential oil from Carlina acaulis L. with an LCsp = 2 ppm.
The LCs( values of compounds isolated from lichens in this study ranged
from 13 to 27 ppm. Studies show that compounds isolated from plants
have data comparable to ours or even better: beta-sitosterol (LCsy =
11.5 ppm), emodin (LCs¢p = 1.9 ppm), and alpha-mangostin (LCsyp =
2.2 ppm), among others.

In silico molecular docking studies and absorption, distribution,
metabolism, excretion and toxicity (ADMET) prediction studies were
then performed with the isolated compounds (divaricatic acid and
fumarprotocetraric acid) to obtain information on the possible mecha-
nism of the insecticidal action.

3.3. Molecular docking

Molecular docking is an approach that enables the determination of
parameters that lead to the best results by enabling a better sampling of
conformation at the binding site (Silva-Junior et al., 2016). Thus, mo-
lecular docking was performed with divaricatic acid and fumarproto-
cetraric acid and the active site of the enzyme acetylcholinesterase 1
from Aedes aegypti (AaAChE1l). AaAChE] is an important molecular
target for the control of the vector and is responsible for AChE-mediated
resistance to insecticides (Engdahl et al., 2016).

All ligands investigated (divaricatic acid, fumarprotocetraric acid
and the standard compound temephos) were able to interact with amino
acid residues at the active site of AdAChE1 from Aedes aegypti, docking
in an energetically favorable manner (Table 2).

The consensus averages resulting from the scores for the best pose of
each compound enabled establishing a ranking among the molecules
studied and the compounds used as standards (Table 2). AL200 (co-
crystallized ligand) had the best consensus and, consequently, the most
favorable interaction. Divaricatic acid had the second-best average
consensus (0.7116), followed by temephos (0.6455). Among the com-
pounds studied, fumarprotocetraric acid (FUM) had the lowest average
consensus (0.6455), proving to be the least energetically favorable
among the compounds tested.

Although the in silico analysis resulted in a different order for the
compounds when compared to the experimental LCsq results, which
demonstrated that fumarprotocetraric acid was more active than
divaricatic acid, other factors, such as the type of interactions and ADME
parameters are fundamental to the understanding of biological activity.
Thus, the aim of this step was to ascertain how many and what types of
interaction may be determinant of greater inhibitory activity. The

Table 2
Ranking of compounds with best average consensus at active site of
AaAChE1.
Compound Consensus average
AL200* 0.9610
Divaricatic acid 0.7116
Temephos 0.6455
Fumarprotocetraric acid 0.6455

Co-crystallized ligand at active site of AChE1 (PDB: 5FUM).
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results are displayed in Table 3.

Few in silico studies have investigated interactions between lichen
phenols and biological targets. Igoli et al. (2014) evaluated interactions
of lichesterinic, protolichesterinic and fumarprotocetraric acids isolated
from Cetraria islandica with riboflavin kinase, sterol-14a-demethylase
and glutathione synthetase. The authors found that hydrophobic factors
were intensely related to the high affinity with the biological targets
analyzed. Indeed, a greater number of amino acid residues were found in
hydrophobic reactions with the lichen compounds evaluated in the
present study. Divaricatic acid presented seven hydrophobic reactions
with the amino acid residues ASP74, TRP86, PHE297, TYR337, PHE338,
HIS447 and GLY448, whereas fumarprotocetraric acid presented six
hydrophobic reactions with the residues TYR72, TRP286, SER293 and
PHE295.

Only fumarprotocetraric acid had an interaction in common with the
co-crystallized ligand and temephos (TRP286). This interaction may be
related to its greater activity in comparison to divaricatic acid. More-
over, an unfavorable interaction was found between divaricatic acid and
the residue SER125. The 2D images of the interactions between the
compounds and amino acid residues of the active site of AdAChE1 are
presented in Fig. 3.

The ADMET parameters of the compounds were predicted in silico.
The results are presented in Table 4.

The in silico ADMET analysis furnishes data that can assist in the
understanding of the greater activity of fumarprotocetraric acid
compared to divaricatic acid despite the lower interaction capacity with
AdaAChE].

The first variable that stands out is molar mass. The standard com-
pounds and fumarprotocetraric acid have a similar molecular weight
and greater than 400 g/mol, whereas divaricatic acid has a molecular
weight 388.41 g/mol. Studies in the literature report different responses
for biological activity as a function of the molecular weight of the ligand
(Barbucci et al., 1998; Chen et al., 2015; Jiménez-Rosés et al., 2021).
The second point of interest is the cLogP = 1.86, which gives fumar-
protocetraric acid greater solubility in an aqueous medium. Lastly,
divaricatic acid did not exhibit toxicity for any of the parameters tested,
whereas fumarprotocetraric acid demonstrated a low probability of
being mutagenic and a low risk to reproduction. However, FUM
exhibited a high probability of being an irritant.

4. Conclusions

The extracts from the lichens R. complanata and C. verticilaris and the
compounds isolated from these extracts (divaricatic and fumarprotoce-
traric acid, respectively) demonstrated larvicidal activity against
A. aegypti. Fumarprotocetraric acid was the more active compound and
was able to eliminate 50% of the larvae in any instar at a lower con-
centration of 13.6 ug.ml 1. The molecular docking studies demonstrated
that the lichen compounds bind to the active site of AaAChE1l in an
energetically favorable manner. The greater influence of hydrophobic
forces in the interaction with the active site of the receptor is compatible
with data in studies found in the literature that relate the hydrophobic

Table 3

Ranking of compounds in terms of larvicidal activity (LCso) and amino acid
residues involved in interaction between compounds and active site of
AaAChELl.

Compound INTERACTIONS

AL200 TRP86, TRP286, TYR337, PHE338, TYR341, HIS447 and
GLY448
ASP74, TRP86, TYR124, SER125, PHE297, TYR337,

PHE338, HIS447 and GLY448

Divaricatic acid

Temephos TYR72, ASP74, TRP86, GLY120, GLY121, GLU202,
TRP286, TYR337, TYR341 and HIS447
Fumarprotocetraric TYR72, TYR124, TRP286, SER293, PHE295 and ARG296
acid
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Fig. 3. Interaction with active site of AaAChE1. (A) Interactions between AL200 and amino acid residues of active site of AdAChE1. (B) Interactions between
divaricatic acid and amino acid residues of active site of AdAChE1. (C) Interactions between temephos and amino acid residues of active site of AaAChE1l. (D)
Interactions between fumarprotocetraric acid and amino acid residues of active site of AaAChE1.

Table 4
Pharmacokinetic parameters and toxicity determined in silico.

Parameters Divaricatic Fumarprotocetraric Temephos  AL200
acid acid
Mol weight 388.41 472.36 466.47 407.36
cLogP 4.24 1.86 5.62 3.58
cLogS -4.07 -4.81 -6.49 -3.18
H-Acceptors 7 12 6 5
H-Donors 3 4 0 0
PSA 113.29 193.96 164.48 36.02
Druglikeness ~ -3.42 -5.53 -3.94 8.15
Mutagenic None Low Low None
Tumorigenic  None Low High None
RE None Low High None
Irritant None High High None

*PSA = polar surface area; RE = reproductive effect.

nature of lichen phenols to affinity with other biological targets.
Moreover, the TRP286 residue may have contributed to the greater ac-
tivity of fumarprotocetraric acid compared to divaricatic acid. Other
aspects related to the greater activity of fumarprotocetraric acid are its
molecular weight and greater solubility. Despite being more active than
divaricatic acid, fumarprotocetraric acid has possible toxic effects that
need to be investigated further.

The present results demonstrate the importance of studying lichen
secondary metabolites as a natural source of insecticides and investi-
gating possible interactions with AdAChE1. The results of the in silico

molecular docking and ADMET studies can assist in understanding the
mechanism of insecticidal action and the optimization of the activity of
these compounds.
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