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RESUMO

A reagdo inflamatoria caracteriza-se como um mecanismo de defesa frente a agentes lesivos. No
entanto, os processos de inflamacdo e reparo podem ser potencialmente danosos ao organismo
quando sua intensidade ou duracdo ultrapassam o limite necessario para conter o agente agressor. O
aumento na prevaléncia de doencas inflamatorias na populagdo traz a necessidade continua de
novos ¢ melhores firmacos que sejam tdo potentes quanto os atuais e acarretem menos efeitos
adversos, desta forma, inimeros compostos tem sido alvo de estudo visando o desenvolvimento de
novos farmacos. Sendo assim, este trabalho teve como objetivo avaliar as propriedades anti-
inflamatdria e antinociceptiva de cinco derivados tiazolidindnicos 3,5-dissubstituidos: LPSF/GQ-
115 3-(2-bromo-benzil)-5-( 4-flaor-benzilideno)tiazolidina-2,4-diona, LPSF/GQ-120 3- (2-bromo-
benzil)-5-(4-metilbenzilideno)tiazolidina-2,4-diona, LPSF/GQ-122 3-(2-bromo-benzil)-5-(2-cloro
benzilideno)tiazolidina-2,4-diona, LPSF/GQ-125 3-(2-bromo-benzil)-5-(4-metilsufonil-
benzilideno)tiazolidina-2,4-diona, LPSF/GQ-192 3-(2,6-difluor-benzil)-5-(4-metilsufonil-
benzilideno)-tiazolidina-2,4-diona. Os derivados tiazolidinonicos 3,5-dissubstituidos foram
testados por via oral na dose de 3mg/kg. Para o estudo da atividade anti-inflamatoria foi avaliado o
potencial destes compostos em inibir a 0 edema, migragdo celular e a producdo de citocinas pro-
inflamatorias, utilizando os testes de edema de pata, peritonite e bolsdo de ar induzidos por
carragenina. Os resultados obtidos no teste do edema de pata apresentaram-se entre 42% a 69%,
para o teste do bolsdo de ar a inibi¢do da migracdo leucocitaria variaram entre 70% a 60% e para o
teste da peritonite induzida entre 51% a 67%. Os compostos que apresentaram melhores resultados
quanto a inibicdo de TNF-a e IL-1B foram LSPF/GQ-125 ¢ LPSF/GQ-192. No teste do bolsao de ar
as concentragdes de TNF-o no exsudato obtido foram as seguintes: controle (1096,47 pg/mL),
LPSF/GQ-192 (239,88 pg/mL), LPSF/GQ-125 (416,86 pg/mL). A dosagem de IL-18 indicou as
seguintes concentragdes: controle (870,96 pg/mL), LPSF/GQ-125 (691,83 pg/mL), LPSF/GQ-192
(338,84 pg/ml). Os exsudatos oriundos do teste da peritonite apresentaram os seguintes resultados
referentes a concentracdo de TNF-a: controle (794,32 pg/mL), LPSF/GQ-192 (26,30 pg/mL),
LPSF/GQ-125 (44,66 pg/mL). A dosagem de IL-1B indicou as seguintes concentragdes: controle
(891,25 pg/mL), LPSF/GQ-125 (120,22 pg/mL), LPSF/GQ-192 (70,79 pg/mL). Para o estudo da
atividade antinociceptiva realizou-se o teste de contor¢des abdominais induzidas por acido acético
(1%) e o teste da placa quente. O farmaco utilizado como padrao no teste de contor¢des abdominais
foi o diclofenaco (10mg/Kg), enquanto que o fentanil (0,2 mg/Kg) foi utilizado no teste da placa
quente. Os resultados para o teste das contor¢des abdominais induzidas por acido acético foram:
LPSF/GQ-115 (64%), LPSF/GQ-120 (58%), LPSF/GQ-122 (41%), LPSF/GQ-125 (58%) e
LPSF/GQ-192 (51%). Os resultados obtidos no teste da placa quente indicaram que os compostos
testados nao apresentam agdo central na inibicdo da dor. Desta forma, os resultados indicam que os
derivados tiazolidinonicos testados apresentam atividades anti-inflamatéria, e antinociceptiva
promissoras, provavelmente através da modulacdo do sistema imune com a diminuicao das
principais citocinas pro-inflamatorias. Sugere-se que a atividade antinociceptiva dos derivados seja
decorrente de mecanismos periféricos, atuando apenas na dor inflamatdria.

Palavras-chave: Atividade anti-inflamatoria, atividade antinociceptiva, derivados tiazolidindnicos



ABSTRACT

Inflammatory reaction may be characterised as a defense mechanism against lesive ager
Nevertheless both inflammatory processes and repair may be potentially harmful to the organism
whenever its intensity or duration period exceeds the necessary limits to repress the aggressive
agent. The increase of the prevalence of inflammatory diseases among populations conveys the
continuous necessity for new and better medicines which tend to be even more powerful and cause
even less adverse effects; hence countless compounds have been target of research aiming the
development of new drugs. In this manner this article has had as main goal to analyze the anti-
inflammatory and antinociceptive properties of five 3,5-disubstituted thiazolidinics derivatives:
LPSF/GQ-115 3-(2-bromobenzyl)-5-(4-fluorobenzyliden)-thiazolidine-2,4-dione, LPSF/GQ-120 3-
(2-bromobenzyl)-5-(4-methylbenzyliden)-thiazolidine-2,4-dione, LPSF/GQ-122 3-(2-
bromobenzyl)-5-(2-chlorbenzyliden)-thiazolidine-2,4-dione, LPSF/GQ-125 3-(2-bromobenzyl)-5-
(4-methylsulfonylbenzyliden)-thiazolidine-2,4-dione, and LPSF/GQ-192 3-(2,6-difluorbenzyl)-5-
(4-methylsulfonylbenzyliden)-thiazolidine-2,4-dione. The anti-inflammatory action has been
evaluated through different models: carrageenin-induced paw edema, air pouch and carrageenin-
induced peritonitis. The results of the test paw edema induced by carrageenan showed values 42%
to 69%, for air pouch test inhibition of leukocyte migration ranged from 70% to 60%
and to test the carrageenan-induced peritonitis 51% to 67%. The compounds that showed
better results regarding the inhibition of TNF-a and IL-1p were LSPF/GQ-125 and LPSF/GQ-192.
To the air pouch test concentrations of TNF-a in the exudates obtained were the following: control
group (1096.47 pg / mL), LPSF/GQ-192 (239.88 pg / mL), LPSF/GQ-125 (416, 86 pg / ml). The
dosage of IL-18 indicated the following concentrations: control (870, 96 pg/ml), LPSF/GQ125
(691, 83 pg/ mL), LPSF/GQ-192 (338,84 pg /mL).The exudates from the test peritonitis induced

by  carrageenan showed  the following results forthe concentration of  TNF-a:
control (794.32 pg / mL), LPSF/GQ-192 (26.30 pg/ mL) e LPSF/GQ-125 (44.66 pg/ mL). The
dosage of IL-18 indicated the following concentrations:  control (891.25 pg / ml), LPSF/GQ-
125 (120.22 pg/ ml), LPSF/GQ 192 (70.79 pg/ ml). The antinociceptive activity was evaluated
trough the writhing test, induced by acetic acid 1% and the hot plate test. To the evaluation of the
antinociceptive activity, the writhing test the results were: LPSF/GQ-115 (64%), LPSF/GQ-120
(58%), LPSF/GQ-122 (41%), LPSF/GQ-125 (58%) e LPSF/GQ-192 (51%). The results obtained in
the hot plate test showed that both the compounds have no central action in pain inhibition. Thus,
the results indicate that thiazolidincs derivatives tested exhibit activities antiinflammatory, antinoci-
ceptive and promising, probably through modulation of the immune system leadingto a decrease
in proinflammatory cytokines. It is suggestedthat the antinociceptive activity of the derivatives is
due to peripheral mechanisms, acting only on inflammatory pain.

Keywords: Anti-inflammatory activity, antinociceptive activity, thiazolidinics derivatives.
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CAPITULO1



1. INTRODUCAO

Os anti-inflamatérios ndo esteroidais (AINES) constituem um grupo heterogéneo de
moléculas com propriedades anti-inflamatérias, analgésicas e antipiréticas eficazes, porém a
incidéncia dos efeitos adversos em decorréncia do seu uso cronico ¢ alta. Entretanto, 8 medida que a
fisiologia dos processos inflamatorios ¢ elucidada surgem diversas estratégias para descoberta de
novos farmacos anti-inflamatorios, dirigidos ao controle de mecanismos especificos relevantes na
resposta inflamatoria.

O processo inflamatério ¢ uma resposta vital provocada por patdgenos, danos fisicos,
isquemia, injurias toxicas ou desordens autoimunes com o objetivo de proteger o organismo. A
inflamacdo ¢ um processo complexo, incluindo atividades conjuntas e freqlientemente opostas de
varios tipos de células e dezenas de mediadores protéicos e lipidicos. A fase inicial da inflamagao
inclui mudangas no fluxo sanguineo local e acumulacao de varias células inflamatérias (neutrofilos,
células dendriticas, monocitos, mastécitos e linfocitos). Posteriormente, patogenos e células
inflamatorias precisam ser removidas e a integridade e funcionamento normal do tecido restaurado.
No entanto, quando o equilibrio entre inflamagdo e restauragdo tecidual ¢ quebrado, ocasionara o
desenvolvimento de desordens inflamatérias cronicas e autoimunes, tais como doengas
inflamatorias intestinais, artrite ou asma (SZELES et al., 2007).

Na busca de um novo candidato a agente terapéutico podemos destacar moléculas contendo
o anel 4-tiazolidinona. Compostos que apresentam esse anel heterociclico em sua estrutura,
possuem grande interesse cientifico, pois diversos estudos descritos na literatura demonstram um
amplo espectro de atividades bioldgicas dos seus diferentes derivados. Sugere-se que as diferentes
atividades biologicas podem ser atribuidas a grupos substituintes nas posi¢des 2, 3 e 5 do anel, onde
promovem modifica¢des nos parametros fisico- quimicos e estruturais das moléculas (LIESEN et.
al., 2008; VERMA; SARAF, 2008).

As tiazolidinas s3o um importante “scaffold” conhecidas por diversas atividades biologicas,
como: atividade antimicrobiana, antituberculose, antihiperglicemica, antitumoral, anti-inflamatoria,
antiviral, entre outras (VERMA; SARAF, 2008; GOUVEIA, et. al., 2009).

Uns dos alvos bioldgicos estudados intensamente nos ultimos anos sdo os receptores
ativados por proliferadores de peroxissomos (PPARr). Esses formam uma subfamilia da

superfamila de receptores nucleares. Trés isoformas codificadas por genes separados foram
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identificados com PPARa, PPARy e PPARS. Virios estudos demonstram que o receptor ativador
de proliferacdo de peroxissomo gama (PPARY), desempenha um papel importante nos processos
inflamatérios. Um dos ligantes sintéticos do PPAR sdo as tiazolidinadionas (troglitazona,
ciglitazona, pioglitazona, roziglitazona), os farmacos anti-inflamatérios ndo-esteroidais
(indometacina, fenoprofeno, acido flufendmico) e outros (ROMEIRO et al., 2007, SZELES et al.,
2007).

Podemos destacar outros alvos bioldgicos como alternativa para a busca de novos farmacos.
Segundo McChulloch et al (2006), farmacos que sdo capazes de bloquear as citocinas pro-
inflamatorias envolvidas na fisiopatologia de desordens inflamatorias como artrite reumatoide,
oferecem outro caminho para o desenvolvimento de novos farmacos anti-inflamatorios.

Destacam-se também como uma nova classe de firmacos anti-inflamatorios os inibidores
duais da lipoxigenase/cicloxigenase LOX/(COX), que bloqueiam simultancamente a sintese de
prostaglandinas, tromboxanos e leucotrienos. A inibicdo dos leucotrienos aumenta a eficacia anti-
inflamatoéria em doengas reumadticas ao mesmo tempo em que se reduzem os danos gastricos
(CHARLIER; MICHAUX, 2003).

Atualmente o processo inflamatorio cronico pode ser tratado por diferentes intervengdes
terapéuticas, porém a busca de novos farmacos, tdo eficazes quanto os atuais e com menos efeitos
adversos, mostra-se justificivel uma vez que a clinica médica ndo dispde de substancias
teraputicas com baixos efeitos colaterais para modificar e controlar os sinais e sintomas da
inflamag¢do, o que inclui melhoria da qualidade de vida da populagdo acometida por doencas que
envolvem processos inflamatorios cronicos.

Diante do exposto, este trabalho visa avaliar as propriedades anti-inflamatéria e

antinociceptiva de derivados tiazolidinonicos vislumbrando o desenvolvimento de novos farmacos.
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2. OBJETIVOS
2.1. Geral

Avaliar a atividade anti-inflamatdria e antinociceptiva dos derivados tiazolidinicos 3-5-
dissubstituidos LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ-125 e LPSF/GQ-192 e
contribuir para a pesquisa e desenvolvimento de farmacos eficazes para tratamento dos processos

inflamatorios.

2.2. Especificos
e Avaliar a atividade anti-inflamatoria dos derivados tiazolidinicos LPSF/GQ-115, LPSF/GQ-120,
LPSF/GQ-122, LPSF/GQ-125 ¢ LPSF/GQ-192, utilizando modelos experimentais de inflamagao
aguda como bolsao de ar, peritonite e pleurisia induzidos por carragenina,

e Avaliar a atividade antiartritica no modelo da artrite induzida por adjuvante completo de Freiind,

e Determinar as concentragdes do TNF o e IL-1B no exsudato inflamatério de animais tratados

com os derivados tiazolidinicos 3,5-dissubstituidos;

e Avaliar a atividade antinociceptiva dos derivados tiazolidinicos 3-5-dissubstituidos LPSF/GQ-
115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ-125 e LPSF/GQ-192, utilizando os modelos

experimentais de nocicepcao induzida por &cido acético e teste da placa quente;

¢ Avaliar a toxicidade hepatica dos derivados LPSF/GQ-125 ¢ LPSF/GQ-192.
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3. REVISAO BIBLIOGRAFICA

3.1 A Inflamacao

A inflamacdo ¢ uma resposta bioldgica complexa de tecidos vasculares a lesdo celular
induzida por agentes biologicos, quimicos ou mecanicos. O primeiro passo da inflamagao € proteger
0 organismo com o objetivo de remover o estimulo lesivo, bem como iniciar o processo de
reparacdo tecidual. Durante a inflamacdo tecidual normalmente ha vasodilatagdo, aumento
transitorio da permeabilidade capilar, extravasamento de proteinas plasmaticas e edema. Envolve
interacdes entre varios tipos de células e mediadores quimicos (CUZZOCREA et al., 2005;
PAULINO et al., 2009).

A inflamag¢do pode ser de origem aguda ou cronica. O processo inflamatdrio agudo pode
durar minutos, horas ou dias, independe da natureza do agressor e apresenta resposta semelhante a
estimulos distintos (SIQUEIRA-JUNIOR; DANTAS, 2000). A resposta inflamatéria aguda é
dividida em duas fases: a que ocorre imediatamente apos um estimulo agressivo ¢ referida como
primeira fase (0-1 hora), e se caracteriza pela liberacao de histamina e serotonina; ja a segunda fase,
denominada fase tardia da inflamac¢do aguda (1-6 horas apds a lesdo), ¢ definida pela liberagao de
bradicinina e prostaglandinas onde as células inflamatorias se acumulam no local lesado
ocasionando migracao de neutrofilos e formacao de fluidos protéicos (exsudato), sendo finalizado
assim que o estimulo causador da injiria for removido e a liberacdo de mediadores quimicos
envolvidos no processo seja inibida (GARCIA-PASTOR et al., 1999; CRUZZOCREA, 2006;
ZHANG, 2008). Deste modo, o objetivo da inflamac¢ao aguda ¢ servir como aporte de defesa para o
organismo, localizando a regiao agredida, para assim eliminar o agente agressor e
remover os tecidos degenerados, preparando a area lesada para reparacao, além de
envolver uma série de eventos celulares e vasculares dindmicos, bem coordenados que dependem da
chegada de leucdcitos inflamatdrios para o local da lesdo (KIRVESKARI, et al., 2003).

Porém, quando a resposta inflamatéria escapa aos mecanismos de controle, desencadeando
desordens inflamatoérias, o processo passa a possuir caracteristicas sistémicas e provocar a disfunc¢ao
de diversos orgaos e sistemas (GILROY, 2010). O processo inflamatorio crénico tem duragdo
prolongada que podem variar de semanas a meses, na qual ha inflamacao ativa, destrui¢do tecidual,
além de tentativas de reparo ocorrendo simultaneamente o que acarretard proliferacdo de

fibroblastos e formagao de granulomas. A inflamagdo cronica origina-se de infec¢des persistentes
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por certos microrganismos, por exposicdo prolongada a agentes potencialmente toxicos e de
doengas aoto-imunes (Artrite Reumatoide, Lapus Eritematoso Sistémico) (GEPDIREMEN et al.,
2004).

As desordens inflamatérias cronicas sao uma importante causa de morbidade e mortalidade
em humanos, assim, os processos envolvidos na defesa do hospedeiro na inflamacao foram e
continuam a ser objeto de varios estudos experimentais. H4 uma complexa variedade de células
envolvidas, tais como: neutrdfilos, macréfagos, células mononucleares e diversas moléculas
inflamatorias, tais como o 6xido nitrico (NO), citocinas pro-inflamatorias como fator de necrose
tumoral o (TNF-a), interleucina 1 (IL-1), interleucina 12 (IL-12), interferon y (IFN-y) e
quimiocinas. O papel de varios mediadores como a histamina, serotonina, bradicinina,
prostaglandinas, tromboxanos, leucotrienos, citocinas e oOxido nitrico foram avaliados, e foi
proposta uma contribuicdo para cada um desses mediadores (KEY et al., 1982; ADAMS e
HAMILTON., 1984; MIYAZAKI et al., 2000; CUZZOCREA et al., 2005).

3.1.1 Mediadores Quimicos da Inflamacao

3.1.1.1 Aminas Vasoativas

- Histamina

A histamina ¢ um mediador de baixo peso molecular cujas fungdes biologicas sdo mediadas
por quatro receptores de superficie celular: H1, H2, H3 e H4 (Figural). Destes, H1, H2 e H4 estao
relacionados com o processo inflamatério e outras respostas imunes (ZHANG; THURMOND;
DUNFORD, 2007). Esta amina ¢ sintetizada por basofilos, mastocitos, linfocitos, neuronios e
células gastricas (BOCHNER, 2000; AKDIS e SIMONS, 2006), cuja atuacdo ocorre nas fases

iniciais da inflamacdo e apresenta um importante papel na inflamagdo alérgica (MACDONALD,

1996).
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Figura 1: Histamina

No caso da inflamagdo alérgica, em resposta a um antigeno, serdo gerados anticorpos da

imunoglobulina E (IgE) que se ligam ao seu receptor na superficie de mastdcitos. Esta ligacdo
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desencadeard uma cascata de reagdes intracelulares culminando na desgranulacdo dos mastocitos,
com a liberagdo de histamina armazenada nos granulos, juntamente com triptase, leucotrienos e
prostaglandinas, bem como outros mediadores (SANTOS et al., 2010; MAHDY, WEBSTER,
2008). Sua liberagao pode ocorrer também devido a agentes desgranuladores, como componentes
do sistema complemento, citocinas e neuropeptideos (IDZKO et al., 2002). De acordo com Grega et
al (1981), a histamina aumenta a permeabilidade vascular, atuando sobre as vénulas, levando ao
aumento de extravasamento de proteinas plasmaticas por meio da abertura de lacunas endoteliais,
sendo H1 o principal receptor envolvido no aumento da permeabilidade nos capilares. Os receptores
H1 e H2 arteriolares estdo envolvidos com a vasodilatacdo arteriolar (XAVIER; RIGHI;
BERNANARDI, 2007). O receptor H4 apresenta uma elevada expressdao na medula 6ssea, células
hematopoiéticas periféricas, neutréfilos, eosindfilos e células T; expressdo moderada no baco, timo,
pulmao, intestino delgado, colon e coragcdo, de modo que sua ativagdo pela histamina promove o
acimulo de células inflamatérias, em particular eosinofilos e mastocitos, na area inflamada

(NAKAMURA et al., 2000).

- Bradicinina

Dentre as cininas, peptideos originados pela acdo da enzima calicreina sobre o cininogénio,
destacaremos um mediador produzido no plasma e em tecidos periféricos, denominado bradicinina
(BK) (MEKI et al, 1995). Os receptores da bradicinina sdo divididos em dois tipos, o receptor Bl e
o B2. O receptor Bl ¢ caracteristico em casos de dano tecidual e inflamagdo, tendo sua expressao
regulada por fatores como as citocinas IL-12 e IL-1B, enquanto o segundo ¢ expresso de modo
constitutivo (MARCEAU, 1995; ZHANG et al, 2007).

O receptor B2, apesar de ser constitutivo, também tem importante fungdo nas fases iniciais
da inflamag¢do. A bradicinina atua sobre este receptor acarretando vasodilatacdo e aumento da
permeabilidade vascular. Sua estimulagdo ocasiona também a produgdo de mediadores como o
6xido nitrico e prostaglandinas como a PGE2. A bradicinina tem efeito algogénico ao agir
estimulando tanto o receptor Bl como o B2 (GORLACH e WAHL, 1996; POMPERMAYER;
ASSREUY; VIEIRA, 2002; EISENBARTH et al, 2004; JENKINS et al, 2003). O receptor B1 esta
envolvido na proliferacdo de eosindfilos na medulas dssea e sua migragdo para as vias aéreas na
asma (VASQUEZ-PINTO et al, 2009). De acordo com Zhang e colaboradores (2007), a interleucina

1B atua estimulando a expressdo deste receptor.
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- Serotonina

A serotonina (5-hidroxitriptanina, 5-HT) ¢ sintetizada pelo L-triptofano nas células
enterocromafins da mucosa intestinal ¢ formada pela hidroxilagdo e descarboxilagdo do triptofano
(GYERMEK, 1996). A serotonina ¢ um neurotransmissor responsavel pelo humor e pela ansiedade,
e, quando ¢ liberada na fenda sinaptica, se liga a seus receptores localizados tanto na fibra pré-
sinptica quanto na fibra pds-sindptica. A serotonina ligada aos seus receptores promove efeito
através da abertura dos canais de Ca'" relacionados a essas proteinas (Figura 2). E um dos mais
importantes mediadores vasoativos por aumentarem a permeabilidade vascular, dilatando os
capilares e produzindo contragdo vascular no musculo liso. A maior parte da serotonina ¢

armazenada no trato gastrintestinal e SNC (SIKANDER et al, 2009).

\
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Figura 2: Serotonina

O sistema serotonérgico tem uma variedade de subtipos de receptores. Estudos revelam que
ndo existe um receptor especifico para a 5-HT, mas uma superfamilia de 14 receptores,
denominados 5-HT1A, 5- HT1B, 5-HT1D, 5-HT1E, 5-HT1F, 5-HT2A, 5-HT2B, 5-HT2C, 5-HT3,
5-HT4, 5-HT5A, 5-HT5B, 5-HT6, e 5-HT7, com fung¢des e localizagdes especificas nas areas pré e
pos-sindpticas (OLIVER, OORSCHOT, 2005).

Embora a serotonina promova a supressao da nocicep¢dao na medula espinhal, também pode
haver supressdo no sistema periférico, onde a serotonina sensibiliza os nocicepitores a estimulos
térmico (LANG et. al., 1990; RUEFF, DRAY, 1993).

A serotonina também aumenta a excitabilidade das fibras C em segmentos isolados do nervo
periférico (MOALEM et al., 2005). No sistema periférico, a serotonina nao ¢ liberada como um
neurotransmissor pelos axonios terminais de neurdnios serotoninérgicos, mas em uma doenga

inflamatodria esse mediador € liberado pelas plaquetas e mastdcitos de murinos (a serotonina nao ¢
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liberado pelos mastocitos humanos). Quando injetado na pata de ratos, induz a uma hiperalgesia

provavelmente devido a uma acao sobre os receptores SHT1A (TAIWO, LEVINE, 1992).

3.1.1.2 Derivados do Acido Araquidénico

O 4cido araquidonico (AA) consiste em um 4acido graxo de 20 carbonos, liberado a partir de
fosfolipidios de membrana através da enzima fosfolipase A2 e apresenta um papel primordial na
fisiologia celular, sendo ativado por diversos estimulos (quimico, inflamatério, traumatico e
mitogénico). O AA ¢ convertido pela prostaglandina (PG) G/H sintetase 1, denominada
cicloxigenase (COX), nos compostos intermediarios PGG2 e PGH2 (KUMMER, COELHO, 2002).

Em células de mamiferos as cicloxigenases (COXs) existem em pelo menos duas isoformas
(COX-1 e COX-2). A COX-1 ¢ uma enzima constitutiva, expressa em quase todo tipo de célula
responsavel pela producdo de prostaglandinas (PGs), com funcao fisiologica, em diversos orgaos e
tromboxano A2 nas plaquetas. COX-2, por outro lado, geralmente esta ausente na maioria dos
tecidos (com excecdo dos rins, partes do cérebro e ttero gravidico, onde a COX-2 ¢ constitutiva),
mas sua expressdo pode ser facilmente induzida por numerosos estimulos como fatores de
crescimento, promotores de tumor ou citocinas produzindo grandes quantidades de PGs, em
particular PGE2 e PGI2, que s3o mediadores pro-inflamatorios que atuam aumentando a
permeabilidade vascular e promovendo edema nos locais inflamados. E altamente expressa por
células que estdo envolvidas na inflamagdo (por exemplo, neutrofilos, macrofagos, mondcitos,
mastdcitos, sinoviocitos), surgindo como a principal isoforma responsavel pela sintese de
prostanoides envolvidos nos processos patoldgicos, tanto manifestagdes agudas como em estados
inflamatoérios cronicos (GOMES et. al., 2009). Schonbeck e colaboradores (1999) descreveram a
existéncia de uma terceira isoforma denominada COX-3, que ao contrario da COX-1 e COX-2, nao

produziria prostanoides pro-inflamatorios, mas sim substancias anti-inflamatorias (Figura 3).
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Figura 3: Produc¢ao de prostanodides (tromboxanos e prostaglandinas) a partir do metabolismo do acido araquidénico.
Legendas: COX = Ciclooxigenase; HOX = Hidroperoxidase; PG = prostaglandina; TX = tromboxano. Fonte:
KUMMER, COELHO, 2002.

- Prostaglandinas

A enzima prostaglandina G/H sintetase dispde de dois sitios cataliticos: o sitio cicloxigenase
e o sitio peroxidase, onde o sitio cicloxigenase fard a conversio do AA em PGG2, que
posteriormente ¢ reduzida ao intermedidrio instdvel, PGH2, pelo sitio peroxidase, o qual nao ¢
inibido pelos AINES (BROOKS et al., 1999).

A PGH2 ¢ convertida pelas isomerases tissulares especificas em multiplos prostanoides
(prostaglandinas e tromboxanos). O mecanismo das prostaglandinas (Figura 4) pode ser por meio de

duas classes de receptores de forma paracrina ou autocrina: os receptores de membrana ligados a
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proteina G (GPCR), e os receptores nucleares PPAR (receptores ativados proliferadores do

peroxissoma) (KUMMER, COELHO, 2002; NAKAHATA, 2008).

Celula vizinha

1 1 \

+ ' Paracrina 1/ COX-1
AA—FPGE- 1] + PGS :‘-T-—T—-_:---- II _F¢ II
N PGs |

""\-\.H I—__b_ i

o 0
,‘_
Aukdcrina 1

E Autocrina QPGS

Figura 4. Esquema demonstrativo dos potenciais mecanismos envolvidos na regulagdo mediada pela

Celula Epitelial

ciclooxigenase via agdo paracrina e autécrina. AA = &cido araquidénico; PGs = prostaglandinas. As PGS
podem agir via receptor citoplasmatico de membrana (acoplado a proteina G), ou via receptores nucleares
PPARs. Para ativar os PPARs, as prostaglandinas podem agir diretamente do citoplasma para o nucleo,

sem necessariamente ter que sair da célula. Fonte: KUMMER, COELHO, 2002.

- Tromboxanos
Outro prostanoide, produto da conversdao da PGH2, ¢ o tromboxano A2 (TXA2), metabdlito

do acido araquidonico produzido durante a catalise do AA pela COX a catalise do AA pela COX
através da enzima tromboxano sintetase (TXS), ¢ um dos mais potentes indutores da
vasoconstric¢do e agregacdo plaquetaria, acredita-se que desempenha um papel importante na
patogénese da asma e dos distirbios circulatorios, incluindo infarto do miocardio, angina e acidente

vascular cerebral (SATO, 1995; NAKAHAMA, 2008).
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- Leucotrienos

As lipoxigenases (LOXs) sdo enzimas responsaveis pela producdo de leucotrienos (LTs).
Entre as lipoxigenases existentes nos tecidos dos mamiferos, a 5-LOX ¢ encontrada principalmente
em cé€lulas de origem mieldides, como por exemplo, leucdcitos polimorfonucleares (PMNL),
mastdcitos, macrofagos e basofilos (GOMES et al, 2009).

O primeiro leucotrieno (LT) sintetizado ¢ o LT A4, a partir do qual se criam duas rotas
metabolicas possiveis. Por um lado o leucotrieno B4 e por outro, o grupo dos cistenil leucotrienos
(LT C4, LT D4 e LT E4), cuja agdo ocorre ao se ligar aos receptores especificos cis-LT; e cis-LT,
(VELASCO, OLIVA, 1999). O BLT-1, derivado do leucotrieno B4, ¢ um receptor de alta afinidade
que regula a maior parte das agdes quimioatrativas e pro-inflamatdrias deste mediador. O BLT-2 ¢
um receptor que apresenta baixa afinidade e se une a diferentes produtos da lipoxigenase, sendo sua
fungao fisioldgica pouco conhecida (HAZOURI, 2008).

Os leucotrienos (LTs) sdo mediadores lipidicos de grande interesse em doencas
inflamatérias (CUZZOCREA et al., 2003; WERZ, STEINHILBER, 2006; LEVAL et al., 2002;
MOREAU et al., 2006) como asma, artrite reumatdide ¢ doengas intestinais (WUBE et al., 2006).
Os leucotrienos exercem um importante papel na inflamagdo, atuando como potentes agentes
quimiotaticos, de modo a regular muitas reagdes inflamatorias e de hipersensibilidade. Estas
moléculas sdo capazes de aumentar a produgdo de interleucinas e interferon, além de atuarem como
moduladores das fun¢des das células B e natural Killer (FERRER, 2000).

O LT B4 pode ser encontrado em muitos exsudatos inflamatorios. Ao atuar sobre os
receptores, produz adesdo, quimiotaxia de PMN e macrofagos além de aumentar a producdo de
citocinas como a IL-6, relacionada com destruicdo tissular, por parte dos mondcitos, e a IL-5, a
partir dos linfécitos T (AMATLLER; ANTEZANA, 2007; BECA; HERNANDEZ; BASCONES,
2007), agindo também como agregante plaquetario (RIVER-RAMIREZ; MENDONZA-MAGANA;
RACETTE, 2008). Participa ainda, de maneira importante na sensibilizacdo das terminagdes
nociceptivas frente a estimulos dolorosos (FAJARDO; LINARES; OLAYA, 2001).

Os leucotrienos LT C4, LT D4 e LT E4 sdo importantes broncoconstritores que atuam como
mediadores nas reacdes alérgicas (RIVER-RAMTREZ; MENDONZA-MAGANA; RACETTE,
2008). OLT C4e 0 LT D4 que agem ainda como constritores das células musculares lisas e de vasos
sanguineos. Os cistenil leucotrienos possuem outras fun¢des como estimulagdo da secrecdo de
muco, assim como aumento da permeabilidade vascular e do extravasamento plasmatico
(ocasionando edema), apresentando também, interacdes complexas com outros mediadores
inflamatérios, contribuindo, desta forma, para a manutengdo da inflamacao (AMATLLER;

ANTEZANA, 2007; STABLES e GILROY, 2010).
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3.1.1.3 Oxido Nitrico

O o6xido nitrico ¢ produzido por trés formas da enzima o6xido nitrico sintase (NOS), que
incluem a NOS neuronal (nNOS ou NOS1), NOS induzivel (iNOS ou NOS2), e a NOS endotelial
(eNOS ou NOS3). Estas enzimas catalisam a formacao do 6xido nitrico e L-citrulina pela oxidacao
da L-arginina na presenga de co-fatores como a nicotinamida adenina dinucleotideo fosfato
(NADPH), flavina adenina dinucleotideo, flavina mononucleotideo (FMN), tetrahidrobiopterina
(BH4) e doadores tiol (KARPUZOGLU, AHMED, 2006).

Fisiologicamente, o 6xido nitrico apresenta diversas fungdes, podendo atuar como regulador
da pressdo sanguinea (PERSSON et al, 1992), agir como neurotransmissor NANC (ndo-
adrenérgico-nao-colinérgico) promovendo o relaxamento da musculatura lisa bronquica e
gastrointestinal, bem como a ere¢ao peniana. Embora apresente importante papel na regulagao de
processos fisioldgicos em mamiferos, este mediador estd intimamente relacionado com o processo
inflamatério (REED, 1997).

Sob o estimulo apropriado, células como macrofagos, condrocitos, miocitos cardiacos,
neutréfilos, hepatdcitos, células renais e fibroblastos podem expressar iINOS (KNOWLES,
MONCADA, 1994; CIRINO, 1998). Estes estimulos podem ser o lipopolissacarideo (LPS), assim
como de uma série de citocinas pro-inflamatérias tais como fator de necrose tumoral (TNF-a),
interleucina-1p, interferon-y e interleucina-2 (IL-2) (KUO, SCHROEDER, 1995; SZABO,
THIEMERMANN, 1995). Neste caso, o 6xido nitrico ocasiona dilatacdo dos vasos sanguineos e
promove aumento da permeabilidade vascular, o que resulta na formagdo de edema.

Além disso, o 6xido nitrico aumenta a liberacdo de mediadores pro-inflamatorios como
citocinas, prostaglandinas, como PGE2 e espécies reativas de oxigé€nio, proporcionando, desta
forma, a promog¢do da reacdao inflamatéoria (OMOTE et al.,, 2001; RAWLINGSON, 2003;
SAUTEBIN et al., 1998).

De acordo com Ross e Reske-Kuns (2001), a agdo pro-inflamatéria do o6xido nitrico
representada pela vasodilatacdo e recrutamento de neutréfilos ocorre quando estd em baixas
concentracdes, ao passo que em altas concentragdes reprime moléculas de adesdo, suprime a

ativacdo e induz a apoptose de células inflamatdrias, como neutréfilos.

26



3.1.1.4 Citocinas

As citocinas caracterizam-se como um imenso grupo de moléculas que atuam crucialmente
no processo inflamatorio € em outros processos, sendo produzidas principalmente por macrofagos,
apos estimulagdo, por toxinas, lesdo ou mediadores inflamatérios. As quimiocinas e interleucinas
fazem parte deste grupo, que se caracteriza por apresentar meia-vida curta, modula¢do da resposta
imune, interagdo com outras citocinas, assim como reconhecimento por receptores especificos
(ZHANG, 2008).

O conjunto inicial de reagdes que caracteriza a fase aguda do processo inflamatoério ¢
mediado primariamente pela liberagdo de citocinas pré-inflamatorias (IL-1, IL-6, IL-8, IL-12 e
TNF- a) no tecido lesado. Dentre estas citocinas, particularmente o TNF-a e a IL-1p iniciam a
cascata inflamatoria (UHLAR et al., 1997). Merecem destaque as citocinas anti-inflamatorias que
contribuem para o equilibrio da resposta inflamatoéria, como por exemplo TGFp, IL-10, IL-4 e IL-5
(FRANKE et al, 2002).

O Fator de necrose tumoral (TNF-a) foi inicialmente identificado pela capacidade de induzir
necrose hemorragica em certos tumores e pela capacidade de levar a caquexia durante os estados de
infec¢ao cronica (CARSWELL et al, 1975). Trata-se de um agente quimiotatico para neutrofilos e
monocitos, estimula a fagocitose, adesdo ao endotélio e produgdo de superodxido por esta células,
além de estimular a produ¢@o de outras citocinas pré-inflamatorias como as quimiocinas KC e MIP
2 (CAMUSSI, 1991; ZHANG, 2001). O TNF-oa também esta intimamente relacionado com a
promocao de hipernocicepcao inflamatoria (CUNHA et al., 2007). Pode ser produzido por
macrofagos ativados, linfécitos ou monocitos (BINGHAM, 2002). A presenca de
lipopolissacarideos que compdem a membrana das bactérias gram-negativas ¢ o principal estimulo
para sua produgdo (LINO et.al, 1990). Logo apds sua liberacdo o TNF-a ird se ligar a receptores
especificos denominados de receptores de TNF (TNF-R) I e II, para que possa produzir o seu efeito
no organismo. Desta forma, o principal efeito fisiologico do TNF-o ¢ promover a resposta imune e
inflamatoria por meio do recrutamento de neutréfilos e monocitos para o local da infec¢do, além de
ativa-los.

A interleucina 1 (IL-1B) pode agir tanto no sistema imunitdrio como em outros, como por
exemplo no sistema nervoso (SPULBER; SCHULTZBERG, 2010). Produzida por neutrofilos e
mondcitos/macrofagos, atua como importante desencadeador da migragio leucocitaria (BENINCA
et al., 2007). E uma das responsaveis por induzir a expressio da molécula de adesdo ICAM-1. Além
de estar relacionada a pirogenicidade, ¢ responsavel pela sintese de outras citocinas como IL-6

pelos mondcitos, atuando sinergicamente com o TNF-o (LEMAY et al, 1990). Juntamente com o
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fator de necrose tumoral (TNF-a) atua na promocao da hipernocicepgao inflamatéria (CUNHA et
al., 2007).

IL-1B e TNF-a apresentam inumeras fung¢des em todo organismo, muitas das quais sdo
importantes no desenvolvimento da artrite reumatdide (FELDMAN et. al, 1996; GABAY e
AREND, 1998; CHARLES et. al., 1999). Tanto a IL- 1 quanto o TNF-a ativam uma variedade de
tipos de células encontradas na articulagdo inflamada, incluindo macréfagos, sinoviocitos,
condrdcitos e osteoclastos, resultando na libertagdo de outros mediadores pro-inflamatorios. Ambas
estimulam a proliferagdo das células sinoviais levando a formagdo de pannus e influenciam na
atividade imunologica (BINGHAM, 2002). Neste contexto, o controle terapéutico da inflamagao
via inibi¢do de citocinas inflamatérias como TNF-a e IL-1p se faz necessario uma vez que estudos
comprovam o papel crucial dessas citocinas na mediagdo da fase aguda da inflamag¢do e na

inflamagao sistémica.

3.2 Imunidade no Contexto da Resposta Inflamatoria

O sistema imunolégico gerencia a defesa do organismo contra patdégenos e antigenos. A
resposta imune pode ser classificada em dois sistemas funcionais, que sao mais ou menos distintos:
a imunidade inata e a adquirida. Estes dois sistemas atuam em conjunto e de maneira
interdependente (JANEWAY et al., 2005b). Parte da resposta inflamatoria estd diretamente
relacionada ao recrutamento de células do sistema imune inato. Macréfagos, neutréfilos, células
dendriticas e células Natural Killer (NK) sdo as principais células efetoras, enquanto que os
principais mecanismos na imunidade inata sdo a fagocitose, liberagdo de mediadores inflamatoérios,
ativagdo de proteinas do sistema complemento (SC), bem como sintese de proteinas de fase aguda,

citocinas e quimiocinas. (MEDZHITOV et al, 1997).

3.2.1 Resposta Imune e Inflamacao

A primeira linha de defesa do organismo ¢ a pele e outras barreiras anatomicas a invasao.
Estas incluem as lagrimas, mucos e os cilios no trato gastrointestinal e respiratério, entretanto se o
agente infeccioso penetra as barreiras anatomicas ha o inicio de uma inflamac¢do aguda, a partir
desse ponto entra em acdo fatores humorais que sdo importantes na inflamagdo associada a
desordens inflamatorias.

O Sistema complemento (SC) ¢ mecanismo de defesa importante que induz ao recrutamento

de células fagocitarias e marcacdo de agentes patogénicos para destruicdo. Cada um dos
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componentes ativados no SC passa a ter atividade proteolitica, e assim os elementos seguintes sao
ativados em cascata. Durante processo, ocorre a produ¢do de diversos mediadores que induzem a
permeabilidade vascular e colaboram para o desenvolvimento da resposta inflamatdria. Finalmente,
ocorre formacdo do complexo de ataque a membrana (MAC), que promove a lise osmoética da
célula-alvo, favorecendo a eliminagao do agente infeccioso (CRUVINEL, et al, 2010).

Em meio as células participantes do processo inflamatorio, algumas (células endoteliais
vasculares, mastdcitos e macrofagos teciduais), estdo normalmente presentes nos tecidos, enquanto
outras (plaquetas e leucdcitos) tém acesso a partir do sangue. Os leucdcitos sao células moveis e sao
divididas em duas classes: c€lulas polimorfonucleares e monunucleares (RANG, DALE, 2007)

Os neutréfilos polimorfonucleares sdo os leucocitos polimorfonucleares (PML) mais
abundantes no sangue periférico, com importante papel na fase inicial das rea¢des inflamatorias.
Sao sensiveis a agentes quimiotaxicos como produtos de clivagem de fragdes do complemento (C3a
e C5a) e substancias liberadas por mastocitos e basofilos. Ou neutrofilos entre as primeiras células a
migrarem dos vasos para os tecidos atraidos por quimiocinas, como a IL-8, e sdo ativados por
diversos estimulos, como produtos bacterianos, proteinas do complemento (C5a), imunocomplexos
(IC), quimiocinas e citocinas (REAVES et al, 2005).

As células mononucleadas denominadas monocitos constituem 3% a 8 % dos leucocitos
circulantes e, no tecido conjuntivo ou parénquima de 6rgdos ddo origem a macréfagos e células
dendriticas mieldides. Os monocitos e macroéfagos sdo fagdcitos habeis, engolfando patogenos e
debris celulares. Diferentemente dos neutréfilos, os macrofagos podem permanecer no tecido por
meses a anos, operando como verdadeiras sentinelas. Além de seu papel na imunidade inata, eles
contribuem para o reparo do tecido e podem apresentar antigenos para os elementos do sistema
imune adaptativo (ABBAS e LICHTMAN, 2008).

Durante o processo inflamatorio, os macréfagos agem como células apresentadoras de
antigenos (APCs), potencializando a ativagdo de linfocitos T (LT) e linfécitos B (LB) pela
expressao de moléculas co-estimuladoras e liberam citocinas pro-inflamatorias como IL-1, IL-6, IL-
12, TNF-a e quimiocinas. Também produzem espécies reativas de oxigénio (EROs), como anion
superoxido, radical hidroxila, peréxido de hidrogénio (H,O,) e intermedidrios reativos do nitrogénio
cujo principal representante ¢ o 6xido nitrico (NO) (HEYWORTH et al, 2003).

Outro importante evento inicial a resposta imunoldgica inata ¢ o reconhecimento, pelos
receptores de reconhecimento padrao (PPRs) ou toll, presentes em macrotagos teciduais, de padroes
moleculares associados ao patdégeno (PAMPs) especificos nos microrganismos (MEDZHITOV e

JANEWAY, 2000; JANEWAY, 2002; CRUVINEL, et. al, 2010).
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Dentre os PPRs, os receptores Toll-like (TLR) estdo em evidencia pelo desempenho na
ligacdo de patdgenos e iniciacdo da resposta inflamatdria (COUTINHO, 2003).

Os receptores Toll-like sdo divididos em duas categorias de grupos de receptores de
membrana. Os receptores Toll-like tipo TLR1, TLR2, TLR4, TLRS, TLR6, TLR10, TLR11, TLR12
e TLRI13 sdo tipicamente associados com a membrana da superficie celular. Por outro lado, os
receptores tipo TLR3, TLR7, TLR8 e TLRY sdo encontrados primariamente nas membranas
endossomicas (VEGA e MARTIN, 2008). Estio situados em diferentes células do organismo
mamiferos, mas, sobretudo nas células do sistema imune inato, como macrofagos e células
dendriticas (DCs) (HALLMAN, 2001). A ativacado desses receptores por PAMPs induz a fagocitose
e a liberagdo de citocinas e mediadores quimicos que atuam no sistema imune (BARTON, 2002).

Participam também da imunidade inata as células Natural Killer (NK) que tém origem na
medula Ossea, a partir de um progenitor comum aos LTs, constituindo de 5% a 20% das células
mononucleares do sangue ¢ um tipo especializado de linfocito. Sdo uma importante linha de defesa
inespecifica, reconhecendo e lisando células infectadas por virus, bactérias e protozoarios, bem
como células tumorais. Ademais, recrutam neutréfilos e macrofagos, ativam as células dendriticas e
linfocitos T e B (CERWENKA e LANIER, 2001).

Na imunidade adquirida as células em atuagdo sdo os linfocitos. Estas células sao
primeiramente produzidas no timo ou na medula dssea, depois sofrem amadurecimento nos 6rgaos
linfoides periféricos (baco, linfonodos e amigdalas), para entdo serem liberadas durante a resposta
imune (PARSLOW, 2000). Os linfocitos T efetores (maduros), quando chegam ao local da injuria
liberam diversas citocinas (IL-2, IL-4, IL-5, IL-6, TNF-a) e quimiocinas. Estas sdo responsaveis
pela ativagdo de células B, quimiotaxia de leucécitos, ativacao dos macrofagos, deposi¢do de fibrina

¢ dor (WATKINS et al., 1995).

3.3 DOR

De acordo com a Associagdo Internacional do Estudo da Dor (IASP) definiu a dor como
“uma experiéncia sensorial e emocional desagraddvel associada a dano tissular presente ou
potencial”. A percep¢ao da dor envolve dois componentes: o estimulo doloroso (nocicepgao) e a
reagdo emocional. A dor tem um valor biolégico fundamental, alerta o individuo sobre a ocorréncia
de alguma forma de lesdo organica instalada ou em vias de se instalar. Em condi¢cdes normais, a
informacao sensorial ¢ captada por estruturas do sistema nervoso periférico (SNP) e transmitida ao
sistema nervoso central (SNC). Nestas estruturas, neurotransmissores diferentes realizam a funcao

bioquimica de transmitir a dor (DAUDT et al., 1998).
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A dor ¢ transmitida a partir de nociceptores encontrados na pele e visceras que podem ser
acionados por varios estimulos, como por exemplo, dano tecidual, inflamacao ou lesdo do sistema
nervoso, onde a resposta pode ser modulada por meio da acdo de prostaglandinas, cininas,
catecolaminas, ions H', K" e substancia P (um neurotransmissor especifico das fibras condutoras do
estimulo doloroso). Esses estimulos s3o conduzidos por meio de dois tipos de fibras nervosas
(fibras A-6 e C) até o corno dorsal da coluna espinal, onde realizam sinapses com interneurdnios
medulares, podendo ser modulados por peptideos opidides. Da medula espinal, os estimulos
dolorosos percorrem os tratos espinotaldmicos e espinorreticulares, alcangando estruturas nervosas
centrais (formacao reticular, tdlamo, sistema limbico, cortex cerebral), onde sdo modulados

novamente via receptores opiodides (SERPELL ET AL, 1998).

3.3.1 Padroes e Tipos de Dor

Embora existam aspectos comuns, entre dor aguda e dor cronica, a avaliagdo e intervencao
entre as mesmas deve ser diferente. Os relatos de dor aguda tém €nfase nas caracteristicas da dor,
nas repercussoes biologicas da dor e do alivio, enquanto os relatos de dor cronica enfatizam, além

destes, aspectos psicossocioculturais que devem ser incluidos (BRASIL, 2002).

3.3.2 Dor Aguda

A dor aguda tem inicio repentino relacionado a traumas, infec¢des ou inflamagao. Espera-se
que desapareca ap6s intervengdo da causa, por exemplo, cura da lesdo, imobilizacdo ou em resposta
a medicamentos. Respondem rapidamente as intervencdes e ndo costumam ser recorrentes, estando
associadas a respostas neuro vegetativas como aumento da PA, taquicardia, taquipnéia, agitacao

psicomotora e ansiedade (BRASIL, 2002).
3.3.3 Dor Cronica

Dor cronica ¢ definida como a dor cuja duracdo ou intensidade afete adversamente a fungao
ou o bem-estar do doente. A Associa¢do Internacional para o Estudo da Dor fornece uma defini¢do

amplamente usada como dor sem valor biologico aparente que persiste além cicatrizagdo do tecido

normal com tempo de duragdo geralmente acima de trés meses (KOPF et. al., 2005).
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3.3.4 Classificagdes de Dor por seu Mecanismo Fisiopatologico

Dor ¢ um processo dindmico, que pde em movimento mecanismos facilitadores e inibidores,
que respectivamente, aumentam ou diminuem a intensidade da dor, dependendo do equilibrio entre
os dois mecanismos opostos. E classificada em nociceptiva, neuropdtica e psicogénica, todas podem

se manisfetar de maineira aguda ou cronica (RAJ, 1994).

3.3.4.1 Dor nociceptiva

Abrange dor somatica e visceral e ocorre diretamente por estimulagdo quimica ou fisica de
terminacdes nervosas normais - ¢ resultado de danos teciduais mais comuns e freqlientes nas

situagdes inflamatorias, traumaticas e invasivas ou isquémicas (BRASIL, 2002).

3.3.4.2 Dor Neuropatica

A dor neuropatica ¢ causada por uma lesdo ou inflamagdo no sistema nervoso e ¢
relativamente comum, faz parte de véarias sindromes neuroldgicas e acomete cerca de 25% dos pacientes
atendidos em grandes clinicas de dor. Estima-se que a prevaléncia de dor neuropatica na populacdo seja
cerca de 7% - 8% (ALVES et al., 2010). Muitas vezes ¢ gravemente debilitante e em grande parte
resistentes ao tratamento (HARDEN, COHEN, 2003), principalmente porque os mecanismos
subjacentes ainda sdo mal compreendidos. Os sintomas da dor neuropatica pode incluir alodinia
(dor resultante de um estimulo que ¢ normalmente ndo doloroso), hiperalgesia (uma resposta

excessiva a estimulos dolorosos) e dor espontanea (MOALEM, TRACEY, 2006).

3.3.4.3 Dor Psicogénica

Segundo Atarodi (2010), dor psicogénica ¢ um tipo de dor em que ndo ha causa organica
nem estrutural definida. O principal mecanismo proposto para o desenvolvimento da doenga ¢ um
trauma psicologico e repressao das emogdes dolorosas. Diferentes métodos de tratamento tém sido
sugeridos para dor psicogénica, como psicoterapia e hipnose. De acordo com a alta prevaléncia
deste problema no sistema de satide, hé necessidade de um modelo de abordagem mais abrangente

que considere as dimensdes psicologicas no diagnostico e tratamento desta condigao.
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3.4 Papel das Citocinas na Dor

Diferentes eventos relacionados a inflamac¢do sdo induzidos por citocinas, como migragao
celular, febre e dor. A primeira evidéncia da participagdo de uma citocina, no que se refere a dor
inflamatoéria periférica, foi realizada em 1988 por Ferreira e colaboradores, em que mostraram a
inducdo de hiperalgesia mecanica em ratos pela IL-1p de maneira dependente da producdo de
prostanoides (PGs) durante a inflamagdo. Estudos propostos por Cunha e colaboradores (2005) e
Cunha e Verri (2007) demonstram a participagao das citocinas no estimulo da dor. O estudo
publicado em 2005 descreve que ao ocorrer o estimulo nociceptivo, hé liberacdo concomitante de
TNF-a e IL-8, que induzem liberagdo de IL-1B e posteriormente, a IL-8 estimula liberacdo de
aminas simpaticomiméticas e a IL-1p estimula liberacdo de prostaglandinas. Neste estudo o papel
da bradicinina n3o foi avaliado. As prostaglandinas, por fim sensibilizam o0s nociceptores,
resultando em hipernocicepgao/dor, sugerindo um importante papel da IL-1p como mediadora da
dor (VERRI et al., 2006). A segunda publica¢do no ano de 2007, o papel da bradicinina foi avaliado
e os resultados indicaram que seu o efeito nociceptivo, via estimulacdo do receptor B1, seria
independente da IL-8, mas incluiria a [L-1B ¢ o TNF-o.

Assim, podemos observar a grande variedade de componentes relacionados a dor e
inflamacdo e que doengas provenientes do desequilibrio desses mediadores vem acometendo
milhares de pessoas em todo o mundo, e para isso ¢ importante o desenho e descoberta de novos
agentes quimicos que possam auxiliar no arsenal terap€utico contra tais agressoes, dentre esses
agentes destacam-se os compostos heterociclicos, como os derivados tiazolidinicos, que vem

ganhando destaque dentro da clinica médica.

3.5 PPAR

Os receptores ativados por proliferadores de peroxissoma (PPARs) sdo fatores de transcricao
pertencentes a familia de receptores nucleares que regulam a homeostase da glicose, metabolismo
de lipideos e do processo inflamatorio (SKOCZYNSKA et al., 2005; ESCHER et al., 2001). Trés
proteinas, codificadas por genes distintos, t€ém sido identificadas: PPARa, PPARB e PPARY, que
controlam a expressdo génica pela ligacdo a elementos responsivos especificos (PPREs) localizados
na regido promotora. Para que essa ligagdo ocorra, os PPARs devem formar heterodimeros com
outro receptor nuclear, o retinodide X (Kratzner et al., 2008).

As isoformas do PPAR sao farmacologicamente distintas, apresentando ativagao diferencial,

apesar do alto grau de conservacdo dos dominios ligantes (CURI et. al., 2002). A sua acdo ¢
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dependente dos ligantes que por sua vez podem ser de origem natural (endéogena) como os acidos
graxos ¢ seus derivados (4acido araquidonico e seus metabolitos) ou sintéticos como as
tiazolidinadionas (STRAUSS; GRASS, 2007).

Todas as isoformas PPARs podem atuar na regulacdo da resposta inflamatoria. Estes
receptores participam modulando a intensidade, duragdo e sequéncia dos eventos inflamatorios
conforme o tecido afetado e as isoformas envolvidas (BISHOP-BAILEY; BYSTROM, 2009).

O PPARa ¢ encontrado em tecidos com elevadas taxas de catabolismo de acidos graxos,
sendo altamente expresso em tecido adiposo, figado, rim, coragdo e musculo esquelético. O PPARy
¢ o subtipo mais estudado, sendo expresso de maneira predominante no tecido adiposo,
apresentando, porém, niveis menores no coragdo, colon, rim, bago, intestino, figado e macréfagos.
O PPAR /6 pode ser encontrado no intestino delgado, colon e figado, além disso, apresenta
expressao elevada nos queratindcitos (PETERS; GONZALEZ, 2009).

Os ligantes de PPARa inibem a produgdo de IL-6 e prostaglandinas, inibem a expressao da
cicloxigenase-2, da iNOS, além de inibir a producdo de TNF-o em macrdéfagos (STAELS et al.,
1998). Rival et al. (2002), evidenciaram que o PPAR [/3 ativado ¢ capaz de inibir um dos principais
mediadores pro-inflamatérios, o NFkB.

Cuzzocrea et al. (2004), demonstraram que a utilizagdo de um agonista de PPARYy ocasionou
a reducao da producao de NO, COX-2, PGE2, TNF-a e IL-1B. A inibi¢ao da expressao de iNOS e
COX, assim como a inibi¢ao da producdo de NO, prostaglandinas ocasionada por agonistas de
PPARy também estd demonstrada em outros trabalhos (RICOTE et al, 1998; MENDEZ;
UCHIMURA et al., 2001; LAPOINTE, 2003).

Os PPARs sdo alvos terapéuticos promissores devido a sua participagdo na regulagao de
processos metabdlicos importantes € na inflamagdo. Destacamos a expressao de PPARy na artrite
reumatdide uma doenca inflamatoria cronica severa, debilitante, com localizagdo variada mais
comum nas articulagdes sinoviais e tecidos periarticulares, como dores e deformidades agressivas.
Hé evidencias da expressao do PPARYy em células endoteliais de pacientes com artrite reumatoide,
onde sua expressao foi menor em pacientes com a doenga do que em pacientes normais (GIAGINIS

et al., 2009).

3.6 ATIVIDADE BIOLOGICA DAS TIAZOLIDINONAS

As tiazolidinadionas (TZDs) tém sido objeto de extensas pesquisa devido sua participagdo
na regulacdo de diferentes processos fisioldgicos. TZDs, como a rosiglitazona e pioglitazona,

diminuem os niveis de glicose no plasma, agindo como ligantes dos receptores ativados
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proliferadores do peroxissoma (PPARs). Além disso, esta classe de compostos possui varios outros
efeitos potencialmente benéficos, incluindo melhora do perfil lipidico no sangue e reducdo da
pressdo arterial. TZDs apresentam a capacidade de inibir a producdo de citocinas pré-inflamatorias,
bem como a expressdo de 6xido nitrico sintase induzida e moléculas de adesdo celular. Esses
medicamentos também podem ser benéficos na esclerose multipla e outras doengas
neurodegenerativas, incluindo doencas de Alzheimer e de Parkinson, pelo menos em parte devido a
suas propriedades anti-inflamatorias (KALAITZIDIS et al., 2009). A classe das tiazolidinadionas
apresentam boa atividade antimicrobiana contra bactérias Gram-positivas. Atualmente, sao
descritos na literatura como potenciais novos agentes inibidores da enzima MurB, uma
flavoproteina existente apenas em seres procariontes, tendo papel fundamental na biossintese do
polimero peptideoglicano (KUCUKGUZEL et al. 2006; PAYNE et al. 2007, LIESEN et al. 2008) .
Possuem atividade citotoxica e antitumoral (PATIL et al, 2010), anti-inflamatéria (UCHOA, 2004;
CARMINO, 2008; BARROS, 2010), hipoglicemiante (MOURAO, 2005) entre outras. O Nucleo de
Pesquisa e Inovagdo Terapéutica (NUPIT) e o Laboratério de Pesquisa e Sintese de Farmacos
(LPSF) tém como objetivo planejar, sintetizar e avaliar as propriedades farmacologicas das
tiazolidinadionas, empregando-se métodos validados com diferentes estratégias baseadas nos
conceitos da quimica medicinal. Abaixo serdo citados alguns trabalhos referentes as propriedades
bioldgicas deste heterociclico que merece especial atencdo devido a gama de propriedades

bioldgicas de grande utilidade na quimica medicinal.

3.6.1 Atividade hipoglicemiante

O Nucleo de Pesquisa em Inovagdo Terapéutica da Universidade Federal de Pernambuco e o
Laboratorio de Pesquisa e Sintese de Farmacos da Universidade Federal de Pernambuco (NUPIT —
LPSF — UFPE) sintetizaram e avaliaram a atividade hipoglicemiante de alguns derivados da série 5-
benzilideno-3-(4-metil-benzil)-tiazolidina-2,4-diona (Figura 5). Esses compostos foram avaliados
apo6s administragdo oral nas doses de 10 e 30 mg/kg no teste de diabetes induzida por aloxana em
camundongos. Dentre os compostos avaliados o 5-(4-metoxi-benzilideno)-3-(4-metil-benzil)-
tiazolidina-2,4-diona apresentou diminui¢do dos niveis de glicose plasmatica e triglicerideo em 50%
e 59% respectivamente, ap6s 15 dias de tratamento na dose de 30 mg/kg (Pitta et. al., Br, IP-
0300997-1, 2003; Mourao et al, 2005).
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Figura 5 : 5-(4-metoxi-benzilideno)-3-(4-metil-benzil)-tiazolidina-2,4-diona

3.6.2 Efeitos Cardiovasculares das Tiazolidinadionas

No ano de 2007 a Agéncia de Alimentos e Medicamentos dos EUA (Food and Drug
Administration, FDA), langou um alerta de seguranca relativa a um possivel aumento do risco de
eventos isquémicos cardiovasculares em pacientes que utilizavam a tiazolidinadiona roziglitazona.
Duas tiazolidinadionas estavam disponiveis nos Estados Unidos, a roziglitazona (Avandia®) e
pioglitazona (Actos®). A tiazolidinadiona troglitazona (Rezulin®) foi retirado do mercado em 2000
por induzir lesdo hepatica, incluindo casos raros de insuficiéncia hepatica e morte (KAUL et al.,
2010). No mesmo ano, um estudo feito com 159.026 diabéticos com mais de 66 anos, durante um
periodo de 3,8 anos, evidenciou o risco da utilizagdo da rosiglitazona. Os pacientes tratados com
TZDs (rosiglitazona e pioglitazona) apresentaram aumentos de 60% de insuficiéncia cardiaca
congestiva, 40% de infartos do miocérdio e de 29% de mortalidade, em comparacdo com pacientes
tratados com outros antidiabéticos. Neste contexto, os pesquisadores concluiram que nos pacientes
idosos com diabetes o tratamento com TZDs, principalmente com a rosiglitazona, foi associado
com um risco aumentado de insuficiéncia cardiaca congestiva, infarto agudo do miocérdio e
mortalidade quando comparado com outros tratamentos com hipoglicemiante orais combinados
(LIPSCOMBE, 2007).

Winkelmayer e colaboradores (2008) publicaram um estudo onde 28.361 pacientes
selecionados, destes 50,3% iniciaram o tratamento com pioglitazona e 49,7% com rosiglitazona.
Dos pacientes que permaneceram na pesquisa, 0s que iniciaram a terapéutica com roziglitazona
apresentaram um percentual de 15% de mortalidade quando comparados aos que utilizavam a
pioglitazona. A utilizacdo de rosiglitazona também foi associada ao risco 13% maior de
insuficiéncia cardiaca congestiva. As estruturas quimicas destas substancias sdo mostradas na

Figura 6.
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Figura 6: Tiazolidinadionas

Diante de tais evidéncias, em 2010, a FDA permitiu o uso do Avandia® com restri¢cdes, sua
disponibilidade s6 serd possivel para novos pacientes com diabetes tipo 2, caso seus niveis de
glicose ndo sejam controlaveis com outros medicamentos. No Brasil a Agencia Nacional de
Vigilancia Sanitaria (ANVISA) cancelou o registro do medicamento Avandia®, fabricado pela

empresa Glaxo Smith Kline (ANVISA, 2010).
3.6.3 Atividade Antimicrobiana

Albuquerque e colaboradores (1999) investigaram o potencial de varios analogos da série 5-
arilideno-3-benzil-tiazolidina-2,4-diona frente aos microorganismos Mycobacterium flavus ¢ a

Bacillus cereus. Os compostos 5-(2-cloro-arilideno)-3-(4-bromo-benzil)-tiazolidina-2,4-diona (1) e

5-(2-fluor-arilideno)-3-benzil-tiazolidina-2,4-diona, apresentaram (2) CMI > 128 ug/Ml (Figura 7).
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Figura 7: 5-(2-cloro-arilideno)-3-(4-bromo-benzil)-tiazolidina-2,4-diona (1) e 5-(2-fluor-arilideno)-3-benzil-tiazolidina-

2,4-diona, apresentaram (2)

3.6.4 Atividade Antitumoral in vitro

Estudos referentes a atividade citotoxica para derivados 5-arilideno-tiazolidina-2,4-diona 3-
substituidos apresentaram resultados promissores frente ao carcinoma nasofaringio (Figura 8). Os
derivados  5-arilideno-3-(4-flGor-benzil)-tiazolidina-2,4-diona (3) e 5-arilideno-3-(4-bromo-

fenacill)-tiazolidina-2,4-diona (4) demonstraram valores de DIsp> 50 mg/mL (COSTA et al., 1995)
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Figura 8: 5-arilideno-3-(4-fluor-benzil)-tiazolidina-2,4-diona (3) e 5-arilideno-3-(4-bromo-fenacill)-tiazolidina-2,4-

diona (4)

Patil e colaboradores (2010) sintetizaram uma nova série de derivados 5-benzilideno-2,4-
tiazolidinadiona e avaliaram sua atividade antiploriferativa. Entre os compostos testados, o derivado
2-[4-[(2,4-dioxotiazolidin-5-ilideno) metil] fenoxi]-N-[3-(triflurometil)- fenil] acetamida (Figura 9),
mostrou-se 0 mais promissor no teste preliminar de atividade antiproliferativa. Tal derivado
apresentou potente citotoxicidade frente a cinco linhagens testadas, MCF7 (cancer de mama),

PC3(cancer de prostata), KB (cancer nasofaringeo), GURAV (cancer oral) e K562 (leucemia).
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Figura 9: Derivado tiazolidinico 2-[4-[(2,4-dioxotiazolidin-5-ilideno) metil] fenoxi]-N-[3-

(triflurometil)-fenil] acetamida

3.6.5 Atividade Anti-Histaminica (Antagonista-H1)

As tiazolidinadionas sdo conhecidas por apresentarem acdo em receptores histaminicos.
Singh e colaboradores (1994) investigaram a atividade anti-histaminica (HI-antagonista) de
derivados tiazolidins-4-onas-2,3-dissubstituidos e concluiu que a substituicdo hidrofobica na
posi¢ao 4 do anel fenila promove um efeito cumulativos de polaridade negativa em todos os

substituintes no grupo fenila o que foi vantajoso para atividade anti-histaminica (Figura 10).

CH,

T

Figura 10: 2-metil-3-p-toloil-tiazolidin-4-ona

3.6.6 Atividade Anti-Inflamatoria

As drogas anti-inflamatorias nao-esterdides (AINEs) sdo um grupo heterdgenio de
compostos farmacologicamente ativos utilizados no tratamento da inflamag¢ao aguda e crdnica, dor
e febre. Apesar de varios mediadores inflamatérios darem suporte a esse processo, o principal alvo
dos AINEs ¢ a enzima ciclocigenase (COX) que estd envolvida no primeiro passo da conversao de
acido araquidonico em prostaglandinas (PGs). As PGs, além de regular fungdes importantes nos
sistemas gastrico, renal e emético sdo conhecidas por mediar todas as respostas inflamtorias. Os

efeitos terapéuticos devido a diminuicdo de PGs pro-inflamatérias produzida pela inibigdo das

39



cicloxigenases, tanto da isoforma COX-1 quanto da COX-2, dependera da seletividade de cada
AINE. Entretanto, os efeitos coloterais indesejados resultam da inibi¢do de ambas as isoformas
devido as funcdes fisioldgicas protetoras exercidas pelas mesmas em orgdos importantes como:
estdbmago, coragdo, rins, cérebro, sitema reprodutor feminino, entre outros (VANE e WARNER,

2000; RAO, et al.,2010).

Derivados da série 5-arilideno-3-(4-nitro-benzil)-tiazolidina-2,4-diona sintetizados por
Couto e colaboradores (2006) foram analisados quanto ao seu potencial anti-inflamatorio, a
exemplo do derivado  5-(4-metil-sulfonil-arilideno)-3-(4-nitro-benzil)-tiazolidina-2,4-diona
(LPSF/SF-23), este derivado apresentou acdo anti-inflamatoria investigada no modelo de bolsdo de
ar induzido por carragenina, reduzindo em 60% a migragdo celular para o local da inflamacao

(Figura 11).
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Figurall: 5-(4-metil-sulfonil-arilideno)- 3-(4-nitro-benzil)-tiazolidina-2,4-diona (LPSF/SF-23)

O derivado (5Z,E)-3-2[-(4-clorofenil-2-oxoetil]-5-(1H-indol-3 il-metileno)-tiazolidina-2,4-
diona (PG-15) foi desenvolvido pelo grupo de pesquisa e inovagdo terapéutica (NUPIT) com o
objetivo de avaliar seu potencial como farmaco anti-inflamatorio em ensaios pré-clinicos. Os
resultados obtidos demosntraram que o derivado PG-15 inibiu, na concentracao de 0,1 mM, mais
de 30 e 13 % das enzimas COX-1 e COX-2, respectivamente in vitro (Figura 12). Este derivado
também foi avaliado in vivo no teste do bolsdo de ar induzido por carragenina e apresentou 67,2 %

de inibi¢dao da migragao leucocitaria na dose de 3 mg/Kg, apresentando inibicao similar ao farmaco

de referéncia indometacina na dose de 10 mg/kg (UCHOA et al., 2009).
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Figura 12: (5Z,E)-3-2[-(4-clorofenil-2-oxoetil]-5-(1H-indol-3 ilmetileno)-tiazolidina-2,4-diona (PG-15)
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Recentemente Ottand e colaboradores (2005), publicaram a atividade anti-inflamatéria da
série  5-arilideno-2-imino-4-tiazolidinadiona. Todos os derivados demonstraram atividade
significativa em modelos de inflamacao aguda, como e edema de pata induzido por carragenina e
pleurisia induzida por carragenina em ratos. O composto 5-(3-metoxifenilideno)-2-3-
fenilaminopropil-4-tiazolidinona (Figura 13), apresentou elevados niveis de atividade

antiedematogénica, comparaveis ao da indometacina.

\/\N / P
(O

Figura 13: 5-(3-metoxifenilideno)-2-3-fenilaminopropil-4-tiazolidinona
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Abstract: The objective of this work was to synthesize and evaluate five thiazolidinics
compounds about their anti-inflammatory and cytotoxic activities. Moreover, was also
evaluated the levels of pro-inflammatory cytokines (TNF-a and IL-B) from the exudates
peritonitis induced by carrageenan. All derivatives exhibited significant levels of anti-
inflammatory activity when compared to control in acute inflammation models of paw
edema and peritonitis both induced by carrageenan. The cytotoxic activity was
evaluated against three human tumor cell lines (NCI-H292, HT29 and MCF-7). None
of the derivatives exhibited significant cytotoxity activity, except the compound (5a)
which showed moderate cytotoxity effect on tumor line NCI-H292.

Keywords: Thiazolidinics derivatives, anti-inflammatory, cytotoxity activity.

1. Introduction

Nonsteroidal —anti-inflammatory drugs (NSAIDs) are a heterogeneous family of

pharmacologically active derivatives used in the treatment of acute and chronic inflammation, pain
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and fever. Is the most used drug class worldwide, but it has adverse effects such as gastrointestinal
lesions, nephrotoxicity and bleeding, especially when there is need for chronic use [1]. In search a
new candidate therapeutic agent can highlight the molecules containing the ring 4-thiazolidinone.
Compounds that exhibit this heterocyclic ring in their structure have great scientific interest,
because several studies in literature show a wide spectrum of biological activities of its various
derivatives. It is suggested that the different biological activities can be attributed to substituent
groups in positions 2, 3 and 5 of the ring, where they promote changes in the physicochemical and
structural molecules [2,3].

The thiazolidines are an important scaffold for several known biological activities, such as
antimicrobial [4], antinociceptive [5], antihyperglycemic [6], antitumor[7], anti-inflammatory[8],
antiviral [9], among other activities.

Some of the biological targets studied intensively in recent years are peroxisome
proliferator-activated receptors (PPARs). These receptors are members of the nuclear hormone
receptor superfamily which are ligand-activated transcription factors. There are three PPAR
isotypes have been reported: PPARa, PPARY, and PPARP. Originally, PPAR activity was thought
to be limited to lipid metabolism and glucose homeostasis. Later studies showed that PPAR
activation regulates inflammatory responses [10]. This paper describes the synthesis and gives the
structural characteristics of five derivatives of the 3-benzyl-5-arylidene-thiazolidine-2,4-dione
substituted on the position 3 and 5 on the thiazolidic ring, besides showing their anti-inflammatory

and cytotoxic effect.

2. Results and Discussion

2.1.Chemistry

The attainment of thiazolidine derivatives (4a-5a) occurred in two stages where initially the
thiazolidine-2 ,4-dione (1) was N-(3)-alkylated in the presence of potassium hydroxide, forming the
potassium salt of the thiazolidine which reacts with benzyl halide in hot alcoholic medium. The
second step the 5-benzyliden-3-benzyl-thiazolidine-2,4-diones were prepared by a nucleophilic
Michael addition of the 3-benzyl-thiazolidine-2,4-dione 2 or 3 and the respective aryl-substituted
ethyl-(2-cyano-3-phenyl)-acrylates [11,12]. The synthetic route is shown in Figure 1.

Figure 1. Synthetic route for 5-benzyliden-3-benzyl-thiazolidine-2,4-diones.
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The Synthetic route used has proved to be satisfactory since all the compounds synthesized
showed good yields and easy manipulation. The proof structure of all compounds obtained in the
methodology of this work was accomplished through the physicochemical analysis and infrared
spectroscopic (IR), hydrogen nuclear magnetic resonance (1H NMR) and mass spectrometry (MS).
The results confirmed the structure of molecules as well as the purity of final products. From the
infrared spectra (IR) was possible to verify the characteristic absorption bands of functional groups
present in the synthesized derivatives, which were observed regarding the frequencies of
absorption bands associated with C=0O bond stretching with a frequency of 1750-1674 cm™ and
vibration of C = C double bond was observed between the frequencies of 1637-1620 cm™. The
nuclear magnetic resonance spectroscopy has shown the hydrogen absorption characteristics of
protons present in the compounds of series 5-benzylidene-3-(2,6-difluoro-benzyl)-thiazolidine-2 ,4-
diones (5a) and 5 - benzylidene-3-(2-bromo-benzyl)-thiazolidine-2 ,4-diones (4a-d). The 1H NMR
spectra were performed using as the solvent DMSO-d6 (Acros Organics). Chemical shifts (5) were
expressed in ppm and couplings in Hz. The derivatives obtained and characterized showed chemical
shifts between 7,1 — 8,39 ppm, corresponding to aromatic hydrogens of the benzylidene grouping
and the substituted benzyl. Typical signs of CH3;, CH, and CH appear as singlet in the regions
between 2,29-2,37; 4,86—4,93 ppm and 7,96-8,11 ppm, respectively. The method used in the mass
spectrum was the ionization with the formation of sodium adducts [M+Na] * and chemical
ionization (CI) in the presence of excess reagent gas [M-H] ". The mass spectrometry showed
fragments of positive ions, including the molecular ion in their relative concentrations, except the
(4c), which was accomplished by chemical ionization. The most intense peak of the spectrum,
called the base peak, has arbitrarily to 100% intensity which gave us the security proof of the
proposed compounds. Regarding the biological evaluation, compounds 4a-d - 5a were subjected to
the study of anti-inflammatory activity and cytotoxic activity and the results of thiazolidics analogs

are shown below.

2.2 Anti-inflammatory activity

Evidence of anti-inflammatory activities in vivo in the five compounds (4a-d - 5a) was
evaluated in the two different models for inflammation, paw edema and peritonitis, both induced by
carrageenan used to investigate the anti-inflammatory effect at dose of 3mg/kg. The injection of
carrageenan into the rat paw produced a marked increase of volume from the first hour, reaching its

maximal effect after 4 h. Pre-treatment of rats with tested compounds (4a-d - 5a) and standards
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indomethacin (10 mg/kg) and rosiglitazone (3 mg/kg), 1 hour before the carrageenan injection,
significantly attenuated inflammatory response (Figure 2). The compounds (4a-d-5a) showed
significant inhibition of edema mainly in 60, 120, and 240 minutes after induction of inflammation
by carrageenan. The compound 4c inhibited paw edema by 72% at 120 minutes and 67% at 240
minutes, similar to the compound 5a that inhibited paw edema by 69% at same time. The anti-
edematogenic effect of the compound 4a (56%), was similar to that of indomethacin (58%) and
their structural analogue rosiglitazone (59%). The thiazolidinics derivatives 4b and 4d showed 42%
and 51% at 240 minutes, respectively. Edema is one of the prime signs of inflammation [13].
Several studies using the model of paw edema induced by carrageenan to be a suitable in vivo
model to predict the value of anti-inflammatory agents, which act by inhibiting the mediators of
acute inflammation[14]. The method was chosen for this study since edema induced by carrageenan
is the most prominent acute experimental model in search for new anti-inflammatory drugs. The
carrageenan-induced paw edema involves many mediators which induce inflammatory reaction in
two differents phases. The initial phase, which occurs between 0 and 2.5 h after the injection of the
phlogistic agent, has been attributed to the action of mediators such as histamine, serotonin and
bradykinin on vascular permeability [15]. It has been reported that histamine and serotonin are
mainly released during the first 1.5 h while bradykinin is released until 2.5 h after carrageenan
injection [16]. The edema volume reaches its maximum approximately 3 h post treatment and then
begins to decline. The late phase, which is also a complement-dependent reaction has been shown
to be a result of overproduction of prostaglandins in tissues and may continue until 5 h post-
carrageenan injection [17].

Based on characteristic biphasic nature of carrageenan-induced paw edema, it is possible to
propose that the significant activity observed in the suppression of the first phase of inflammation
may be due to the ability of the compound 4c to inhibit the release and/or activity of the early
mediators involved in carrageenan-induced paw edema. The other compounds showed inhibition in

the the late phase that could result from inhibition of prostaglandins.
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Figure 2 Effect of 5-benzylidene-3- benzyl-4-thiazolidinones on rat paw edema development elicited by carrageenan in
the rat. Data are means + SEM from n = 5 rats for each group.

Such preliminary findings stimulated us to carry out the carrageenan-induced peritonitis
assay that could provide additional information. The results obtained in the test of peritonitis
induced by carrageenan are shown in table 1. Data analysis showed that the compounds (4a-d-5a) at
dose of 3 mg / kg caused a significant reduction in the migration of polymorphonuclear leukocytes
when compared with the control group, but showed no significant differences between them. The
reference drug indomethacin inhibited cell migration by 58% (4.62 + 0.3). The statistical analysis
shows that thiazolinidcs derivatives evaluated followed a similar profile to that of indomethacin, no
showed significant difference in inhibition of cell migration. The carrageenan triggers an acute
inflammation involving sequential release of various inflammatory mediators [18] mainly
histamine, serotonin, kinins, prostaglandins and thromboxanes [18,19]. During the inflammatory
process induced by carrageenan, prostaglandins, especially PGE2, increases the formation of
peritoneal exudate through the potentiation of the effect of other mediators which increase the
permeability of post capillary venules [21]. Probably the mechanism of action of the compounds
evaluated is related to decreased vasodilatation of capillaries present in the peritoneal membrane
and opening of large pores caused by cells and inflammatory mediators such as neutrophils and
prostaglandin E2.

Table 1 Anti-inflammatory effect of de compounds (4a-d - 5a) on carrageenan-induced peritonitis assay

Compounds Dose (mg/kg) PMNL / mL (x10%) Percent inhibition (%)
4a 3 5,38+ 1,25 51
4b 3 3,91+ 0,49 64
4c 3 3,78+ 0,69" 65
4d 3 4,12+1,27" 62
5a 3 3,6+£0,72" 67
Indomethacin 10 4,62+0,3" 58
Control - 10,93+ 1,6 -

* Statistically significant from control group: p < 0.05.

62



2.3 Measurament of cytokines

The results of the cytokines present in inflammatory exudate of carrageenan-induced
peritonitis are shown in table 2. All compounds showed a significant decreased concentrations of
TNF-a compared to control (794,32 pg/mL). The compounds 4d and 5a showed potent inhibition
for both cytokines (TNF-a and IL-1pB). The thiazolidinediones 4a and 4b showed potent inhibition
of TNF-a, but inhibited the IL-1p slightly. IL-18 is an important pro-inflammatory mediator
involved in the dynamics of inflammation by promoting the expression of adhesion molecules,
leukocyte migration and increased vascular permeability [22]. IL-1B is induced by TNF-a, and
shares many of its activities, including the capacity to induce IL-6. This cytokine is often used as a
marker for systemic inflammatory reactions because it appears in the circulation conveniently later,
when illness is undeniable, and stays high for longer [23].

Recent studies show that PPARy agonists act by inhibiting the production of cytokines such
as TNF-a, IL-1p and IL-6. Knowing that thiazolidinics derivatives are part of this class, it is likely
that the compounds tested act this way [24].

Over expression of pro inflammatory cytokines such as TNF- and IL-1, are well documented
in a number of inflammatory processes [25, 26, 27]. Any successful attempt to block these

cytokines would prove to be therapeutically useful.

Table 2 Effects of thiazolidinics derivatives (4a-d Sa). IL-13 and TNF-a levels on carrageenan-induced
peritonitis assay

Compounds Dose TNF-a IL-1B
(mg/kg) (pg/mL) (pg/mL)
4a 3 87,09+0,01° 870,960,01*
4b 3 21,3740,06" 758,57+0,05*
4c 3 630,954+0,01" 562,3440,01°
4d 3 44,6620,06" 120,2240,01"
5a 3 26,30+0,01" 70,79+0,01"
Indomethacin 10 1122,014+0,34 930,0+0,02
Control - 794,3240,02 891,25+0,01

* Statistically significant from control group: p < 0.05.

2.4 Cytotoxity activity

Evaluation of cytotoxic potential was held by MTT assay, which is based on that living cells
have the capacity to reduce tetrazolium salt, yellow, the formazan insoluble purple, dashing through
the action of the mitochondrial enzyme succinyl dehydrogenase, active only in living cells [28].The

compounds (4a — d), did not show activity, however, the compound (5a) showed law active
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cytotoxic. The lack of cytotoxicity activity at the dose tested does not necessarily rule out the
potential of those compounds with this activity, requiring additional tests using other cell lines and

experimental models.

3. Experimental protocols

Chemistry

All chemicals were purchased as reagent grade and used without further purification.
Reactions were monitored with analytical thin layer chromatography (TLC) in silica gel 60 F254
plates and visualized under UV (254 nm). Melting points were determined in open capillary tubes
on a Quimis 340 capillary melting point apparatus and are uncorrected. IR spectra were recorded in
KBr on a BRUKER (IFS 66) grating spectrometer, mass spectra on a Varian Plus (70 eV) R-1010C
Delsi-Nermag and NMR spectra on a UNITYplus — 300 MHz — VARIAN spectrometer at 20 °C,
using tetramethylsilane (TMS) as internal standard. Mass spectra were recorded on an HCTultra

Bruker Daltonics spectrometer on the ESI positive ion polarity.

Synthesis of N-alkylated thiazolidine-2,4-diones

An equimolar solution of sodium hydroxide in an ethanol/water mixture (6:4) was added
dropwise with stirring to a suspension of thiazolidine-2,4-dione in the same ethanol/water mixture.
A few minutes later, the substituted benzyl chloride was added and the mixture was stirred for a few
minutes before being refluxed for 24 h. After cooling at room temperature, the expected compound
was precipitated by addition of crushed ice before purification by flash chromatography on silica
with chloroform/methanol (92:8) as the eluent. The chemical data on 2,6-difluor-benzyl-
thiazolidine-2,4-dione (2) and 2-bromo-benzyl-thiazolidine-2,4-dione (3) were previously reported

[12, 34].

Synthesis of 2-cyano-3-substituted-ethyl acrylate esters

A mixture of substituted aromatic adehydes (32 mmols), ethyl cyanoacetate (32 mmols),
piperidin (catalytic amount) and anhydrous benzene, used as solvent, was refluxed at 110°C in a
system coupled with a Dean-Stark to separate the water formed. When no more water was formed,
reaction was stopped. This time could vary from for 4 to 24 hours. Mixture was kept in the

refrigerator during 12-24 hours, and crystals formed separated by filtration. The obtained
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cyanoacrylate esters were purified by recrystalization with hot ethanol. Intermediates 2 e 3 was

previously reported by our group [11]. Compound 4d were synthesized as previously reported [12].

Synthesis of 3,5-substituted thiazolidine-2,4-diones

Equimolar amounts of N-benzylated thaizolidin-2,4-dione and cyaneacrylates were reacted
using absolute ethanol as solvent and piperidin as catalyzer. Mixture was heated to 50 °C during a
variable time from 15 minutes to 72 hours, depending on reagents consumption velocity. After that,

solid formed was filtrated and washed with ethanol and n-hexane.

3-(2-bromo-benzyl)-5-(4-fluor-benzyliden)-thiazolidine-2,4-dione, 4a

C17H11BrFNO2S, Yield: 39,9%. Mp. 175 °C. TLC n-hexane: ethyl acetate (9:1) R¢: 0,65. IR cm-1
(KBr): v 1750, 1675, 1591. 1H NMR (8 ppm, DMSO-d6): 8,02 (s,CH), 4.86 (s, CH2), 7,75 (dd, 2H
Benzylidene, J= 5,7 Hz), 7,37(dd, 2H Benzylidene, J=5,7 Hz), 7,67 (dd, 1H benzyl, J=9,3 Hz), 7,42
(t, 1H benzyl, J=9,0), 7,27 (dt, 1H benzy, J=7,8 Hz), 7,21 (d, 1H benzyl, J= 7,5 Hz). MS, ESI+: m/z
415 [M+Na]".

3-(2-bromo-benzyl)-5-(4-methyl-benzyliden)-thiazolidine-2,4-dione, 4b

C18H14BrNO2S, Yield: 63%. Mp. 154 °C. TLC n-hexeno: ethyl acetate (7:3) Rf: 0,75. IR cm-1
(KBr): v 1738, 1680, 1597. 1H NMR (6 ppm, DMSO-d6): 7.96 (s, CH), 4.86 (s, CH2), 2,37 (s,
CH3), 7,56 (d, 2H Benzylidene, J= 78,1 Hz), 7,38 (d, 2H Benzylidene, J=7,8 Hz), 7,67 (dd, 1H
benzyl, J= 7,8 Hz; j=1,2 Hz), 7,34 (dt, 1H benzyl, J=7,5 Hz, j=1,2 Hz), 7,26 (dt, 1H benzyl, J=7.8;
j=1,5 Hz), 7,18 (dd, 1H benzyl, J=7,8 Hz; j=1,5 Hz). MS, CI+: m/z 384 [M-H]".

3-(2-bromo-benzyl)-5-(2-chloro-benzyliden)-thiazolidine-2,4-dione, 4c

C17H11BrCINO2S, Yield: 40%. Mp. 140 °C. TLC n-hexane: ethyl acetate (7:3) Rf: 0,86. IR cm
(KBr): v 1744, 1686, 1603. 1H NMR (6 ppm, DMSO-d6): 8,09 (s, CH), 4.87 (s, CH2), 7,64-7,70
(m, 2H Benzylidene), 7,53-7,59 (m, 2H Benzylidene), 7,64-7,70 (m, 1H benzyl), 7,38 (dt, 1H
benzyl, J= 7,5 Hz; j=1,5 Hz), 7,29 (dt, 1H benzyl; J=7,78; j=1,5 Hz), 7,25 (dd, 1H benzyl, J= 7.8
Hz, j=1,8 Hz).

3-(2-bromo-benzyl)-5-(4-methylsufonyl-benzyliden)-thiazolidine-2,4-dione, 4d

C18H14 Br NOA4S, Yield: 51%. Mp. 210 °C. TLC n-hexeno: ethyl acetate (7:3) Rf: 0,47. IR cm-1
(KBr): v 1744, 1677, 1603. 1H NMR (6 ppm, DMSO-d6): 8,08 (s,CH), 4.87 (s, CH2), 3,29 (s,
SCH3), 8,08 (d, 2H Benzilideno; J=8,4 Hz), 7,91 (d, 2H Benzilideno; J= 8,4 Hz), 7,69 (dd, 1H
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benzil; J=7,8 Hz, j=0,9 Hz), 7,37 (dt, 1H benzil; J=7,5 Hz; j=1,5 Hz), 7,29 (dt, 1H benzil, J=7.,5;
J=1,5 Hz), 7,25 (dd, 1H benzyl, J=7,5 Hz; j=1,5 Hz). MS, ESI+: m/z 474 [M+Na]+.

3-(2,6-difluor-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione, 5a

C18H13F2NO48S2, Yield: 85%. Mp. 160 °C. TLC n-hexeno: ethyl acetate (7:3)Rf: 0,36. IR cm-1
(KBr): v 1750, 1691, 1603. 1H NMR (6 ppm, DMSO-d6): 8.02 (s,CH), 4.93 (s, CH2), 3,27 (s,
SCH3), 8,05 (d, 2H Benzylidene, J=8,4 Hz), 7,87 (d, 2H Benzylic, J=8,4 Hz),7,44 (dt, 1H benzyl,
J=8.,4,j=1,5Hz), 7,13 (dd, 2H benzyl, J=8,4Hz , j=1,8 Hz). MS, ESI+: m/z 432 [M+Na]".

Biological activities
Animals

The experiment used 4 week-old Swiss albino mice males, with weight between 25 and 30 g and
wistar rats males, with weigth between 200 and 250 g. Animals were provided by the Bioterium of
the Antibiotics Department of the Federal University of Pernambuco (UFPE); they were kept in a
small colony in the animal house at a temperature of 22 + 3 °C, with 12 hour cycles of light and
darkness, receiving standard feed (Purina®) and water as required. The experimental procedure was
approved by the Local Committee for Animal Ethics (23076.006588/2008-92 CCB — UFPE).

Paw edema induced by carrageenan

The edema was induced by injecting 0.1 ml of 1.0% (w/v) carrageenan suspension into the sub
plantar region of the right hind paw of the rats [29]. All animals (five per group) were given free
access to food and water after the sub plantar injections. Control group rats (n = 5) received saline
solution and the control groups received 10 mg/kg indomethacin and 3 mg/kg rosiglitazone, orally.
The test groups animals were treated orally with 3 mg/kg of the compounds (4a-d -5a) 1 hour before
the carrageenan injection. The paw volume was measured before administering carrageenan (VO0)
and 60, 120, 180 and 240 min after (Vt). Inflammation was calculated as the increase in volume
(ml) of the paw after treatment subtracted of the basal volume. Results were expressed as
percentage of inhibition of edema, calculated according to the following formula [1-treated/control]
x 100

Peritonitis induced by carrageenan

The compounds were administered orally at single dose of 3 mg/kg, indomethacin at a dose of 10
mg/kg p.o. and carrageenan (1%) was injected intraperitoneally 1 h later. After 4 h the animals were
sacrificed and phosphate buffered saline was used during the collection of peritoneal fluids. The
total leukocyte count was determined in hematology analyzer Micros 60®. The exudates were

centrifuged and the supernatant stored at - 20 ° C for analysis of TNF-a and IL-1a [30, 31].
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Measurament of cytokines

Tumor necrosis factor a (TNF-a) and IL-18 production was evaluated in the peritonitis exudate at 4
h after the induction of peritonitis by carrageenan injection as described previously [30,31]. The
assay was carried out using a sandwich ELISA kits specific for mice, according to the
manufacturer's instructions (eBioscience, San Diego, California, USA) with a lower detection limit
of 10 pg/ml.

Cytotoxity activity

In vitro evaluation of cytotoxity activity was carried out on three tumor cell lines NCI-H292
(human lung carcinoma), HT-29 (human colon carcinoma) and MCF-7 (human breast carcinoma).
The NCI-H292, HT29 and MCF-7 cell lines were maintained in a suitable medium (Dulbecco's
modified Eagle’s Minimum Essential Medium [Sigma]) with the addition of 10% fetal bovine
serum (Sigma) and 1% L-glutamine (200 mM). Cell viability was determined by 0.4% Trypan blue
(Merck). Cell counting was performed on a Leitz inverted microscope using a hemocytometer. The
cell suspensions were distributed in 96-well culture plates (198 pL in each well). These were
incubated at 37 °C and 5% humidity in an appropriate incubator. After 24 h of incubation, the
compounds (4a-d - 5a) were added (at a concentration of 50 pg/mL- single dose) and the plates
again incubated at 37 °C [32].After 72 hours, 3-[4,5-dimethylthiazol-2-yl]-2,5-difeniltetrazole
(MTT) bromide (25 pL) was addedto each well at a concentration of 5 mg/mL in PBS. The plates
were then left for two hours in anincubator (37 °C). Subsequently, the culture medium and MTT
were removed by aspiration, and dimethylsulfoxide (100 uL) was added to each well to dissolve the
crystals that formed [33]. To verifythe percentage of inhibition, optical readings were performed on
a Multiscan-type automatic platereader at 595 nm. All measurements were performed in triplicate.

4. Conclusion

In summary, this paper describes the synthesis, spectral characterization and evaluation of anti-
inflammatory activity and cytotoxity of some 5-benzyliden-3-benzyl-2,4-dione derivatives. All
compounds showed a wide range of promising anti-inflammatory activities. These results provide
the basis for further studies about the anti-inflammatory activity to investigate the possible
mechanism of action of drug candidates.
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The aim of this study was to investigate the antinflammatory and antinociceptive effect of 3-(2-
bromo-benzil)-5-(4-metilsufonil-benzilideno)-tiazolidina-2,4-diona (LPSF/GQ-125) and 3-(2,6-
difluor-benzil)-5-(4-metilsufonil-benzilideno)-tiazolidina-2,4-diona (LPSF/GQ-192) on air pouch
test and Adjuvant-induced chronic arthritis. The anti-inflammatory activities of the compounds
were evidence by a reduction in leukocyte migration and release of TNF-a and IL-1pB in both air
pouch. However, the pretreatment with thiazolidinics compounds was not capable to inhibit the
initiation of arthritis or change the disease course. Nevertheless, both derivatives, mainly LPSF/GQ-
192, showed therapeutic effect represented by the ability to reduce the edema in this model of
chronic inflammation. The thiazolidinics compounds LPSF/GQ-125 and LPSF/GQ-192 reduced the
nociception produced by acetic acid by 58,8% and 51,6%, respectively. In the hotplate test the
compounds did not present antinociceptive activity when compared to the control group. But, the
biochemical parameters for AST and ALT showed to be high. Based on these data, we can infer that
the thiazolidinics compounds LPSF/GQ-125 and LPSF/GQ-192 shows a significant anti-
inflammatory and antinociceptive profile, whose power has not yet been determined. Thus,
the results indicate that thiazolidincs derivatives tested exhibit activities antiinflammatory, antinoci-
ceptive and promising, probably through modulation of the immune system leading to a decrease
in proinflammatory cytokines. It is suggested that the antinociceptive activity of the derivatives is
due to peripheral mechanisms, acting only on inflammatory pain.

Key words: Thiazolidinics derivatives, anti-inflammatory, Air-pouch, cytokines, arthritis,

antinociception, hot plate, writhing test.
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INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disease that affects articular and periarticular as well
as tendons, however, the anatomical structure most affected is the synovial membrane (Cruz and
Branco, 2002). RA is the most common autoimmune disease, affecting 1-1.5% of the population
worldwide._This disease affects between 1 and 1.5% of world population, the age group 40 to 60
years of highest incidence. However, due to the expected aging of the population, it is
estimated that by 2030 the incidence of disease increases considerably (Khurama e Barney, 2005;
Abell et. al., 2005). Research indicates that the innate immune system may be involved in the
development of rheumatoid arthritis, which would be responsible for the recruitment of
inflammatory cells into the joint cavity culminating with the release of factors such as cytokines and
prostaglandins that contribute to the perpetuation of inflammation (MULLER LADNER, 2005).
Among the proinflammatory cytokines crucial to the development of RA are IL-18, IL-6and TNF-a
(Choy and Panayi, 2001). Nowadays, non-steroidal anti-inflammatory drugs (NSAIDs)
supplemented with steroid hormone remains the major recommended strategy for its RA treatment.
It is know, long-term treatment with NSAIDs may result in serious side effects, such as
gastrointestinal ~ ulcergenicity = and  renal = morbidity  (Pincus et  al, 1992).
Many drugs used routinely in the clinic may have side effects such as hepatotoxicity, which may
limit its use and expected benefits (Bertolami, 2005).

In this context, it is necessary a detailed study of potential drugs for better positioning against its
use. Thus, this study aimed to evaluate the anti-inflammatory and antinociceptive effects by
thiazolidinics derivatives 3,5-dissubstituted: 3-(2-bromo-benzyl)-5-(4-metylsufonyl-
benzylidene)thiazolidine-2,4-dione (LPSF/GQ-125) e 3-(2,6-difluor-benyil)-5-(4-metylsufonyl-
benzylidene)-thiazolidine-2,4-dione  (LPSF/GQ-192). For evaluation for about the anti-
inflammatory activity was performed using the experimental models air pouch and Adjuvant-
induced chronic arthritis, = while the antinociceptive activity was evaluated by writhing test
induced by acetic acid and hot plate test. Moreover, it was determined profile of pro-inflammatory
cytokines II-1B and TNF-a and evaluated the concentration
of some enzymes considered indicators of  hepatotoxicity, such as alanine transaminase  (ALT)

and aspartate transaminase (AST)
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METHODS

Animals

The experiment used 4 week-old Swiss albino mice males, with weight between 25 and 30 g and 12
week-old Wistar rats males, with weigth between 200 and 250 g. Animals were provided by the
Bioterium of the Antibiotics Department of the Federal University of Pernambuco (UFPE); they
were kept in a small colony in the animal house at a temperature of 22 + 3 °C, with 12 hour cycles
of light and darkness, receiving standard feed (Purina®) and water as required. The experimental
procedure was approved by the Local Committee for Animal Ethics (23076.006588/2008-92 CCB —
UFPE).

Drugs and Reagents

The derivatives 3-(2-bromo-benzil)-5-(4-metilsufonil-benzilideno)-tiazolidina-2,4-diona
(LPSF/GQ-125) and 3-(2,6-difluor-benzil)-5-(4-metilsufonil-benzilideno)-tiazolidina-2,4-diona
(LPSF/GQ-192) were synthesized and provided by the Nucleo de Pesquisa em Inovacao
Terapéutica of Universidade Federal de Pernambuco, Brazil. The following drugs and reagents were
used: Fentanyl was purchased by Cristalia, S3o Paulo — Brasil. Dexamethasone and Diclofenac
were purchased by Aché, Sdo Paulo — Brasil. HEMSTAB EDTA was purchased by Labtest, Sao
Paulo — Brasil. Kit Mouse TNF-a Elisa and Kit Mouse IL-1p Elisa was purchased by eBioscience,
Sdo Paulo - Brasil; Glacial Acetic Acid was purchased by VETEC, Sao Paulo -

Brasil. Carrageenan and indomethacin were purchased from Sigma, USA.

Air pouch test

The anti-inflammatory effect was tested by the production of air pouches on the dorsal cervical
region of mice of 25-30 g by a subcutaneous injection of 2.5 mL of sterile air on day 0, followed by
a second injection of 2.5 mL of sterile air 3 days later. On day 6, the 1 mL of 1% (w/v) carrageenan
solution was injected into the cavity. The thiazolidinedione 3,5-dissubstitued compounds
(LPSF/GQ-125 and LPSF/GQ-192) and the reference drug diclofenac were administered orally 1 h
before the injection of carrageenan. After 6 h, the mice were sacrificed by ether exposure, and the
pouches were washed with 3 mL of saline solution containing 3 uM of EDTA. The total leukocyte
count was determined in hematology analyzer Micros 60®. The exudates were centrifuged and the
supernatant stored at - 20 ° C for analysis of TNF-a and IL-1a (Kim et al., 2006; Barros et al.,
2010).
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Quantification of IL-1p and TNF-a levels

Tumor necrosis factor a (TNF-a) and Interleukin-1f ( IL-1B) production was evaluated in the air
pouch exudate at 6 h after the induction of inflammation as described previously referencia . The
assay was carried out using a sandwich ELISA kits specific for mice, according to the
manufacturer's instructions (eBioscience, San Diego, California, USA) with a lower detection limit

of 10 pg/ml.

Adjuvant-induced chronic arthritis

To evaluate the effects of chronic inflammation, was used the method described by Newbould, 1963
with modifications. The thiazolidinedione 3,5-dissubstitued compounds (LPSF/GQ-125 and
LPSF/GQ-192) and the reference drug diclofenac were administered orally at doses
of 3 mg/kgand 10 mg/ kg respectively. The doses were chosen according to pilot tests and
previous studies by our group (Barros et al., 2010). The animals in the control group received
saline. Six rats were used to evaluate the effect of these compounds for treated and control
groups. The doses were administered once daily for 14 consecutive days. On the third day
of treatment, 25uL of Freund's complete adjuvant (FCA) (Sigma, St. Louis, Missouri, USA) was
injected into the tissue subplantar right hind paw of each rat.  The paw
edema was measured daily from the third to fourteenth day and the twenty-first day through
plethysmometer (UGOBasile).

Biochemical parameters

Rats were anesthetized with (ketamina and xilazina 8:2) and the blood was collected by cardiac
puncture. Blood was allowed to clot and the serum was separated by centrifugation at 2500 rpm for
10 min. Serum levels of ALT and AST as markers of hepatic function were measured using

commercial kits, according to manufacturer’s instructions.

Writhing test

The writhing test described by Koster et al. (1959) and modified by Oliveira et al. (2001) was
adopted. Animals were divided into four groups of six each and pretreated as above. Thirty minutes
later, 10 ml/’kg of 1% aqueous solution of acetic acid was given to all mice i.p. For each mouse
abdominal constrictions resulting from the injection of acetic acid that occur within 20 min after

challenge were cumulatively counted. Antinociceptive effect was expressed as the reduction in the
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number of writhes for those animals pretreated with compounds LPSF/GQ-125 and LPSF/GQ-192
at dose 3 mg/kg and the diclofenac 10 mg/kg (compared with control group).

Hot plate test

The mice were placed individually on a hot plate with the temperature adjusted to 55 £ 1 °C.
Exposure to heat continued until nocifensive reaction of either hind paw occurred. The animals
were tested in only one series of measurements and the typical responses were hind paw shaking
and/or lifting. The latency to the response was recorded and the time of maximum permanence
permitted on the hot surface was 30 s. Analgesic effect was defined as an increase in withdrawal
latency. The reaction time was recorded at 1, 2 and 3 h after the treatment with LPSF/GQ-125 and
LPSF/GQ-192 at dose 3 mg/kg and Fentanyl® at doses 0,2 mg/kg given orally.

Data analysis

All values in the figures and tables are expressed as means = SEM. The results were analyzed by
one-way analysis of variance (ANOVA) followed by a Bonferroni post-hoc test for multiple
comparisons. Differences between the drug-treated groups and the control group were evaluated by

P < 0.05 was considered significant.

RESULTS

Air pouch

As shown in table 1 both compounds inhibit the leukocyte migration when compared with control
(15,64+1,9x10°) at dose of 3 mg/kg. The compound that showed the largest percentage of inhibition
of cell migration was LPSF/GQ-192 (73, 9%/ 4, 08 + 1,5x106). The compound LPSF/GQ-125 (69,
7%/ 4, 26+0,5x10°) was statistically different from indomethacin (2, 08 = 0, 46 x 10%) and as well as
LPSF/GQ-192 did not show difference when compared with the standards diclofenac (77%/
3,56+1,03) and rosiglitazone (82%/ 2.71 + 0.57 x10°), a drug belonging to the same class

of compounds.

76



Table 1. Effects of LPSF/GQ-125 and LPSF/GQ-192 upon cell migration on inflammation induced by
carrageenan in the murine air pouch model .

Dose N° of PMNL /mL Inhibition (%)
Compound (mg/kg) (x10%)
LPSF/GQ-125 3 426+ 0,5% 69,7
LPSF/GQ-192 3 4,08+ 1,5* 73,9
Indomethacin 10 2,08+0,4* 86,7
Rosiglitazone 3 2,71+0,5* 82,6
Diclofenac 10 3,56+1,0* 77,0
Control - 15,64+1,9 -

* Statistically significant from control group: p < 0.05
# Statistically significant from Standard indomethacin p < 0.05

Quantification of IL-1p and TNF-a levels

The data show that both compounds inhibited TNF-a concentration at dose 3 mg/kg compared to
control (1096, 47 pg/mL). The compounds LPSF/GQ-192 and LPSF/GQ-125 showed 239, 88
pg/mL e 416,86 pg/mL, respectively . The standard drugs exhibited indomethacin (954, 99 pg/mL),
rosiglitazone (426, 57 pg/mL) and diclofenac (1000,87 pg/mL) at doses 10 and 3mg/kg,
respectively . Regarding to production of IL-1p both compounds also decreased the production of
cytokines (338.84 pg / mL) and LPSF/GQ-125 (691, 83 pg/ml) compared with control (870, 96
pg/ml). The exudates obtained from animals treated with standards drugs roziglitazone and
indomethacin showed a concentration of IL-1p to 676, 00 pg/mL and 134, 89 pg/mL, respectively
(table 2).

Table 2 Effects of LPSF/GQ-125, LPSF/GQ-192, rosiglitazone, indomethacin and diclofenac upon TNF-a and
IL-1B, levels on inflammation induced by carrageenan in the air pouch model.

Treatment Dose TNF-a IL-1B
(mg/kg) (pg/mL) (pg/mL)

LPSF/GQ-125 3 416,8610,01° 691,835+0,004°
LPSF/GQ-192 3 239,88+0,007" 338,84+0,03"
Indomethacin 10 954,99+0,02" 831,76+0,01"
Rosiglitazone 3 426,57+0,02" 676,00+0,01°
Diclofenac 10 1000,87+0,01" 935,00+0,01
Control - 1096,47+0,01 870,96+0,01

* Statistically significant from control group: p < 0.05

Adjuvant-induced chronic arthritis
The pretreatment with thiazolidinics derivatives was not capable to inhibit the initiation of arthritis
or change the disease course. However, both derivatives, mainly LPSF/GQ-192, showed therapeutic

effect represented by the ability to reduce the edema in this model of chronic inflammation. The
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edema formed after the injection of adjuvant was daily measured using a plethysmometer and the
results are shown in Figure 1. Both derivatives were able to inhibit, in a discret way, the edema
when compared to the control group. Furthermore, the animals treated with the derivatives showed
similar results to those receiving diclofenac sodium. During the treatment, the edema lowers values
to the animals treated with LPSF/GQ-125 and LPSF/GQ-192 were found on the eighth day of the
test. The compound LPSF/GQ-125 inhibited the paw edema 24.62% on the thirteenth day of
treatment, while the LPSF/GQ-192 showed the highest percentage of inhibition on the eighth day of
treatment (30.93%).
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Figure 1. Effect of LPSF/GQ-125 and LPSF/GQ-192 on rat paw edema development elicited by FCA.

Biochemical parameters

The results in Table 3 show the elevation of serum AST and ALT when compared to control AST
(54,17+ 3,83), ALT (38,05+ 4,57). To compound LPSF/GQ-125 results were AST (305,25+31,12),
ALT (316,12+5,04), while the compound LPSF/GQ-192 showed the following results: AST
(327,18427,71), ALT (359,91+2,74). These results were statistically significant when compared to

control group.

Table 3 Serum activity of AST and ALT (14 days post treatment with LPSF/GQ-125
and LPSF/GQ192)

Treatment AST (UL™) ALT (UL™)
LPSF/GQ-125 (3m/kg) 305,25+31,12°  316,12+5,04°
LPSF/GQ-192 (3mg/kg) 327,18427,71°  359,91+2,74°
Diclofenac (10 mg/Kg) 277,33+18,55°  287,52+5,48"

Control (Vehicle) 54,17+ 3,83 38,05+ 4,57

*Statistically significant from control group: p <0.05
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Writhing test

The effect of thiazolidinics derivatives 3, 5-dissubstituted LPSF/GQ-125 and LPSF/GQ-192 on
acetic acid-induced writhing behavior in mice are shown in table 3. The acetic acid injection (1%;
0.1ml/10g) induced a significant number of writhing in the control group. Both compounds reduced
statistically significantly the number of writhes induced by intraperitoneal injection of acetic acid in
mice when compared with the control group. The derivative LPSF/GQ-125 (58.8%) showed a
statistically similar to the diclofenac (68.7%).

Table 4. Effect of LPSF/GQ-125 and LPSF/GQ-192 in total number of writhes induced by acetic acid in 20 min

Compound Dose (mg/kg) Writhing Inhibition
(n°/20min) %
LPSF/GQ-125 3 34,4+5,06 " 58,8
LPSF/GQ-192 3 40,4478 51,6
Diclofenac 10 26.8+49" 68
Control - 83,5+4,82 -

* Statistically significant from control group: p < 0.05
# Statistically significant from Standard group: p < 0.05

Hot Plate
The results are shown in table 4 and indicate that at all times of analisys the compounds did not

present antinociceptive activity when compared to the control group.

Table 5 Effect of LPSF/GQ-125 and LPSF/GQ-192 on the response latency at 0, 60, 120 and 180 min after
administration of drugs in the hot plate test in mice.

Latency (s)
Compounds Dose (mg/Kg) 0 60 120 180
LPSF/GQ-125 3 7,18 1,27 8,96+0,85 7,64 £1,38 9,88+1,82
LPSF/GQ-192 3 7,26 £ 0,75 8,64 £0,71 6,78 £0,88 6,52+ 1,74
Fentanyl 0,2 9,54+ 1,72 18,140,6 11,3+0,9" 8,8+1,1
Control - 9,30 + 0,49 9,7+ 1,42 8,84+ 1,31 8,58 + 1,48

* Statistically significant from control group: p < 0.05
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Discussion:

The present work investigates the possibility of thiazolidinics derivatives LPSF/GQ-125 LPSF/GQ-
192 being able to inhibit inflammation during phases of the inflammatory process, as well as the
capacity to act on nociception in different experimental models. The dose used in the experiments in
this article was previously chosen based on tests done by our group previously (Uchoa, 2009;
Barros et al., 2010). Our study relative to the murine air pouch model induced by carrageenan
showed that thiazolidinics derivatives have pronounced anti-inflammatory effects, reducing both
cell migration and levels of major proinflammatory cytokines (TNF-o, IL-1p). This animal model
mimics rheumatoid arthritis. The induction of inflammation by carrageenan into subcutaneous air
pouch form a membrane that present similar characteristics to the inflamed synovial membrane of
patients with rheumatoid arthritis (Sedgwick; Lees, 1986). It is, therefore, a model used for
screening potential drug candidates to treat arthritis. Both derivatives were promising in the
inhibition of cell migration on this model of acute inflammation. The results reported here
corroborate the results of previous studies performed in our research group (Barros et. al., 2010). It
is noteworthy that in rheumatoid arthritis TNF-a and IL-1B participate in the initiation and
perpetuation of inflammation. Inhibition of TNF-a leads to reduced IL-6 levels, as well as inhibiting
the production of IL-1B decreases the destruction of cartilage and bone joints (Joosten et al., 1999).
As the results were promising in this preliminary test, suggesting that these compounds may have
anti-arthritic effects, in the next step was to evaluate the compounds LPSF/GQ-125 e LPSF/GQ-192
In the model of arthritis induced by Freund's complete adjuvant (CFA). This model has been widely
used to evaluate the activity of new anti-arthritic drugs (Bourgerie, 1994). The justification for
using of this model of arthritis in animals is the similarity that it has with rheumatoid disease in
human (Billiau; Matthys, 2001). These similarities include histopathological changes cellular
infiltration, hypersensitivity and swelling of the affected joint (GOMES, 2008). Pre-treatment with
the derivatives, especially LPSF/GQ-192, was able to reduce the manifestation of some clinical
signs of arthritis, such as bone deformities and edema. There are evidences that reducing or
eliminating the production of TNF-a and IL-1B are important targets for treatment of arthritis
(Mcculloch et. al., 2006). Furthermore, the action of these compounds can also be associated with a
probable inhibition of the enzyme cyclooxygenase, with the consequent inhibition of prostaglandin
synthesis, especially PGE2 and PGI2, leading to decreased vascular permeability and edema
reduction. RA is a severe and debilitating chronic inflammatory disease, with varied location, being
more common in synovial joints and periarticular tissues, being characterized by pain and
aggressive deformities. Therefore, an effective drug should reduce the inflammatory process and

combat the pain. In our study to evaluate the antinociceptive, were used the writhing test and the hot
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plate test. First we evaluated the effect of thiazolidinediones LPSF/GQ-125 ¢ LPSF/GQ-192 on
acetic acid-induced writhing. Acetic acid acts by releasing endogenous mediators that stimulate the
nociceptive neurons causing, on the peritoneal level, increased levels of PGE2 and PGF2a,
serotonin, histamine, as well as release of bradykinin and cytokines, as TNF-a and IL-8 DERAEDT
et al., 1980; RIBEIRO et al., 2000). The writhing induced by acetic acid allows to detect both
central and peripheral antinociceptive effect, being, therefore of low specificity and widely used as
a preliminary test that must be followed by other methodologies to assist in evaluating the
antinociceptive profile (PIRES et al., 2004; SILVA, 2009). In this context, it was necessary to use a
more specific test to confirm the profile of activity of the compounds tested. The hot plate test is a
model in which temperature represents a noxious stimulus that activates nociceptors directly (Le
Bars et al., 2001). This test allows evaluate predominantly activity of drugs that act at the level of
central nervous system, such as fentanyl and morphine, which increases the latency time on the
nociceptive response in hot plate (Loh et al. 1976; Levy e Proudfit, 1977; Oliveira et al., 2007). The
acute treatment with with thiazolidinediones LPSF/GQ-125 and LPSF/GQ-192 did not inhibit the
nociceptive response in hot plate test. So, it is suggested that these compounds do not cause changes
in central nociceptive response. There is not evidence that the thiazolidinediones promote

nociceptive effects related to CNS (Oliveira et al., 2007). Hepatic enzyme levels were shown

to be high with the need for studies about its hepatotoxicity. In summary, studies reported in this

paper suggest that the efficacy of the compounds tested is probably is associated with inhibitory
effects upon the formation of mediators such as bradykinin, histamine, and prostaglandins and, as

already noted, with its ability to reduce levels of TNF-a and IL-1.

Conclusions:

This work has been shown that derivatives and LPSF/GQ-125 LPSF / GQ 192 have anti-
inflammatory and anti-nociceptive, the effect being antinociceptive related inflammatory pain,
probably not involving central mechanisms. The compounds appear to act more effective in acute
inflammation, probably by modulating innate immune system, since it decreased the production of
TNF-a and IL-1B, however, was not very effective in reducing symptoms of arthritis, although it
reduced the swelling of the joints. However, future studies on the toxicity of these compounds are

necessary since its chronic use has caused an increase in liver enzyme levels.
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Abstract

The aim of this study was to investigate the hepatic effect 3-(2-bromo-benzil)-5-(4-metilsufonil-
benzilideno)-tiazolidina-2, 4-diona (LPSF/GQ-125) e 3-(2, 6-difluor-benzil)-5-(4-metilsufonil-
benzilideno)-tiazolidina-2, 4-diona (LPSF/GQ-192) on acute liver injury induced by carbon
tetrachloride in rats. The animals received for 7 days LPSF/GQ-125 and LPSF/GQ-192 (3 mg/kg;
per oral, p.o.). In the eighth day, rats received injection with 2.5% CCly dissolved in olive oil at a
dose of 1 ml/kg body weigh (1 mg/kg; intraperitoneal, i.p.). Twenty-four hours after CCl4
administration animals were euthanized and plasma and liver were removed to the biochemical and
histological analysis. Pre-treatment of rats with LPSF/125 and LPSF/192 increase serum levels of
AST, ALT and ALP enzyme. The results showed that the compounds tested did not
protect animals against the damage induced by CCly at dose (3 mg/kg). The hepatotoxic effect of on

acute liver injury induced by CCly in rats will be shown the following.

Key words: Thiazolidinics derivatives, carbon tetrachloride, liver injury
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INTRUDUCTION

Widely used to induce acute hepatic damage in experimental animal models the carbon
tetrachloride (CCl4) is a potent hepatotoxic chemical. Reductive metabolism of the hepatotoxin,
CCl4, by CYP450 involves the production of the trichloromethyl free radical (CCl3), which
interacts with oxygen to form the highly toxic CCl;0; (Szymonik-Lesiuk et al., 2003; Weber et al.,
2003). Reactive oxygen species (ROS) generated by metabolic intermediates of xenobiotics via
induction of CYP450 families as well as activated inflammatory cells through NADPH oxidases
promote the accumulation of lipid derived oxidation products that cause liver injury, resulting in
cell (Pugh et. al.,2009). Drug-induced liver injury (DILI) is an important cause of liver disease with
an incidence of between 1 in 1,000 and 1 in 100,000 in patients taking therapeutic doses of
medications (Lee, 2003).The effects of thiazolidinediones (TZDs) on liver function or metabolism
remain largely known. Thiazolidinediones are peroxisome proliferator-activated receptor y agonists
used as insulin-sensitizing drugs to treat diabetes mellitus. This class of drugs is a well-recognized
cause of drug-induced hepatotoxicity. Troglitazone, the first TZD, was withdrawn from the market
in 2000 following 94 cases of liver failure (Graham, et. al, 2003; Chan et.al, 2003). There are two
second generations TZDs on the market at the current time: rosiglitazone and pioglitazone. Both of
these second generation TZDs are known to cause hepatotoxicity, with rare reports of hepatic
failure (Forman et. al., 2000; Marcy et. al., 2004; Farley-Hills et. al, 2004). Periodically, after
starting therapy is recommended that liver enzymes be determined before initiation of rosiglitazone
or pioglitazone (Chase et. al., 2002). In this context, the present study investigated whether the
compounds 3-(2 bromo-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione (LPSF/GQ-
125) and 3-(2,6-difluor-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione (LPSF/GQ-
192) present effects acute hepatic injury , in an experimental model of CCl4 induced

hepatotoxicity.

METHODS
Animals

The experiment used Wistar rats males, with weigth between 200 and 250g. Animals were provided
by the Bioterium of the Antibiotics Department of the Federal University of Pernambuco (UFPE);
they were kept in a small colony in the animal house at a temperature of 22 + 3 °C, with 12 hour
cycles of light and darkness, receiving standard feed (Purina®) and water as required. The
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experimental procedure was approved by the Local Committee for Animal Ethics

(23076.006588/2008-92 CCB— UFPE).
Drugs

The derivatives 3-(2-bromo-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione
(LPSF/GQ-125) and 3-(2,6-difluor-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione
(LPSF/GQ-192) were obtained by synthesis as described previously by Carmino (2008) and
Barros(2010) were authenticated using mass and NMR spectroscopy provided by the Nucleo de

Pesquisa em Inovacao Terapéutica of Universidade Federal de Pernambuco, Brazil.

Induction of liver necrosis

The animals received for 7 days LPSF/GQ-125 and LPSF/GQ-192 (3 mg/kg; per oral, p.o.) Hepatic
injury was induced experimentally by i.p. injection with 2.5% CCl, dissolved in olive oil at a dose
of 1 ml/kg body weight. Control mice were injected with similar volumes of olive oil for each
treatment. In the eighth day rats received CCly treatment (1 mg/kg; intraperitoneal, i.p.). After 24
hours rats were anesthetized and the blood samples were collected by cardiac puncture into a
coagulant containing tube. It was ensured that all the animals, treated or untreated, are sacrificed at
the same time point. All the biochemical estimations were completed at 0 -4 °C on the same day

when the animals were sacrificed (Shim et. al., 2010).

Biochemical parameters

Rats were anesthetized and the blood was collected by cardiac puncture. Blood was allowed to clot
and the serum was separated by centrifugation at 2500 rpm for 10 min. Serum levels of ALT, AST
and ALP as markers of hepatic function were measured using commercial kits especifc for

automatic biochemical analyzer COBAS Mira Plus (Roche Diagnostic System).

Histopathological studies

For histopathological studies, few-millimeter-thick midsections of the left lobes of the livers
excised from each group were processed for light microscopy. The processing involved fixing of

the tissue specimens in a 10% neutral buffered formalin solution, preparing the blocks in paraffin,

cutting sections 5—6 um in thickness, and staining the sections with haematoxylin—eosin stain.
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Data analysis

All values in the tables are expressed as means £ SEM. The results were analyzed by one-way
analysis of variance (ANOVA) followed by a Bonferroni post-hoc test for multiple comparisons.
Differences between the drug-treated groups and the control group were evaluated by P < 0.05 was

considered significant.

RESULTS

The ALT , AST and ALP activities of CCl4-treated rats were significantly increased, as well
as treated in combination with CCl4 (CCL4 +LPSF/GQ- 125 and CCL4 + LPSF/GQ-192),

compared to those of control (vehicle) rats (Table 1).

Table 1 Effects of LPSF/GQ-125 and LPSF/GQ-192 on CCl4-induced hepatotoxicity. Rats were i.p. injected with
indicated doses of compounds followed by 1 ml/kg of 2.5% CCl4 injection 24h later.

Tratament AST (UL™") ALT (UL ALP (UL™)

LPSF/GQ-125 (3mg/kg) + CCl, 246,62 + 84,67 146,34+5520" 301,22 + 37,67
LPSF/GQ-192 (3mg/kg) + CCl, 316,04 + 67,57 22442 £54,15°  329,36+71,67
CCly 211,46 +40,0" 105,06 £29,6  228,02+51,86

Control (Vehicle) 38,24 £ 4,06 46,3 + 20,0 44,86+ 8,01

* Statistically significant from control group: p < 0.05
*No statistically significant from CCl,group: p < 0.05

The results in Table 1 show the elevation of serum AST, ALT and ALP when compared to control:
AST (38,24 U/L+ 4,06), ALT (46,3 U/L + 20,0) and ALP (44,86 U/L+ 8,01). To compound
LPSF/GQ-125 results were AST (246.62 U / L + 84, 67), ALT (146.34 U / L+ 55, 20) and ALP
(301.22 U / L £ 37,67). These results were not statistically different when compared to CCl4 group.
The compound LPSF/GQ-192 showed the following results: AST (316.04 U / L + 67,57), ALT
(224.42 U /L £54,15) and ALP (329,36 U/ L £ 71,67).

Histopathological studies provided supportive evidence for the biochemical analysis. The
histological changes basically supported the measuring of the serum enzyme activities. There was
no abnormal appearance or histological changes in the liver of vehicle group (B). CCly
administration caused classical damage in the rat liver at 24 h, as demonstrated by inflammatory
cells infiltration, fatty degeneration and hydropic degeneration, vacuole generation and steatosis
(fig.1)
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Figure 1 Liver sections from rats in CCl, group (A) and vehicle group (B) showed normal liver histology. Steatosis
with fat droplets in the liver obtained from rat LPSF/GQ-125 + CCly group (C).Liver sections from a rat in LPSF/GQ-
192 +CCl, group showed lymphocytic infiltrate around the blood vessel (D).

DISCUSSION

The activity levels of serum aminotransferases (ALT and AST) and alkaline phosphatase (ALP)
were found to be elevated significantly in rats sacrificed 24 h after receiving the necrogenic dose of
CCly. These enzymes are generally elevated in different types of hepatic lesions (Wang et.al.,1997).
The acute CCly intoxication induces liver damage, as evident from higher serum transaminase
activity and histological data. The increased serum levels of AST, ALT and ALP are attributed to
damage to the structural integrity of the liver, since these are located in the cytoplasm and released
into the circulation after cellular damage. This hepatic damage is possibly associated with at least
two sequential processes (Shim et al., 2010). The initial phase involves CYP450-mediated
bioactivation of CCls to a highly reactive trichloromethyl radical and ROS, leading to lipid
peroxidation and hepatocellular membrane damage. This is followed by the release of a myriad of
growth factors, inflammatory mediators, and prostaglandins from activated hepatic macrophages,
which potentiate CCls-induced hepatic injury (Sudo et al., 2005). We found that the compounds 3-
(2 bromo-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione (LPSF/GQ-125) and 3-
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(2,6-difluor-benzyl)-5-(4-metylsufonyl-benzyliden)-thiazolidine-2,4-dione (LPSF/GQ-192)
significantly increase the serum markers of hepatic injury and lipid peroxidation against CCly-
induced liver injury in rats, alkaline phosphatase increased significantly in the treated
groups compared to  control. Alkaline  Phosphatase = (ALP) ispresentin  various tissues,
bone mainly in the hepatobiliary system and and is indicative of the occurrence of gastrointestinal
mucosa cholestasis (impaired bile flow), which canlead toa increased serum levelsup to 10
times (Santos et al., 2008). With these results could not possible establish the mechanism by which
these compounds results liver demage. The onset of idiosyncratic and severe hepatotoxicity
undermines the success of TZD as a novel class of therapeutic with other TZD analogues still being
used clinically, an understanding of the mechanism of toxicity is necessary to advocate the safe use
of these analogues and also to explore alternative chemical entity to gain pharmacological
advantage. Troglitazona was withdrawn from market at 2000 due to its idiosyncratic liver toxicity
(Chojkier, 2005) but the mechanism of toxicity is still unknown to researchers. It is necessary to
highlight that although many mechanistic studies are performed (Smith, 2003). The exact
mechanism of toxicity remains elusive. Recents studies show that Sulfur moiety of TZD ring
underwent metabolic activation via CYP3A4 to form reactive intermediates which covalently bound
with glutathione (Saha et al., 2010). Glutathione is an important endogenous antioxidant system that
is found in particularly high concentration in liver and it is known to have key functions in
protective processes. The reduced form of glutathione becomes readily oxidized to glutathione
disulfide (GSSG) on interacting with free radicals. Excessive production of free radicals resulted in
the oxidative stress, which leads to damage of macromolecules e.g. lipids, and can induce lipid
peroxidation in vivo (Sinclair et al., 1991). Probably, the derivatives LPSF/GQ-125 and LPSF/GQ-
192 suffers the same kind of metabolic activation.

In conclusion, the results of the present study, indicated that under the present experimental
conditions, LPSF/GQ-125 and LPSF/GQ-192 showed hepatotoxity effect against carbon

tetrachloride-induced liver injury.
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7. CONCLUSAO

Com base nos estudos realizados com os compostos tiazolidinicos 3,5-dissubstituidos da série

LPSF/GQ, podemos concluir que:

e Os compostos tiazolidinicos 3,5-dissubstituidos dessa série apresentaram atividade marcante

na inibicdo da inflamagdo na fase aguda reduzindo o edema e a migragdo celular;

e Na avaliacdo dos niveis de citocinas os compostos em estudo diminuiram as concentragdes

de TNF-a e IL-1p no exsudatos inflamatorios

e Os compostos tiazolidinicos 3,5- dissubstituidos ndo foram eficazes em reduzir os sintomas

da artrite, apesar de ter diminuido o edema das articulagdes.

e Apresentaram capacidade de inibir a nocicep¢do relacionada a dor inflamatoria,

provavelmente ndo envolvendo mecanismos centrais,
e Dentre os compostos testados o LPSF/GQ-125 e LPSF/GQ-192 apresentaram melhores

efeitos anti-inflamatdrios e antinociceptivos entretanto, se apresentaram toxicos quando

avaliadas frente ao dano hepatico causado por CCly.
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ANEXO A
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1. MATERIAL E METODOS
1.1 ANIMAIS

Foram utilizados camundongos machos adultos albinos Swiss (Mus musculus), pesando
entre 20 e 25 g e ratos Wistar machos adultos, pesando entre 200 e 300 g oriundos do Biotério do
Departamento de Antibidticos da Universidade Federal de Pernambuco. Os animais foram
acondicionados em gaiolas de polietileno com grades de aco inoxiddvel e maravalha como
cobertura, tendo acesso livre a dgua e racdo balanceada, mantidos num ambiente com temperatura
de 22°C + 2 e luminosidade controlada, proporcionando um ciclo claro-escuro de 12 horas. Todos
os animais foram submetidos a jejum, com a retirada da racao cerca de 4 horas antes do inicio do
experimento. Durante o experimento os animais tiveram livre acesso a ingestao de agua. O projeto
foi aprovado pelo Comité de Ftica em Experimentagio Animal da UFPE sob o nimero

23076.006588/2008-92.

1.2 MATERIAL DE ESTUDO

Foram testados cinco novos derivados tiazolidinonicos fornecidos pelo Laboratorio de
Planejamento e Sintese de Farmacos — LPSF/UFPE: LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122,
LPSF/GQ- 125 e LPSF/GQ- 192.

Tabela 1 Estrutura e nome quimico dos derivados tiazolidindnicos 3,5-dissubstituidos.
Estrutura Geral Cédigo R, R Nome Quimico

LSPF/GQ-115 2-Br 4-F 3-(2-bromo-benzil)-5-(4-fluor-
benzilideno)-tiazolidina-2,4-diona

LSPF/GQ-120 2-Br 4-CH; 3-(2-bromo-benzil)-5-(4-metil-
benzilideno)tiazolidina-2,4-diona

LSPF/GQ-122 2-Br 2-Cl 3-(2-bromo-benzil)-5-(2-cloro-
benzilideno)tiazolidina-2,4-diona

LSPF/GQ-125 2-Br 4-SO,CH;  3-(2-bromo-benzil)-5-(4-metilsufonil-

benzilideno)tiazolidina-2,4-diona
LSPF/GQ-192 2,6-F 4-SO,CH;  3-(2,6-difluor-benzil)-5-(4-
metilsufonil-benzilideno)-tiazolidina-

2,4diona
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1.3 DOSES

A escolha das doses foi pautada de acordo com estudos anteriores feito pelo Nucleo de
Pesquisa e Inovagdo Terapéutica (NUPIT-UFPE) e o Laboratorio de Bioensaios para Pesquisa de
Farmacos (LBPF-UFPE) (UCHOA, 2009; BARROS, 2010). Todos os derivados avaliados foram
testados a cerca de sua atividade anti-inflamatoria posteriormente nas doses de 3 mg/Kg, 0,3 mg/kg
e 0,03 mg/kg, onde obteve-se melhores resultados quanto a inibi¢do de leucdcitos
polimorfonucleares (PMNL) na dose de 3 mg/kg com percentual de inibi¢do acima que variou de

60% a 80% de inibicdo (CARMINO, 2008).

2. DELINEAMENTO METODOLOGICO

2.1 ATIVIDADE ANTI-INFLAMATORIA

2.1.1 Teste do Edema de Pata Induzido por Carragenina

A acgdo anti-inflamatéria foi avaliada primeiramente através do teste de edema de pata
induzido por carragenina 1% (Winter et al., 1962). O edema de pata foi induzido pela injecao de 0,1
mL de carragenina (1% p/v) em salina estéril e administrada na regido subplantar da pata direita de
rato Wistar machos (n = 6). Uma hora antes da injecdo de carragenina, os compostos
tiazolidindnicos-3,5-dissubstituidos (LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ- 125
e LPSF/GQ- 192), foram administrados, por via oral, nas doses de 3 mg/kg. Foram utilizados como
padrao o anti-inflamatorio nao-esteiroidal indometacina (10 mg/kg) e rosiglitazona (3mg/kg) por
(v.0.), ao grupo controle foi administrado salina. O volume da pata foi tomado imediatamente apds
a administracdo da carragenina (tempo zero), com intervalos de 60, 120, 180 e 240 minutos, através
do deslocamento de agua registrado em pletismémetro (modelo 7150, Ugo Basile Co.,Varese,

Italy).
2.1.2 Teste da Peritonite Induzida por Carragenina

Neste ensaio, foram utilizados seis grupos de seis animais. Quatro grupos receberam, por via
oral, os derivados tiazolidinonicos-3,5-dissubstituidos (LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-
122, LPSF/GQ- 125 e LPSF/GQ- 192) na dose de 3mg/Kg. A indometacina, farmaco
antiinflamatério nao-esteroidal, foi administrado via oral na dose de 10mg/Kg e a rosiglitazona na
dose de 3 mg/kg. O grupo que recebeu apenas o veiculo foi utilizado como controle. Uma hora
apOs o tratamento, a inflamagao foi induzida por aplicagdo intraperitoneal de 0,1 mL/10 g do agente

flogistico carragenina (1% em salina). Quatro horas apods a inducdo da inflamacdo os animais foram
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eutanasiados em camara de CQO,, sendo injetado na cavidade peritoneal 2 mL de PBS contendo
EDTA. A contagem de leucocitos totais foi realizada em analisador hematologico micros 60
(PRASSAD; GUPTA, 2005). Os exsudatos foram centrifugados e o sobrenadante guardado a - 20°C
para anélise de TNF-a e IL-1a

2.1.3 Teste do Bolsao de Ar

Este teste consistiu na formag¢do de uma bolsa de ar no dorso do camundongo através da
injecdo de ar estéril. Para a realizagdo do ensaio foram utilizados cinco grupos de seis animais. No
primeiro dia, injetou-se 2,5 mL de ar estéril no dorso do animal, repetindo-se o procedimento apos
72 horas. No sétimo dia do ensaio os animais receberam, por via oral, os derivados tiazolidindnicos:
LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ- 125 e LPSF/GQ- 192 na dose de 3mg/kg,
indometacina (10mg/Kg), rosiglitazona (3mg/Kg) e diclofenaco (10 mg/Kg) e ao grupo controle foi
administrado salina. Apds uma hora da administragdo dos compostos, foi injetado 1mL de uma
solu¢do de carragenina a 1% dentro da bolsa de ar. Decorridas 6 horas apos a aplicagdo do agente
flogistico, os animais foram eutanasiados em camara de CO, e as bolsas lavadas com 3 mL de PBS
contendo EDTA como liquido de arraste. A contagem de leucocitos totais foi realizada em
analisador hematologico ABX micros 60 (KIM et al., 2006). Os exsudatos foram centrifugados e o
sobrenadante guardado a - 20°C para andlise de TNF-a e IL-1.

2.1.4 Teste da Pleurisia Induzida por Carragenina

A pleurisia foi realizada segundo metodologia descrita por Frode e Medeiros (2001). Os
animais foram previamente anestesiados por via intraperitoneal com uma mistura de ketamina 50%
e xilazina 2 % (partes iguais), 0,1 a 0,2 mL / 100g. Em seguida foi administrado 0,ImL do agente
flogistico carragenina (1%), na cavidade pleural através do espaco intercostal utilizando-se uma
seringa. Os compostos tiazolidinonicos-3,5-dissubstituidos LPSF/GQ- 125 ¢ LPSF/GQ- 192 (3
mg/Kg), e os farmacos ,Dexametasona (0,5 mg/Kg), Indometacina (10 mg/Kg) e Rosiglitazona (3
mg/Kg), foram administradas uma hora antes, per os, a aplicagdo da carragenina. Apos quatro horas
a cavidade pleural foi lavada com 1 mL de solugdo salina tamponada (PBS - pH 7,6) e heparinizada
(20 UI/mL). O exsudato foi entdo coletado com auxilio de pipeta de Pasteur e armazenado em tubos
de ensaio para a quantificagdo do numero de leucocitos totais. A contagem foi realizada em
analisador hematologico ABX micros 60. Os exsudatos foram centrifugados e o sobrenadante

guardado a - 20°C para analise de TNF-a e IL-1p.
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2.1.5 Artrite induzida por adjuvante completo de Freiind

Para avaliar os efeitos da inflamacdo cronica, foi empregado o método descrito por
Newbould, 1963 com modifica¢des. Foram utilizados quatro grupos contendo seis animais, que
serdo tratados com veiculo (salina contendo DMSO 5%), diclofenaco (10 mg/Kg), e os derivados
LPSF/GQ- 125 e LPSF/GQ- 192. Os animais receberam todos os tratamentos por gavagem, uma
vez ao dia durante 14 dias consecutivos. No terceiro dia do tratamento, 25 pl de Freund’s complete
adjuvant (FCA) (Sigma, St. Louis, Missouri, USA) foi injetado no tecido subplantar da pata traseira
direita de cada rato. O edema da pata injetada e colateral foi medido diariamente do terceiro ao 14°

dia e no 21° dia através de pletismometro (UGOBasile).

3. Quantificacio de IL1-p e TNF-a

A quantificacdo de IL-1B e TNF-a do exsudato do teste do bolsdo de ar e peritonite induzida
por carragenina foi determinada pela técnica de ELISA sanduiche, utilizando Kits especificos para
camundongos, de acordo com as instru¢cdes do fabricante (eBioscience, San Diego, California,

EUA) e todas as amostras foram testadas em triplicata.

4. Avaliacao da Atividade Citotoxica in vitro

Para determinar o potencial citotoxico dos compostos tiazolidinonicos 3,5-dissubstituidos
foi realizado um triagem inicial com trés linhagens de células tumorais, HT29 (carcinoma de co6lon -
humano), MCF-7 (carcinoma de mama - humano) e NCI H-292 (cancer de pulmdo— humano). As
células foram cultivadas em meio DMEN, suplementados com 10 % de soro fetal bovino e 1 % de
antibioticos, mantidas em estufa a 37 °C e atmosfera contendo 5% de CO, As células foram
plaqueadas na concentracio de 1 x 10° células/mL.Os compostos tiazolidinicos 3,5-dissubstituidos
(LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ- 125 ¢ LPSF/GQ- 192), foram testados
na dose de 50 pg/mL. As placas foram incubadas por 72 horas em estufa a 5% de CO,a 37°C. Apds
o intervalo de 72 horas, foram adicionados 25 puL da solugdo de MTT (sal de tetrazolium), e as
placas foram incubadas por 3h. A absorbancia foi lida apos dissolugao do precipitado com 100 uL
de DMSO puro em espectrofotdmetro de placa a 595nm (MOSMAN, 1983). Uma escala de
intensidade foi utilizada para avaliar o potencial citotoxico das amostras testadas. Amostras sem
atividade (1 a 20% de inibi¢do), com pouca atividade (inibi¢do de crescimento celular variando de
20 a 50%), com atividade moderada (inibi¢do de crescimento celular variando de 50 a 70%) e com

muita atividade (inibi¢do de crescimento variando de 70 a 100%).
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5. AVALIACAO DA ATIVIDADE HEPATOTOXICA

A lesdo hepatica foi induzida experimentalmente por via intraperitoneal com 2,5% de CCly
dissolvido em azeite de oliva na dose de 1 mL / kg de peso corporal. Nos animais controle foi
administrado azeite com volumes similares. Vinte e quatro horas ap6és a indugao de lesao hepatica
com CCly, os animais foram anestesiados com uma mistura ketamina 50% e xilazina 2 % (partes
iguais) e as amostras de sangue foram coletadas através de puncdo cardiaca. Os niveis séricos de
alanina aminotransferase (ALT), aspartato aminotransferase (AST) e fosfatase alcalinaserao (ALP)
foram mensurados de acordo com o kit do fabricante. Apds o sacrifico do animal o tecido hepatico
foi removido imediatamente e fixado em formalina a 10%. Para anélise microscopica, o tecido foi
embebido em parafina, seccionado até Sum e corado com hematoxilina e eosina (SHIM et. al,

2010).

6. ATIVIDADE ANTINOCICEPTIVA

6.1 Teste de Contorcdes Abdominais Induzidas por Acido Acético

A atividade antinociceptiva foi verificada através do teste das contor¢des abdominais
induzidas pelo acido acético. Neste ensaio foram utilizados quatro grupos de seis animais cada.
Uma hora antes da administragdo do 4cido acético, os animais receberam os derivados
tiazolidinonicos, LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ- 125 e LPSF/GQ- 192
na dose de 3mg/Kg. O diclofenaco (10 mg/kg), foi utilizado como farmaco padrao, por via oral. O
grupo controle recebeu salina. O acido acético 1% foi injetado (0,1mL/10g do peso do animal) na
cavidade peritoneal dos animais para induzir contragdes da musculatura abdominal e/ou
alongamento dos membros posteriores. Dez minutos apos a aplicagdo do acido os camundongos
foram colocados em gaiolas de polietileno transparentes, registrando-se o nimero de contorgdes
abdominais durante 20 minutos. Foi adotado o conceito de que uma contor¢do ¢ entendida
como a tor¢ao do corpo inteiro e/ou o alongamento dos membros posteriores, com o movimento do
abdomen tocando a superficie da gaiola. A porcentagem de inibi¢ao das contor¢des abdominais foi
calculada comparando a média de contor¢des do grupo tratado com o a média de grupo controle

(KOSTER, 1959).
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6.2 Teste da placa quente

Os camundongos foram colocados sobre uma placa de aluminio aquecida a temperatura fixa
(55+0,1°C) e observados em relacdo ao tempo que levaram para manifestar uma resposta ao
estimulo térmico. Esta resposta corresponde ao ato de lamber as patas, pular ou sapatear. Vite e
quatro horas antes de se iniciar o teste, os animais foram submetidos ao estimulo, sendo
selecionados os que levaram até 20 segundos para manifestar resposta. Os animais foram tratados,
por via oral, com salina e os derivados LPSF/GQ-115, LPSF/GQ-120, LPSF/GQ-122, LPSF/GQ-
125 e LPSF/GQ- 192 (3mg/Kg). As medidas de laténcia foram realizadas nos tempos de 0, 60, 120
e 180 minutos apds o tratamento oral. Foi utilizado como farmaco padrao, por via subcutanea, o

fentanil (0,2 mg/Kg) (IRWIN, 1968).

7. Variaveis Analisadas

Analisou-se a migracao de leucocitos polimorfonucleares (PMNL) e a producao de citocinas
pro-inflamatoérias no teste do bolsdo de ar, bem como a antinocicepgao frente a estimulo quimico e
térmico no teste de contor¢des abdominais induzidas por 4cido acético e no teste da placa quente,

respectivamente.

8. Analise dos Dados

As andlises estatisticas entre os grupos experimentais foram realizadas por meio de analise
de variancia (ANOVA) de uma via, seguida pelo teste de Bonferroni com intervalo de confianca de
95%, utilizando-se o software Graph Pad prism. 5.0. Valores de p menores que 0,05 (p<0,05) foram

considerados como indicativos de significancia.
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ANEXO B
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1. Resultados Complementares e Discussao

1.1 Teste do Bolsdo de Ar

Os resultados da atividade anti-inflamatdria para este teste encontram-se na tabela 2 e na
figura 1. Os compostos apresentaram atividade anti-inflamatdria indicada por uma diminuicao
estatisticamente significativa na migragdo celular quando comparados ao controle (15,64+1,9x10°

células).

Tabela 2 Numero de PMNL e percentual de inibi¢ao da inflamagao pelos derivados tiazolidindnicos 3,5-dissubstituidos

no teste do bolsao de ar.

Contagem de PMNL / Inibicdo inflamatéria (%)

Composto Dose (mg/kg) mL(x10°%
LPSF/GQ-115 3 5,56+ 0,91% 65
LPSF/GQ-120 3 5,66+ 0,80 60
LPSF/GQ-122 3 4,32+ 0,96* 71
Indometacina 10 2,08+0,46* 88
Rosiglitazona 3 2,71+0,57* 83
Diclofenaco 10 3,56+1,03* 77
Controle - 15,64+1,90 -

*Diferenca estatisticamente significativa em rela¢do ao grupo controle (p < 0,05).
#Diferenca estatisticamente significativa em relagdo ao padrao (p<0,05).

Este modelo animal mimetiza a artrite reumatdide, nele a indug¢do da inflamagdo por
carragenina na bolsa de ar subcutinea forma uma membrana que apresenta caracteristicas
semelhantes & membrana sinovial inflamada de pacientes com artrite reumatdéide (SEDGWICK;
LEES, 1986). Trata-se, portanto, de um modelo utilizado como triagem para potenciais candidatos a
farmacos no tratamento da artrite. A inibi¢ao leucocitaria do LPSF/GQ-122 (4,324 0,96/71%) foi
estatisticamente similar aos dos farmacos usados como referéncia, indometacina (2,08+0,46/88%),
rosiglitazona (2,71+0,57/83%) e diclofenaco (3,56+1,03/77%), porém o LPSF/GQ-115(5,56 +
0,91/65%) e LPSF/GQ-120 (5,66+ 0,80/60%) foram menos efetivos na reducdo da migragao celular
do que a indometacina, roziglitazona e diclofenaco.

A carragenina ¢ um polissacaride o derivado de algumas espécies de algas, que ¢
amplamente utilizado em diversos estudos experimentais a cerca da migragdo de neutrofilos por ser
uma substdncia com intensa agdo quimiotatica (SZABO; BECHARA; CUNHA, 2005). Ela
desencadeia uma inflamacdo aguda associada a hiperalgesia envolvendo libera¢do sequencial de

varios mediadores inflamatorios (PANTHONG, et al., 2004). Sobretudo histamina, serotonina,

103



cininas, prostaglandinas e tromboxanos (CARVALHO, 2008; DAMAS et al., 1990). O teste do
bolsdo de ar causa um aumento dos niveis de PGE, no exsudado inflamatorio, com participacdo da
enzima ciclooxigenase (OZDFL; MELLI, 2004).

Estudos demontram que os AINEs podem inibir a migracdo de leucocitos
polimorfonucleares (PMNL) além de respostas como a liberacdo extracelular de enzimas
lisossomais, quimiotaxia, migracdo, agregagdo, aderéncia e motilidade espontanea e a producao de
anion superoxido. Estes efeitos podem ser independentes da sua inibicdo da sintese de

prostaglandina (INAN et. al., 2006).

I Controle
=4 LPSF/GQ-115
o1 E= LPSF/GQ-120
= MM LPSF/GQ-122
: 18+ Indometacina
§ 154 3 Diclofenaco 10 mg/kg
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o
=
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*
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o 7 QOO
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Figura 1 Efeito na migracao celular dos derivados tiazolidindnicos 3,5-dissubstituidos LPSF/GQ no teste do
bolsdo de ar.

Para maior esclarecimento a respeito da inibicao leucocitaria desencadeada pelos compostos
tiazolidinicos em estudo foi realizada a dosagem de TNF-a e IL-1B do exsudato inflamatorio do
teste do bolsdo. A quantificacdo dessas citocinas foi realizada através da técnica do ELISA
sanduiche. Os resultados da dosagem de citocinas para o teste do bolsdo de ar encontram-se na
tabela 3. Todos os compostos apresentaram uma diminui¢ao significativa da producao de TNF-a
quando comparados ao controle (1096,47 pg/ml), com 239,00 pg/ml para o composto LPSF/GQ-
120, 354,81 pg/ml para o LPSF/GQ-115 e 933,25 pg/ml para o composto LPSF/GQ-122. O farmaco
rosiglitazona utilizado como padrdo, apresentou uma concentracdo de TNF-a de 426,57 pg/ml,
indometacina 954,99 pg/ml e diclofenaco 1000,87 pg/ml. Os compostos testados , do mesmo modo,
inibiram a produg¢do de IL-18 nos exudatos inflamatorios quando comparados ao controle (870,96
pg/ml), com 645,65 pg/ml para o composto LPSF/GQ-120, 630,95 pg/ml para o LPSF/GQ-115 e
549,54 pg/ml para o composto LPSF/GQ-122. A rosiglitazona apresentou uma concentra¢ao de IL-
1B de 676,00 pg/ml enquanto a indometacina 831,76 pg/ml e diclofenaco 935,00 pg/ml. Resultados
da dosagem para os padrdes corroboram com trabalhos de Vigil et al. 2008 e Cuzzocrea et. al.

(2004). Segundo Newcombe (1997), os AINEs ndo provocam resposta anti-inflamatoria contra as
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acoes da IL-1, e a inibi¢do da sintese de prostaglandinas ndo afeta a resposta inflamatéria gerada

pela IL-1.

Tabela 3 Efeito dos derivados tiazolidinicos LPSF/GQ-115, LPSF/GQ-120 ¢ LPSF/GQ-122, sobre a concentragdo
de TNF-a e IL-1B no teste do bolsdo de ar.

Tratamento Dose (mg/kg) TNF-a (pg/mL) IL-1p

_ (pg/mL) _
LPSF/GQ-115 3 354,8140,05 630,95+0,02
LPSF/GQ-120 3 239,0040,03" 645,65+0,01"
LPSF/GQ-122 3 933,25+0,01" 549,54+0,03"
Indometacina 10 954,99+0,02° 831,76+0,01"
Rosiglitazona 3 426,57+0,02° 676,00+0,01"
Diclofenaco 10 1000,87+0,01" 935,00+0,01
Controle - 1096,47+0,01 870,96+0,01

*Diferenga estatisticamente significativa em rela¢ao ao grupo controle (p < 0,05).

A IL-18 promove a expressao de moléculas de adesdo, migracao de leucdcitos e aumento da
permeabilidade vascular, indicando que IL-18 ¢ um importante mediador pro-inflamatério
(HALLEGUA; WEISMAN, 2002). O TNF- a esta associado a reducao da migragao celular e
exsudagdo. E uma citocina chave para a resposta imune inata. O aumento da concentracdo desta
citocina no organismo estd vinculada a uma série de doencas auto-imunes, como a artrite
reumatoide (VIGIL, et al., 2008). De acordo com CUZZOCREA et al. (2004), agonistas PPARy
atuam na inibi¢ao na produgdo de citocinas como TNF-a, IL-1f e IL-6.

Foi observado neste ensaio que a inibicdo da migragao celular analisada nos grupos tratados
com esses compostos estd relacionada com a capacidade de inibir a produgdo tanto de TNF- a como
de IL-1B. No entanto, o mecanismo de ag¢do pode estar relacionado a diferentes vias, inclusive com
a inibi¢ao de prostaglandinas, PPAR ou modulacdo do sistema imune, sendo necessarios outros

estudos que auxiliem sua elucidagdo.
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1.2 Teste da Pleurisia Induzida por Carragenina

O modelo da pleurisia induzida por carragenina e caracterizado por duas fases de reacdo

inflamatéria, uma inicial (4h) e outra tardia (48h), com diferentes mediadores inflamatorios

envolvidos (SALEH et al., 1996; DALMARCO e FRODE, 2007) . Ambas as fases estdo associadas

a uma acentuada reacdo inflamatdria, nas vias respiratorias, semelhante a que ocorre na asma

humana (DALMARCO e FRODE, 2007). Entre esses mediadores, o influxo de leucécitos do

sangue ao local da inflamagdo desempenha um importante papel na modulagdo da resposta

inflamatoéria. Os resultados obtidos mostraram que os derivados tiazolidinicos 3,5-dissubstituidos

apresentaram efeito anti-inflamatorio na fase aguda da pleurisia induzida por carragenina, inibindo

a migragdo leucocitdria. As inibi¢des produzidas pelos derivados tiazolidinicos sobre a migracao

leucocitaria estdo sumarizadas na Tabela 4 e Figura 2.

Tabela 4 Numero de PMNL e percentual de inibi¢do da inflamagdo pelos derivados tiazolidinicos, LPSF/GQ-

125 e LPSF/GQ- 192 no teste da pleurisia induzida por carragenina.

Composto Dose (mg/kg) Contagem de PMNL Inibi¢do inflamatéria (%)
/mL (x10°)
LPSF/GQ-125 3 3,72+1,13* 59,6
LPSF/GQ-192 3 2,94+ 0,87* 68,1
Indometacina 10 3,02+1,37* 67,2
Rosiglitazona 3 3,00+0,65* 67,4
Dexametasona 0,5 2,52+1,23* 72,6
Controle - 9,21£2,19 -
*Diferenga estatisticamente significativa em rela¢ao ao grupo controle (p < 0,05).
14+
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Figura 2 Efeito na migra¢do celular dos derivados tiazolidindnicos 3,5-dissubstituidos :LPSF/GQ-125 e LPSF/GQ-192

3 mg/Kg v.0.) no teste da pleurisia induzida por carragenina. *p < 0,05.
g
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Os compostos LPSF/GQ-192 (2,94+ 0,87/68,1%) e LPSF/GQ-125 (3,72+1,13/59,6%), na
dose 3 mg/kg, inibiram significativamente a migra¢do leucocitaria em relagdo ao controle
(9,21£2,19). Este perfil de inibi¢do pode ser observado nos farmacos como dexametasona
(2,52+1,23/72,6%), indometacina (3,02+1,37/67,2%) e rosiglitazona (3,00+0,65/72,6%).

Estudos recentes demonstram que as tiazolidinadionas sdao capazes de diminuir o influxo de
leucocitos no modelo de pleurisia induzida por carragenina. Pesquisadores avaliaram o potencial
efeito da pioglitazona neste modelo e constataram a capacidade de inibir a migragdo celular em
duas fases (4 e 48 horas) (FRODE et.al; 2009). Esses resultados corroboram com os dados
encontrados e sugerem que os compostos avaliados podem possuir mecanismo de acao relacionado
ao PPAR. Porém, testes a cerca do mecanismo de a¢do desses derivados em questdo devem ser

elucidados através de testes especificos.

1.3 Teste de Contor¢des Abdominais Induzidas por Acido Acético

A avaliagdo farmacologica dos derivados tiazolidinicos no modelo de contor¢des
abdominais induzidas por acido acético, revelou atividade antinociceptiva periférica para todas as
substancias testadas na dose de 3 mg/kg em relagdo ao controle, porém LPSF/GQ-122 apresentou a
menor inibi¢do 41%. Os Derivados LPSF/GQ-115 e LPSF/GQ-120 inibiram a resposta nociceptiva
em 64% e 50% respectivamente, semelhantes estatisticamente ao farmaco utilizado como padrao
diclofenaco (68%). Os resultados encontram-se sumarizados na tabela 5 e na figura 3.

O 4cido acético age liberando mediadores enddgenos que estimulam os neurdnios
nociceptivos, provocando em camundongos, a nivel peritoneal, um aumento nos niveis de PGE2 e
PGF2q, serotonina, histamina, assim como libera¢ao de bradicinina e citocinas, como, TNF-a e IL-
8 (DERAEDT et al.,, 1980; RIBEIRO et al., 2000). De modo a provocar comportamentos
estereotipados que sdo caracterizados por contor¢cdes abdominais, reducdo e incordenagdo da

atividade motora. (LE BARS; GOZARIU; CADDEN, 2001).
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Tabela 5 Numero de contor¢des abdominais (média + desvio padrdo) em 20 minutos e percentual de inibicao dos
derivados tiazolidinonicos 3,5-dissubstituidos no teste de contor¢des abdominais induzidas por acido acético.

Tratamento Dose (mg/kg) Contor¢des abdominais Inibi¢do
(n°/20min) %
LPSF/GQ-115 3 30,0 +4,81" 64
LPSF/GQ-120 3 35,046,51 58
LPSF/GQ-122 3 49,0£2,92" * 41
Diclofenaco 30 26,8 +4,96" 68
Controle - 83,544,82 -

"Diferenga estatisticamente significativa em relag¢@o ao grupo controle (p < 0,05).

100 Il Controle

E 804 E= Diclofenaco
@ BE= LPSF/GQ-115
5 o NY LPSF/GQ-120
§ #*  EH LPSF/GQ-122
g 407
8 %
4 204
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Figura 3 Efeito antinociceptivo da administragdo oral dos derivados tiazolidindnicos no teste de contor¢des
abdominais induzidas por &cido acético.*Diferenca estatisticamente significativa em relacdo ao grupo controle (p <
0,05)

O teste das contor¢des abdominais induzidas por acido acético permite detectar efeito
analgésico tanto central como periférico, sendo, portanto, de baixa especificidade e largamente
utilizado como ensaio preliminar, devendo ser seguido por outras metodologias que auxiliem na
avaliacdo do perfil antinociceptivo de um determinado agente teste (PIRES et al., 2004; SILVA,
2009).

1.4 Teste da placa quente

Para confirmacdo do perfil de atuagcdo na nocicepc¢ao dos compostos testados utilizou-se o
teste da placa quente. O teste da placa quente caracteriza-se como um modelo animal para avaliagdo
do perfil de atuacdo de farmacos com atividade analgésica. As respostas comportamentais exibidas

pelos animais neste ensaio, lamber as patas e pular, sdo de nivel supra-espinhal, sendo, portanto
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utilizado predominantemente para verificacdo da atividade de farmacos que atuem no sistema
nervoso central, como fentanil e morfina, que promovem o aumento do tempo de laténcia na
resposta nociceptiva para verificacdo do efeito antinociceptivo central (Loh et al. 1976; Levy e
Proudfit, 1977; LE BARS; GOZARIU; CADDEN, 2001; Oliveira et al., 2007; RINALDI et al.,
2009). Os resultados, expressos na tabela 6, demonstram que em todos os tempos de andlise
nenhum dos derivados testados apresentou agdo, quando comparados ao controle. Em comparacao
ao fentanil, opidide de acdo central, as substincias apresentaram tempo de laténcia estatisticamente
inferior, nos tempos de 60 e 120 minutos, porém, mostraram similaridade a este firmaco no tempo
de 180 minutos ap6s o tratamento. Isso se deve ao fentanil ser um anestésico de curta duragao

(BLANCO et al., 2005 ;COSTA-E-SOUSA et al., 2010).

Tabela 6 Tempo de laténcia ao estimulo térmico no teste da chapa quente apoés tratameno oral com os derivados
tiazolidinonicos

Tempo de Laténcia (Minutos)

Compostos Dose(mg/Kg) 0 60 120 180
LPSF/GQ-115 3 7,98+1,36 7,86+1,50 7,65+1,46 8,15+1,28
LPSF/GQ-120 3 7,02+1,20 8,08+0,93 6,68+1,57 6,64+1,58
LPSF/GQ-122 3 7,9540,70 8,41+0,73 8,1+0,84 7,35+1,23
Fentanil 0,2 9,54+ 1,72 18,1£0,6 * 11,3+0,9* 8,8+1,1
Controle (salina) - 9,30 £ 0,49 9,7+1,42 8,84+ 1,31 8,58 + 1,48

*Diferenca estatisticamente significativa em relagio ao grupo controle (p<0,05)

Outro fato observado foi que ap6s a administragdo dos compostos tiazolidinicos os animais
ndo exibiram o comportamento caracterizado pela erecdo de cauda denominada fendmeno de
“straub”. Este comportamento pode ser um dos pontos determinantes para se avaliar a atividade nos
receptores opidides em experimentos com animais (ZARRINDAST; ALAEI-NIA; SHAFIZADEH;
2001). Nao ha evidencias de que as tiazolidinadionas promovam efeitos nociceptivos relacionados
ao SNC (Oliveira et al., 2007)

Os resultados complementam aqueles obtidos no teste das contor¢des abdominais induzidas
por acido acético e permitem concluir que o mecanismo de agdo dos derivados testados ndo esta
relacionado a agdo central, estando provavelmente relacionado com a capacidade das substancias

testadas de reduzir os niveis de TNF-a e IL-1 .

109



2. Influencias dos substituintes na atividade farmacologica

Em moléculas biologicamente ativas a substituigdo de um atomo ou grupo de atomos por
outro com mesmas propriedades fisico-quimicas esta baseado nos conceitos de isosterismo. Tais
conceitos foram introduzidos em 1919 por Languimuir, que direcionou seus estudos na
comprovagdo da similaridade eletronicas e estéricas de atomos, grupos de atomos, radicais e
moléculas. A aplicacdo do isosterismo para modificar uma parte biologicamente ativa de uma
molécula por outra molécula com similar atividade ¢ conhecida por bioisosterismo ou isoteros nao-
classicos (WERMUTH, 2008).

Essas diferengas estruturais t€ém sido observadas nas mais diversas classes de compostos,
dando destaque ao uso de heterociclos pentagonais, que se apresentam como um bom “scaffold”
para o desenvolvimento de novas drogas destinadas as mais diversas atividades, como os
antiinflamatorios. Dentre esses heterociclos antiinflamatorios, os derivados tiazolidinonicos vem
apresentando resultados significativos como na série desenvolvida por Previtera et al (1990), onde
verificaram uma interessante atividade antiinflamatoria e analgésica desses derivados, com
melhores perfis de seguranca gastrointestinal que os NSAIDs conhecidos na época, sugerindo que
estas podem preferencialmente interagir com a Cox-2.

Desde entdo, pesquisadores vem focando no desenho e avaliacdo de novas moléculas
candidatas a farmacos antiinflamatérios, contendo heterociclos tiazolidinicos e a substituicdo em
posigoes estratégicas da molécula tem apresentado resultados interessantes no conhecimento das
possiveis mecanismos de agdo. De acordo com Wermuth (2008), a substitui¢do, em uma molécula
ativa, de um atomo de hidrogénio por um substituinte alquil, halogénio, hidroxila, nitro, ciano,
alcoxi, amino, carboxilato entre outros, ou um grupo funcional pode modificar profundamente a
poténcia, a duracdo e talvez a natureza do efeito farmacoldgico da mesma. Isso pode ocorrer por
variagdes em alguns parametros da molécula como: coeficiente de particdo, densidade eletronica,
ambiente estérico, biodisponibilidade e caracteristicas farmacocinéticas, e finalmente a capacidade
de estabelecer uma interacao direta entre o substituinte e o receptor ou enzima.

Ao compararmos resultados obtidos na quantificagdo de citocinas (TNF-a e IL-1B) nos
testes de bolsdo de ar e peritonite induzida por carragenina observamos que essas caracteristicas
ficam mais evidentes quando comparamos a estrutura dos compostos LPSF/GQ-115 e LPSF/GQ-
120, onde sua unica diferenga € a substituicdo do atomo de flior por um grupamento metila na
posi¢ao para do anel benzilidenico, fazendo com que valores de TNF-a e 1L-1, sejam diminuidos,
simultaneamente em relacdo ao controle. Tais diferengas, apesar de ndo serem tdo significativas,

podem estar atribuidas as diferengas nos parametros eletronicos e estéricos, dadas pelo grupamento
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metila. Quando comparamos ambos os compostos ao LPSF/GQ-125, verificamos que apesar da
pequena diminuicdo da atividade no TNF-a do mesmo em relagdo ao LPSF/GQ-120, observamos
uma marcante inibi¢do nos valores de IL-1p, o que favorece a atividade da molécula como um todo,
e que a diferenca estrutural entre elas ¢ o grupamento metilsulfonil na posicdo para do anel

benzilidénico (Figura 4).

Br, Bn BR
o
N >: N >\:

e Q
N >\::
7 Sko 7 S)%O 0 S%O
9
O O LPSF/GQ-122
- LPSF/GQ-115 LPSF/GQ-120
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LPSF/GQ-125 LPSF/GQ-192

Figura 4 — estrutura dos compostos com atividade frente a inibigdo de TNF-a e IL-1

A importancia de grupos sulfonicos foi avaliada por Leblanc e colaboradores (1995), onde
verificaram que derivados diariltiofénicos contendo grupamentos metilsulfonil e aminosulfonil
eram favoraveis para a atividade antiinflamatoria, além da seletividade desses pela isoforma Cox-2
e que o aminosulfonil era mais potente frente a Cox-1 e Cox-2, que o metilsulfonil. Sendo assim,
algumas observagdes podem ser levadas em consideracdo dentro dos parametros eletronicos e
estéricos dos compostos, € que os grupamentos metilsulfonicos podem contribuir positivamente
para atividade favorecendo provavelmente a diferentes tipos de interagdes com o sitio de agao,

como pontes de hidrogénio ou ligacdes idnicas, além de alterar o coeficiente de particdo da
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molécula. Esses estudos também foram refor¢ados com resultados encontrados por Barros et al
(2010), onde analisando uma serie de novos derivados tiazolidinonicos, entre eles o composto
LPSF/GQ-125, em estudos de docking e atividade bioldgica, verificou que esse composto
apresentou melhor resultado, e que os estudos de docking apontaram uma melhor interagao deste
com o alvo bioldgico em relagdo aos demais testados. E mesmo o composto LPSF/GQ-125 tendo
menor afinidade com o alvo testado, o PPARy, que o padrdo utilizado, rosiglitazona, apresentou
uma maior atividade anti-inflamatéria, o que pode indicar uma provavel interagdo com outros alvos
biologicos no processo da inflamagao.

Quando comparamos os demais compostos com o LPSF/GQ-122, observamos que esse
apresenta o resultado menos promissor, o que nos leva a acreditar que a substitui¢do em para por
atomos ou grupamentos diferentes de hidrogénio favorece a atividade. Isso pode ser atribuido ao
bloqueio metabolico, normalmente sofrido por compostos aromaticoscom substituicdo nesta
posi¢do, levando a oxidagdes seguidas de conjugagdes, alterando assim a estrutura da molécula,
tornando-a mais facil de ser excretada.

Ao observamos o composto LPSF/GQ-125 e LPSF/GQ-192, notamos que ambos foram os
mais ativos das series testada. A principal diferenca estrutural dos compostos ¢ a substituicdo do o-
bromo do anel benzilico por dois dtomos de flior nas mesmas posigdes do anel. Taylor e Kennewell
(1981), afirmaram que uma das caracteristicas marcantes dos halogénios sdo suas propriedades
indutivas-atratora e que os efeitos mesoméricos, visto na maioria dos halogénios, normalmente nao
estdo envolvidos no meio biolodgico. Entretanto a caracteristica fundamental e predominante dos
halogénios ¢ seu efeito hidrofobico.

De acordo com Katritzky et al (2006), existe uma relagdo direta entre a atividade bioldgica e
certos parametros fisico-quimico, tais como coeficiente de parti¢do, tensdo superficial ou pressao de
vapor, ¢ que o acumulo de atomos de halogénio promove a passagem através das biomenbranas,
porém uma observagao pode ser feita em relacdo ao atomo de fltior € que o mesmo contribui pouco
para lipofilia das moléculas, além de contribuir para a sua biotransformagao.

Entretanto, em estudos realizados por Reszgulin e Mecozzi (2006), descreve que a diferenca
de eletronegatividade entre o fluor e o 4&tomo de carbono cria um grande momento dipolo nesta
ligacdo e que isso pode contribuir para possiveis interagcdes intermoleculares. Além disso, o fluor ¢
capaz de participar de ligagdes de hidrogénio com agua, essas ligagcdes sdo mais fracas que aquelas
obtidas com o oxigénio, mas sdo ainda fortes o suficiente para contribuir para ligagdes de
compostos fluoraromaticos com sitios ativos ou receptores, o que poderia, de certa forma, colaborar

com a melhor atividade do composto LPSF/GQ-192.
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Fica evidente a necessidade de estudo complementares, como trabalhos de cristalografia de
raio x, estudo de docking em outros alvos bioldgicos, entre outros, que possam contribuir para o
melhor entendimento dos possiveis mecanismos de acdo, como também favorecer a modificagdes
na estrutura da molécula que possam melhorar sua atividade e diminuir efeitos toxicos,

principalmente hepaticos, promovidos pela mesma.
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ANEXO C



Normas do periodico Molecules

Submission of Manuscripts

e Submission: Manuscripts should be submitted online
at www.mdpi.com by registering and logging into this website. Once you are
registered, click here to go to the submission form.

e Accepted File Formats:

e MS Word: Manuscript prepared in MS Word must be converted into a single file before
submission. When preparing manuscripts in MS Word, the Molecules Microsoft Word
template file must be used. Please do not insert any graphics (schemes, figures, efc.) into a
movable frame which can superimpose the text and make the layout very difficult.

e LaTeX: ensure to send a copy of your manuscript as a PDF file also, if you decided to use
LaTeX. When preparing manuscripts in LaTeX, please use the MDPI LaTeX template files.

e Coverletter: Check in your cover letter whether you supplied at least 5 referees. Check if
the English corrections are done before submission.

Manuscript Preparation

e Manuscripts should be prepared in English using a word processor. The MS Word template
file should be used. MS Word for Macintosh or for Windows .doc or .rtf files are preferred.
Manuscripts may be prepared with other software, provided that the full document (with
figures, schemes and tables inserted into the text) is exported to a MS Word format for
submission. Times or Times New Roman font is required. The font size is 12 pt and the line
spacing "at least" 17 pt. Although our final output is in .pdf format, authors are asked
to not send manuscripts in this format as editing them is much more difficult.

Special Notes regarding MS Word files:

e Please do not insert any graphics (schemes, figures, etc.) into a movable frame which can
superimpose the text and make the layout very difficult.

e Most formatting codes will be removed or replaced on processing your article so there is no
need to use excessive layout styling. In addition, options such as automatic word breaking,
double columns, footnotes or automatic numbering should not be used. However, bold face,
italic, subscripts, superscripts, etc. may be used for emphasis as needed. Authors from
countries where right-to-left writing is used should ensure their manuscripts have Western
style (left-to-right) formatting.

e The standard style of Molecules should be followed. Prospective authors should consult any
current issue of Molecules for examples of this style.

e Authors' full mailing addresses, homepage addresses, phone and fax numbers, e-mail
addresses and homepages can be included in the title page and these will be published in the
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manuscripts and the Table of Contents. The corresponding author should be clearly
identified. It is the corresponding author's responsibility to ensure that all co-authors are
aware of and approve of the contents of a submitted manuscript.
All authors who contributed significantly to the manuscript (including writing a section)
should be listed on the first page of the manuscript, below the title of the article. Other
parties, who provided only minor contributions, should be listed under Acknowledgments
only. A minor contribution might be a discussion with the author, reading through the draft
of the manuscript, or performing English corrections.
A brief (about 200 words) Abstract should be provided. The use in the Abstract of numbers
to identify compounds should be avoided, unless these compounds are also identified by
name.
A list of three to five keywords must be given, and placed after the Abstract. Keywords may
be single words or very short sentences.
Although variations in accord with a manuscript's contents are permissible, in general all
papers should have the following sections: Introduction, Results and Discussion,
Conclusions, Acknowledgments (if applicable), Experimental and References (or
References and Notes, if applicable).
Authors are encouraged to prepare figures and schemes in color. Full color graphics will be
published free of charge. Conference slides, video sequences, software, etc., can also be
included and will be published as supplementary material.
Tables should be inserted into the main text, and numbers and titles supplied for all tables.
All table columns should have an explanatory heading. To facilitate layout of large tables,
smaller fonts may be used, but in no case should these be less than 10 pt. in size. Authors
should use the Table option of MS Word to create tables, rather than tabs, as tab delimited
columns are often difficult to format in .pdf for final output.
Figures and schemes should also be placed in numerical order in the appropriate place
within the main text. Numbers, titles and legends should be provided for all schemes and
figures. These should be prepared as a separate paragraph of the main text and placed in the
main text before the figure or scheme.
Chemical structures and reaction schemes should be drawn using an appropriate software
package designed for this purpose. As a guideline, these should be drawn to a scale such that
all the details and text are clearly legible when placed in the manuscript (i.e. text should be
no smaller that 8-9 pt.). To facilitate editing we recommend the use of any of the software
packages widely available for this purpose: MDL® Isis/Draw, ACD/ChemSketch®, CS
ChemDraw®, ChemWindow®, etc. Free versions of some of these products are available
for personal or academic use from the respective publishers. If another less common
structure drawing software is used, authors should ensure the figures are saved in a file
format compatible with of one of these products.
X-ray crystallographic data. To avoid publication of extensive compilations of
crystallographic data and facilitate refereeing of manuscripts, Molecules has entered a data
deposition  scheme  with  the  Cambridge  Crystallographic  Data  Centre
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(http://www.ccdc.cam.ac.uk/). Authors planning to include such results in their papers
should contact the CCDC to deposit the crystallographic data and obtain the corresponding
CCDC deposition number(s) before submitting their manuscripts toMolecules (for
instructions on doing this, see: http://www.ccdc.cam.ac.uk/conts/depositing.html). The
deposition number(s) (usually provided by the CCDC within 3 working days) should be
included in the manuscript, along with the following text: "CCDC ...... contains the
supplementary crystallographic data for this paper. These data can be obtained free of
charge via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK; fax: +44 1223 336033; e-mail: deposit@ccdc.cam.ac.uk)". This
text may be included in the General subsection of the Experimental or as a suitably
referenced endnote.

Experimental data. Molecules is first and foremost a repository of synthetic procedures and
data. The Experimental section should have an initial subsection labeled General, containing
information on materials, methods, analytical instrumentation used, etc. To allow for correct
abstracting of the manuscripts all compounds should be mentioned by correct chemical
name, followed by any numerals used to refer to them in the paper. The use of the [UPAC
nomenclature conventions is preferred, although alternate naming systems (for example
CAS rules) may be used provided that a single consistent naming system is used throughout
a manuscript. For authors perhaps unfamiliar with chemical nomenclature in English we
recommend the use of compound naming software such as AutoNom. Full experimental
details must be provided, or, in the case of many compounds prepared by a similar method,
a representative typical procedure should be given. The general style used in the Journal of
Organic Chemistry is preferred. Complete characterization data must be given for all new
compounds. For papers mentioning large numbers of compounds a tabular format is
acceptable. In case of compound libraries containing more than 100 compounds, preferably
20% of the whole library. For known compounds appropriate literature references must be
given.

References. See the Reference Preparation Guide. References should be numbered according
to the order in which they appear in the text.

Reference Preparation: References should preferably be prepared with EndNote®,
ReferenceManager™ or a similar bibliography software package. If references are prepared
manually they must be checked for integrity and correctness (you may use ISI Web of
Knowledge, PubMed/MEDLINE or Google Scholar). The Editorial Office will charge
additional CHF 10 per citation for which extensive corrections must be made.
Abstract/Table of Contents Graphic: Authors are encouraged to provide a graphical

representation of the paper (in either JPEG, GIF, PNG or PDF format) to be used as a graphic of

the paper, along with the abstract, on the Table of Contents. The graphic should not exceed 500

pixels width/height. As an example, authors may review the abstract graphic of following

papers:
- http://www.mdpi.com/1424-8220/9/1/490
- http://www.mdpi.com/1420-3049/14/1/378
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e Electronic Supplementary Information (ESI): Conference slides, video sequences, software,
etc., can be included with the submission and published as supplementary material.
Please read the information about Supplementary Material Depositbeneath

Review / Referees

Authors should suggest at least 5 potential referees with the appropriate technical expertise,
although the Editor will not necessarily approach them. Please provide as detailed contact
information as possible about the proposed referees (address, homepage address, phone and fax
numbers and e-mail address). At least two of the suggested referees must be from a different
country than the authors. Additionally, at least two suggested referees must be from a western
country (USA, Canada, Japan, Australia or western European country). To identify potential
referees, you may check the Editorial Board of our journal and suggest board members with
appropriate research interests. In addition, we suggest searching for related papers in Google
Scholar and proposing their authors as possible reviewers. Another possibility is to propose authors
that you frequently cited in your paper.

English Corrections

This journal is published in English, so it is essential that for proper refereeing and quick
publication all manuscripts are submitted in grammatically correct English. For this purpose we ask
that non-native English speakers ensure their manuscripts are checked before submitting them for
consideration. We suggest that for this purpose your manuscript be revised by an English speaking
colleague before submission. Authors can also use the services of American Journal Experts
(AJE) for this purpose. Authors of articles submitted to MDPI journals benefit of a one-time 10%
discount on AJE's charges. Simply follow the above link to make use of the referral discount.

Copyright / Open Access

Articles published in the International Journal of Molecular Sciences will be open-access articles
distributed under the terms and conditions of the Creative Commons Attribution license. MDPI will
insert following note at the end of the published text:

© 200... by the authors; licensee Molecular Diversity Preservation International, Basel, Switzerland.
This article is an open-access article distributed under the terms and conditions of the Creative
Commons Attribution license (http://creativecommons.org/licenses/by/3.0/).

Reprints

Reprints may be ordered. Please visit http://www.mdpi.org/reprints/ for more information or to
order reprints.
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Sample Deposit and Exchange

Optionally and in addition to the payment of the article processing charge (APC), authors are
encouraged to register and donate samples of the key compounds and appropriate intermediates
from each paper to Molecular Diversity Preservation International (MDPI) in Switzerland for long-
term preservation and redistribution at a reasonable price for research purposes. Contributions of
starting materials, intermediates or other non-commercially available samples are also
acceptable. Sample Availability information should be included after the "References" section at the
end of the manuscript, and before the copyright notice. For details on samples service,
visit: http://www.mdpi.org/. Samples should be sent to:

Molecular Diversity Preservation International (MDPI)
Samples Deposit Kandererstrasse 25 CH-4057
Basel

Switzerland

Tel.:+41616837734
Fax:+41613028918
E-mail: samples@mdpi.org

Correct identification of components of natural products

The correct identification of the various components of extracts from natural sources is of key
importance, and as publishers we are keenly aware of our responsibility to the scientific community
in this area. Consequently, for papers on this topic, we have adopted the recommendations of the
Working Group on Methods of Analysis of the International Organization of the Flavour Industry
(IOFI), as published in Flavour Fragr. J.2006,21, 185. These recommendations may be
summarized as follows:

Any identification of a natural compound must pass scrutiny by the latest forms of available
analytical techniques. This implies that its identity must be confirmed by at least two different
methods, for example, comparison of chromatographic andspectroscopic data (including mass, IR
and NMR spectra) with those of an authentic sample, either isolated or synthesized. For papers
claiming the first discovery of a given compound from a natural source, the authors must provide
full data obtained by their own measurements of both the unknown and an authentic sample, whose
source must be fully documented. Authors should also consider very carefully potential sources of

artifacts and contaminants resulting from any extraction procedure or sample handling.
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Supplementary Material Deposit

e We wish to encourage the submission of supplementary data in electronic formats, so that
important chemical, structural or scientific information is retained in full. Spectral data
(NMR, IR, Raman, ESR, etc) can be submitted in JCAMP (.jdx) format.

e 3D coordinate structures (in pdb, mol, xyz or other common formats), if available, should
also be submitted.
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ANEXO D



Normas do periddico Archives of Pharmacal Research

Instructions for Authors
1. Aims and Scope

Archives of Pharmacal Research is an interdisciplinary journal devoted to the publication of
original scientific research papers and reviews in the fields of drug design, drug discovery and
development, and drug actions with the aim of providing fundamental and novel information on
drugs and drug candidates. Manuscripts will be considered for publication on the condition that the
results reported are based on original research that has not been published elsewhere in any journal.
Upon acceptance for publication of an article in Archives of Pharmacal Research, the author tacitly
agrees to make available any materials used in the published experiments including natural products
disclosed in the article that

are not commercially available, so that other researchers may confirm the observations.

In addition, studies on natural products must meet the following specific criteria: a) any natural
extract must be defined and appropriate information provided regarding the origin; and b) the author

must be able to state that the material under study is endotoxin free.

2. Types of Papers Archives of Pharmacal Research considers manuscripts for publication in the
following types of papers: Research Articles: These are full-length research papers that describe
original and important pieces of work in detail within the scope of journal. Maximum length of
manuscripts should not exceed 6,000 words (24 typescript pages) excluding figures and tables.
Invited Reviews: Expert reviews are by invitation only. They should cover the specific topics and

not just an overview of the literatures.

3. How to Submit Manuscripts

Submission of a manuscript to Archives of Pharmacal Research implies that the manuscript has not
been published previously and is not currently under consideration for publication elsewhere.
Manuscript must be submitted through the Springer online submission website
(http://www .editorialmanager.com/arpr). Please visit the Springer site and create your account to
access to the site. Authors should submit the text, tables and artworks in electronic form via this
web-based manuscript submission system. Authors must include a cover letter that contains the

title, authors, a brief description on the originality of presented work, desired section of publication,
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corresponding author’s name, address, telephone and fax numbers (including country and city
codes), and e-mail address.

4. Review of Manuscripts
All manuscripts are peer-reviewed. A panel of, at least, two independent referees whose names are
not normally disclosed to authors will evaluate the submitted manuscripts. Authors will be informed
of the reviewer's comments.

5. Proofs
Authors are basically responsible for the factual accuracy of their papers. One set of proofs will be
supplied for the author to check for typesetting accuracy, to be returned to the publisher within 3
days of receipt. No changes to the original manuscript will be allowed at this stage. In addition, the
editors reserve the right to make any necessary correction to a paper prior to publication.

6. Transfer of Copyright
All authors must sign the ‘Transfer of Copyright’ agreement before the article can be published.
This transfer agreement enables the Pharmaceutical Society of Korea to protect the copyrighted
material for the authors.

7. Page Charge
Fee of US $ 20 per printed page will be charged to the authors upon the acceptance of the
manuscript on the form accompanying the proofs. Note that payment is not a condition of
publication: articles can be accepted or rejected on their merit alone.

8. Reprints
Fifty reprints of each accepted paper will be supplied to the corresponding author at no cost.
Additional reprints will be available by ordering on the reprint order form.

9. Preparation of Manuscripts
Manuscripts should be concisely written in English and typed double-spaced throughout on A-4
paper with margins of at least 3.0 cm. All pages should be numbered in succession, the title page
being page 1. Each manuscript must have a title page, which includes only the title, the authors’
names with their affiliation, a running title of not more than 50 characters including spaces, and
mailing address, which includes telephone and Fax numbers and e-mail address of the
corresponding author. The title should be as short as is consistent with clarity. Tables and figures
should be on separate pages placed at the end of the manuscript. Abbreviation. The excessive use of
abbreviations in the text is strongly discouraged. Authors should only use abbreviations! sparingly
and should always define an abbreviation when first used by placing it in parentheses after the full
term, e.g. Acetylcholinesterase (AChE). The metric system for all measurements should be

expressed in lowercase letters without periods (mL, nm, min, etc.). Chemical Structures. CS
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ChemDraw Ultra (version 5.0 or later) will be our primary illustration software for illustration of
chemical structures. Therefore, authors are strongly recommended to use the software and to save
their structures in ACS format for manuscript submission. A detailed setting for the illustration
software would be as follows; Chain angle (120), Bond spacing (18% of length), Fixed length
(0.508 cm), Bold width (0.071 cm), Line width (0.021 cm), Margin width (0.056 c¢cm), and Hash
spacing (0.088 cm).

Drug names. Drug names should be the official or approved names; trade names or common names
may be given in brackets where the drug is first mentioned. The manufacturer’s name and address
must be given. The doses of the drugs should be given as unit weight/unit body weight, e.g.
mmol/kg or mg/kg. Concentration should be given in terms of molarity (e.g., nM or mM), or as unit
weight/unit volume solution (e.g., mg/L) stating whether the weight refers to the salt or the active

component of the drug.

10. Organization of Manuscripts
Each manuscript must begin with an ABSTRACT that summarizes the results obtained and the

conclusion drawn. It should not exceed 200 words. A short list of six keywords or phrases should be

supplied following the abstract.

INTRODUCTION. An introduction should first begin with general aspect for a non-specialist and
then continue with the specific reason for undertaking the investigation. No attempt should be made

to indicate the results obtained.

MATERIALS AND METHODS. Procedures used in the work should be given in sufficient detail
to permit the repetition by other researchers. Nevertheless, published procedures should be briefly
summarized by mentioning the reference(s) and only described in detail if the procedures have been

modified.

RESULTS. In this section, only observations should be described without discussion of their

significance.

DISCUSSION. The authors’ interpretations of their observations (or findings) should be

accompanied by an assessment of their significance in relation to previous work.
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REFERENCES. Only papers closely related to the author’s work should be cited. References
should be assembled alphabetically. Follow the Harvard format. That is, references are referred by
name and year. When referring to more than one paper from a same author from a same year, the
alphabets a, b, ¢, etc. should be placed next to the year of publication to distinguish the articles. In
the text, when referring to a work by sole author, the name of author should be given like
(Robinson, 1998) and (Robinson, 1999; Jeong, 2000). When referring to a work by two authors, the
name of authors should be given like (Robinson and Jeong, 2001). When referring to a work by
more than three authors, the name of the first author should be given followed by et al. such as
(Robinson et al., 2002). Literature references must consist of names and initials of all authors, title
of the paper referred to, abbreviated title of the journal and the volume, year, and first and last page
numbers of the paper. The style and punctuation of the references should confirm with the

following examples:

Journals:

Lai, Y. -L., Mehta, R. C., Thacker, A. A., Yoo, S. -D., MacNamara, P. J., and DeLuca, P. P.,
Sustained bron-chodilation with isoproterenol poly(glycolidecolactide) microspheres. Arch. Pharm.
Res., 10, 119-125 (1993).

Books: Azria, M., The Calctionins: Physiology and Pharmacology.
Karger, London, (1989).Borchartdt, R. T., Hidalgo, I. J., Hillgren, K. M. and Hu., M.,
Pharmaceutical applications of cell culture: An Overview, In Wilson, G., Davis, S. S., [llum,L. and

Zweibaum, A. (Eds.). Pharmaceutical Application of Cell and Tissue Culture to Drug Transport.
Plenum Press, New York, pp. 1-14, (1991).

Journal names should be abbreviated in accordance with Chemical Abstracts or Biological
Abstracts List of Serials. Tables. Each table should be placed on a separate page and numbered in
one consecutive series of Roman numerals in the order cited in the text. Tables should be formatted
with horizontal lines only: vertical ruled lines are not required. Column heading should be kept as
brief as possible and should indicate units of measurements. Any annotation to headings or to
tabulated items must be identified by superscript lowercase italic letters, a, b, c, etc. and added in
sequence at the foot of

the table.

Figures and Schemes. A list of figure and scheme legends must be submitted on a separate page to
accompany the figures and schemes. Each legend must give a concise description of the figure and
scheme concerned, together with any essential experimental details not described in the text. In

particular, the key to any symbols or distinctive line formats used on the figure must be given.
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Note that all figures (drawings, schemes, charts and photographs) should be numbered in one

consecutive series of Arabic numerals in the order cited in the text.

Figures generated by a laser quality printer or good quality black and white photographs are
acceptable.

Figures must be large enough for the necessary reduction for printing. Each figure should be
numbered in order. Essential half-tone figures, reproduced from the original, will be included at the
Editors discretion. Color photographs will be printed at the Editors discretion, on the understanding

that the authors will bear the cost.

http://www.springer.com/journal/12272

131



