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RESUMO

Dissertacao de Mestrado
Programa de Pés-Graduagdo em Bioquimica Toxicadgic
Universidade Federal de Santa Maria, RS, Brasil

OXIMAS COMO INIBIDORES DA OXIDACAO DE LIPOPROTEINAS DE BAIXA
DENSIDADE
AUTOR: Rafael de Lima Portella
ORIENTADOR: Félix Alexandre Antunes Soares
CO-ORIENTADORA: Nilda Berenice de Vargas Barbosa
LOCAL E DATA DA DEFESA: Santa Maria, 09 de junho 2@09.

A oxidacdo da LDL é uma hipotese da aterogénesgers que o acumulo de lipoproteina de
baixa densidade oxidada (oxLDL) na parede do vasm &vento precoce na progressédo da
doenca. A oxLDL é uma molécula oriunda das modifies oxidativas que ocorrem nos
componentes lipidicos e na apolipoproteina B (am@Bl).DL. A oxLDL ajuda a promover a
aterosclerose através de mecanismos imunologiauffamatorios que levam a formacédo de
células espumosas (foam cells). Existem estudodramo® que diferentes antioxidantes
inibem tanto a oxidagéo da LDL ex vivo quanto oet@slvimento de aterosclerose em
modelos de animais experimentais. Em vista diséstentrabalho foi avaliado o efeito das
propriedades antioxidantes das oximas butano-®j3ethiosemicarbazone e 3-
(phenylhidrazono)butano-2-ona contra a oxidacad.[dh isolada e do soro induzida por
CU?*. A formac&o de dienos conjugados, a perda daefwéncia do triptofano e a formacao
de TBARS foram avaliadas como parametros de oxadd@4 resultados obtidos neste estudo
mostraram que ambas as oximas foram capazes denpr@voxidacdo da LDL e do soro
induzidas por Cti de maneira dependente da concentracdo. Ambasiraagausaram um
aumento significativo na fase lag da formagdo dmaB conjugados e uma diminuicado
significativa na producdo de TBARS. Além disso, aémas se mostraram efetivas em
proteger a fase inicial da oxidacdo da LDL, indaaeéla destruicdo de residuos de triptofano
da apoB e a subsequente fase de propagacdo. A txitaao-2,3-dionethiosemicarbazone
mostrou-se mais eficaz do que a 3-(phenylhydrazbotgno-2-one em todos os parametros
analisados. Em conclusdo, ambas as oximas foraimasfem proteger a LDL da oxidacéo.
Esta protecdo pode contribuir para evitar a oxidag@ LDL in vivo e possivelmente a
aterogénese. No entanto, estudos adicionais s@ss#&®s para esclarecer as propriedades
antioxidantes das oximas contra outros geradoreadieais livres e 0 mecanismo molecular
pelo qual as mesmas reduzem a oxidacao da LDL.

Palavras-chave: oximas, antioxidante, aterosclerose, radicaig$ivr



ABSTRACT

Dissertatiorof Master’s Degree
Graduation Course in Toxicological Biochemistry
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OXIMES AS INHIBITORS OF LOW DENSITY LIPOPROTEIN OXI DATION
AUTHOR: Rafael de Lima Portella
ADVISOR: Félix Alexandre Antunes Soares
CO-ADVISOR: Nilda Berenice de Vargas Barbosa
DATE AND PLACE OF THE DEFENSE: Santa Maria, Junét‘,09.

The oxidation of low density lipoprotein is now astablished hypothesis of atherogenesis
and suggests that accumulation of oxidized low it\efipoprotein (oxLDL) in the vessel wall

is an early event in disease progression. OxLDlaesgnts a variety of modification of both
lipid and apolipoprotein B (apoB) components byopétation. This promotes atherosclerosis
through inflammatory and immunologic mechanismst thead to the formation of
macrophage foam cells. There are studies showatgdifferent antioxidants inhibit both ex
vivo LDL oxidation and atherosclerosis in experitaranimals. In view of this, we have
evaluated the antioxidant properties of the newnes butane-2,3-dionethiosemicarbazone
and 3-(phenylhydrazono)butan-2-one against*@duced LDL and serum oxidation.
Conjugated dienes formation, loss of tryptopharmriiscence, and TBARS formation were
assassed as oxidation parameters. The resulthedta this study showed that both oximes
are able to prevent Glinduced LDL and serum oxidation in a concentratiependent
manner. Moreover, both oximes caused a signifitacitease in lag phase of conjugated
dienes formation and a significant decrease in TBARRoduction. Indeed, oximes protected
the early stage of LDL oxidation as destructiontryptophan residues of ApoB and the
subsequent propagation phase. Oxime butane-2,&itliosemicarbazone showed to be more
effective than 3-(phenylhydrazono) butan-2-one linparameters analyzed. In conclusion,
both oximes exhibited a protective role in LDL asefum oxidation. This protection may
contribute to prevent LDL oxidatiom vivo and thus the atherogenesis. However, further
stydies are needed to clarify the oximes antioXigeiaperties angainst other models of free
radical generators and the molecular mechanismhiohnoximes prevent LDL oxidation.

Key-words. oximes, antioxidant, atherosclerosis, free radicals
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APRESENTACAO

No item INTRODUCAO, esta descrita uma sucinta revisdo bibliografiolare os
temas trabalhados nesta dissertacéo.

Os resultados que fazem parte desta dissertacao agtesentados sob a forma de
manuscrito, o qual se encontra no itBPANUSCRITO . As secdes Materiais e Métodos,
Resultados, Discussédo dos Resultados e Refer@ibisgraficas, encontram-se no préprio
manuscrito e representam a integra deste estudo.

Os itens,DISCUSSAO E CONCLUSOES no final desta dissertacdo, apresentam
interpretaces e comentarios gerais sobre o matwsontido neste trabalho.

No item PERSPECTIVAS estdo expostos 0s possiveis estudos para coréimaiac
estudo do autor, referente a esse assunto.

As REFERENCIAS BIBLIOGRAFICAS se referem somente as citagdes que
aparecem nos itetlSTRODUCAO eDISCUSSAOdesta dissertagao.



1. INTRODUCAO

1.1. Aterosclerose
1.1.1 Aspectos gerais

A aterosclerose é a principal causa de morbidadenoetalidade nos paises
desenvolvidos e vem se tornando um problema cada maior em paises em
desenvolvimento que adquirem héabitos ocidentaisck8t e Keaney, 2004). E responsavel
pela génese de doencas cardiovasculares (DCV)p semais comum e de maior incidéncia o
infarto agudo do miocardio que, em 85% a 90% degeptes, se deve a obstrucdo aguda da
artéria coronaria, resultante da cascata de eveasmilares iniciados pela ruptura da placa
aterosclerotica (Patterson, Eiseeal., 1995).

No Brasil, de todas as mortes estimadas para aar®97, segundo estimativa do
Ministério da Saude, 34,1% foram associadas asaferose (Costa e Meale, 2002). Somente
no ano de 2002 no Brasil, foram registradas 396.21dites causadas por doencas

cardiovasculares (Mathers, 2003).

1.1.2 Caracteristicas da aterosclerose

A aterosclerose é uma doenca bastante complexa, dggenvolvimento envolve
inimeros eventos celulares e moleculares, dentrquass se destacam a inflamacéo, o
acumulo de lipidios, a morte celular e a fibrosgtaklesordem é caracterizada pelo acumulo
de colesterol em macrofagos nas artérias de médjmrade calibre. Este depdsito leva a
proliferacdo de certos tipos celulares dentro dadeaarterial que gradualmente reduzem o
limen do vaso e impedem o fluxo sanguineo. Esseeps0 pode ser bastante insidioso,
durando décadas até a formagdo de uma lesédo &edtisa. Porém, essa lesdo pode se
tornar vulneravel a forca fisica do fluxo sanguimese romper, causando a exposi¢do dos
componentes da parede arterial e levando assimgrraa¢do de trombos que podem
comprometer a suplementacdo de oxigénio em orgaperiantes como 0 coragcado, 0S

pulmdes e o cérebro (Stocker e Keaney, 2004).



1.1.3 Caracteristicas morfolégicas da aterosclerose

A aterosclerose tipicamente é manifestada em s&gies conhecidos como lesbdes
precoces, lesdes em desenvolvimento e lesdes nsaf(Keaney, 2000). As lesdes precoces
sdo caracterizadas por areas nodulares de depaEdguidios nomeadas morfologicamente
como ‘“estrias gordurosas”. Estas representam neaywsf cheios de lipidios e células
musculares lisas em éareas focais da camada intisias lesGes precoces podem se
desenvolver em torno dos 10 anos de idade e aunpari ocupar até 1/3 da superficie da
aorta na terceira década de vida. As lesdes emmwdEsenento representam o proximo
estagio das estrias gordurosas. Elas sdo encomtiaitéalmente em areas das artérias
coronarias e aorta abdominal principalmente durariegceira e quarta década de vida. Estas
placas fibrosas tém formas elipsoides, séo firmegbertas por uma camada fibromuscular.
Por ultimo, as lesbes podem progredir para fornmspticadas e avancadas, que sao
caracterizadas por areas fibrosas calcificadastdeaacom ulceragfes visiveis. Este tipo de
lesdo esta associado com a formacdo de trombospl@&nb consequentemente com as
doencas cardiovasculares.

A anatomia tipica da artéria normal e com lesGemstleroticas estdo ilustradas no
esquema 1 (ltabe, 2003). Na artéria normal, existea camada de células endoteliais
revestindo a superficie do limen do vaso que @stéomtato direto com o sangue (1a). Uma
camada composta de elastina chamada lamina elagtiease entre as células endoteliais e a
camada de células musculares lisas. No estagioqeeda lesdo aterosclerética, o qual é
referido como um espessamento difuso da camadaairgfib), ocorre um acumulo de fibras
de colageno e lipidios, bem como a invasao de sv@ahulas incluindo macréfagos entre as
células endoteliais e a lamina elastica. As esgrimdurosas sao pedac¢os macroscopicos sob a
parede do vaso, os quais coalescem para formaitagdesdes. Nesse estagio, ha um acumulo
macico de lipidios no espago da camada intima gnamde nimero de células espumosas,
gue derivam de macrofagos carregados de lipidilggindas células espumosas sdo derivadas
de células musculares lisas (1c). A capa fibrosardada com ceélulas musculares lisas e
numerosas proteinas fibrosas tais como o colagéa® regides mais profundas do ateroma
sdo encontrados um acumulo macico de macrofaghdasénusculares lisas e proteinas de
matriz extracelular (1d). Quando a superficie luhata lesdo aterosclerética é danificada ou
rompida, as plaguetas imediatamente se aderemagregam no local rompido e assim
formam o trombo (1e). A formacéo de trombos e éogpbde levar a uma oclusdo completa

do vaso sanguineo e esta é considerada a causaigrdo infarto do miocéardio e cerebral.



Diversos estudos tém apontado que placas atercasaioas em lipidios e células espumosas

sdo as mais vulneraveis e propensas a sofrer yrhaau

Intima
Lamina Elastica
Camada Media
(celulas musculares

lisas
(A) Artéria Normal )

Celulas
’ espumosas
‘ Depésito de
Intima lipiclios

(B) Espessamento difuso da intima ) Estria gordurosa
Acumulo de
lipiclio extracelular
Trombo
Capa fibrosa
(E) Lesdo avancada
(D) Ateroma (ruptura da placa)

Esquema 1.Mudangas na estrutura da parede do vaso sanguinaotel 0 desenvolvimento

da aterosclerose.



1.1.4 Oxidacédo da LDL

A LDL é uma das principais particulas transportadi® lipidios no plasma e consiste
de éster de colesterol, fosfolipidios, colesterak| trigliceridios e apolipoproteina B100. A
LDL que circula no plasma pode atravessar o espatendotelial e ser removida da
circulacdo. Acredita-se que a oxidacdo da LDL néorra na circulagdo por causa das
propriedades antioxidantes do plasma. Presumessntanto, que a oxidacao da LibiLvivo
aconteca no espaco subendotelial, mediada prinogrdé por agentes oxidantes derivados de
células ali presentes. No entanto, a transicaorduidinal da LDL através do espaco
subendotelial pode resultar em uma pequena qudetide LDL oxidada na circulacdo
sanguinea (Stocker e Keaney, 2004).

O mecanismo de oxidacéao da LILvivo é ainda matéria de grande especulacéo. De
acordo com um dos mais provaveis cenarios, a Qa0 lipidica comecgaria nos acidos
graxos poliinsaturados da superficie fosfolipidiea DL e entdo se propagaria para o nucleo,
terminando com a oxidacdo de todos os lipidios aléiqula, seguida pela degradacédo dos
grupos lisina da apoB (Esterbauer, Wa@l., 1993). A apoB modificada pelos produtos de
degradacéo lipidica (aldeidos) tem sua afinidade meeptor alterada, fazendo com que a
LDL seja capturada pelos receptores scavenger dasrofagos de uma maneira
descontrolada, levando assim ao desenvolvimentad&aks espumosas (“foam cells”) e da
lesé@o aterosclerética (Esterbauer, Véiag ., 1993).

A modificacdo oxidativa da LDL pode ser dividida dms estagios. O primeiro
estagio é conhecido como a iniciacdo da peroxidiggtica e envolve a formacao inicial de
espécies de radicais dentro da particula. O segasthyio é conhecido como estagio de
propagacdo da oxidacdo e representa a porcao dacéwi da LDL envolvendo uma reacéo
em cadeia, isto é, cada radical produzido na pdatiproduz mais do que um radical
subsequente. O estégio final da oxidag&do da LDandecido como decomposi¢ao porque 0s
hidroperoxidos lipidicos formados dentro da patdae LDL decompdem-se em aldeidos e
cetonas reativas, 0os quais levam a modificacdadgfip da apoB da LDL e mudam a carga
liquida da LDL (Keaney, 2000).

Uma vez que os hidroperdoxidos lipidicos tenhamssa&belecido na particula de LDL,
fica relativamente facil gerar radicais livres, esplmente na presenca de ions metélicos

como mostrado nas equacoes (1) e (2).



LOOH + Me"™V+ — LOO + Me"" + HY (1)

Me"" + LOOH — LO" + OH + Me"™ (2)

Em sistemas lipidicos que contenham quantidades tia hidroperoxidos de lipidio
(LOOH), ions metalicos (Me) como o cobre ou o fguomlem catalisar a decomposicao de
hidroperéxidos de lipidio em radicais peroxil (LQ@@» alcoxil (LOs) como mostrado nas
equacgoes (1) e (2) respectivamente.

Estes radicais peroxil e alcoxil rapidamente reagem outros grupos metileno bis-
alilico (LH) de acidos graxos poliinsaturados extla atomos de hidrogénio e formando
hidroperoxidos de lipidio (LOOH) e hidroxidos deitlio (LOH), bem como radicais de
carbono (L) como representado nas Equacdes (3), (4) e &pecdvamente (Keaney, 2000).

LOO + LH — LOOH + L (3)
LO +LH — LOH + L’ (4)
L +0, — LOO (5)

1.1.5 Hipotese da modificacdo oxidativa da LDL

A hipétese de que a modificagdo oxidativa da LDImenta sua aterogenicidade
surgiu no inicio da década de 80 (Fogelman, Sheehak, 1980; Henriksen, Mahoney al.,
1981; Heinecke, Rosest al., 1984; Morel, Dicorletet al., 1984; Steinbrecher, Parthasarathy
et al.,, 1984). Desde que os macrofagos foram identifisadmmo as principais células
envolvidas na origem das células espumosas, ass quarcam o inicio das lesdes
arterocleroticas, aumentou notavelmente as invggigs sobre 0s mecanismos envolvidos na
formacao das células espumosas. Apesar da inegssetiacdo de elevados niveis de LDL
com a aterosclerose, estudosvitro tém evidenciado que a LDper se ndo parece ser
aterogénica (Henriksen, Mahonetyal., 1981; 1983; Steinbrecher, Parthasarattgf., 1984).
Inicialmente pensava-se que a formacéo das céslasmosas era mediada pelos receptores
de LDL. No entanto, essa hipdtese acabou se toonamgrovavel. Um dos indicios para o

problema com esta hipotese derivou das observag@epacientes com hipercolesterolemia



familial, os quais n&o apresentam receptores de fLDkcionais, manifestam aterosclerose
precocemente, ja na primeira década de vida. Aiésogdfoi evidenciado que a incubacgéo de
LDL com macréfagos normais, os quais possuem repde LDL funcionais, ndo forma
células espumosas (Goldstein, &taal., 1979). De fato, niveis elevados de LDL geralmente
causam uma reducdo na disponibilidade de receptdsDL nas membranas, devido ao
aumento da endocitose dos mesmos (Goldsteir Blg 1979).

Na busca de receptores alternativos de LDL, Broaolelstein, em 1979, observaram
que a modificacdo quimica da LDL via acetilacdocalevformacdo de ceélulas espumosas
quando incubadas com macréfagos. A captacdo espeeifsaturavel da LDL modificada
pelas células era caracteristica de captacao pepta, o qual foi denominado de “receptor
acetil-LDL” e hoje é reconhecido como um dos muiteceptores scavenger’ que estao
presentes nos macréfagos e outros tipos celuldreegér, Actonet al., 1993). Nestes estudos
nao foram identificados mecanismaosvivo associados ao processo de acetilacdo de LDL, no
entanto, eles especulavam outras modificagcbes gdespem facilitar o reconhecimento da
LDL pelos receptores scavenger. Ainda em 1979destaom culturas de células endoteliais
e de musculo liso vascular humano mostraram quéla jodia danificar estas células
(Hessler, Robertsoe al., 1979) e que os danos eram dependentes da modadicxidativa
da LDL (Hessler, Morekt al., 1983; Morel, Hessleet al., 1983; Morel, Dicorletcet al.,
1984). De acordo com tais constatacdOes, posteridarfei demonstrado que modificagcoes
oxidativas na molécula de LDL, induzidas em culuta células, facilitam o reconhecimento
da LDL pelos receptores scavenger de macrofagegaenl a formacéo de células espumosas
(Henriksen, Mahoneyet al., 1981; 1983). Em 1990, Hermann Esterbauer conresge
especial em quimica de aldeidos descobriu que a, lEDprincipal vild em termos de
deposicdo de colesterol na parede arterial, padidasiimente oxidada na presenca de ions
metalicos de transicdo (em particular ferro e cpleue este processo envolvia a oxidacéo
de acidos graxos poliinsaturados por radicais diveeformacdo de aldeidos (Esterbauer,
Dieber-Rothenedeat al., 1990). A formacgdo de bases de Schiff entre oiddde o grupc-
amino do residuo de aminoacido lisina pode modifecapoB e alterar seu reconhecimento
pelo receptor de LDL.

Na mesma época, Daniel Steinberg e colaborador@83)levidenciaram que a
incubacdo de LDL com células, como macréfagos dwasucélulas em cultura, causava
mudancas na molécula LDL de forma que ela ndo ara raconhecida pelos seus receptores
normais (Henriksen, Mahoney al., 1983). A LDL oxidada torna-se mais eletronegatva

mais facilmente reconhecida pelos receptores sgavelns macrofagos.



1.1.6 Evidéncias da aterogenecidade da LDL oxidada

Embora niveis plasmaticos elevados de LDL sejamdos principais riscos para
doencas cardiovasculares, o(s) mecanismo(s) exdegdb)ino papel desta lipoproteina em tais
desordens ndo se encontram totalmente esclaredfdoi®s estudos tém apontado a LDL
oxidada como um agente aterogénico (Witztum e Beeqn 1991; Parthasarathy e Rankin,
1992), visto que: (1) LDL oxidada exerce uma vatde efeitos aterogénicos in vitrine
vivo (Witztum e Steinberg, 1991; Berliner, Navetkal., 1995); (2) particulas parecidas com
lipoproteinas com danos oxidativos foram isoladasletdes ateroscleréticas (Witztum e
Steinberg, 1991; Baynes e Thorpe, 2000; Maratharidda et al., 2000; Meagher e
Fitzgerald, 2000; Podrez, Abu-Sowtl al., 2000; Subbanagounder, Watsenal., 2000;
Uchida, 2000); (3) produtos de oxidacao lipidicanooo malondialdeido foram detectados
imuno-histologicamente em lesdes aterosclerdtiashumanos e de animais (Esterbauer,
Gebickiet al., 1992); (4) diversos antioxidantes estruturalmemiependentes retardaram a
formacdo de lesbGes ateroscleréticas em animaisrcoipsterolémicos e em primatas
(Esterbauer, Gebicldt al., 1992; Lynch e Frei, 1994; Jessup e Leake, 19%95im, lipidios
derivados de lipoproteinas danificadas oxidativamendem ter importancia fundamental na
aterogénese.

A LDL oxidada é citotoxica e tem varios efeitos atgrogénicos causados pelos seus
diversos produtos de oxidacdo. Entre estes efé@sgmcam-se: capacidade de atrair e induzir
a adesao de mondcitos no endotélio, de promovernaatao de células espumosas (“foam
cells”), de danificar células (por vias necrétioasapoptoéticas), de induzir migracdo e
proliferacdo de células musculares lisas, de itierho processo de relaxamento vascular
mediado pelo endotélio, de induzir a liberacdo tecinas dos macroéfagos, de alterar a
expressdo de genes inflamatorios de células vassuk de aumentar a expressdo de
receptores scavenger de macrofagos. Além diss@, efeitos imunogénicos estimulam a
formacao de anticorpos e a ativacdo de célulasigatam a capacidade de agregacao das
particulas de LDL, facilitando sua captacao porndfagos e aumentam a capacidade pro-
coagulante por inducéo de fatores teciduais e eltgao da agregacdo plaquetaria (Navab,
Fogelmanet al., 1995; Chisolm e Penn, 1996; Steinberg, 1997; iksisne Witztum, 2000;
Bruckdorfer, 2008).

Varios estudos de caso-controle tém demonstrads aitveis de LDL oxidada no
plasma de pacientes com doencas cardiacas ou dediru propensos a desenvolver
desordens cardiovasculares (Toshima, Hasegawal., 2000; Ehara, Uedat al., 2001,



Holvoet, Mertenset al., 2001; Sigurdardottir, Fagerbeegal., 2002; Suzuki, Kohnat al.,
2002; Nordin Fredrikson, Hedbla al., 2003; Holvoet, Kritchevsket al., 2004; Shimada,
Mokuno et al., 2004; Meisinger, Baumesd al., 2005). Toshima et al. demonstraram que 0s
niveis plasmaticos de LDL oxidada podem ser conatftes mais especifcos e sensiveis como
marcador de risco de doengas cardiacas quando Emppaos niveis de colesterol total,
trigliceridios, apoB ou HDL. Niveis elevados de LBkidada também foram identificados
como um forte preditor para doencas coronarias emehs de meia idade (Meisinger,
Baumertet al., 2005). Atualmente esta bem estabelecida, poova@iupos de pesquisa, a
estreita correlacdo existente entre doencgas castalares e o aumento da LDL oxidada
(Holvoet, Vanhaecket al., 1998; Toshima, Hasegawhal., 2000; Ehara, Uedet al., 2001;
Tsimikas, Brilakiset al., 2005; Holvoet, Jennst al., 2007).

1.2. Antioxidantes e aterosclerose

Estudos recentes sugerem que certos produtos isapa@em fornecer um acesso a
antioxidantes alternativos, como por exemplo, okfgmbis presentes em varias frutas e
vegetais. Estes podem melhorar o metabolismo dipjadeduzir a producéo de LDL oxidada e
melhorar potencialmente a aterogénese (GorinsZeimseret al., 1999; Hu e Willett, 2002;
Keen, Holtet al., 2005; Covas, Nyyssones#t al., 2006). De acordo, foi observado que
pacientes ap0s um evento de infarto do miocardie, agotaram uma dieta Mediterranea,
significativamente reduziram desordens cardiovasesl subsequientes quando comparados
com pacientes com dieta Ocidental [52]. Uma relagéiersa entre o consumo de alimentos
ricos em flavonoides e a mortalidade por doengaiattcoronariana tem sido observada em
outros estudos com epidemiologicos (Muller, 1994).

Numerosos experimentos com animais tém mostradotogfebenéficos de
antioxidantes contra no desenvolvimento de atexosst. Por exemplo, a droga antioxidante
probucol e as vitaminas E e C exibiram efeitosatetosclerdticos em coelhos New Zealand
White tratados com colesterol (Bocan, Muelétral.,, 1992). O beta-caroteno inibiu o
desenvolvimento de aterosclerose em coelhos trat@mo colesterol, apesar de uma perda do
efeito sobre a oxidacdo da LDL ex vivo (Shaish, dbeauty et al., 1995). Probucol e seus
analogos prolongaram o tempo de oxidacdo da LDédeziram a aterogénese em coelhos
com hipercolesterolemia hereditaria (Carew, Schwestkal., 1987; Kita, Naganaet al.,
1987; Mao, Yatewt al., 1991; Fruebis, Steinber al., 1994). Altas doses de vitamina E



também foram efetivas em reduzir a progressdo el®saierose nessa espécie de coelhos
(Willingham, Bolanosat al., 1993).

Com base na gravidade dos efeitos deletérios qdenpcser induzidos pela LDL
oxidada e nos efeitos benéficos obtidos com o usoadtioxidantes nas desordens
cardiovasculares tanto em animais experimentaisocem humanos, faz-se importante a
busca por novas substancias antioxidantes que rposea usadas de forma efetiva no

tratamento da aterogénese.

1.2.1. Oximas

As oximas sdao compostos quimicos que obedecem raulr molecular geral
R1R>,C=N-OH. Segundo a identidade dos radicai® R ligados ao carbono que estabelece a
ligacdo com a por¢cdo N-OH, as oximas podem sersifitglas como aldoximas ou
cetoximas. As aldoximas possuem uma cadeia lategahica como um dos radicais ligados
ao carbono, e um atomo de hidrogénio como sen@égunslo radical. As cetoximas, por sua
vez, apresentam duas cadeias laterais organicas cadicais. As oximas sao, em sua
maioria, solidos cristalinos com pouca solubilidede agua e derivados da condensacédo de
uma porc¢ao hidroxilamida (N}®H) com um aldeido ou uma cetona por catalise a€da
termo oximas foi primeiramente definido no séculkX % deriva da contracdo das palavras
oxigénio e imida (oxigénio+imida = oxima) (Aren®7D).

As oximas sao geralmente utilizadas como poteatdgdotos no tratamento de
intoxicacdes por organofosforados (Worek, Thiermeinal., 2004), por serem capazes de
promover a reversdo da inibicdo da enzima acdtiesterase induzida pelo agente toxico.
Além deste efeito, estudos recentes tém indicatirrdaadas oximas como potentes agentes
antioxidantes. Silva et al. mostraram que a oxiidKreduz a peroxidacgéao lipidica causada
por malation em cortex prefrontal de camundong@s$iva, Farinat al., 2008).

As oximas 3-(fenil hidrazona) butano-2-ona e buta/®dionatiosemicarbazona sao
oximas inéditas sintetizadas recentemente e coestgFuente pouco se sabe sobre suas
propriedades farmacologicas e/ou toxicoldgicas. @&l@anto, alguns estudos ja tém
evidenciado que quando administradas via subcut@@acausam alteracbes nos niveis de
tidis ndo-protéico, de peroxidacdo lipidica e neiddde da enzimad-aminolevulinato
desidratase em camundongos (Puntel, Gudeait, 2008; Puntel, De Carvalras al., 2009).
Com relacdo a atividade antioxidante, Puntel etdamonstraram que a oxima 3-(fenil

hidrazona) butano-2-ona reduz a producdo de TBARShemogeneizado de cérebro de
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camundongos induzida por malonato e ferro (Pu@ehertet al., 2008). De acordo com tais
constatagcfes, estudos posteriores mostraram guana dutano-2,3-dionatiosemicarbazona
neutraliza diferentes espécies reativas como asaiachidroxil, 6xido nitrico e peroxido de
hidrogénio in vitro e também inibe a peroxidacgmdica induzida por diferentes agentes
oxidantes em homogeneizados de tecidos de camumdorgro (Puntel, De Carvalhet al.,
2009).

Abaixo estdo apresentadas as estruturas das oluteso-2,3-dionatiosemicarbazona

(Oxima 1) e 3-(fenil hidrazona) butano-2-ona (OxiZya
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OBJETIVOS

1.1.0bjetivo geral

Avaliar as propriedades antioxidantes das oximéer8 hidrazona) butano-2-ona e
butana-2,3-dionatiosemicarbazona em prevenir noadifies oxidativas nas porcdes lipidicas

e protéicas das LDLs humanas.

1.2.0bjetivos especificos

* Determinar a capacidade das oximas em prevenirrmafiio de dienos
conjugados em LDL humana isolada e de soro humano;

» Verificar o efeito das oximas sobre a formagdo 8ARS em LDL humana
isolada;

» Avaliar a capacidade das oximas em prevenir a Q&mlao triptofano da apoB

da LDL humana isolada;
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2. MANUSCRITO

Os resultados que fazem parte desta dissertacdo agtesentados sob a forma de
artigo. Os itens Materiais e Métodos, Resultaddsgcu3séo dos Resultados e Referéncias
Bibliograficas, encontram-se no proprio artigo. @iga encontra-se na formatacdo de

publicacdo da revista cientifica Life Sciences.
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Aims: Several lines of evidence support the hypothesis that the oxidation of low density lipoprotein (LDL)
may play a crucial role in the initiation and progression of atherosclerosis. Various studies have shown a
positive effect of antioxidant compounds on oxidative modification of LDL and atherogenesis. In view of this,
we have investigated the possible antioxidant activity of two new oximes against Cu®'- induced LDL and

ﬁe){vwgerﬁss'ity lipoprotein serum oxidation. Oximes are used in organophosphate (OP) poisoning acting by restoring the cholinesterase
Serum function. However, their antioxidant capacities are not well understood and poorly studied.

Oxime Main methods: We measured, in a Cu**-induced oxidation, the conjugated dienes formation in serum and LDL
Copper and the loss of tryptophan fluorescence as well as the TBARS formation in the LDL.

Key Findings: Our results showed that both oximes act as antioxidant and they are able to prevent LDL
oxidation in a concentration-dependent manner. When human LDL or serum was oxidized by Cu®*, our
oximes showed a significant increase in the lag phase of conjugated dienes and a significant decrease in the
thiobarbituric acid reactive substances production. Moreover, oximes protected tryptophan residues of ApoB-
100 in the early stage of LDL oxidation and during the subsequent propagation phase.
Significance: These results indicated for the first time that oximes have a potential antioxidant activity and
they could act in the prevention of LDL and serum oxidation. Thus, we speculated that our oximes could act
as antiatherogenic compounds besides their well described role as antidote for organophosphate poisoning.
© 2008 Elsevier Inc. All rights reserved.

Atherosclerosis

Introduction oxidative environment could increase its susceptibility to oxidation

(Walzem et al., 1995; Gotoh et al., 1996). On further modifications of
the intima, oxidized LDL is taken up by macrophage scavenger
receptors, gradually leading to the formation of foam cells and fibrous
plaques (Parthasarathy et al., 1986).

LDL can be modified in a cell-free system by transition metals such
as iron and copper and by all the major cells of the arterial wall such as
endothelial cells, smooth muscle cells, and monocyte-macrophages

Atherosclerotic cardiovascular disease is the number one cause of
death in Western countries and is a rapidly growing problem
worldwide. It is a pathophysiological condition in which arteries
undergo gradual thickening of the intima causing decreased elasticity,
narrowing and reduced blood supply. This affects the arterial wall and
leads to angina pectoris, myocardial infarction and stroke (Steinberg

et al., 1989).

Atherosclerosis is well recognized as a chronic inflammatory
disease involving both humoral and cellular mechanisms (Hansson,
2001; Libby, 2002). The oxidation of low density lipoprotein (LDL)
plays a key role in the pathogenesis of atherosclerosis (Steinberg et al.,
1989; Witztum and Steinberg, 1991; Esterbauer, 1993). Evidences to
support this theory include the presence of oxidized lipids and
proteins in human atherosclerotic lesions (Carpenter et al., 1995;
Suarna et al., 1995; Hazell et al., 1996). Repeated exposure of LDL to an

* Corresponding author. Departamento de Quimica, CCNE, Universidade Federal de
Santa Maria, 97105-900, Santa Maria, RS, Brazil. Tel.: +55 55 3220 9522; fax: +55 55
3220 8978.

E-mail address: felix_antunes_soares@yahoo.com.br (F.A.A. Soares).

0024-3205/$ - see front matter © 2008 Elsevier Inc. All rights reserved.
doi:10.1016/j.1fs.2008.10.005

(Cathcart et al., 1985; Hiramatsu et al., 1987; Heinecke et al., 1986,
1993). Products of Cu*?-induced LDL oxidation have similar biological
activities to that oxidized in vivo (Steinbrecher et al., 1984; Steinberg
et al,, 1989; Yld-Herttuala et al., 1989). These products have been
widely used as a model of atherosclerosis in relevant studies (Jialal
and Devaraj, 1996; Rice-Evans et al., 1996).

One possible method to prevent atherosclerotic diseases would be
the administration of antioxidant substances thereby making LDL less
sensitive to oxidation. Indeed, different synthetic antioxidants inhibit
lesion development in various animal models of atherosclerosis
(Tangirala et al, 1995; Cynshi et al, 1998; Witting et al., 1999).
Another line of defense against oxidative stress might be by the
hydrolysis of specific oxidative products by hydrolases such as
paraoxonase and acetylcholine esterase. Low serum paraoxonase
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and acetylcholine esterase activities were found to be associated with
increased prevalence of atherosclerosis and cardiovascular diseases
(Menache et al., 1982; Aviram et al., 2000; Durrington et al., 2001;
Mackness et al., 2004).

Oximes, combined with anticholinergic drugs, are used as antidotal
regimens for organophosphate poisoning (Gray, 1984). Hereby, antic-
holinergic drugs act only symptomatically while oximes may restore
the enzyme function. However, Silva et al., 2008 showed that oximes
were able to reduce the lipid peroxidation caused by malathion in the
prefrontal cortex besides restoring the enzyme function. Additionally,
Puntel et al.,, 2008 showed that 3-(phenylhydrazono) butan-2-one
oxime was able to decrease the TBARS production in brain homo-
genates induced by malonate and iron. Following these considerations,
we investigated the possible antioxidant activity of two new oximes,
butane-2,3-dionethiosemicarbazone oxime and 3-(phenylhydrazono)
butan-2-one oxime, which present no information on Cu*?-induced
LDL and serum oxidation.

Materials and methods
Synthesis of oximes

The butane-2,3-dionethiosemicarbazone oxime (oxime 1) was
prepared by the mixture of 1 mol diacetylmonoxime with 1 mol of
thiosemicarbazide both dissolved in ethanol, and made acid by the
addition of 0.5 mL of acetic acid 0.1 M. After three h of stirring and
reflux, a pale yellow product was formed, collected by filtration,
washed with water and dried in vacuum, yield 70%, mp 225 °C. IR:
v=1595 cm™! (C(=N), 1296 cm™! (C=S), 1087 cm™' (O-N), 3251 cm™!
(N-H), 3420 cm™! (O-H) (Nandi et al., 1984).

The 3-(phenylhydrazono)butan-2-one oxime (oxime 2) was pre-
pared by a simple mixture and reflux for 3 h of 1 mol diacetylmonox-
ime with 1 mol of phenylhydrazine chloride both dissolved in a
mixture of ethanol-H,0 (2:1, v/v) and 0.5 mL of sodium acetate 6 M.
On heating, a dark orange product was formed, collected by filtration,
washed with water, and dried in vacuum (yield 70%, mp 190 °C)
(Puntel et al., 2008).

For all the experimental procedures, oxime 1 solutions were
prepared in ethanol and oxime 2 solutions were prepared in dimethyl
sulfoxide (DMSO). The structures of oximes are presented in Fig. 1.

LDL isolation

LDL was isolated from fresh human plasma by discontinuous
density-gradient ultracentrifugation as described by Silva et al., 1998,
with few modifications. Briefly, plasma of non-fasted healthy
normolipidemic voluntary donors collected with EDTA (1 mg/mL)
was pooled and sucrose (final concentration, 0.5%) was added to
prevent LDL aggregation. Five milliliters of EDTA-plasma adjusted to a
density of 1.22 g/mL with solid KBr (0.326 g/mL) was layered on the
bottom of a centrifuge tube. Then, 5 mL EDTA-containing sodium

N
/

HO—N N—NHYNHz
S
Oxime 1
V4 <
Ho—N7 \N—NH—©
Oxime 2

Fig. 1. Chemical structures of butane-2,3-dionethiosemicarbazone oxime (oxime 1) and
3-(phenylhydrazono)butan-2-one oxime (oxime 2).

chloride solution (density 1.006 g/mL) was overlaid on the top of the
plasma. Ultracentrifugation was run at 65,000 rpm for 2 h at 4 °C, in a
Himac CP80MX ultracentrifuge. LDL particles were collected by the
aspiration of the yellow/orange band at the middle of the saline layer
and dialyzed exhaustively overnight at 4 °C with 10 mM phosphate
buffer (pH 7.4). Protein concentration in LDL solution was determined
by Lowry's method (Lowry et al., 1951). The purity of LDL preparation
was verified by agarose gel electrophoresis (>98%). Isolated LDL was
stored at —20 °C for no longer than 2 weeks.

LDL oxidation

Conjugated dienes and TBARS formation

LDL samples (50 pg protein/mL) were pre-incubated at 37 °C in a
medium containing 10 mM phosphate buffer (pH 7.4) and different
oxime concentrations (0-5 puM). After 5 min, the oxidation was
initiated by the addition of CuSO,4 (1.6 uM or 5 uM). The oxidation was
monitored by measuring the increase in absorbance at 234 nm due to
conjugated diene (CD) formation as previously described (Esterbauer
et al., 1989). Aliquots were also removed at different time points for
evaluating thiobarbituric acid reactive substances (TBARS) production
as previously described (Ohkawa et al., 1979).

Measurement of LDL-tryptophan fluorescence

The fluorescence spectra of native LDL display a single band
centered at approximately 332 nm, which is assigned to the
tryptophan (Trp) residues in ApoB-100 (Giessauf et al., 1995). Loss of
tryptophan fluorescence is a marker for oxidations at the protein core
of LDL (Reyftmann et al., 1990; Giessauf et al., 1995). Tryptophan (Trp)
fluorescence was measured in a solution of LDL (50 ng protein/ml) in
PBS (10 mM) pH 7.4 at 37 °C, using a Shimatzo espectrofluorometer
(excitation at 282 nm and emission at 331 nm) (Reyftmann et al., 1990;
Giessauf et al., 1995). The kinetics of LDL oxidation was followed by
measuring the decrease of Trp-fluorescence, corresponding to the
decomposition of this amino acid, after the addition of 5 UM CuSO,, in
absence or presence of oximes. The cuvettes had to be removed from
the excitation light between the single measurements to avoid
photooxidation of the tryptophan residues; fluorescence was mea-
sured every 20 min. Data are shown as the percent decrease of Trp
fluorescence in each sample. The time required for reaching half Trp
fluorescence (t;2) was calculated.

Serum oxidation

Venous blood was drawn from nonfasted healthy normolipidemic
voluntary donors into tubes containing no anticoagulant and
centrifuged at 1000 g for 15 min. Serum diluted 100-fold was
incubated at 37 °C in a medium containing 10 mM phosphate buffer
(pH 7.4) and different oxime concentrations (0-5 pM). The oxidation
was initiated by the addition of CuSO, (30 pM) and CD formation was
monitored at 245 nm as previously described (Schnitzer et al., 1998).

Determination of lag phase and maximum oxidation rate

In the studies of CD formation, there are several parameters which
can be obtained from diene vs. time profiles. The value of the lag phase
is commonly determined graphically by the intercept of the tangents
to the slow and fast increase of the diene absorption. Another
parameter is the maximum oxidation rate, given by the peak of the
first derivative, i.e. change of Ay34 as a function of time (Gieseg and
Esterbauer, 1994).

Statistical analysis

Data are expressed as means+SD. Statistical analysis was
performed using a one-way analysis of variance (ANOVA), followed
by Student-Newman-Keuls test when appropriate. In addition, linear
regression was performed to identify a possible dose dependent effect.
Values of p<0.05 were considered significant.
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Results
Effects of oximes on the LDL oxidation

There is a question about whether higher or lower Cu®*
concentration would be more appropriate to be used and more
revealing of the properties of LDL (Rice-Evans et al., 1996; Ziouzenkova
et al., 1998). This way, we used two distinct Cu®* concentrations. Low
oxidation in LDL was detected when Cu?* was not present in the
reaction medium, which could be caused by the assay time exposure.

Conjugated diene (CD) production

Oximes caused a concentration-dependent increase of the lag
phase (Fig. 2) (oxime 1: 1?=0.818 and 1?=0.949, p<0.001; oxime 2:
1?=0.886 and ?=0.867, p<0.001, to 1.6 and 5 uM Cu®* concentrations,
respectively). Fig. 3 shows the CD production vs. time profiles to
oximes 1 and 2.

Oxime 1 caused a significant increase on lag phase from 1.32 to
3.3 uM in both Cu?* concentrations used here (Fig. 2). At concentra-
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tions of 2 and 3.3 uM the oxime 1 totally prevented the oxidation
of LDL by 1.6 uM Cu?* (Fig. 3A and B). In the same way, oxime 2
(1 to 5 uM) caused a significant increase on lag phase in LDL oxidation
induced by both Cu?* concentrations utilized (Fig. 2). However, oxime
2 was unable to prevent the total oxidation of LDL in our conditions
(Fig. 3C and D).

The maximum oxidation rate decreased significantly (p<0.01) at
the concentration of 3.3 uM by the oxime 1 compared to control levels
when LDL was oxidized by 1.6 uM or 5 uM Cu?*. On the other hand,
oxime 2 showed no significant difference on the maximum oxidation
rate (data not shown).

TBARS production

LDL oxidation was also evaluated by TBARS formation. Tables 1
and 2 show a significant effect of oximes in preventing TBARS
formation induced by Cu?*. The protective effects of oximes were
similar to the ones presented in the CD experiments. Oxime 1
(2 and 3.3 uM) and oxime 2 (3 and 5 uM) protected the LDL of TBARS
formation induced by 1.6 uM Cu?*, as evidenced by low TBARS levels

m Control
00.33 uM
00.66 uM
B1.32 uM
B2uM
3.3uM

5uM

Copper concentration

(B)

Lag phase (minutes)

1.6uM
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00.5uM
01uM
m2uM
B3 uM
25 uM
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Fig. 2. Lag phase values for conjugated diene formation in isolated LDL. LDL (50 pg/mL) was oxidized in the presence of either 1.6 or 5 uM Cu?*, and different concentrations of oxime 1
(A) or oxime 2 (B). The values are expressed as mean+S.D. of three independent experiments. Means with different letters (a,b,c) differ significantly (p<0.05) compared to the
different oxime concentrations at the same Cu?* concentration. “>270 min” indicate a lag phase higher than the time assay. *p<0.01 compared to control. **p<0.001 compared to

control.
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Fig. 3. Effects of oximes 1 and 2 on conjugated diene formation. LDL (50 pg protein/mL) was incubated in PBS 10 mM (pH 7.4) at 37 °C in the presence of 1.6 uM (panels A and C) or 5 uM
(panels B and D) Cu®". In panels A and B, incubation medium did not contain oxime (1) or contained 0.33 UM (2), 0.66 uM (3), 1.32 WM (4), 2 M (5) or 3.3 uM (6) of oxime 1. In panels C
and D, incubation medium did not contain oxime (1) or contained 0.5 uM (2), 1 uM (3), 2 uM (4), 3 uM (5) or 5 uM (6) of oxime 2.Conjugated diene formation was measured by
determining the absorbance at 234 nm every 20 min. Dashed line represents the control without Cu** and oxime.

recorded at 180 min (Tables 1 and 2). In addition, oxime 1 at 3.3 uM similar effect was found for oxime 2, when at 5 uM it could inhibit an
was also able to keep a low LDLTBARS formation induced by 5 uM Cu?* increase of TBARS formation induced by 5 uM Cu?* during 120 min
during 90 min compared to 30 min caused by control (Table 1). A (Table 2).

Table 1

Effects of oxime 1 concentrations on time-dependent changes in the thiobarbituric acid reactive substances (TBARS) production during LDL oxidation
[Oxime 1] Time (min)

0 30 60 90 120 150 180

1.6 uM CuSO4 Control 0.268+0.099 0.623+0.099 1.426+0.102 3.116+0.853 3.909+0.535 4.067+0.086 4.537+0.333
0.33 uM 0.273+0.068 0.541+0.087 1.891+0.351 3.558+0.747 4.329+0.63 4.581+0.216 4.701£0.226
0.66 uM 0.235+0.119 0.454+0.109 1.29+0.123 3.176+0.224 4.132+0.244 4.718+0.406 4.882+0.365
132 uM 0.241+0.112 0.306+0.137* 0.514+0.093** 0.705£0.177** 1.579+0.934*** 3.192+0.902* 432440363
2 .M 0.257+0.074 0.262£0.102% 0.284+0.076"** 0.295+0.091*** 0.338£0.125"* 0.432+0.053"*" 0.732£0.302**
3.3 uM 0.224+0.096 0.251+0.105* 0.279£0.028** 0.257+0.096*** 0.273+0.109*** 0.366+0.05*** 0.426+0.065"*

5 uM CuSO4 Control 0.301+£0.038 0.541+0.059 1.995+0.174 3.149+0.245 3.859+0.277 4.018+0.066 3.952+0.156
0.33 uM 0.317£0.009 0.404+0.058 1.968+0.215 3.236+0.133 4.045+0.282 4.078+0.235 4.138+0.109
0.66 M 0.289+0.05 0.366+0.053* 1.41+0.197* 3.105+0.175 4.116+0.247 4.214+0.085 4.368+0.068
132 yM 0.273+0.034 0.328+0.098* 0.814£0.139*** 2.165+0.288*"* 41£0.271 4.351+0.137 4.412+0.198
2 M 0.273+£0.038 0.311+0.082* 0.541+0.099"** 1.115+£0.166*"* 3.28+0.327* 4.056+0.133 4.597+0.104
3.3 uM 0.268+0.066 0.295+0.098* 0.437£0.093** 0.601+0.077*** 1.137+0.401"** 191340.771%** 3.728+0.779

LDL (50 g protein/mL) was incubated at 37 °C in the presence of 1.6 M or 5 M Cu?*, Data are expressed as mean +SD of three experiments. The values were expressed by nmol MDA/
20 pg protein LDL.

p<0.05 compared to control.

*p<0.01 compared to control.

ok

'p<0.001 compared to control.
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Table 2

Effects of oxime 2 concentrations on time-dependent changes in the thiobarbituric acid reactive substances (TBARS) production during LDL oxidation

Time (min)

[Oxime2] g 30 60 90 120 150 180

1.6 uM CuSO4 Control 0.333+£0.025 0.508+0.087 0.743+0.081 1.066+0.033 1.864£0.162 2,547+0.121 3.439+0.438
0.5 uM 0.312+£0.049 0.399+0.104 0.585+0.119 0.765+0.062*** 1.372+0175"* 2.094+0.221* 3.121+0.348
1uM 0.323+0.041 0.372+0.095 0.481+0.127* 0.596+0.025** 0.875+0.053** 1.378+0.114*" 2.438+0.279*
2 M 0.344+0.082 0.355+0.109 0.372+0.090** 0.377+0.033*** 0.514+0.125"* 0.754+0.268*** 1.498+0.528*"
3 uM 0.344+0.028 0.372+0.123 0.366+0.058"* 0.361+0.028*** 0.366+0.074"* 0.476+0.248* 0.869+0.387***
5uM 0.377+0.059 0.377+0.128 0.333+0.058"* 0.344+0.028"** 0.290+0.053** 0.394£0.059"* 0.590£0.124***

5 UM CuSO4 Control 0.273+0.053 0.426+0.134 1.350+0.341 2.799+0.204 3.974£0.156 4395+0.173 4.526+0.087
0.5 uM 0.246£0.059 0.312+0.087 0.820+0.371* 1.963+0.587** 3.734£0.409 4.291£0.200 4.630+0.175
1uM 0.224+0.053 0.257+0.066 0.410+£0.199"** 0.891+£0.341*" 2.465+0.853"" 3.663+0.660 4.439+0.263
2 M 0.235+0.090 0.273+0.038 0.301+0.116*** 0.590+0.091*** 1.957+0.381° 3.389+0.423* 4.351+0.181
3 uM 0.224+0.053 0.241+0.081 0.284+0.074*** 0.426+0.043** 1.350£0.279* 2.826+0.390** 4.111+0.208
5 uM 0.213+0.085 0.262+0.071 0.257 £0.083*** 0.394+0.043** 0.525+0.085*** 1.121+0.166** 2.908+0.320***

LDL (50 pg protein/mL) was incubated at 37 °C in the presence of 1.6 uM or 5 uM Cu?*. Data are expressed as mean +SD of three experiments. The values are expressed by nmol MDA/

20 ug protein LDL.
*p<0.05.
*p<0.01.
***p<0.001.

Effects of oximes on the LDL tryptophan fluorescence

Fig. 4 reports the time course of Trp fluorescence decrease during
Cu®*-induced LDL oxidation. The LDL incubated with different
concentrations of oxime 1 shows an increase in t;, of Trp in a
concentration-dependent manner (12=0.928, p<0.001, Fig. 4A). When
compared to the control group, the presence of oxime 2 at concentra-
tions from 2 to 5 uM significantly increased t;, of Trp (Fig. 4B) in a
concentration-dependent manner (r?=0.792, p<0.001). At higher
oxime concentrations used here the t), of Trp was prolonged to
more than 150 min (Fig. 5).

The effect of oximes on serum oxidation

Serum oxidation was determined by CD formation at 245 nm (Fig. 6).
No oxidation occurred in serum when the medium did not contain Cu?*
ions. Table 3 shows that oxime 1 was able to cause a significant increase
in the lag phase at concentrations ranging from 0.5 to 1.32 uM. Oxime 2
was also able to increase the lag phase at the concentration of 0.75 M or
higher. Both oximes caused an increase of lag phase in a concentration
dependent manner (oxime 1: ?=0.942, p<0.001; oxime 2: ?=0918,
p<0.001, linear regression). Interestingly, both oximes were found to
decrease the maximum oxidation rate at higher concentrations tested
here (Table 3), different from what we found on LDL experiments.

Discussion

Our study investigated the antioxidant effect of two different
oximes in different parameters of Cu®* induced lipid peroxidation in
human serum and isolated LDL. The results showed that the oximes
tested here exhibit a concentration depend increase in the lag phase of
LDL (Fig. 2) and serum oxidation (Table 3). The lag phase determina-
tion, which represents the intrinsic resistance of LDL to oxidation, is
widely used in studies to test possible antiatherogenic compounds.
This fact is governed by factors such as the lipid composition of the
particle, the concentration of chain breaking antioxidants and the
levels of seeding or endogenous lipid hydroperoxides (Reaven et al.,
1991; Esterbauer et al., 1992; O'Leary et al., 1992; Frei and Gaziano,
1993; Kontush et al., 1994; Thomas et al., 1994). Several studies
suggest that subjects whose LDL exhibits a short lag phase may belong
to a group with a higher risk for atherosclerosis (Regnstrém et al.,
1992; Maggi et al., 1994; De Rijke et al., 1995). There is increasing
evidence that oxidative modifications of LDL play a pivotal role in the
development of atherosclerosis (Witzum, 1994). Although the process
of LDL oxidation remains unclear, the major mechanisms currently
explored are metal ions dyshomeostasis (Swain and Gutteridge, 1995),

changes in lipoxygenase and myeloperoxidase-related pathways
(Parthasarathy et al., 1989; Daugherty et al., 1994), reactive oxygen
and nitrogen species generation, and alterations in the thiol status
(Halliwell, 1995). In fact, endogenous and exogenous compounds with
antioxidant activity have been reported to display beneficial effects
against LDL oxidation (Lass et al., 1996; Lapenna et al., 1998; Alul et al.,
2003; Bem et al., 2008). In view of this, we could suggest that these
preliminary results indicate that the oximes tested here could be
considered as a promising antiatherogenic compound.

The protective effect against LDL oxidation can occur via several
mechanisms, such as (A) scavenging peroxyl radicals, which break the
peroxidation chain reaction, (B) chelating free Cu®* to form redox-
inactive complexes and thus reducing metal-catalyzed oxidation of
LDL, (C) inhibiting the binding of Cu®* to apolipoproteins and
subsequently preventing the modification of amino acid-apoB protein
residue (Berrougui et al., 2006). Since the LDL oxidation employs
copper as catalyst, the formation of an oxime-copper complex could
not be ruled out for discussion of our results. In LDL oxidation, oxime 1
was able to decrease the propagation rate at higher concentrations
tested. In contrast, no change in the propagation rate was found when
oxime 2 was used. In the LDL oxidation experiments, some oximes
concentrations are smaller than copper. Then, even if the complex is
quantitatively formed, the free copper concentration would be only
slightly decreased. Thus, complex formation could protect the LDL if it
competes with copper adsorption on the LDL, a pre-requisite for the
initiation of the chain oxidation process. In line with this, this
competition would lead to a decrease in the propagation rate after the
lag time. This effect is observed only to oxime 1 (Fig. 3) suggesting that
its protection could be due to a complex formation (Lopes-Alarcon
etal, 2007; Ziouzenkova et al., 1998). The prolongation of lag phase by
oxime 2 without reduction of the propagation rate could be explained
by the proposal of an inhibitory action of oxime 2 on the initiation of
lipid peroxidation, during which the antioxidant is consumed and
would thus not exert any further effect on the propagation of lipid
peroxidation (Esterbauer et al., 1989), suggesting that its protection
could not be due to a complex formation.

Formation of lipid hydroperoxides is generally accepted as an early
event in LDL oxidation (Girotti, 1998), and it is known that such
peroxides can decompose to further radicals and eventually to
aldehydes such as malondialdehyde and 4-hydroxynonenal. These
aldehydes react with lysine amino groups on proteins to give adducts
(Kawamura et al., 2000; Refsgaard et al., 2000). The formation of these
adducts, which facilitate the recognition of oxidized LDL by the
scavenger receptor, may unregulate uptake of LDL-cholesterol into
cells (Kawamura et al., 1994). The antioxidant properties of oximes to
prevent the LDL oxidation were supported by the inhibition of TBARS
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Fig. 4. Decrease of Trp fluorescence during Cu?*-mediated oxidation of LDL with
different concentrations of oximes. LDL (50 pg protein/mL) was incubated in PBS with
5 uM Cu®*. Fluorescence (Ex/Em=282/331 nm) was measured at intervals of 20 min at
37 °C. In (A), the incubation medium did not contain oxime (1) or contained 0.33 pM
(2), 0.66 UM (3), 1.32 uM (4), 2 uM (5) or 3.3 uM (6) of oxime 1. In (B), the incubation
medium did not contain oxime (1) or contained 0.5 uM (2), 1 uM (3), 2 uM (4), 3 pM
(5) or 5 uM (6) of oxime 2.

formation. Our results showed that oxime 1 at 3.3 uM and oxime 2 at
5 uM efficiently prevented the TBARS production after 180 min of
1.6 uM Cu?* exposition.

The peroxidation of polyunsaturated fatty acids is, however, only
one of the oxidative modifications occurring within the LDL particles
exposed to oxidizing conditions. Other structural changes include the
loss of Trp in ApoB-100. Destruction of Trp is an early event in Cu?*-
mediated LDL oxidation and it plays an important role in initiating the
oxidation of the lipids in the LDL particle (Giessauf et al., 1995).
Intrinsic ApoB-100 fluorescence has been widely used to monitor
protein oxidative damages in Cu?*-oxidized LDL. Our results showed
that both oximes were able to prevent the Trp destruction by
increasing the time to reach the half Trp fluorescence (t;,) (Fig. 5).
Oxime 1 (2 pM) increased the t,, approximately 340% compared to
control, while oxime 2 at 5 uM increased the t;, about 230%. This
corroborates with the diene results (Fig. 2) where oxime 1 had a better
activity than oxime 2. The inhibitory effect of the Trp destruction
observed by both oximes contributes to their potential antioxidant
effect on Cu?*-induced LDL and serum oxidation. According to these
evidences, oximes may interfere with LDL oxidation by interacting
with some Cu?* binding sites on ApoB-100 and/or should prevent the
Cu®*-Trp interaction by interacting directly with Cu?*.

It has been suggested that LDL oxidation induced in vitro in whole
plasma reflects the oxidation in vivo more adequately than in vitro
oxidation of the isolated LDL (Spranger et al., 1998). LDL oxidation in
vivo, however, is thought to take place in the interstitial space of the
arterial wall where LDL may be shielded from the various antioxidants
present in plasma (Schwartz et al., 1991; Witztum and Steinberg,
1991). Moreover, Dabbagh and Frei (1995) have examined human
suction blister interstitial fluid (SBIF) as a representative of aortic
intimal interstitial fluid and found that the concentrations of the
aqueous antioxidant ascorbate and urate were similar to serum, and
that SBIF also contained human serum albumin at 30% of the level in
serum. Thus, we assessed the antioxidant capacity of oximes for
lipoprotein protection using human serum. Our results showed again
a significant increase in lag phase for both oximes in Cu**-induced
serum oxidation (Table 3). Oxime 1 depicted superior potency as
antioxidant when compared to oxime 2 as showed by Cu?*- induced
LDL oxidation. Additionally, oximes were more effective in preventing
serum oxidation than LDL oxidation, which can be related to the high
antioxidant concentrations present in serum. Karten et al., 1997 have
found that the plasma supplementation (in vitro) with albumin, urate
and bilirubin, considerably decreases its oxidizability measured as the
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Fig. 5. Oxidation t,, values for Trp fluorescence. LDL (50 pg/mL) was oxidized in the presence of 5 uM Cu?*, and different concentrations of oximes 1 or 2. The values are expressed as
mean£S.D. of three independent experiments. Means with different letters (a,b,c) differ very significantly (p<0.05) compared to different oxime concentrations. “>180 min” indicate
a lag phase higher than the time assay. #p<0.05 compared to control. “p<0.01 compared to control. “*p<0.001 compared to control.
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CD production. Our results demonstrated that serum components
could not inhibit or impair the oximes effects.

Nevertheless, both oximes were able to decrease the propagation
rate in serum oxidation at low concentrations. This difference, mainly
regarding oxime 2, may be due to the fact that human serum albumin
and uric acid in the presence of high Cu** concentrations provides a
peroxidase-like activity (Proudfoot et al., 1997) and lipid peroxides
formed during the lag phase may become degraded. This fact,
combined to the oxime activity, contributed to decrease the rate of
lipid peroxidation in serum oxidation.

In conclusion, our results demonstrated for the first time that
oximes exhibited a protective role during in vitro Cu®*- induced LDL
and serum oxidation. Additionally, oxime 1 showed to be more
effective than oxime 2 in all parameters analyzed here. This
antioxidant activity may contribute to prevent LDL oxidation in vivo
and thus the atherogenesis. In view of this, we could speculate that
oximes may be studied as potential antiatherogenic compound
besides their well described role as antidote for organophosphate
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Fig. 6. Effects of oxime concentrations on conjugated diene formation during serum
oxidation. Serum (diluted 100-fold) in PBS 10 mM (pH7,4) was incubated at 37 °C for
180 min in the presence of 30 uM Cu®". (A) shows oxime 1 effects where incubation
medium did not contain oxime (1) or contained 0.33 uM (2), 0.5 uM (3), 0.66 UM (4), 1 uM
(5) or 1.32 pM (6). (B) shows the oxime 2 effects where the incubation medium did not
contain oxime (1) or contained 0.5 M (2), 0.75 UM (3), 1 uM (4), 1.5 pM (5) or 2 pM (6).
Conjugated diene formation was measured by determining the absorbance at 245 nm
every 20 min.

Table 3
Lag phase and maximum oxidation rate for conjugated diene formation in serum

Maximum oxidation rate
(E234 nm/min)

Lag phase (min)

[Oxime 1] Control 0 0.005+0.00023
0.33 1M 1142.04 0.005+0.00085
0.5 uM 25.67£10.97 *a 0.005+0.00042
0.66 uM 47.40£5.7 ** b 0.004+0.00022 #
1M 94571145 ** ¢ 0.004£0.000173 #
132 uM 13452434 " d 0.003+0.000176 #
[Oxime 2] Control 1240+ 1.74 0.005+0.00025
0.5 uM 15.70£0.67 0.004+0.00056 # a
0.75 uM 2714674 * a 0.004+0.00023 # a
1M 29.79+361* a 0.005+0.00007 # a
1.5 uM 50374199 b 0.004+0.0001 * b
2 M 67.44+8.03 ** ¢ 0.003+0.00027 ** ¢

Serum was oxidized in the presence of 30 uM Cu?*, and different concentrations of
oximes 1 or 2. The values are expressed as meanzS.D. of three independent
experiments. Means with different letters (a,b,c,d) differ significantly (p<0.05)
compared to different oxime concentrations at the same Cu?* concentration. ND: Not
determined.

# p<0.05 compared to control.

*p<0.01 compared to control.

** p<0.001 compared to control.

poisoning. However, further studies are needed to clarify the
antioxidant properties against other models of free radical generators
and the molecular mechanism in which oximes prevent LDL oxidation
caused by Cu?*.
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3. DISCUSSAO

A oxidacdo da LDL é um dos mecanismos caractessstitie marcam o comeco da
aterogénese (Parthasarathy, Santasat.,, 1999; Chisolm e Steinberg, 2000). Assim, um
suprimento da LDL com antioxidantes poderia pratege sua oxidacdo e inibir o
desenvolvimento da aterosclerose.

A formacdo de dienos conjugados e o decréscimolutaescéncia do triptofano
catalisados por CGii ttm sido usados como reacdes sensiveis e relevpata testar a
susceptibilidade da LDL a oxidacdo (Giessauf, ®tegh al., 1995; Patel e Darley-Usmar,
1999). Estes sistemas permitem também avaliar acihgmle antioxidante de diferentes
compostos. Considerando isto, investigou-se ocefleis oximas 3-(fenil hidrazona) butano-2-
ona e butana-2,3-dionatiosemicarbazona in vitropr@ecdo contra a oxidacdo de LDL
humana isolada. Nossos resultados demonstram gbasaas oximas testadas reduziram a
oxidacdo da LDL causada por LuAs oximas induziram um aumento da fase lag na
formacao dos dienos conjugados, a qual informaiatémcia da LDL & oxidagao, tanto para a
oxidacdo da LDL isolada quanto a do soro. Varigsides mostram que individuos que
apresentam reduzida fase lag tém um risco maiatedenvolver aterosclerose (Regnstrom,
Nilssonet al., 1992; Maggi, Bellazzet al., 1994; De Rijke, Verwewt al., 1995). Diversos
compostos que séo efetivos em aumentar a fasealagidacdo da LDL mostraram também
reduzir o processo aterogénico em modelos de amifam, Kim et al., 2003; Deepa e
Varalakshmi, 2005; Shakuto, Oshirtaal., 2005).

Outro aspecto muito importante deste estudo fodexdiado pela capacidade das
oximas em prevenir a perda da fluorecéncia dootiapb induzida pela oxidagdo das LDLs
pelo C*. Este resultado indica que além dos efeitos beseéfielacionados & oxidacdo dos
componentes lipidicos da LDL, estes compostos temr@vinem a oxidacdo das moléculas
protéicas da LDL, como a Apo B100, contribuindo aam mecanismo adicional na inibicéo
do processo aterogénico. A destruicdo do triptofammon evento inicial na oxidagédo da LDL
mediada pelo Cii e tem uma importante funcéo na iniciacdo da ofidados lipidios da
LDL (Giessauf, Steineet al., 1995). Nossos resultados mostraram que ambasi@aD
foram capazes de aumentarda destruicdo do triptofano, sendo que a oxima4tmu-se

mais potente que a oxima 2, assim como nos ressl@a formacao de dienos conjugados.
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A oxidacao lipidica gera hidroperoxidos de lipidios quais podem se decompor em
aldeidos como malondialdeido e 4-hidroxinonenakeEsaldeidos podem reagir com o
grupamento amino dos residuos de lisina da apo BI@0dificar suas fun¢des, tais como o
reconhecimento da LDL pelos receptores celulardeseegular sua captacdo pelas células
(Kawamura, Heinecket al., 1994; Kawamura, Heineclat al., 2000; Refsgaard, Tsei al.,
2000). No nosso estudo foi verificado que as oxinmasiram de forma significativa a
producdo de TBARS.

Considerando que a oxidacédo da LDLvivo ocorre no espaco intersticial da parede
arterial, sugere-se que a oxidacdo da LDL no platta reflete melhor esse processo
(Spranger, Fincklet al., 1998). Assim, examinamos a capacidade antioxeddad oximas em
proteger a oxidacdo da LDL em soro humano. Os teekag mostraram que as oximas
causaram um aumento significativo na fase lag,s¢gné a oxima 1 apresentou melhor efeito
que a oxima 2. As oximas apresentaram maior p@és prevenir a formacao de dienos
conjugados em soro do que na LDL isolada. Este fatde estar relacionado a alta
concentracdo de antioxidantes presentes no soroaddedo com tais constatacdes, foi
mostrado que a suplementacdo do plasma com albumniat e bilirrubina diminui sua
susceptibilidade a oxidacdo, medida através dowsieonjugados (Karten, Beisiegtlal .,
1997). Esses resultados também indicam que a atiwidlas oximas né&o foi alterada por
componentes presentes no soro.

O efeito protetor contra a oxidacdo da LDL poderasopor diferentes mecanismos,
tais como: (A) scavenger de radicais peroxil, ogigjinterrompem a reacdo de peroxidacao
em cadeia, (B) quelante de fons*Gdormando complexos que inibem a capacidade do fon
catalisar a oxidac&o, (C) inibicdo da ligacdo dd*Ga apolipoproteina e da conseqiiente
modificacdo dos aminoacidos ali presentes (Bernow@joutier et al., 2006). Neste sentido,
nossos resultados mostraram que a oxima 1 foi cdgaeduzir a velocidade de propagacéo
da oxidacao da LDL nas maiores concentracoes tes{@duM e 3,3 uM). Esse efeito n&o foi
observado para a oxima 2. Assim, € possivel a pebfarmacdo de um complexo entre a
oxima 1 (butana-2,3-dionatiosemicarbazona) e ©,Qwis isso evitaria que o €Euigasse na
LDL, um pré-requisito para a iniciacdo do procedamxidacdo em cadeia. Essa competicéo
levaria a um decréscimo na velocidade de propagég@xidacdo (Ziouzenkova, Sevan&n
al., 1998; Lépes-Alarcén, Speislkyal., 2007).
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4. CONCLUSOES

De acordo com os resultados apresentados nestatdg® podemos inferir que:

* As oximas 3-(fenil hidrazona) butano-2-ona e but2/®dionatiosemicarbazona
foram eficazes em prevenir as modificacdes oxidata LDL in vitro mediadas por
CU?* de uma maneira concentragéo dependente;

« Ambas as oximas foram capazes de prevenir tanter@ipacdo lipidica como a
oxidacao da apoproteina da LDL humana isolada;

* A prevencdo da formacgédo de dienos conjugados pe{asas ocorreu de forma
semelhante em LDL isolada e em soro, sugerindoogueomponentes do soro nao
interferem na atividade das oximas contra a oxmlaca

» Com base nos resultados obtidos com a velocidadxidacdo da LDL, presume-se
que a atividade protetora da oxima butano-2,3-diosemicarbazona pode estar
relacionada & sua provavel interacdo com os iofé €que a da oxima 3-(fenil
hidrazona) butano-2-ona apenas com a prevencaroecado de peroxidos de

lipidios na fase inicial da oxidacgao.
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5. PERSPECTIVAS

Baseado nos resultados apresentados nessa d&gddazace necessario:

* Analisar a habilidade das oximas 3-(fenil hidraobatano-2-ona e butana-2,3-
dionatiosemicarbazona em prevenir modificacOes atixids na LDL mediadas por
outros agentes oxidantes, tais como AAPH! Ed+0, e peroxinitrito;

* Investigar as oximas quanto a capacidade de queltis;

* Investigar os efeitos antioxidantes das oximasesasr modificagcbes oxidativas na
LDL e em artériasn vivo;

e Analisar a possivel atividade antiaterogénica dawmas 3-(fenil hidrazona) butano-2-
ona e butana-2,3-dionatiosemicarbazona em modeioss de aterosclerose;

« Comparar diferentes oximas sintetizadas recentemepanto a sua estrutura

molecular e sua atividade na prevencéo das moglifesaoxidativas da LDL.
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