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ABSTRACT

Inflammation is the first response of the body to infection, irritation or other injuries. It
is an essential process to neutralize aggressor agents and to repair damaged tissues,
assuring, this way, the survival of the host. However, it is often uncontrolled in chronic
inflammatory and autoimmune diseases, namely rheumatoid arthritis and Crohn’s disease,
and when it is linked to an allergic response like asthma and anaphylactic shock. Due to the
permanent affliction, disability, and, many times, premature death of the millions of patients
suffering from these diseases, chronic inflammation is associated with severe socio-
economic problems. Unfortunately, the available anti-inflammatory treatments aren’t always
sufficiently effective and frequently present numerous and severe side effects especially in
long-term use. Thus, there is an increasing interest in the search for new molecules with
improved activities and better safety profiles.

2-Styrylchromones (2-SC) are chromone derivatives characterized by the attachment
of a styryl group to the C2-position of the chromone structure. Although scarce in nature,
with only three natural derivatives known, 2-SC have been demonstrated to bear important
biological activities, most of them revealed in studies with synthesized derivatives. Indeed,
compounds from this family exhibited antiallergic, antitumor, affinity and selectivity for A;
adenosine receptors, antiviral, and antioxidant properties. Due to their structural similarity
with flavones (2-phenylchromones), it is expected that 2-SC are also endowed with anti-
inflammatory activity since a large number of studies show the effectiveness of flavones, as
well as other flavonoids, in reducing inflammatory markers by interfering, through diverse
mechanisms, in inflammatory processes. Thus, the general aim of this dissertation was to
assess the anti-inflammatory potential of a series of 2-SC.

The first experimental approach in the scope of this dissertation was to evaluate the
scavenging activity against reactive oxygen species (ROS) and reactive nitrogen species
(RNS) of 2-SC. There is a considerable possibility that anti-inflammatory agents act, in part,
as antioxidants since there are many evidences that an overgeneration of ROS and RNS
occurs during inflammatory processes, contributing to the tissue damage. Some of the
studied compounds proved to be extremely efficient scavengers of the different ROS and
RNS, showing, in some cases, ICss below 1 yM. The hydroxylation pattern of 2-SC,
especially in the B-ring but also in the A-ring, modulates the activity of these compounds,
the 3',4’-dihydroxy derivatives being the most effective scavengers. By comparing the
potency of 2-SC with structural-similar flavonoids it became clear that the styryl pattern also
contributes to the observed antioxidant activity. A second experimental approach was

performed in order to understand the mechanism of the scavenging activity of 2-SC through
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the study of their electrochemical behaviour by cyclic voltammetry. The obtained results
could be correlated with those of the scavenging assays, that is, higher scavenging effects
corresponded to lower values of oxidation potentials, with significant correlation coefficients.
Thus, in this family of compounds, oxidation potentials obtained by cyclic voltammetry seem
to be applicable as a general indicator of radical scavenging activity.

One of the most studied mechanisms in the anti-inflammatory therapeutics is the
inhibition of arachidonic acid metabolism by the enzymes cyclooxygenase (COX)-1 and
COX-2. In addition, the 5-lipoxigenase (LOX) pathway of arachidonic acid metabolism is
generating an increasing interest. Thus, the third experimental work included in this
dissertation consisted in evaluating the COX-1 and COX-2 inhibitory capacity of 2-SC as
well as the effect of these compounds on the leukotriene (LT)B, production by stimulated
human polymorphonuclear leukocytes (PMNL). Some of the tested 2-SC were able to inhibit
both COX-1 activity and LTB,4 production, which makes them dual inhibitors of the COX and
5-LOX pathways. The most effective compounds in this study were those having structural
moieties with proved antioxidant activity, such as 3,4’-dihydroxy and 4’-hydroxy
substituents. The mechanism by which 2-SC inhibit the production of LTB, probably
involves the inhibition of the enzyme 5-LOX, whereas the inhibition of COX-1 by these
compounds is likely to consist in the scavenging of the radical intermediates involved in
COX enzyme catalysis.

Nuclear factor kappa B (NF-kB) is one of the most important inducible transcription
factors whose modulation triggers a cascade of signaling events, some of which are
potential key targets for intervention in the treatment of inflammatory conditions. Thus, the
research of the anti-inflammatory potential of 2-SC was continued by the study of the
inhibition of NF-kB activation stimulated by lipopolysaccharide (LPS) in a monocytic cell line
(THP-1). Three of the tested 2-SC were able to significantly inhibit NF-kB activation. The
effective compounds were then elected to be further evaluated on their inhibitory effects in
the LPS-induced production of pro-inflammatory cytokines [tumour necrosis factor (TNF)-aq,
interleukin (IL)-1B, IL-6, and IL-8] in THP-1 cells. All the three compounds were able to
reduce the production of TNF-a and IL-6, two of them reduced the production of IL-13, and
the most effective of all also reduced the production of IL-8.

In conclusion, the research developed in the scope of the present dissertation
demonstrated the anti-inflammatory capacity of some of the tested 2-SC and allowed to
establish important structure-activity relationships. The compound 3’,4’,5-trihydroxy-2-
styrylchromone (1C) stood up as the most promising of the tested 2-SC due to its constant
effectiveness in the different performed studies. We believe, therefore, that this compound
is worthy be used in further pre-clinical experiments and clinical trials as a potential anti-

inflammatory drug.
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RESUMO

A inflamacao é a primeira resposta do organismo a infecgao, irritagdo e outras lesoes.
E um processo essencial para neutralizar os agentes agressores e para reparar os tecidos
danificados, assegurando assim a sobrevivéncia do hospedeiro. No entanto, este processo
torna-se, por vezes, descontrolado, como acontece em doencas inflamatérias e auto-
imunes cronicas, nomeadamente a artrite reumatéide e a doenca de Crohn, ou quando
esta associado a respostas alérgicas como na asma ou no choque anafilatico. Devido ao
sofrimento permanente, incapacidade e, muitas vezes, morte prematura de milhdes de
pacientes que sofrem destas doencas, a inflamagao cronica esta associada a graves
problemas sdcio-economicos. Infelizmente, os tratamentos anti-inflamatérios existentes
nem sempre sao suficientemente eficazes e muitas vezes apresentam efeitos secundarios
numerosos e graves especialmente quando utilizados a longo prazo. Assim, tem havido um
crescente interesse na procura de novas moléculas com maior actividade e melhores perfis
de seguranga.

As 2-estiriicromonas (2-SC) sédo derivados de cromonas caracterizados pela
existéncia de um grupo estiril ligado a posi¢cdo C2 da estrutura cromona base. Embora
raras na natureza, com apenas trés derivados naturais conhecidos, as 2-SC tém
demonstrado possuir importantes actividades biologicas, a maioria delas revelada em
estudos efectuados com derivados de sintese. Na verdade, os compostos desta familia ja
exibiram propriedades anti-alérgicas, anti-tumorais, de afinidade e selectividade para os
receptores de adenosina As, antivirais e anti-oxidantes. Devido a sua semelhancga estrutural
com as flavonas (2-fenilcromonas), é esperado que as 2-SC sejam também capazes de
exercer efeito anti-inflamatdério dado que um vasto nimero de estudos demonstra a eficacia
das flavonas, bem como de outros flavonodides, para reduzir marcadores da inflamacao
pela interferéncia, por diversos mecanismos, no processo inflamatério. Assim, o objectivo
geral desta tese foi 0 de estudar o potencial anti-inflamatério de uma série de 2-SC.

A primeira abordagem experimental efectuada no ambito desta tese foi avaliar a
actividade captadora de espécies reactivas de oxigénio (ROS) e espécies reactivas de
azoto (RNS) por 2-SC. Existe uma possibilidade consideravel de que os agentes anti-
inflamatérios actuem, em parte, como antioxidantes, ja que ha varias evidéncias de que
durante o processo inflamatério ocorre uma geracdo acentuada de ROS e RNS,
contribuindo para os danos tecidulares. Alguns dos compostos estudados provaram ser
captadores extremamente eficientes de diferentes ROS e RNS, demonstrando, nalguns
casos, ICsos abaixo de 1 yM. O padrao de hidroxilagao das 2-SC, especialmente no anel B

mas também no anel A, define a actividade destes compostos, sendo que os derivados
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3',4’-di-hidroxi se apresentam como os captadores mais eficazes. Comparando a poténcia
das 2-SC com flavondides estruturalmente semelhantes tornou-se claro que o grupo estiril
também contribui para a actividade antioxidante observada. Uma segunda abordagem
experimental foi realizada de forma a perceber o mecanismo inerente a actividade
captadora das 2-SC através do estudo das suas propriedades electroquimicas por
voltametria ciclica. Os resultados obtidos neste estudo puderam ser correlacionados com
os obtidos nos estudos de actividade captadora, isto €&, elevados efeitos captadores
corresponderam a baixos valores de potencial de oxidagado, com coeficientes de correlagao
significativos. Assim, nesta familia de compostos, os potenciais de oxidacdo obtidos por
voltametria ciclica parecem ser aplicaveis como indicadores gerais da actividade captadora
de radicais.

Um dos mais estudados mecanismos na terapéutica anti-inflamatéria € o da inibicao
do metabolismo do &cido araquiddnico pelas enzimas ciclo-oxigenase (COX)-1 e COX-2.
Para além disso, o percurso metabdlico do acido araquidénico por acg¢ao da 5-lipoxigenase
(5-LOX) tem gerado um interesse crescente. Assim, o terceiro trabalho experimental
incluido nesta tese consistiu em avaliar a capacidade de inibicdo das enzimas COX-1 e
COX-2 por 2-SC bem como o efeito deste compostos na producao de leucotrieno (LT)-B,
por leucécitos polimorfonucleares humanos (PMNL). Alguns dos compostos testados foram
capazes de inibir quer a actividade da COX-1, quer a producao de LTB,, o que faz deles
duplos inibidores dos percursos da COX e 5-LOX. Os compostos mais eficazes foram
aqueles que possuem fracgdes estruturais com comprovada actividade anti-oxidante, tais
como os substituintes 3’,4’-di-hidroxi e 4’-hidroxi. O mecanismo pelo qual as 2-SC inibem a
producao de LTB,4 envolve, provavelmente, a inibicdo da enzima 5-LOX, enquanto que a
inibicdo da actividade da COX-1 por estes compostos consiste, presumivelmente, na
captacao de intermediarios radicalares envolvidos na catalise enzimatica da COX.

O factor nuclear kapa B (NF-kB) € um dos mais importantes factores de transcricdo
indutiveis cuja modulacdo desencadeia trajectos de sinalizacdo, sendo alguns deles
potenciais elementos chave para intervencdo no tratamento de doencas inflamatérias.
Assim, a pesquisa do potencial anti-inflamatério das 2-SC continuou pelo estudo de
inibicdo da activacdo do NF-kB estimulada por lipopolissacarideo (LPS) numa linha celular
monocitica (THP-1). Trés das 2-SC testadas foram capazes de inibir significativamente a
activagdo do NF-kB. Os compostos eficazes foram seguidamente eleitos para uma
posterior avaliacdo dos efeitos inibidores da produgao de citocinas pré-inflamatoérias [factor
de necrose tumoral (TNF)-a., interleucina (IL)-18, IL-6 e IL-8] induzida por LPS em células
THP-1. Os trés compostos foram capazes de reduzir a producao de TNF-a e IL-6, dois

deles reduziram a producgao de IL-1[3, e o mais eficaz reduziu também a producgao de IL-8.
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Em conclusdo, a pesquisa desenvolvida no ambito desta tese demonstrou a
capacidade anti-inflamatéria de algumas das 2-SC testadas e permitiu estabelecer relagdes
estrutura-actividade importantes. O composto 3’,4’,5-tri-hidroxi-2-estiriicromona (1C)
revelou-se como o mais promissor dos compostos testados devido a constante eficacia
demonstrada nos diferentes estudos realizados. Acreditamos, assim, que este composto
devera ser testado em futuros ensaios pré-clinicos e clinicos como potencial farmaco anti-
inflamatario.
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OUTLINE OF THE DISSERTATION

The present dissertation is structured in three main chapters:

Chapter | — General introduction

This chapter is divided in two sections:

I.1. Theoretical background

This section is divided in two subsections. The first subsection (I.1.1) consists in a
summary of the biological activities of 2-SC known before the original research performed in
the ambit of the present dissertation, with reference to the most relevant chemical
structures. The second subsection (1.1.2) is a review article about flavonoids and their anti-
inflammatory properties, in vitro and in vivo. Although the original research performed in the
scope of this dissertation was not directed to flavonoids, this group of compounds presents
significant structural similarities with 2-SC. Thus, we believe that the compilation of the
existent knowledge about the role of flavonoids in inflammation helped to choose the most
appropriate approach to follow in the study of 2-SC’s anti-inflammatory potential and to
interpret the results obtained. In this article, an overview about the inflammatory process is

also given.
I.2. General and specific objectives of the dissertation

The general and specific objectives of the dissertation are provided in this section.
Chapter Il — Original research

This chapter is divided in four sections corresponding to published (I1.1., 1I.2., 11.3.)
and submitted (11.4.) original manuscripts, which resulted from experimental studies
designed to answer the questions that derived from the general and specific objectives of
this thesis.

Chapter Ill — Discussion and Conclusions

This chapter is divided in two sections, the first consisting in an integrated discussion

of the performed studies and the second in the general conclusions of the dissertation.
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