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Ivan, Ana Laura Mantuani. Avaliacao da atividade antioxidante in vitro e do efeito anti-
inflamatorio e antioxidante do ditiocarbamato de pirrolidina no estresse oxidativo
induzido por radiacio UVB em camundongos sem pelo. 2013. 101f. Dissertagdao de
Mestrado (P6s-Graduagdo em Ciéncias da Saude) — Universidade Estadual de Londrina,
Londrina, 2013.

RESUMO

A exposi¢dao a radiagdo UVB causa muitos danos a pele como cancer e envelhecimento
precoce. Esses eventos estdo relacionados com o aumento de radicais livres e processos
inflamatoérios. O uso de antioxidantes como o ditiocarbamato de pirrolidina (PDTC) pode ser
uma estratégia para a preven¢do dos danos fotoxidativos. O PDTC ¢ um potente antioxidante
sintético, e tem sido utilizado em processos que envolvem a participagdo de radicais livres e
citocinas. Assim, o presente estudo avaliou in vitro o mecanismo de atividade antioxidante do
PDTC e in vivo os efeitos benéficos do PDTC na inibi¢ao dos danos fotoxidativos induzidos
por radiagdo UVB. Primeiramente foi realizada uma analise de tempo-resposta de instalacao
do estresse oxidativo/inflamagdo cutanea apos a irradiacdo dos animais com a dose de 4,14
J/em® de UVB. Os efeitos do PDTC foram testados por duas vias, intraperitoneal nas doses de
10, 30 e 100 mg/Kg, administrado 1 h antes da irradiagdo ¢ 8 h apos a primeira dose e por via
topica (0,5 g) administrado 12 h, 6 h, 5 min antes e 6 h ap6s o inicio da irradiacdo. Os
resultados in vitro demonstraram que o PDTC possui capacidade de sequestrar o radical 2,2’
azinobis (3-etilbenzotiazolina-6-acido sulfonico) (ABTS), o radical 2,2-difenil-1-picrilhidrazil
(DPPH) e o radical hidroxil ("OH) apresentando ICso de 0,74, 5,14 e 66,53 ug/mL,
respectivamente. Ainda, o PDTC também inibiu eficientemente a peroxidagdo lipidica
dependente (ICsy de 1,08 pg/mL) e independente de ferro (ICso de 3,77 pg/mL), além de
possuir atividade queladora do ion ferro (ICso de 35,32 pg/mL). Na avaliagdo do tempo-
resposta de instalagdo do estresse oxidativo/inflamacdo na pele dos camundongos sem pelo
verificou-se que a retirada das amostras 12 h apos o termino da irradia¢ao foi adequado para
analisar o aparecimento de edema cutaneo, aumento do recrutamento de neutréfilos (analisado
indiretamente pelo ensaio da mieloperoxidase), aumento da secrecdao/atividade da
metaloproteinase 9 (MMP-9), bem como a diminui¢cdo da capacidade antioxidante da pele
(GSH, FRAP e ABTS). O aumento significativo dos niveis da citocina IL-1B na pele foi
observado 2 h apds o termino da irradia¢do. In vivo, o tratamento com PDTC por ambas as
vias levou a uma diminucdo estatisticamente significativa dos parametros inflamatorios
(edema, recrutamento de netrofilos, MMP-9 e niveis de IL-1p), além de manter a capacidade
antioxidante da pele (GSH, FRAP e ABTS). Os dados obtidos sugerem que o PDTC ¢ um
farmaco promissor para prevenir os danos que a radiagcdio UVB causa na pele, sendo
necessarios mais estudos pré-clinicos € moleculares para a compreensdao completa dos seus
efeitos protetores.

Palavras-chaves: Atividade antioxidante. Radicais livres. Estresse oxidativo. PDTC.
Radiacdao UVB
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ABSTRACT

Exposure to UVB radiation causes skin damage such as cancer and premature aging. These
effects are mainly related to the increase of free radicals and inflammatory processes. The use
of antioxidant such as pyrrolidine dithiocarbamate (PDTC) can prevent the fotoxidative
damage. The PDTC is a potent synthetic antioxidant, and it has been used in pathological
processes which involve free radicals and cytokines. Thus, the present study evaluated in vitro
the antioxidant mechanisms of PDTC and in vivo the beneficial effects of PDTC against UVB
irradiation-induced oxidative damages. Firstly, a time-response evaluation was performed in
order to verify the cutaneous oxidative stress/inflammation installation on animals after UVB-
irradiation (4.14 J/cm2). The effects of PDTC were tested in two pathways, intraperitoneal
(10, 30 and 100 mg/Kg), 1h before the irradiation and 8 h after the first dose and topic (0.5 g)
12 h before, 6 h before, 5 min before and 6 h after the begin of irradiation. The in vitro results
demonstrated that PDTC presented ability to scavenge 2,2’-azino-di-(3-ethylbenzthiazoline-
6-sulphonic acid) radical (ABTS), 2,2-diphenyl-1-picryl-hydrazyl radical (DPPH) and
hydroxyl radical (OH) with ICsy of 0.74, 5.14 and 66.53 pg/mL, respectively. PDTC also
efficiently inhibited iron-dependent (ICsy of 1.08 pg/mL) and independent (ICsy of 3.77
ng/mL) lipid peroxidation. Further, PDTC inhibited chelated iron (ICsy of 35.32 ug/mL). In
time-response evaluation of oxidative stress/inflammation installation, results show that
the removal of skin sample 12 h after the end of irradiation was more appropriated to analyze
the following parameters: cutaneous edema, neutrophil recruitment (determined by the
myeloperoxidase assay), increase of metalloproteinase 9 (MMP-9) secretion/activity, as well
as the reduction of antioxidant capacity of the skin (GSH, FRAP and ABTS). However,
significant increase in IL-1P levels was observed 2 h after the end of the irradiation.
Regarding in vivo studies, PDTC administered by both pathways was able to significantly
decrease inflammatory parameters (edema, neutrophil recruitment, MMP-9 and IL-1f) and to
maintain the antioxidant capacity of the skin (GSH, FRAP and ABTS). These data suggest
that PDTC may be a promising drug to prevent and/or treat UVB radiation-induced skin
damages; however, pre-clinical and molecular investigations are still needed for complete
understanding of its protective effects.

Keywords: Antioxidant activity. Free radicals. Oxidative stress. PDTC. UVB radiation
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1 INTRODUCAO

1.1 Radicais livres e estresse oxidativo

Radical livre ¢ qualquer espécie quimica com um ou mais elétrons
desemparelharados, geralmente instaveis e reativos, e com capacidade de existéncia
independente. Uma vez formado, o radical pode reagir com outro ou com outra molécula por
varias interagdes. A velocidade e seletividade desses tipos de reagdes dependem
principalmente da concentracdo do radical e da localizagdo do elétron desemparelhado
(ARUOMA, 1998).

Os radicais livres de maior importancia para os organismos vivos incluem o radical
hidroxil ("OH), o radical superoxido (O;"), o radical dxido nitrico (NO") e o radical peroxil
(ROy"). O peroxinitrito (ONOO"), peroxido de hidrogénico (H,0,), acido hipocloroso (HOCI),
oxigénio singlete ('0,) e 0 0zénio (O3) ndo sdo considerados radicais livres, porém podem
facilmente sofrer reacdes e formar radicais livres (ARUOMA, 1998). Em sistemas biologicos
os radicais livres sdo derivados principalmente do oxigénio molecular diatdmico (O,) e sdo
denominados espécies reativas de oxigénio (EROS) e hd também as espécies reativas de
nitrogénio (HALLIWELL; GUTTERIDGE, 1999).

A maioria das EROS sdo geradas nas células pela cadeia respiratoria mitocondrial
(REUTER et al., 2010). Sabe-se que as EROS desempenham diferentes papéis in vivo, alguns
sdao benéficos e estdo relacionados com sua participagdo na produgdo de energia, fagocitose,
regulagao do crescimento celular e sinalizacao intra e intercelular. Porém, as EROS podem ser
muito prejudiciais atacando lipideos de membrana, proteinas e enzimas teciduais, carboidratos
e acido desoxirribonucléico (DNA), induzindo oxidacdao nestas moléculas, causando danos a
membrana, modificagdes protéicas e danos ao DNA (PIETTA, 2000).

Estes danos oxidativos ocorrem principalmente quando ha um desequilibrio entre as
EROS e os sistemas de defesa antioxidante, efeito conhecido como estresse oxidativo, que
tem sido implicado em numerosas doencas como cancer, aterosclerose, artrite reumatoide,
Parkinson, doenga neuro motora e diabetes (ARUOMA, 1999). Das macromoléculas, as mais
suscetiveis ao ataque das EROS s3o os lipidios, visto que as membranas bioldgicas
apresentam uma grande quantidade de lipidios insaturados e sdo banhadas por fluidos ricos

em oxigénio e metal (BUEGE; AUST, 1978).
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Para neutralizar as EROS os sistemas bioldgicos necessitam dos antioxidantes, que
por definicdo sdo qualquer substincia que, quando presente em concentragdes baixas
comparada com o substrato oxidavel (proteinas, lipidios, carboidratos, DNA), consegue
retardar ou impedir a oxidagdo destas moléculas (HALLIWELL et al., 1995).

O organismo humano ¢ rico em antioxidantes endogenos e ha pelo menos trés
mecanismos enddgenos de defesa contra as EROS. O sistema enzimatico formado pela
superoxido dismutase (SOD), catalase e glutationa peroxidase (GSH-Px); o sistema nao
enzimatico que pode ser subdivido em trés categorias, os antioxidantes de baixo peso
molecular, que podem ser sintetizados pelas células como a glutationa; os antioxidantes
provenientes da dieta, como acido ascorbico, tocoferol, polifendis e acido lipdico e ainda os
produtos de eliminagdo como o 4cido urico, estes sdo conhecidos por agdo direta,
responsaveis pelo sequestro das EROS; ja o terceiro sistema ¢ composto pelos quelantes de
metais, também de baixo peso molecular, apresentam agdo indireta, como por exemplo, os
transportadores de ferro (ferritina, hemoglobina, transferrina) e de cobre (ceruloplasmina). Os
sistemas de defesa sao complementares uns aos outros, ja que atuam contra EROS diferentes e
em diversos compartimentos celulares (PIETTA, 2000).

A acdo dos antioxidantes pode se dar através da inibi¢cdo da produgdo ou sequestro de
EROS (ARUOMA, 2003). Além disso, os antioxidantes podem atuar por meio do aumento de
antioxidantes endogenos, como por exemplo, regulando a expressdo de genes que codificam
antioxidantes enzimaticos como SOD, catalase e GSH-Px (ARUOMA, 2003).

Algumas situagdes como polui¢do do ar, radiacdo ultravioleta (UV), fumaga de
cigarro, dieta rica em acidos poli-insaturados, inflamagao, isquemia/reperfusdo podem levar a
um aumento na gera¢do de EROS, causando uma saturagdo no nosso sistema de defesa
antioxidante endogeno, sendo necessario o uso de antioxidantes exdgenos para evitar os danos

oxidativos (PIETTA, 2000).

1.2 Radiacao UV e os danos a pele

A pele ¢ o maior 6rgdo do corpo humano e estd constantemente exposta a um
elevado grau de estresse oxidativo ocasionado por fatores externos e internos (KOHEN,
1999), devido a sua fun¢ao de interface entre o corpo e o ambiente (REUTER et al., 2010).

A pele ¢ um o6rgao complexo com varios tipos de células e estruturas, ¢ dividida em

trés regides: epiderme, derme e a hipoderme. A camada superior da pele € a epiderme, esta ¢
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constituida de varios tipos celulares, sendo a maior parte composta por queratindcitos, mas ha
também melandcitos, células de Langerhans e células de Merkel (RITTIE; FISHER, 2002;
KOSTER; ROOP, 2004). Uma membrana basal separa a epiderme da derme, esta por sua vez
¢ composta principalmente por proteinas da matriz extracelular produzidas por fibroblastos,
como coldgeno e elastina, e ¢ nesta camada que estdo localizados os vasos sanguineos e
linfaticos, além das estruturas anexiais. O coldgeno tipo I ¢ a proteina mais abundante desta
camada, que contém ainda outros tipos de colagenos como tipo III, V e VII. A hipoderme ¢
composta por células adiposas que reforcam a estrutura do tecido conjuntivo (RITTIE;
FISHER, 2002).

Um dos principais fatores externos de danos a pele ¢ a radiacdo UV. A radiagdo UV
faz parte do espectro eletromagnético solar que atinge a terra e pode ser dividida em trés
regides de acordo com o comprimento de onda. Onda curta UVC (200 — 280 nm), onda média
UVB (280 — 320 nm) e onda longa UVA (320 — 400 nm). Quanto menor o comprimento de
onda mais energética ¢ a radiagdo, sendo assim, a UVC ¢ a mais energética e que causa maior
dano biologico, porém ¢ praticamente toda retida pela camada de ozonio (AFAQ; ADHAMI;
MUKHTAR, 2005). No entanto, a radiagdo UVA e UVB penetram a atmosfera e podem
causar inimeros danos ao organismo humano. A radiagdo UVA ¢ a de menor energia e ¢ mais
abundante que a UVB, representando cerca de 95% de toda a radiacdo, possui a capacidade de
penetrar mais profundamente na pele atingindo a epiderme, derme superficial e média (FLOR;
DAVOLO; CORREA, 2007), sendo altamente relaciona com o fotoenvelhecimento, uma vez
que pode alterar as fibras de colagenos da derme (PAZ et al., 2008). J& a radiacao UVB atinge
principalmente a epiderme e ¢ cerca de mil vezes mais eficiente em causar queimaduras na
pele (FLOR; DAVOLO; CORREA, 2007; PAZ et al., 2008).

Os queratindcitos sd@o os principais responsaveis pela absor¢do cutanea de radiagdo
UVB na pele e a capacidade da pele se proteger contra o estresse oxidativo gerado por esta
radiagdo ¢ dependente da capacidade antioxidante deste tipo celular (CARINI et al., 2000). A
acdo da radiagdo UV na pele resulta em uma variedade de efeitos adversos como edema,
eritema, queimaduras solares, inflamagdo, hiperplasia, hiperpigmentagdo, envelhecimento
precoce e fotocarcinogéneses (AFAQ; ADHAMI; AHMAD, 2003).

O estresse oxidativo ¢ considerado ser capaz de desempenhar um papel central na
iniciacdo e conducgdo dos eventos de sinalizagdo que conduzem a resposta celular apos a
irradiagao UV. A radiacao UV leva a um aumento na pele de H,O; e outras EROS além de

diminuir os antioxidantes enddgenos (RITTIE; FISHER, 2002). A exposi¢io da pele a
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radiagdo UV afeta a sobrevivéncia e proliferagdo de células epidérmicas e dérmicas e altera
varias fungdes cutaneas (MARTINEZ et al., 2006).

Uma grande quantidade de antioxidantes enzimaticos como a SOD, a catalase e
GSH-Px, assim como, antioxidantes hidrofilicos e lipofilicos de baixo peso molecular,
glutationa reduzida (GSH), vitamina C e E, e carotenodides estdo presentes na pele para
protegé-la dos danos oxidativos. A maior parte destes se concentra na epiderme, visto ser a
camada mais exposta as agressdes. Em humanos, por exemplo, o nivel de ascorbato na
epiderme € cinco vezes maior que na derme (FUCHS, 1998).

A glutationa, um tripeptideo (g-L-glutamil-L-cisteinil-glicina), ¢ encontrada na
célula predominantemente na sua forma reduzida e normalmente na concentragdo de 1-5 mM
(MOERLLERING et al., 1999). E considerada o antioxidante enddgeno produzido em maior
quantidade pelas células (REUTER et al., 2010) e um dos mais importantes antioxidantes
endogenos contra EROS produzidas por radiacdo UV. Na pele ¢ encontrada principalmente na
epiderme, a camada de pele considerada a primeira linha de defesa (MELONI; NICOLAY,
2003; CARINI et al., 2000).

Este composto versatil atua direta ou indiretamente em muitos processos bioldgicos,
incluindo sintese protéica, metabolismo e prote¢do celular, (CARINI et al., 2000; MELONI;
NICOLAY, 2003) age como um sequestrador de radical livie (MOERLLERING et al., 1999),
atua efetivamente contra o radical hidroxil (MAHER, 2005) e produtos da peroxidacao
lipidica incluindo o peroxinitrito. A GSH sequestra radicais diretamente por transferéncia de
hidrogénio, atua como cofator para a enzima GSH-Px e regenera vitamina C ¢ E (CARINI et
al., 2000; MELONI; NICOLAY, 2003). Talvez o papel mais importante da GSH seja
promover a principal linha de defesa para protecdo das células contra as substincias
provenientes do estresse oxidativo (MAHER, 2005).

Fuchs et al. (1989), demostraram uma diminuicao significativa de GSH na pele de
camundongos sem pelo expostos a radiagdo UVB em comparacdo com camundongos nao
irradiados, provando que o sistema glutationa ¢ fortemente alterado pelo estresse oxidativo
induzido por radiagdo UVB. O aumento da producao de EROS apos a exposi¢ao aos raios UV
pode esgotar essas defesas antioxidantes deixando a pele vulneravel ao ataque de EROS
(HALLIDAY, 2005).

A radiagdo UVB e com menor participagdo a radiagdo UV A sdo responsaveis pelos
casos de cancer induzidos pela luz solar. O processo carcinogénico € iniciado por danos ao
DNA. A radiagdo UVB possui energia suficiente para causar dano direto ao DNA com

formagao de fotoprodutos 6-4 e os dimeros de pirimidinas ou ciclobutanos (BATISTA et al.,
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2008; HECK et al., 2004). Os danos sdo causados por ligacdo erronea de duas pirimidinas na
mesma fita de DNA. Em vez de ocorrer o pareamento classico AT ou GC, as bases podem
ligar-se por meio de CC, TT ou CT. A radiagdo UVB pode causar também transversoes de
C>A e G2T, além de quebras no DNA (MARTINEZ et al., 2006).

J& a radiacdo UV A ndo possui energia suficiente para induzir dano direto ao DNA, e
os danos causados a estes sdo induzidos indiretamente através da formagdo de EROS (HECK
et al., 2004), que sdo produzidas através da estimulagdo de cromodforos como DNA e
aminoacidos aromaticos que excitados pela captura de fotons da radiagdo UV A, transferem
energia para o oxigénio molecular levando assim a geracdo de EROS (FONSECA, 2010).
Estas podem causar lesdes nas bases que compdem o DNA levando a erros no pareamento
que podem levar a mutagdes e rearranjos cromossomicos que desencadeiam o cancer
(MARTINEZ et al., 2006).

O processo de fotocarcinogénese ¢ muito complexo mostrando ser resultado de uma
associagdo de fatores provocados pela radiagdo UV como inflamagdo, estresse oxidativo,
mutacao do gene e imunossupressao (HALLIDAY, 2005).

Tanto a radiagdo UVA quanto a UVB ativam na pele a 6xido nitrico sintase (NOS),
aumentando o nivel de 6xido nitrico (NO) na pele. O NO ¢ produzido a partir do aminoacido
L-arginina por a¢do da NOS. O NO aumentado na pele pode combinar-se com o0 O,” também
produzido pela radiagdo UV e formar o ONOO’, que existe em equilibrio com o acido
peroxinitroso. Estas espécies reativas de nitrogénios formadas sdo muito téxicas e podem
causar danos ao DNA, nitrosilacdo de residuos de tirosina em proteinas e iniciar a
peroxidacgao lipidica, todos os quais interferem com a funcdo celular (HALLIDAY, 2005).

Além do DNA, as EROS formadas pela radiacdo UV podem causar dano oxidativo
em proteinas e lipidios. A peroxidagdo lipidica, consequéncia da radiacao UV, leva a uma
desorganizagdo da membrana celular com liberacdo de dacido graxo como o 4acido
araquidonico a partir de fosfolipidios, o que desencadeia aumento da fosfolipase A2 (PLA2) e
da cicloxigenase-2 (COX-2), resultam em niveis aumentados de prostaglandinas (PG),
incluindo a prostaglandina E2 (PGE2) que resulta em inflamagdo na pele (HALLIDAY,
2005).

A inflamagdo causada na pele pela radiagdo UV resulta em um aumento de células
inflamatorias como neutrofilos e macrofagos, estes também produzem grandes quantidades de
NO e EROS como o O," e, portanto, elevam o nivel de ONOO™ no local da lesdo,
desencadeando os mesmos eventos citados acima (HALLIDAY, 2005). As células

inflamatorias também produzem mediadores inflamatdrios, como citocinas € quimiocinas, as
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quais atuam recrutando mais células inflamatdrias para o local da lesdo e produzindo mais
EROS. Portanto, estresse oxidativo e a inflamacdo, induzidos pela radiagdo UV estdo
intimamente relacionados e levam a um circulo vicioso, que resultard em danos teciduais e em
longo prazo, pode conduzir a carcinogénese (REUTER et al., 2010).

A radiacdo UVB causa recrutamento de células inflamatorias que se inicia apds a
irradiag@o e permanece alta por alguns dias (BATHIA et al., 2011). As EROS podem causar
dano celular direto ou agir como segundo mensageiro na ativacao das respostas celulares que
controlam o destino das células e a inflamagao (LEE; KIM; LEE, 2008). Ap6s a radiagao, as
células epidermais liberam uma variedade de citocinas, as quais tém sido descritas como
mediadoras da resposta inflamatéria da pele (BATHIA et al., 2011).

A liberacdo de citocinas ¢ considerada ter uma fun¢do central nos efeitos
imunopatoldgicos mediados pela radiagdo UV. Interleucinas 1 e 6 (IL-1 e IL-6) foram
descritas como indutoras de inflamag@o local na pele apds irradiagdo UVA, e altos niveis de
IL-1, IL-6 e fator de necrose tumoral (TNF-a) oriundos provavelmente da atpd® de
querationécitos foram encontrados no plasma de individuos expostos a radiagio UVB
(GRANDJEAN-LAQUERRIERE et al., 2002). Outras citocinas como TNF-a ¢ TNF-f sio
encontradas na pele e liberadas apds a radiagdo UV, se ligam a receptores de membrana e
iniciam a transducao de sinais (HECK et al., 2004).

Baixas doses de radiagio UVB (5-40 mJ/cm?) induziu em cultura de queratindcitos
humanos a expressao de varias citocinas proinflamatorias, incluindo TNF-a, IL-1a, IL-1B e
IL-6, as quais estimulam as rea¢des de outras células efetoras na pele como leucdcitos e
células endoteliais (CARINI et al., 2000).

A radiagdo UV pode liberar fatores de crescimento e citocinas latentes das células
epidermais ou leucoécitos infiltrados que vao atuar de forma autodcrina ou paracrina para
estimular a sinalizagdo intracelular. Um exemplo ¢ a IL-1, que esta presente na pele na forma
latente e ¢ liberada apos a exposi¢ao a radiagdo UV podendo facilmente induzir sinalizagao
intracelular de proteinas quinases ativadas por mitégenos (MAP quinases). Assim,
dependendo do tipo celular, a irradiagao UV induz a ativagao funcional das subfamilias multi-
membros da MAP quinases, como as quinase regulada por sinal extracelular (ERK), quinases
p38 e quinase c-Jun N-terminal (JNK), as quais se translocam para o nticleo e ativam muitos
alvos, incluindo fatores de transcrigao (HECK et al., 2004).

Os fatores de transcrigao, fator nuclear-xB (NF-«xB) e ativador de protdna -1 (AP-1),

sao ativados pela radiacio UVB em células de mamiferos, mas também podem ser ativados
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por outros agentes como lipopolissacarideo (LPS), IL-1 e TNF-a (GRANDJEAN-
LAQUERRIERE et al., 2002).

A ativacao da via NF-kB pela radigdo UV estimula a express ao de genes que
codificam citocinas inflamatorias, enquanto a ativacao da via AP-1 também pela radiagao UV
promove a expressdo de genes que codificam metaloproteinases da matriz (MMPs). Ambas as
vias contribuem para os danos causados a pele pela radiacdo UV, como fotoenvelhecimento e
cancer de pele (VICENTINI et al., 2011). AP-1 regula também a expressao de muitos genes
envolvidos na regulagdo do crescimento e diferenciagdo celular (RITTIE; FISHER, 2002). O
NF-kB também tem sido descrito como um dos mais importantes fatores de transcri¢ao para a
produgdo de MMP-9 (CHOU et al., 2010).

As MMPs sao uma grande familia de endopeptidases dependente de zinco com uma
ampla gama de substratos (RITTIE; FISHER, 2002). Coletivamente, as MMPs sdo capazes de
degradar todas as proteinas componentes da matriz extracelular e das membranas basais
(NAVARRO et al.,, 2006). Desempenham papel importante na remodelacdo de matriz
extracelular em muitos processos fisioldgicos e patologicos. As MMPs degradam as
macromoléculas da matriz, incluindo o coladgeno intersticial, a fibronectina, a laminina ¢ a
proteoglicana, entre outras. Estudos recentes tém demonstrado uma forte associacdo entre a
expressdo desregulada de genes que codificam as MMPs e varias condigdes fisiopatoldgicas
como cancer, artrite, doencas cardiovasculares, doencas neurodegenerativas e outras
(STANIFORTH et al., 2011).

As MMPs sdao secretadas na forma de proenzimas inativas, denominadas
zimogeneses, ativados no ambiente pericelular dos tecidos (NAVARRO et al., 2006; RITTIE;
FISHER, 2002). Diferentes tipos de células da pele como leucocitos polimorfonucleares,
fibroblastos, queratindcitos, monocitos, macréfagos e as células endoteliais, sdo conhecidas
por produzirem MMPs. Essas células sdo capazes de responder a fatores de crescimento e
citocinas, incluindo IL-1, a TNF-a e o fator de transformgao do crescimento-a (TGF-a). Na
presenga dessas substancias, essas células liberam as MMPs de granulos especificos de
armazenamento para o meio extracelular (NAVARRO et al., 2006). A expressao de MMPs ¢
conhecida por ser regulada em varios niveis incluindo transcricional e postranscricional
(STANIFORTH et al., 2011).

A expressdo de genes que codificam as MMPs-1, 3 e 9 ¢ induzida apds a irradiagdo
UV na pele humana in vivo. Esta observagdo ¢ consistente com a inducdo do fator de
transcricdo AP-1 pela radiacdo UV. A transcri¢do de genes que codificam MMPs-1,3 ¢ 9 ¢

induzida dentro de 8 h apos a irradiagdo UV. A indugdo de MMPs pela radiacdo UV ¢, em
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parte, responsavel por danos causados ao tecido conjuntivo da pele. Juntas, MMPs-1, 3 ¢ 9
tém a capacidade de degradar completamente o colageno fibrilar maduro da pele. O aumento
da degradagao de colageno foi observado dentro de 24 h apds a irradiagdo UV na pele humana
in vivo (RITTIE; FISHER, 2002).

A radiacdo UVB ¢ responsavel por induzir a expressao de genes que codificam duas
importantes MMPs, a MMP-2 (gelatinase A) e a MMP-9 (gelatinase B), as quais tém sido
associadas com o fotoenvelhecimento e fotocarcinogeneses na pele (STANIFORTH et al.,
2011). Staniforth et al., (2011) demostraram que houve aumento na expressao de acido
ribonucléico mensageiro (mMRNA) de MMPs-2 e 9 na pele de camundongos irradiados com
radiagdo UVB, indicando aumento da regulagdo transcricional destes genes pela radiacio

UVB.

1.3 Ditiocarbamato de pirrolidina

Os ditiocarbamatos sdo amplamente utilizados na agricultura como pesticidas (KIM
et al., 2000), fumegantes de sementes e em industrias de borracha sintética como aceleradores
de vulcanizagao (NICUOLO et al., 2001) e sdo considerados alérgenos de contato (KIM et al.,
2000).

O seu baixo custo e escassa toxicidade aguda tém contribuido para o seu uso em
larga escala, porém alguns efeitos como neurotoxico, fetotdoxico, embriotdoxico e mutagénico
tém sido relatado por individuos expostos (NICUOLO et al., 2001). Paradoxalmente, os
ditiocarbamatos possuem uso terapéutico em inumeras doengas, como alcoolismo e
intoxicacao por metais (KIM et al., 2000).

Ditiocarbamatos tém sido utilizados para o tratamento de varias doengas com causas
aparentemente nao relacionadas, estas incluem cancer, aterosclerose, choque endotdxico e
retinopatia diabética (KIM et al., 2000). Os diversos usos dos ditiocarbamatos t€ém sido
atribuidos a sua alta atividade antioxidante tanto em células livres quanto em sistemas
biologicos, por serem potentes inibidores do NF-kB e por suas propriedades quelantes (CHEN
et al., 2008).

Um dos seus derivados, o dietil ditiocarbamato (DDTC), tem sido usado h4 décadas
para o tratamento de intoxicacdo por metais pesados em seres humanos e mais recentemente

tem sido usado para retardar o inicio da sindrome da imunodeficiéncia adquirida em pessoas
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infectadas pelo virus HIV, através da inibicdo da ativagdo do NF-kB (CUZZOCREA et al.,
2002).

O ditiocarbamato de pirrolidina (PDTC) ¢ um tiol de baixo peso molecular derivado
dos ditiocarbamatos (CHANG et al., 2009), ¢ um composto sintético, estavel, amplamente
utilizado em estudos de biologia celular e conhecido por exercer tanto efeito antioxidante
como pré-oxidante, dependendo das condi¢des em que ¢ empregado (NICUOLO et al., 2001).
Estas agdes opostas do PDTC tém sido frequentemente associadas com a presenga de dois
grupos sulfidrilicos na sua molécula (fig. 1) e a sua elevada capacidade de combinacdo com
metais de transicdo (NICUOLO et al., 2001). Tem apresentado uma variedade de atividades
bioquimicas como alterar o estado redox, quelar metais pesados e inibir enzimas (CHANG et

al., 2009).
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Fig. 1: Estrutura molecular do PDTC.

De todos os derivados do ditiocarbamatos o PDTC parece ser o inbidor mais potente
do NF-kB, resultado de sua capacidade em atravessar a membrana celular e apresentar
estabilidade prolongada em solu¢des com pH fisiologico (CUZZOCREA et al., 2002). Tem
sido utilizado como um antioxidante para combater os efeitos toxicos dos radicais livres e
para diminuir a producao de citocinas pro-inflamatoérias. O PDTC pode ativar a expressao de
genes que codificam antioxidantes endogenos como a superoxido dismutase por via
independente de qualquer efeito sobre NF-xB (CHANG et al., 2009). O potencial antioxidante
do PDTC ¢ primariamente devido ao seu grupo tiol, que neutraliza as EROS (CHENG et al.,
2006).

O PDTC ¢ responsavel por induzir os genes que codificam as duas subunidades da
enzima vy-glutamil-cisteina-sintetase (GCS), aumentando assim, a sintese de GSH
(MOELLERING et al.,, 1999; WILD; MULCAHY, 1999). A concentracio de PDTC
necessaria para induzir a sintese de GSH ¢ bem menor que a necessaria para inibir o NF-kB

(MOELLERING et al., 1999).
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O estresse oxidativo ocasionado pela alta produgdo de EROS ¢ considerado o maior
ativador do NF-kB. O efeito iniliitio do NF -kB pelo PDTC tem sido atrilo a sua
capacidade antioxidante (KIM et al., 2000). O NF-kB ¢ um fator transcricional que
desempenha papel central em processos fisiologicos, ¢ chave na regulagdao da expressao de
genes na inflamacdo e lesdo celular (CUZZOCREA et al., 2002). Na maioria dos tipos
celulares, os dimeros de NF-xB ficam no citoplasma, ligados a subunidade inibdtia xB (I -
kB). Apds alguns estimulos como radiagdo UV, virus, citocinas, alteracdo do estado redox,
EROS como H;0, e ONOO™ (ALTURA; GEBREWOLD, 1998), o I-kB sofre fosforilgao,
seguida de ubiquitinacdo e rapida degradacao por via proteossoma dependente. Assim, o NF-
kB se torna livre e ativo, transloca para o micleo e se liga a0 DNA nas regides promotoras de
genes alvo e ativa, via transcricional, os genes que codificam citocinas pro-inflamatorias,
como IL-1B, IL-12 (BRUCK et al., 2002; CUZZOCREA et al., 2002), TNF-a, IL-6, IL-8
(GRANDJEAN-LAQUERRIERE et al., 2002), moléculas de adesdo celular como molécula
de adesao celular vascular-1 (VCAM-1) e molécula de adesdo celular intercelular-1 (ICAM-
1), 6xido nitrito sintase induzivel (iNOS) e COX-2 (CUZZOCREA et al., 2002).

Grandjean-Laquerriere et al. (2002) irradiaram queratinocitos humanos da linha
NCTC 2544 com radiacdo UVB e constataram que o PDTC foi capaz de inibir a ativagdo do
NF-«B, ativado pela radiagao UVB.

Segundo Chang et al. (2009) o PDTC preveniu o dano oxidativo e reduziu a
inflamacao induzida pelo paraquate em ratos, além de melhorar os niveis de SOD, GSH-Px e
malondialdeido (MDA), usado como indicador da peroxidagdao lipica. Os resultados
mostraram que o PDTC agiu como um antioxidante neutralizando os efeitos tdxicos dos
radicais livres e interferiu na geragdo de citocinas pro-inflamatdrias protegendo o pulmao dos
danos oxidativos causados pelo paraquate. Além disso, as evidéncias morfoldgicas mostraram
que o PDTC diminui as agressoes celulares produzidas pelo paraquate.

Cuzzocrea et al. (2002) mostraram que o PDTC atenuou a inflamagao aguda induzida
por carragenina na pleura e a cronica induzida por coldgeno nas articulagdes através da
inibicao da ativacdo do NF-kB em camundongos. O PDTC também foi capaz de reduzir a
producao de citocinas proinflamatérias, o infiltrado de polimorfonucleares, a ativacao de
polipolimerase, a expressdo e atividade de iNOS e COX-2. Além de reduzir a degradagdo do
IkB-0, motcula estabilizadora do NF -kB, e a consequente translggde do NF -«B do
citoplasma para o nucleo.

Em outros estudos o PDTC também foi capaz de aumentar significantemente o GSH

diminuido por isquemia/reperfusdo hepatica em ratos (LEE; KIM; LEE, 2008), além de inibir
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o processo inflamatdério em animais e cultura de células quando este esta associado com a
ativacdo do NF-kB (PINKUS; WEINER; DANIEL, 1996; MOELLERING et al., 1999,
MEISNER et al., 2000; BRUCK et al., 2002; LEE; KIM; LEE, 2008).

Hé varios trabalhos que demonstram o potencial antioxidante do PDTC, como o
realizado por Zhu; Carr; Frei (2002) que mostraram que o PDTC ¢ um potente antioxidante
sendo que uma molécula de PDTC foi capaz de sequestrar 11 moléculas de HOCI. O PDTC
foi de duas a trés vezes mais potente que o GSH e o N-acetilcisteina e tdo potente como o
DDTC no sequestro direto do radical HOCI, evitando assim, danos protéicos como a oxidagao
da lipoproteina humana de baixa densidade, a carbonilacdo de proteinas e inativagdo do
inibidor de protease al-antiproteinase, todos induzidos pelo HOCI que pode ser gerado in vivo
por neutréfilos e monocitos ativados.

Por esses efeitos torna-se interessante o estudo do PDTC in vitro e in vivo, em

eventos que envolvem o estresse oxidativo e condi¢des inflamatdrias.
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2 OBJETIVOS

2.1 Objetivo Geral

Considerando o potencial antioxidante do PDTC contra os danos causados pela
exposicao a radiacdo UV em cultura de queratindcitos e em outros modelos de estresse
oxidativo/inflamacdo, o presente estudo teve como objetivo investigar os mecanismos de
atividade antioxidante do PDTC in vitro, bem como, avaliar seu efeito terapéutico quando
administrado por via intraperitoneal e topica em modelo de estresse oxidativo cutaneo

induzido por radiacdo UVB.

2.2 Objetivos Especificos

e Determinar o mecanismo de atividade antioxidante do PDTC utilizando as seguintes

metodologias in vitro:

- Capacidade doadora de hidrogénio ao radical 2,2-difenil-1-picrilhidrazil (DPPH);

- Capacidade sequestradora do radical 2,2’ azinobis (3-etilbenzotiazolina-6-acido
sulfonico) (ABTS);

- Capacidade sequestradora do radical hidroxil;

- Inibi¢do da peroxidacio lipidica induzida por ferro (Fe*");

- Inibicdo da peroxidacdo lipidica independente de Fe*';

- Atividade queladora do ion ferro;

e Andlise tempo-resposta de instalacdo do estresse oxidativo/inflamagdo apods a
radiacdo UVB;

e Avaliacdo da eficécia anti-inflamatoria in vivo do PDTC administrado intraperitoneal
utilizando os testes de edema cutineo, mieloperoxidade (MPO), atividade/secre¢do
de metaloproteinase 9 (MMP-9) e dosagem de citocina proinflamatéria (IL-1f) e do
PDTC administrado por via tépica utilizando os testes de edema cutaneo, MPO e
atividade/secrecao de MMP-9;

e Avaliacdo da eficacia in vivo do PDTC administrado intraperitoneal e topico na
protecdo da capacidade antioxidante da pele através da dosagem do antioxidante
endogeno GSH e dos ensaios de FRAP (poder antioxidante de reducdo férrica) e

ABTS.
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3 MATERIAIS E METODOS

3.1 Materias

3.1.1 Reagentes

e Acido linoléico, Sigma-Aldrich; e Acido tiobarbitarico (TBA), Synth; e Batofenantrolina
(BPS), Acros; @ Brometo de hexadecil trietil aménio (HTAB), Sigma-Aldrich; e Corante azul
brilhante, Sigma-Aldrich; e Ditiocarbamato de pirrolidina (PDTC), Alexis Corporation; e
Fenantrolina, Sigma-Aldrich; e Fluoreto de fenilmetilsulfonila, Sigma-Aldrich; e Glutationa
Reduzida (GSH), Sigma-Aldrich; e Kits de ELISA para dosagem das citocinas IL-1p,
eBioscience; ® N-etilmaleimida, Sigma-Aldrich; @ o-Dianisidina, Sigma-Aldrich; @ Trolox,
Acros @ Xilene cianol, Amresco; ® 2.2’ azinobis (3-etilbenzotiazolina-6-acido sulfonico)
(ABTS), Sigma-Aldrich; @ 2.2-difenil-1-picrilidrazil (DPPH), Sigma-Aldrich; @ 2.4,6

tripiridil-S-triazina (TPTZ), Sigma-Aldrich; @ 2-deoxi-D-ribose, Acros; ® Acido 5,5’-ditio-
bis-(2-nitrobenzodico) (DTNB), Sigma. Todos os outros reagentes utilizados foram de grau

analitico.

3.1.2. Equipamentos

e Agitador mecanico, Fisat0m®; e Agitador Orbital, modelo 255, Fanem ®; e Balanga
analitica, modelo HR-120, And, precisdo de 4 casas; ® Banho, modelo 314/2 DN, Nova Etica;
e Banho, modelo Banho Maria 100, Fanem; e Centrifuga, modelo Baby I 206-BL, Fanem; e
Centrifuga refrigerada, modelo Rotina 46 R, Hettich Zentrifugetiompartimento de
madeira projetado para irradiagdo; @ Deionizador de 4gua, modelo Purebal Option-Q, Elga;
Espectrofotometro, modelo Evolution 60, Thermo Scientifi® Espectrofotometro, modelo
Helios alfa, Thermo Spectronic® Estufa 0 -120 °C, De LEO & Ciae Fonte elétrica para
eletroforese, modelo MS 300V, Major Science;® Homogenei zador de tecidos Ultra Turrax®,
modelo T18 basic, IKA® Homogeneizador de tecido, modelo Tissue-Tearor, Biospec; ®
Lampada ultravioleta fluorescente, modelo PHILIPS TL/12 40W RS-UVB (MedicalHoland);
e [eitor de microplaca, modelo Asys Expert Plus, Biochrom; e Leitor de microplaca, modelo
Victor X3, Perkin Elmer; ® Pipetas automaticas 20, 100, 200 ¢ 1000 M, modelo LabMate,
HTL; e pHmetro, modelo Tec-3MP, TECNAL; ® Radiometro IL 1700 Research Radiometer.
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Detectores: SED240 — filtro UVB (290 nm), SED005 — filtro UV (350 nm); SED033 — filtro
TRED (633 nm), International Light-USA; e Sistema de eletroforese Mini Vertical, modelo
Mini-Protean® Tetra System, Bio-RAD; e Ultra-som, modelo TSO, Thornton.

3.2 Métodos

3.2.1. Avaliacio in vitro da atividade antioxidante do PDTC por diferentes métodos

3.2.1.1 Determinacio da atividade doadora de ions hidrogénio ao radical DPPH pelo

PDTC

A atividade antioxidante do PDTC foi determinada pela sua capacidade de doar
hidrogénios e estabilizar o radical livre DPPH (BLOIS, 1958; CASAGRANDE et al., 2007).

A redugdo do radical DPPH foi determinada pela mudanga na absorvancia medida
em 517 nm (BLOIS, 1958). Aliquotas de 50 pL das amostras de PDTC em diferentes
concentragdes, foram adicionadas ao meio reacional contendo 1 mL de tampao acetato 0,1 M
(pH 5.5), 1 mL de etanol e 0,5 mL de solucdo etanolica de DPPH 250uM. As concentracgdes
finais de PDTC obtidas no meio reacional foram de 0,1, 0,5, 1,0, 2,0, 2,5, 5,0, 5,5, 10,0, 25,0
e 50 pg/mL. A mudanga na absorvancia foi medida em espectrofotdmetro apos 30 min de
incubacgdo a temperatura ambiente.

O controle positivo foi preparado sem PDTC e o branco composto apenas de 1 mL
de tampao acetato 0,1 M (pH 5.5) e 1,5 mL de etanol. Todas as medidas foram realizadas em
triplicata. A capacidade estabilizadora do radical DPPH foi calculada pela seguinte equagao:

Equacdo I: % atividade = [1- (absorvdncia amostra | absorvancia do controle)] x 100.

3.2.1.2 Avaliacdo da capacidade sequestradora do radical ABTS pelo PDTC

A capacidade antioxidante do PDTC frente ao radical livre ABTS foi realizada de
acordo com SANCHEZ-GONZALES et al. (2005).

O radical ABTS foi produzido reagindo 7 mM da solugdo de ABTS com 2,45 mM de
persulfato de potassio. A mistura foi armazenada em frasco ambar e em temperatura ambiente
por no minimo 16 horas antes do uso. A solucdo ABTS foi diluida com tampao fosfato (pH

7.4) até uma absorvancia de 0,700 a 0,800 nm.
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Ao meio contendo 4 mL da solugdo ABTS diluida foi adicionado 10 pL das amostras
em diferentes concentragdes, obtendo-se concentracdes finais de PDTC no meio reacional de
0,08, 0,1, 0,2, 0,5, 0,75, 1,0, 1,5 e 2,0 ug/mL, aps incubagdo de 6 minutos foram realizadas
as leituras de absorvancia em 730 nm.

O controle positivo ndo continha PDTC e o branco foi preparado com uma solugao
de persulfato de potassio diluida em tampao fosfato. Todas as medidas foram realizadas em
triplicata. A avaliagdo da capacidade sequestradora do radical ABTS foi calculada pela

equacao I.

3.2.1.3 Determinacido da atividade sequestradora do radical ‘OH pelo PDTC utilizando

ensaio de deoxirribose

A avaliagdo da atividade sequestradora do radical ‘OH pelo PDTC foi determinada
pela diminuicdo da formagdo de substincias reativas ao acido tiobarbitirico (TBARS)
provenientes da degradagdo da deoxirribose pelo radical ‘OH gerado na reagdo de Fenton
(HALLIWELL; GUTTERIDGE; ARUOMA, 1987).

Ao meio reacional contendo 1 mL de tampao fosfato de potéssio
monobasico/hidroxido de potassio (KH,PO4,/KOH) 20 mM (pH 7.4), 100 uM de ascorbato, 50
uM de cloreto férrico hexahidratado (FeCl;.6H,0), 52 uM de 4cido etilenodiamino tetra-
acético (EDTA), 2,8 mM de deoxirribose e 1 mM de H,O, foram adicionados 50 pL das
amostras em diferentes concentracdes, obtendo-se concentracdes finais de PDTC no meio
reacional de 10, 15, 25, 50, 100, 125, 150, 175, 200, 250 e 500 pg/mL. A reacao foi incubada
a 37°C por 30 min. Para determinar as TBARS que foram formadas, 1 mL de TBA 1%
preparado em 50 mM de hidroxido de s6dio (NaOH), 0,1 mL de NaOH 10 M e 0,5 mL de
acido ortofosforico (H3PO4) 20% foram adicionados. Em seguida incubou-se a reacdo por 20
min a 85°C, posteriormente a absorvancia foi determinada em 535 nm.

O controle positivo foi preparado sem PDTC, o controle negativo sem ferro e o
branco sem PDTC e deoxirribose. Todas as medidas foram realizadas em triplicata. A

atividade sequestradora do radical hidroxil foi calculada pela equacao 1.



30

3.2.1.4 Determinacdo da atividade inibidora da peroxidacio lipidica induzida por Fe**
pelo PDTC

As mitocondrias utilizadas nos experimentos foram obtidas através do figado de
camundongos Swiss provenientes do Biotério Central da UEL. Cerca de 10 camundongos
pesando aproximadamente 30 g foram eutanasiados por deslocamento cervical, os figados (10
a 15 g) foram removidos e a eles foram adicionados 50 mL de tampao fosfato salino (PBS)
(pH 7.0). A mistura foi homogeneizada em turrax (T18 basic, IKA) até a obtencdo de um
homogenato. A suspensao obtida foi centrifugada a 1350 g por 5 min a 4°C em centrifuga
refrigerada. O sobrenadante resultante foi novamente centrifugado a 5000 g por 10 min a 4°C.
O precipitado obtido foi ressuspendido em 10 mL de PBS e novamente centrifugado a 3000 g
por 15 min a 4°C. O sedimento final contendo o concentrado de mitocondrias, foi suspenso
em 1 mL de tampao KCl/tris-HCl 130 mM e 10 mM respectivamente (pH 7.4) (CAIN;
SKILLETER, 1987) e submetido a dosagem de proteinas pelo método de Biureto (GORDAL;
BARDAWILL; DAVID, 1949). As mitocOndrias obtidas foram utilizadas como fonte de
lipidios para a avaliagdo da peroxidacao da lipidica.

A medida da atividade inibidora de peroxidacao lipidica pelo PDTC foi determinada
pela diminuicdo da formacdo de TBARS provenientes da peroxidagdo lipidica (BUEGE;
AUST, 1978). Foram adicionados em 1 mL de meio de reagdo (130 mM de KCl e 10 mM de
tris-HCI, pH 7,4), 2 mM de citrato de sodio, 20 pLL das amostras em diferentes concentracdes,
obtendo-se concentracdes finais de PDTC no meio reacional de 0,25, 0,50, 0,75, 1,0, 1,5, 2,0,
2,5, 5,0, 10 e 25 pg/mL, suspensdo de mitocondria correspondente a 1 mg de proteina e 50
uM de sulfato ferroso amoniacal. A reagdo foi incubada a 37°C por 30 min. As substancias
reativas ao TBA foram estimadas dele método descrito no item 3.2.1.4. As TBARS foram
extraidas com 2 mL de n-butanol e centrifugagao a 2000 g por 10 min. A absorvancia foi
determinada em 535 nm.

Ao teste foi incluido o controle positivo sem PDTC, o controle negativo preparado
sem PDTC e ferro. O branco foi preparado sem PDTC e sem mitocondria. Todas as medidas
foram realizadas em triplicata. A atividade inibidora da lipoperoxigado lipidica induzida por

Fe®" foi calculada pela equagdo 1.
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3.2.1.5 Determinacdo da atividade inibidora da peroxidac¢ao lipidica independente de

Fe** pelo PDTC

A atividade inibidora da peroxidacdo lipidica independente de Fe’" foi determinada
pela diminuigdo da formagao de hidroperoxido lipidico, um produto primario da peroxidacao
lipidica (LINGNERT et al., 1979). Primeiramente, preparou-se a emulsdo de 4cido linoléico
10 mM, em tampao fosfato de potassio monobasico/dibasico (KH,PO4/K,HPOy4 0,1 M (pH
6.5), com auxilio de tween 20. Em 2 mL da emulsdo foram adicionados 20 puL das amostras
em diferentes concentragdes, obtendo-se concentragdes finais de PDTC no meio reacional de
0,50, 1,0, 2,5, 5,0, 10, 25 e 50 pg/mL. A determinacao de hidroperoxidos lipidicos foi
realizada antes e apos a incubagao da emulsdo contendo as amostras, a 37°C por 8 h. Assim,
em 0,2 mL da emulsdo incubada ou nido foram adicionados a 2 mL de metanol ¢ 6 mL de
metanol 60% e a absorvancia foi determinada em 234 nm.

No teste foi incluido o controle positivo sem PDTC. O branco foi constituido de
tampao KH,PO4/K,;HPO4 0,1 M (pH 6.5) com tween 20. Todas as medidas foram realizadas
em triplicata. A atividade inibidora da lipoperoxidagdo independente de Fe*™ foi calculada
pela seguinte equagao:

Equacdo II: % atividade = 1 - (abs4 apos incubagdo - absA sem incubagdo) / (absC apds
incubagdo - absC sem incubagdo) x 100. Onde: absA ¢ a absorvancia da amostra e absC ¢ a

absorvancia do controle.

3.2.1.6 Determinacdo da atividade queladora do ion ferro pelo PDTC utilizando a

batofenantrolina (BPS)

A atividade queladora do ion ferro foi determinada utilizando a BPS, um forte
quelador do ion ferro, a qual forma um complexo colorido quando liga a este ion. A quelagao
de ions ferro pelo PDTC foi determinada pela mudanga colorimétrica medida em 530 e 700
nm (BOLANM; ULVIK, 1987).

No meio reacional contendo 2 mL de tampao cloreto de potédssio/hidroximetil
aminometano-acido cloridrico (KCl/Tris-HCI) 130 mM e 10 mM respectivamente (pH 7.4),
foram adicionados 50 uM de sulfato ferroso amoniacal e 50 pL das amostras em diferentes
concentragodes, obtendo-se concentragdes finais de PDTC no meio reacional de 0,5, 1,0, 5,0,

10, 25, 50, 100, 250 e 500 ug/mL. Apds 15 min de incubagdo a temperatura ambiente foram
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adicionados 0,2 mM de BPS. A reacdo foi incubada por 15 min a temperatura ambiente e
posteriormente as absorvancias foram determinadas.

No teste foi incluido o controle positivo sem PDTC e o controle da amostra sem a
BPS. O branco foi preparado sem PDTC e BPS. Todas as medidas foram realizadas em

triplicata. A atividade queladora de fons Fe*" foi calculada pela equagdo 1.

3.2.2 Avaliacdo do efeito terapéutico in vivo do PDTC na prevencdao do estresse

oxidativo/inflamacao induzido por radiacio UVB

3.2.2.1 Animais experimentais

Como modelo animal foram utilizados camundongos sem pelo da linhagem HRS/J,
de ambos os sexos, adulto e com peso de 20 a 30 g. Os animais foram mantidos no biotério do
Hospital Universitario de Londrina-PR, em sala com temperatura controlada, ciclo
claro/escuro de 12h e com suprimento de dgua e racdo ad libitum. Os experimentos foram
conduzidos conforme as normas da Comissdo de Etica no Uso de Animais da Universidade
Estadual de Londrina (OF. CIRC. CEEA N° 160/2010 em 17 de dezembro de 2010,
registrado no CEEA sob o n° 85/10, processo n°® 33631.2010.82).

3.2.2.2 Sistema e fonte de radiacio UVB

A fonte de luz utilizada nos experimentos para indugdo de estresse oxidativo foi uma
lampada UVB fluorescente modelo PHILIPS TL/12 40W RS (Medical-Holand). A lampada
emite radiacdo na faixa de A de 270 a 400 nm com pico maximo de emissdo em 313 nm.

A lampada foi instalada em um compartimento de madeira desenvolvido para a
inducdo do estresse oxidativo. Os animais foram colocados em caixas de pléstico e cobertos
com uma tela plastica para garantir a total exposi¢do da regido dorsal. Um rodizio com as
caixas contendo os animais foi realizado devido as variacdes de radiacdo ao longo da
lampada. Os animais ficaram a 20 cm da fonte de irradiagdo e movimentavam-se livremente

na caixa (CASAGRANDE et al., 2006).
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3.2.2.3 Medida da irradiincia da lAmpada UVB

A irradiancia, taxa de fluxo de energia por unidade de 4rea (W/cm?), foi mesurada
pelo radidmetro IL 1700 (Newburyport, MA, USA) equipado com detectores para radiacao
UV (SEDO005) e, especialmente, para UVB (SED240). A medida da irradiancia foi realizada
em toda a extensdo do compartimento, a distdncia de 20 cm e com a presenca da tela pléstica
utilizada para conter os animais. A dose de exposicao (J/cmz) foi obtida pela multiplicacao da

irradiancia (W/cm?) pelo tempo de exposi¢io em segundos (CASAGRANDE et al., 2006).

3.2.2.4 Avaliacdo tempo-resposta de instalacio do estresse oxidativo/inflamacido apods a

irradiacio UVB

A irradiagdo induz um processo inflamatério sendo tempo dependente a liberagdo
dos mediadores inflamatorios, a migragdo de células inflamatorias e producdao de EROS que
desempenham um importante papel no desenvolvimento dos danos causados a pele pela
radiacio UV (AFAQ, ADHAMI, MUKHTAR, 2005). Sendo assim, foi necessaria a
padronizagdo do melhor tempo apds a irradiacao para a coleta de amostra para as analises.

Realizou-se uma  andlise tempo-reposta de instalagdo do  estresse
oxidativo/inflamag¢@o para determinar o melhor tempo para retirada da pele para os testes de
edema cutaneo, MPO, citocina pro-inflamatoria (IL-18), MMP-9, GSH, FRAP ¢ ABTS. 25
animais foram alocados em 5 grupos (n=5) e eutanasiados por anestesia terminal com éter
etilico em diferentes tempos. Sendo:

- Grupo 1 = nao irradiado;

- Grupo 2 = irradiados e eutanasiado logo apds o termino da irradiagao;

- Grupo 3 = irradiados e eutanasiado 2 h apds termino da irradiagdo;

- Grupo 4 = irradiados e eutanasiado 4 h ap6s termino da irradiagdo;

- Grupo 5 = irradiados e eutanasiado 12 h apds término da irradiacao;

A dose de irradiagio utilizada para indugio do estresse oxidativo foi de 4,14 J/cm®
(SHINDO; WITT; PACKER, 1993; CASAGRANDE et al., 2006). Posteriormente a pele do
dorso foi retirada, limpa, lavada com cloreto de sdédio (NaCl) 145 mM e a armazenada a -70
°C para as analises subsequentes. Os testes edema cutaneo, FRAP ¢ ABTS foram realizados
no mesmo dia da coleta. Os resultados obtidos nesta padronizacdo foram apresentados anexos,

uma vez que ndo foram utilizados na redagao dos artigos cientificos.
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3.2.2.5 Protocolo experimental para administra¢cio do PDTC intraperitoneal

Os animais foram alocados aleatoriamente em cinco grupos (n=5). Sendo:

- Grupo 1 =nao irradiados e tratados com o veiculo (salina);

- Grupo 2 = irradiados e tratados com o veiculo (salina);

- Grupo 3 = irradiados e tratados com PDTC 10 mg/kg;

- Grupo 4 = irradiados e tratados com PDTC 30 mg/kg;

- Grupo 5 = irradiados e tratados com PDTC 100 mg/kg;

O PDTC e o veiculo (NaCl 0,9%) foram administrados intraperitonealmente 1h antes
do inicio da irradiacdo e 8 h ap6s a primeira dose. Para a dosagem de citocinas os animais
foram tratados apenas uma vez, lh antes do inicio da irradiacdo. A concentracdo de PDTC
utilizada foi baseada no estudo de atividade anti-inflamatéria realizado por Cuzzocrea et al.
(2002). A dose de irradiacio utilizada para induco do estresse oxidativo foi de 4,14 J/cm?
(SHINDO; WITT; PACKER, 1993; CASAGRANDE et al., 2006). Apos 12 h do termino da
irradiacdo os animais foram eutanasiados por anestesia terminal com éter etilico, a pele do
dorso foi retirada, limpa, lavada com NaCl 145 mM e a armazenada a -70°C para as analises
subsequentes. Apenas para a dosagem de citocinas os animais foram anestesiados com éter
etilico e eutanasiados por decapitacdo 2 h apds o termino da irradiagdo. Os testes edema

cutaneo, FRAP e ABTS foram realizados no mesmo dia da coleta.

3.2.2.6 Preparo da formula¢ido com PDTC

A emulsio foi preparada com 10% de cera auto-emulsionante Polawax® (alcool
cetoestearilico e monoestearato de sorbitano etoxilado 20 OE), 5% de triglicerideos de acidos
caprico e caprilico, 6% de propilenoglicol, 1% de solugdo etanolica de metilparabeno a 10% e
propilparabeno a 2% e agua deionizada q.s.p 100%. O PDTC foi incorporado ou ndo a
formulacao na concentracao de 0,5%.

As fases aquosa (4gua) e oleosa (Polawax® e triglicerideos de 4cidos caprico e
caprilico) foram aquecidas até atingir 70°C, posteriormente verteu-se a fase aquosa na fase
oleosa com agitacdo constante em agitador mecanico (Fisatom) até resfriamento a temperatura
ambiente, entdo adicionou a solu¢do etandlica de metil e propilparabenos. Apos 24 h, em gral,

foi solubilizado o PDTC em propilenoglicol e adicionou-se a formulacdo aos poucos até
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completa homogeneizacdo, para a formulacdo sem PDTC foi adicionado somente

propilenoglicol. As formulag¢des foram armazenadas a 4°C.

3.2.2.7 Protocolo experimental para administracao topica de PDTC

Os animais foram alocados aleatoriamente em quatro grupos (n=5). Sendo:

- Grupo 1 = ndo irradiados e ndo tratados;

- Grupo 2 = irradiados e nao tratados;

- Grupo 3 = irradiados e tratados com formulacao sem PDTC;

- Grupo 4 = irradiados e tratados com formulagdo com PDTC;

As formulagdes foram aplicadas em todo o dorso dos animais com o auxilio de um
pincel, cerca de 0,5 g, 12 h, 6 h, 5 min antes da irradiagdo e 6 h apds o inicio da irradiacdo. A
dose de irradiacdo utilizada para inducio do estresse oxidativo foi de 4,14 J/cm?® (SHINDO;
WITT; PACKER, 1993; CASAGRANDE et al., 2006). Ap6s 12 h do termino da irradiacio os
animais foram eutanasiados por anestesia terminal com éter etilico, a pele do dorso foi
retirada, limpa, lavada com NaCl 145 mM e a armazenada a -70°C para as analises
subsequentes. Os testes edema cutaneo, FRAP ¢ ABTS foram realizados no mesmo dia da

coleta.

3.2.2.8 Avaliacao da eficacia anti-inflamatoria in vivo do PDTC através do ensaio de

edema cutineo, MPO, MMP-9 e dosagem de citocina pro-inflamatoria (IL-1p)

3.2.2.8.1 Avaliacdo do edema cutianeo

A radiacdo UV caus inflamagdo na pele, sendo esta consequéncia do infiltrado de
células inflamatorias, alteragdes no fluxo sanguineo, bem como aumento da permeabilidade
dos vasos sanguineos. Este ultimo evento causa o extravasamento de proteinas e fluidos da
corrente sanguinea para o intersticio, o que resulta entre outras coisas em edema cutaneo
(ATHAR et al., 2004).

Com o auxilio de um molde foi coletada uma éarea constante de pele do dorso de cada
animal, que posteriormente foi pesada (AFAQ; ADHAMI; AHMAD, 2003; BATHIA et al.,
2011). O efeito do PDTC no edema induzido por radiagio UVB foi mensurado por meio do
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aumento da espessura da pele na regido dorsal. A andlise se deu pela diferenca de peso entre

os diferentes grupos. O resultado foi expresso em mg de pele.

3.2.2.8.2 Ensaio de MPO

A migracdo de neutrofilo para a pele induzida por radiagdo UVB foi determinada
através da dosagem de MPO (BRADLEY et al., 1982, CASAGRANDE et al., 2006), uma
enzima oxidorredutora do peroxido de hidrogénio encontrada em granulos de leucdcitos.

As amostras de pele foram coletadas em 400 pL de tamjo fostato 0,05 M (pH 6.0)
com 0,5% de HTAB e trituradas com o triturador Tissue-Tearor (Biospec). O homogenato foi
centrifugado (Rotina 46 R, Hettich Zentrifugen) a 16.100 g por 2 min a 4°C e o sobrenadante
foi retirado para o ensaio.

Em microplaca preparou-se uma curva analitica com neutréfilos na concentracao de
97,65 a 100.000 que foi utilizada para inferir o nimero de neutréfilos presentes nas amostras.
A curva foi preparada com a adi¢do de 100 pL de tampao fosfato 0,05M e uma solucao
contendo 200.000 neutrédfilos no primeiro poco (Al) com posterior diluigdo seriada até o
décimo primeiro pogo (All). O décimo segundo pogo (A12) foi utilizado como branco ao
qual foi adicionado apenas 200 pL de dgua deionizada.

O ensaio com as amostras foi realizado na mesma placa com a adig¢do de 30 puL da
amostra. A reagdo colorimétrica inicia-se pela adigdo em todos os pogos de 200 uL de uma
solucao contendo 10% de tampao fosfato 0,05 M (pH 6.0), 0,0167% de o-dianisidina e 0,05%
de H,0O, em agua deionizada. A leitura deve ser realizada em até¢ 5 minutos em 450 nm (Asys

Expert Plus, Biochrom). Os resultados foram expressos em niimero de neutrofilos/mg de pele.

3.2.2.8.3 Avaliacao da inibicao de secrecio/atividade da MMP-9

Para determinagdo de MMP-9 com atividade gelatinase foi utilizada zimografia em
gel de poliacrilamida com duodecil sulfato de sddio (SDS-PAGE).

As amostras de pele foram diluidas (1:4) e trituradas (T18 basic, IKA) em tampao
Tris/HCI 50 mM (pH 7.4) contendo cloreto de célcio (CaCl,) 10 mM e 1% de inibidores de
proteinases (fenantrolina, fluoreto de fenilmetilsulfonila e N-etilmaleimida). O homogenato
foi duplamente centrifugado a 12.000 g por 10 min a 4°C. Aliquota de 50 pL do sobrenadante
foi coletada e diluida em 10 pL de tampao Tris/HCIl (pH 6.8) contendo 20% de glicerol, 4%
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de duodecil sulfato de sodio (SDS) e 0,005% de xileno cianol. Para aplicacdo no gel de
eletroforese foi utilizado 25 pL desta mistura. Também foi realizada a dosagem de proteinas
das amostras pelo método de Lowry.

A espessura do gel utilizado foi de 1 mm e era composto por um gel de concentragao
(3 cm) e o gel de separacao.

O gel de concentragao foi preparado contendo:

- Agua deionizada 4.060 pL
- Acrilamida / bisacrilamida (30:0,8) 860 pL

- Tampao Tris HCI/SDS (pH 6.8) 1.670 uL
- APS (Persulfato de amonio) 10% 33 uL

- Temed 6.6 uL

O gel de separagao foi preparado contendo:

- Agua deionizada 5.870 uL
- Acrilamida / bisacrilamida (30:0,8) 5.000 nL
- Tampao Tris HCI/SDS (pH 8.8) 3.750 uLL
- Gelatina 10% 375 uL

- APS (Persulfato de amonio) 10% 50 uL

- Temed 10 uL

O gel foi submetido a uma pré-corrida de 10 mA por 15 min. Durante a eletroforese a
corrente aplicada foi de 10 mA para o gel de largada e 13 mA para o gel de corrida, sendo que
a ultima corrente foi mantida constante por 15 min apos a saida do corante do gel.

Apos a eletroforese o gel de poliacrilamida foi lavado por 1 h com solugdo de triton
X-100 2,5% sob constante agita¢do, posteriormente o gel foi incubado por 12 h a 37°C em
tampao Tris/HCl 50 mM (pH 7.4) CaCl, 10 mM e 0,02% de azida sodica.

Ao final da incubagdo o gel foi corado com uma solucao contendo 0,25% de azul
brilhante, 10% de 4cido acético e 50% de metanol em 4gua deionizada. Para visualizac¢do das
bandas o gel foi descorado com &cido acético 20% (Fonseca et al., 2010). A atividade
proteolitica foi analisada semi-quantitativamente por meio da comparagdo entre as bandas dos

diferentes grupos pelo programa ImageJ (NIH, Bethesda, MD, USA).
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3.2.2.8.4 Avaliacio da producio de IL-1

A quantifica¢do da citocina IL-1P foi realizada utilizando-se a técnica de enzima
imunoensaio (ELISA) com kits comerciais (eBioscience) conforme descrito previamente por
Verri et al. (2008).

As amostras de pele foram trituradas com o triturador Tissue-Tearor (Biospec) em
500 pL de solucao NaCl 0,9%, centrifugadas a 2.000 g (Rotina 46 R, Hettich Zentrifugen) por
15 min a 4°C e o sobrenadante foi retirado para analise.

Para a realizacdo do ensaio, microplacas com 96 pocos foram incubadas por toda a
noite a 4°C com anticorpos de captura contra as proteinas de interesse (10 pg/mL). Apds esse
tempo de incubacdo, as placas foram lavadas com tampao de lavagem (PBS com 0,05% de
Tween 20) e incubadas por 1 h & temperatura ambiente com uma solu¢do a 1% de albumina
bovina. Apos esse bloqueio e lavagem das placas com tampao de lavagem, a curva padrdo e
as amostras foram adicionadas (100 uL) e incubadas a 4°C por 12 h. Posteriormente, as placas
foram lavadas com tampao de lavagem e os anticorpos policlonais biotinilados (anticorpo de
detecgdo) foram adicionados (100 uL). Apds incubagdo em temperatura ambiente por 1 h, as
placas foram lavadas com tampao de lavagem e 100 pL de enzima avidina-peroxidase foram
adicionados. As placas foram incubadas por 30 min a temperatura ambiente, lavadas, e
adicionado 100 pL de reagente contendo 0,04% de ortofenilenodiamina (OPD), 0,04% de
H,0, em tampao fosfato, a placa foi mantida no escuro em temperatura ambiente por 15 min.
A reagdo enzimadtica foi interrompida com uma solugdo de H;POs 1 M e as absorvancias
determinadas em 450 nm (Victor X3, Perkin Elmer).

A curva padrao foi utilizada para inferir o nimero de citocina presente na amostra e
os resultados foram expressos em picogramas (pg) de citocina/mg de pele (SAFIEH-

GARABEDIAN et al., 1995; VERRI et al., 2008).

3.2.2.9 Avaliacdo da eficacia in vivo do PDTC na prote¢io da capacidade antioxidante da

pele

3.2.2.9.1 Dosagem do antioxidante endéogeno GSH

O GHS ¢ um dos principais antioxidantes enddgenos sendo seus niveis diminuidos

pela exposicao da pele a radiacdo UV (FUCHS, 1998). O método baseia-se na deteccdo do
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acido 5-mercapto-2-nitrobenzodico, um composto amarelo, liberado pela quebra da ligacao
dissulfeto do 4cido 5’°,5’-ditio-bis-(2-nitrobenzodico) (DTNB) pelo grupo sulfidrila da
glutationa (HUBER; ALMEIDA; FATIMA, 2008).

As amostras de pele foram diluidas (1:4) em EDTA 0,02 M e trituradas (Tissue-
Tearor, Biospec). Ao homogenato foi adicionado &cido tricloroacético (TCA) 50% na
propor¢ao de 1:0,2 de EDTA e TCA, respectivamente. A mistura foi centrifugada a 2.700 g
por 10 min a 4°C. O sobrenadante foi recentrifugado a 2.700 g por 10 min a 4°C, o
sobrenadante final foi retirado para anélise.

O ensaio para quantificagdo dos niveis de GSH na pele foi realizado em microplaca
por meio da adi¢do de 50 uL de amostra ao meio reacional contendo 100 pL de tampao Tris
0,4 M (pH 8.9) e 5 uLL de uma solugdo de DTNB em metanol (1,9 mg/mL de metanol). A
absorvancia foi determinada ap6és 5 min de incubagdo a 420 nm (Asys Expert Plus,
Biochrom). A curva analitica foi preparada com 0 a 150 uM de GSH. Os resultados foram
expressos em uM de GSH/mg de pele (MORON; DEPIERRE; MANNERVIK, 1979;
SRINIVASAN; SABITHA; SHYAMALADEYV, 2007).

3.2.2.9.2 Ensaio FRAP

O método FRAP foi realizado para avaliar o poder antioxidante de redugdo férrico da
pele. As amostras de pele foram homogeneizadas em 500 pL de KCI (1,15%) com um
triturador (Tissue-Tearor, Biospec) e centrifugadas a 1.000 g por 10 min a 4°C, o
sobrenadante foi retirado para a analise. Para a reagdo foram utilizados 30 uL. do sobrenadante
e 1 mL de reagente FRAP. O reagente de FRAP foi preparado adicionando 2,5 mL de uma
solugdo 10 mM de 2,4,6 tripiridil-S-triazina (TPTZ) em HCI 40 mM a 2,5 mL de FeCl;.6H,0
e 25 mL de tampao acetato 0,3 mM (pH 3.6). A solugao foi incubada a 37°C por 30 min antes
do uso.

A reagdo foi incubada por 30 min a 37°C e posteriormente foi realizada a leitura em
595 nm (Thermo Spectronic). Solugdes padrdo com diferentes concentragdes de trolox (0,5 a
20 uM) foram utilizadas para calibragdo. Os resultados foram expressos como pM

equivalente de Trolox/mg de pele (KATALINIC et al., 2005).
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3.2.2.9.3 Ensaio ABTS

O ensaio ¢ baseado na diminui¢do da absorvancia devido ao sequestro do radical
ABTS. As amostras de pele foram homogeneizadas em 500 pL de KCI (1.15%) com um
triturador (Tissue-Tearor, Biospec) e centrifugadas a 1.000 g por 10 min a 4°C, o
sobrenadante foi retirado para a anélise. Para a reagdo foi adicionado 40 puL do sobrenadante a
1 mL de solugdo de ABTS, preparada conforme item 3.2.1.2.

A reagdo foi incubada por 6 min e posteriormente foi realizada a leitura em 730 nm.
Solugdes padrao com diferentes concentragdes de trolox (1 a 25 uM) foram utilizadas para
calibragdo. Os resultados foram expressos como uM equivalente de Trolox/mg de pele

(KATALINIC et al., 2005).

3.3 Analise estatistica

As concentragdes de PDTC in vitro que inibem o processo oxidativo em 50% (ICs)
foram estimadas por meio de uma curva hiperbdlica. Nos testes in vivo os dados foram
analisados pelo teste paramétrico de andlise de variancia (ANOVA) de uma via seguido do
pos-teste de Bonferroni para comparagdes multiplas.

Os resultados foram expressos como média + erro padrao da média (EPM). As
diferengas foram consideradas estatisticamente significativas para valores correspondentes a

p<0,05. Os dados foram analisados pelo software GraphPad Prism®, versio 3.02.
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Highlights

PDTC scavenges varied radicals and chelates iron in vitro.

PDTC reduced UVB induced skin edema, myeloperoxidase activity and MMP-9.
PDTC modulated IL-1p levels in UVB-irradiation.

PDTC prevented the UVB-induced depletion of reduced gluthatione.

PDTC maintained the antioxidant capacity of the skin after UVB radiation exposure.
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ABSTRACT

Exposure to ultraviolet B (UVB) radiation causes skin damage such as cancer and premature
aging. These effects are mainly related to the increase of free radicals and inflammatory
processes. The pyrrolidine dithiocarbamate (PDTC) is a synthetic antioxidant and inhibitor of
the nuclear factor-xB (NF-kB) activation. Thus, the present study evaluated an in vitro the
antioxidant mechanisms of PDTC and in vivo the beneficial effects of PDTC against UVB
irradiation-induced oxidative damages. PDTC was administered in hairless mice (10, 30 and
100 mg/Kg, intraperitoneal) 1 h before the irradiation and 8 h after the first treatment. For the
cytokine assay it was done just one treatment 1 h before the irradiation. The in vitro results
demonstrated that PDTC presented the ability to scavenge 2,2’-azinobis-(3-ethyl
benzothiazoline-6-sulphonic acid) radical (ABTS), 2,2-diphenyl-1-picryl-hydrazyl radical
(DPPH) and hydroxyl radical (‘OH); and also efficiently inhibited iron-dependent and -
independent lipid peroxidation as well as chelated iron. In vivo, the treatment with PDTC led
to a statistically significant decrease of skin edema, myeloperoxidase (MPO) activity,
production of proinflammatory interleukin-1p (IL-1B), matrix metalloproteinase-9 (MMP-9),
increase of glutathione reduced (GSH) levels and the antioxidant capacity of skin tested by
the ferric reducing antioxidant power (FRAP) and ABTS assay. These data demonstrates that
PDTC is an antioxidant by scavenging free radicals, chelating iron and inhibiting lipid
peroxidation in vitro. In agreement, in vivo, PDTC inhibits UVB-induced oxidative and
inflammatory parameters in the skin. These data suggest that PDTC may be a promising drug
to prevent and/or treat UVB radiation-induced skin damages; however, pre-clinical and
molecular investigations are still needed for complete understanding of its protective effects.

KEYWORDS: antioxidant activity; free radicals; oxidative stress; PDTC; UVB radiation
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1. Introduction

Along the whole life, skin is exposed to different exogenous environmental
detrimental sources of stress. Among these sources, ultraviolet (UV) radiation is one of the
most deleterious to the skin [1].

Acute exposure to ultraviolet B (UVB) radiation is responsible for inducing a
number of diseases-related changes in the skin, including erythema, edema, hyperplasia,
sunburn cell formation, inflammation, while chronic UVB exposure leads to premature ageing
and carcinogenesis in the skin [2,3]. The reactive oxygen species (ROS) formed by exposure
to UVB irradiation are presumed to play an important role in the initiation and conduction of
signaling events leading to cellular response after UV irradiation, and the skin damage may
also be a result of increased oxygen radicals production during the inflammatory response to
UV radiation [4,5]. Exogenous supplementation of antioxidants can be an effective strategy to
counteract the deleterious effects of the ROS generated from the excessive exposure to UV
radiation [6]. Several studies have shown the chemopreventive effects of antioxidants agents,
both naturally occurring as well as synthetic, against UV radiation-mediated damage [7,4,8].

Pyrrolidine dithiocarbamate (PDTC) is a low-molecular weight thiol compound that
has been used as an antioxidant to counteract the toxic effects of free radicals. This
antioxidant potential of PDTC is attributed to its thiol group which functions by neutralizing
reactive oxygen intermediates [9]. It has been widely studied due to biochemical activities,
such as redox state alternation, heavy metal chelation and enzyme inhibition [10]. In fact,
many studies suggest the antioxidant and therapeutic application of PDTC in diseases
processes involving the production of free radicals [11,12]. Although it has been
demonstrated in cell-based in vitro assays that PDTC inhibits the action of ROS such as anion
superoxide, hydrogen peroxide and hydroxyl radical, its precise antioxidant mechanisms were
not determined [13]. Importantly, this antioxidant activity of PDTC seems to be responsible
for its inhibitory effect over nuclear factor-xB (NF-xB) activation. It is likely that PDTC
prevents the ROS-induced dissociation of inhibitory factor-«xB (I-kB) from NF-kB in the cell
cytoplasm and as a result, active NF-kB will not be translocated to the cell nucleus to exert its
modulator effect on gene expression. Additionally, PDTC interferes with kB-dependent
transactivation genes [13]. As a consequence of inhibiting NF-xB activation, PDTC reduces

the production of inflammatory cytokines [13,14].
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Taking into account the above mentioned, in the present study it was investigated the
in vitro antioxidant mechanisms of PDTC and its therapeutic effects in UVB irradiation-

induced photo-oxidative and -inflammatory damages to the skin of hairless mice.

2. Materials and Methods

2.1 Chemicals

Brilliant blue R, reduced glutathione (GSH), hexadecyltrimethylammonium bromide
(HTAB), linoleic acid, N-ethylmaleimide, o-dianisidine dihydrochloride,
phenylmethanesulfonyl  fluoride, thiobarbituric acid (TBA), 1,10-Phenanthroline
monohydrate, 2,2’-azinobis-(3-ethyl benzothiazoline-6-sulphonic acid) (ABTS), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), 5,5’-dithio-bis (2-nitrobenzoic acid) (DTNB) and (2,4,6-
tripyridyl-s-triazine) (TPTZ) were obtained from Sigma-Aldrich (St. Lowis, MO, USA).
Pyrrolidine dithiocarbamate was obtained from Alexis Corporation (Lausen, Lausen,
Switzerland). 2-deoxy-D-ribose and bathophenanthroline (BPS) were purchased from Acros
(Pittsburgh, PA, USA). Xylene cyanol was obtained from Amresco (Solon, OH, USA).
ELISA kit for IL-1B determination was obtained from eBioscience (San Diego, CA, USA).

2.2 Determination the in vitro antioxidant activity of PDTC by differents methods
2.2.1 ABTS free radical scavenging assay

The antioxidant capacity in scavenging the free radical ABTS by different
concentrations of PDTC (0.08 - 2 pg/mL) was determined by the decrease of absorvance at
730 nm (Evolution 60, Thermo Scientific) [15]. Samples were performed in triplicate and the
ability of scavenging ABTS was calculated by the following equation:
Equation I: % of activity = [1 - (sample absorbance/control absorbance)] x 100.

2.2.2 Determination of DPPH radical scavenging activity

The antioxidant activities of different concentrations of PDTC (0.1 - 100 ug/mL)

were determined by its ability to donate hydrogen and stabilize the free radical DPPH. The
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reduction of DPPH radical was determined by the change in absorbance measured at 517 nm
(Evolution 60, Thermo Scientific) [16,17]. Samples were analyzed in triplicate. The results

were expressed as by the equation 1.

2.2.3 Scavenging effect on hydroxyl free radical

The hydroxyl radical (OH) scavenging ability of PDTC was measured by reduction
of thiobarbituric acid reactive substances (TBARS) from degradation of deoxyribose by ‘OH
generated in Fenton reaction [20]. The scavenger ability by different concentrations of PDTC
(10 - 500 pg/mL) was determined by the colorimetric method described [21]. The
measurements were analyzed in triplicate. The scavenging of hydroxyl free radical was

calculated by the equation 1.

2.2.4 Iron-induced lipid peroxidation

Mitochondria of hairless mice were used as a source of lipid membranes to evaluate
lipid peroxidation and were prepared by standard differential centrifugation techniques as
demonstrated [19,22]. The ability of the different concentrations of PDTC (0.25 - 25 pg/mL)
to inhibit iron-induced lipid peroxidation was evaluated by reduction of TBARS formation
[23,24]. All measurements were performed in triplicate. The inhibition of iron-dependent

lipoperoxidation was calculated by the equation 1.

2.2.5 Iron-independent lipid peroxidation

The inhibitory activity of iron-independent lipid peroxidation by different
concentrations of PDTC (0.5 - 50 pg/mL) was determined by decreasing the production of
lipid hidroperoxides, a primary product of lipid peroxidation [25]. Lipid hidroperoxides were
determined by method as previously described [24]. All measurements were performed in
triplicate. The following equation was used:

Equation II: % activity = 1 - (absA after incubation - absA without incubation)/(absC after
incubation - absC without incubation) x 100. absA is the absorbance of sample, and absC is

the absorbance of the control.
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2.2.6 Determination of iron-chelating activity using the bathophenanthroline (BPS) assay

The BPS, a strong chelator of ferrous ion, which forms a colored complex when
connect to this ion. The chelation of iron ions by different concentrations of PDTC (0.5 - 500
pg/mL) was determined by colorimetric change measured at 530 and 700 nm (Evolution 60,
Thermo Scientific) [18,19]. All measurements were made in triplicate. The iron chelating

activity was calculated by the equation .

2.3 Assessment of PDTC in vivo protective effect against UVB-induced photodamages

2.3.1 Animals and experimental protocol

In vivo experiments were performed sex matched hairless mice (HRS/J), weighing
20-30 g. The animals were housed in a temperature-controlled room, with access to water and
food ad libitum. They were housed within cages with a 12 h light and 12 h dark cycles. All
experiments were conducted in accordance with National Institutes of Health guidelines for
the welfare of experimental animals and with the approval of the Ethics Committee of the
Universidade Estadual de Londrina (Of. Circ. CEEA N° 160/2010 in December 17, 2010,
registered under the number CEEA 85/10, process n° 33631.2010.82). All efforts were made
to minimize the number of animals used and their suffering. The animals were divided in to
five groups (n=5): Group 1 = non-irradiated control (saline treatment), Group 2 = irradiated
control (saline treatment), Group 3 = irradiated and treated with a solution containing 10
mg/Kg of PDTC, Group 4 = irradiated and treated with a solution containing 30 mg/Kg of
PDTC and Group 5 = irradiated and treated with a solution containing 100 mg/Kg of PDTC.
The concentrations of PDTC used in these assays were selected based on an anti-
inflammatory activity study reported previously [11]. The treatment protocol consisted of
applying the test solutions intraperitoneal 1 h before the irradiation and 8 h after the first dose.

Only for the cytokine assay the animals were treated just 1 h before the irradiation.

2.3.2 Irradiation

The UVB source used in the experiments to induce oxidative stress was a Philips

TL/12 RS 40W (Medical-Holand) emitting a continuous spectrum between 270 and 400 nm

with a peak emission at 313 nm. The lamp was mounted 20 cm above the place where the
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mice were placed on, resulting in an irradiation of 0.384 mW/cm?” as measured by an IL 1700
radiometer (Newburyport, MA, USA) equipped with sensor for UV (SED005) and UVB
(SED240). The irradiation dose used for induction of oxidative stress was 4.14 J/cm?” [4,26].
The animals were decapitated 2 h after the end of irradiation to cytokines assay and
euthanized with terminal anesthetized of ethyl ether 12 h after to all others tests, dorsal skins
were removed, divided to different tests and stored at -70°C until analysis. The samples
collected for verification of cutaneous edema were heavy when removed and were not frozen.
The ferric reducing antioxidant power (FRAP) and ABTS assay were performed on the same

day of sample collection.

2.3.3 Skin edema

The effect of PDTC on UVB-induced skin edema was measured as an increase in the
dorsal skin weight. After dorsal skin removal, a constant area (6 mm diameter) was
delimitated with the aid of a mold, followed by weighing of this constant area [2,27]. The
analysis was obtained by comparing the weight of the skin between groups and the result was

express in mg of skin.

2.3.4 Myeloperoxidase (MPO) activity

The UVB-induced leukocyte migration to the skin of hairless mice was evaluated
using the MPO colorimetric assay [4]. The samples of skin were homogenized in K;HPO,
buffer 0.05 M (pH 6.0) containing 0.5% HTAB using a Tissue-Tearor (Biospec). The
homogenates were centrifuged at 16.100 g for 2 min at 4°C. The supernatant was removed to
assay. Briefly, 30 uL of sample was mixed with 200 puL of 0.05 M K,HPO, buffer (pH 6.0),
containing 0.0167% o-dianisidine dihydrochloride and 0.05% hydrogen peroxide. The
absorvance was determined in 5 min at 450 nm (Asys Expert Plus, Biochrom). The MPO
activity of samples was compared to a standard curve of neutrophils. The results are presented

as MPO activity (number of total leukocytes per mg of skin).

2.3.5 Cytokine measurement

The samples of skin were homogenized in 500 pL of saline using a Tissue-Tearor

(Biospec) and centrifuged at 2.000 g for 15 min at 4 °C, the supernatant was used to measured
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the cytokine. IL-1B level was determined as described previously [28] using an enzyme-
linked immunosorbent assay (ELISA) according to manufacture’s instructions (eBioscience).

The results are expressed as picograms (pg) of IL-1 per mg of skin.

2.3.6 Analyses of skin proteinase substrate-embedded enzymography

SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel electrophoresis) substrate-
embedded enzymography was used to detect enzymes with gelatinase activity. Assays were
carried out as previously described [8]. The total skin of hairless mice (1:4, w/w dilution)
were homogenized (T 18 basic, IKA) in 0.05 M Tris-HCI buffer (pH 7.4) containing 0.01 M
CaCl, and 1% protease inhibitor cocktail. Whole homogenates were centrifuged at 12.000 g
for 10 min at 4°C twice. The Lowry method was used to measure protein levels in skin
homogenates (Lowry et al., 1951). 50 uL of samples were mixed with 10 pL of 0.1 M Tris-
HCI (pH 7.4) containing 20% glycerol, 4% SDS and 0.005% xylene cyanol. For
electrophoresis, 25 pL of the mixture was used. SDS-PAGE was performed using 10%
acrylamide gels containing 0.25% gelatin. After electrophoresis, the gels were incubated for 1
h with 2.5% Triton X-100 under constant shaking, incubated overnight in 0.05 M Tris-HCI
(pH 7,4), 0.01 M CaCl, and 0.02% sodium azide at 37°C, and stained the following day with
brilliant blue R. After destaining in 20% acetic acid, zone of enzyme activity were analyzed

by comparing the groups in the ImageJ Program (NIH, Bethesda, MD, USA).

2.3.7 GSH assay

GSH was determined as previously described [29] with a minor modification.
Briefly, skin of hairless mice (1:4, w/w dilution) were homogenized in 0.02 M EDTA using a
Tissue-Tearor (Biospec). Whole homogenate was treated with 50% trichloroacetic acid and
were centrifuged twice at 2.700 g for 10 min at 4°C. The reaction mixture contained 50 uL of
sample, 100 pL of 0.4 M Tris and 5 pL DTNB (1,9 mg/mL in methanol). The colour
developed was read at 420 nm (Asys Expert Plus, Biochrom). The standard curve was

prepared with GSH 0-150 pM. The results are presented as pM of GSH per mg of skin.
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2.3.8 FRAP assay

The reducing ability of skin sample was determined by FRAP assay [30]. The
samples of skin were homogenized in 500 pL of KCl (1.15%) using a Tissue-Tearor
(Biospec) and centrifuged at 1.000 g for 10 min at 4°C, the supernatant was employed for
measurement the antioxidant capacity of skin. The reaction consists to add the supernatant to
the FRAP reagent prepared with 0.3 mM acetate buffer pH 3.6, 10 mM TPTZ in 40 mM
hydroclorid acid and 20 mM ferric chloride. The FRAP reagent was warmed to 37°C for 30
min. The absorvance was determined in 595 nm (Helios Alfa, Thermo Spectronic).
Previously, a curve of trolox (0.5-20 uM) was prepared and the results are presented as uMol

trolox equivalent per mg of skin.

2.3.9 ABTS assay

This assay is based on the inhibition of the absorbance of the radical ABTS. Skin of
hairless mice was homogenized in 500 pL of KCI (1.15%) using a Tissue-Tearor (Biospec)
and centrifuged at 1.000 g for 10 min at 4°C, the supernatant was employed for measurement
the antioxidant capacity of skin. The solution of ABTS was prepared with 7 mM of ABTS
and 2.45 mM of potassium persulfate diluted with phosphate buffer pH 7.4 to an absorbance
of 0.7-0.8 in 730 nm was prepared. The supernatant was mixed on ABTS solution and after 6
min the absorvance was determined in 730 nm (Helios Alfa, Thermo Spectronic) [30].
Previously, a curve of trolox (1-25 pM) was prepared and the results are presented as uM

trolox equivalent per mg of skin.

2.4 Statistical analysis

In vitro data were expressed as means = SEM (standard error mean) determined of
triplicate analysis. The concentration of PDTC necessary to inhibit the oxidative process in
50% (ICso) was determined by GraphPad Prism® software, version 3.02, using hyperbolic
curve (one site binding and two site binding hyperbole). In vivo results are presented as means
+ SEM of measurements made. The differences between treatments were evaluated by one-
way ANOVA followed by Bonferroni’s t test. Statistical differences were considered to be

significant at p<0.05.
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3. Results

3.1. In vitro evaluation of antioxidant activity of PDTC

The antioxidant activity of PDTC was evaluated by its ability to scavenging the
ABTS, DPPH and ‘OH radicals, the latter being generated by the Fenton reaction and
responsible for the degradation of deoxyribose. The results showed that scavenge of these
radicals were concentration-dependently. The ABTS assay showed ICsy of 0.74 ug/mL with
maximum activity (approximately 98%) in 2.0 ug/mL (Fig. 1A). The 1Csy for the DPPH assay
was 5.14 pg/mL. The highest H-donor capability was achieved with 10 pg/mL of PDTC
(approximately 90% of DPPH reduced), and after this concentration a plateau effect was
observed (Fig. 1B). The ICsg to scavenging of ‘OH radical was 66.53 ug/mL with maximum
(approximately 93%) in 500 pg/mL (Fig. 1C). Control quercetin, a flavonoid with known
antioxidant activity, exhibited ICsy of 0.82 pg/mL, 1.17 pg/mL and 0.07 pg/mL to ABTS,
DPPH and deoxyribose tests, respectively.

PDTC also concentration-dependently inhibited in vitro the iron-dependent lipid
peroxidation (Fig. 2A), iron-independent lipid peroxidation (Fig. 2B) and chelated iron (Fig.
2C), with ICsy of 1.08 pg/mL with maximum activity at 25 pg/mL (approximately 97%), 3.77
pg/mL with maximum activity at 25 pg/mL (approximately 95%), and 35.32 pg/mL with
maximum activity at 250 pg/mL (approximately 97%), respectively. Quercetin control
exhibited 0.34 pg/mL, 0.51 pg/mL, and 4 pg/mL of ICsy, in iron-dependent peroxidation,

iron-independent lipid peroxidation and iron chelation assays, respectively.

3.2 In vivo assessment of the protective effect of PDTC against UVB-induced oxidative stress

and inflammation

3.2.1 Skin edema

Skin edema increased significantly after UVB irradiation, compared to unexposed
mice. The increase was significantly inhibited by doses of 10, 30 and 100 mg/Kg of PCTC,
compared with the irradiated control. However, there was no statistical difference between

these doses (Fig. 3).
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3.2.2 MPO activity

The effect of PDTC on UVB-induced inflammatory response was observed at three
different doses. We have found that UVB irradiation results in elevated MPO activity in
comparison with the non-irradiated group. The treatment with PDTC in three different doses
showed significant inhibition of MPO activity. However, there was no significant difference
between the doses. The treatment did not inhibited MPO activity in a dose dependly manner

(Fig. 4).

3.2.3 Cytokine measurement

The inflammatory cytokine, IL-1f play very important roles in UV irradiation-
induced inflammation and skin damage [14,31]. There was a significant increase of IL-1
production in the skin of irradiated mice comparing to non-irradiated control. On the other
hand, the treatment with PDTC in three different doses significantly reduced the levels of IL-
1B (Fig. 5) after the irradiation.

3.2.4 Analyses of MMP-9 in the skin by substrate-embedded enzymography

In agreement with other study [4], a significant increase in the secretion/activity of
gelatinases in the skin of hairless mice was observed after UVB irradiation in this study. It
was observed by SDS-PAGE zymography that UVB irradiation induced a significant increase
of matrix metalloproteinase-9 (MMP-9) activity which was inhibited by the dose of 100
mg/Kg and unaffected by the doses 10 and 30 mg/Kg (Fig. 6). The control dosage of total
proteins in the skin confirmed no significant statistical difference among the samples (data not

shown).

3.2.5 GSH assay

The dose of UVB irradiation used in the experiment was able to significantly reduce
the endogenous antioxidant GSH in the irradiated group control when compared with the non-
irradiated control. Only in the group treated with the dose of 100 mg/kg of PDTC the GSH

activity returned to non-irradiated control levels (Fig. 7).
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3.2.6 FRAP and ABTS assay

After UVB irradiation the antioxidant capacity of skin measured by FRAP and
ABTS assays reduced significantly compared with non-irradiated control. In both assays, the
treatment with 100 mg/kg of PDTC was able to increase the antioxidant capacity of irradiated

skin (Fig. 8 and Fig. 9).

4. Discussion

Exposure to solar UV radiation has serious effects on the structure and function of
human and mouse skin [32]. Skin exposure to UVB irradiation has been shown to produce
excessive generation of ROS [7] such as the superoxide anion, hydroxyl radical and the
peroxyl radical [33], which if overwhelming the endogenous antioxidant defense creates a
deleterious oxidative stress condition in the skin. This oxidative stress is shown to be
responsible for a variety of inflammation- and oxidative-stress related diseases such as aging
and skin cancer [7].

The ROS produced in the skin after the UVB radiation exposure modulate
transcription factors such as NF-«kB, an oxidant-sensitive transcriptional factor, which plays a
crucial role on activates multiple target genes involved in the expression of several
proinflammatory molecules such as cytokines [4,12,14]. UVB irradiation stimulated the
inflammatory response, causing erythema, edema and recruitment of inflammatory cells such
as neutrophils and lymphocytes [34]. Therefore, the treatment with antioxidant agents is often
regarded as a conceivable strategy for the management of these oxidative stress and
inflammation conditions.

PDTC is a potent antioxidant [10,11] and this activity explains, at least in part, its in
vivo anti-inflammatory effect. A series of the in vitro experiments were performed in an
attempt to evaluate the antioxidant activity of PDTC in order to show the ability of this drug
in scavenge different radicals in different systems. The present data demonstrates that PDTC
inhibited in vitro oxidative stress by acting as a scavenger of ABTS, DPPH and ‘OH free
radicals. Based on the found ICsy value it can be concluded that the highest antioxidant
activity of PDTC is to donate electrons to ABTS synthetic radical (ICsy 0.74 pg/mL) followed
by DPPH (ICsy 5.14 pg/mL), and to scavenge ‘'OH (ICsy 66.53 pg/mL).

The antioxidants can modulate lipid peroxidation at varied levels [35], such as

scavenging initiation, propagation and termination radicals, chelating metallic ions
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suppressing Fenton reaction by complexing with iron and inhibiting enzymatic systems
responsible for free radicals production. PDTC inhibited efficiently iron-dependent lipid
peroxidation by scavenging peroxyl and alkoxyl radicals (ICsp 1.08 pg/mL) and chelating iron
(ICsp 35.32 pg/mL) that involves propagation and termination events of lipid peroxidation. At
less extend, it also inhibited iron-independent lipid peroxidation as observed in the linoleic
acid peroxidation (ICsy 3.77 pg/mL), which involves initial products of lipid peroxidation
such as hydroperoxide lipids formation [24].

In agreement with the in vitro mechanisms demonstrated herein, PDTC was about 2-
3 times more potent than GSH and N-acetylcysteine in scavenging the hypochlorous acid
(HOCI) radical and inhibition of protein oxidative damage [36].

Skin edema is regarded as a marker of UV-induced inflammation [7]. Corroborating
the anti-inflammatory effect of PDTC, it reduced UV-induced skin edema. In agreement with
the present data, PDTC also inhibited the intestinal edema induced by ischemia/reperfusion,
which is a model of disease involving free radical mediated inflammation [37]. Furthermore,
UV radiation induced leukocyte recruitment [38]. The leukocytes recruited to the UV
irradiated loci have a tight relationship with oxidative stress since they are responsible for an
additional production of superoxide anion by nicotinamide adenine dinucleotide phosphate-
oxidase (NADPH oxidase), which explains in part the excessive generation of ROS by UVB
exposure [7]. Corroborating, NADPH oxidase products are essential to maintain the
directionality of neutrophils during chemotaxis [39]. The MPO activity is commonly used as a
measure of total infiltrating neutrophil content found in inflamed UVB-irradiated skin [4,38],
and treatment with PDTC significantly reduced UVB-induced infiltration of leukocytes into
the skin of mice. In agreement, PDTC reduced the MPO activity in superior mesenteric
ischemia/reperfusion model [37] and acute inflammatory carrageenan-induced pleurisy [11].

UV irradiation leads to activation of one major signaling pathways, NF-kB [14].
Numerous binding sequences of NF-kB on various genes with important immunologic
functions characterize this transcription factor as a pluripotent factor in the inflammatory
response [11]. Many antioxidative agents can suppress NF-kB activation, including N-
acetylcysteine, vitamin E, dithiocarbamates and heavy metal chelators [40]. Activation of NF-
kB pathway by UV irradiation stimulates inflammatory cytokine expressions that contribute
to UV irradiation-induced skin inflammation [14]. In fact, cytokines contribute to the
propagation of the extension of a local or systemic inflammatory process [11]. Cytokines are
also important mediators in inflammation responsible for leukocyte recruitment [22,41,42].

Therefore, the inhibition of IL-1 production by PDTC is consistent with it’s the inhibition of
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MPO activity by PDTC. Furthermore, it has been shown that PDTC inhibits at low and in a
concentration-dependent way the activation of NF-kB [13,40,43], therefore, it is likely that
the inhibition of IL-1p production by PDTC might be related to the inhibition of NF-kB
activation by PDTC.

The inhibitory effect of PDTC on NF-kB had previously been attributed to its
antioxidant properties [13]. However, findings suggest that the inhibitory action of PDTC on
the activity of NF-kB is related to its ability to translocate extracellular Zn®" to certain
intracellular sites [12,44]. In endothelial cells, elevation of the intracellular Zn>" level by
pyrithione, a zinc ionophore, inhibited NF-kB activation [40,45]. This can be an additional
mechanism of action of PDTC over NF-kB, unrelated to its antioxidant and metal chelating
activities [40].

MMP-2 (gelatinase A) and MMP-9 (gelatinase B) are known to be overexpressed in
UV irradiated skin tissues and contribute to the acceleration of photoaging and the
development of skin cancer [46]. UV radiation has been shown to induce activation of
activator protein-1 (AP-1) and NF-xB transcription factors and thereby the transcription of
downstream targets such as MMPs [47]. ROS and cytokines regulate the expression of MMPs
[47], including MMP-9 by a NF-kB-dependent mechanism [48]. Herein, it was observed that
PDTC reduced UV irradiation-induced secretion/activity of MMP-9. Corroborating the
present data, PDTC down-regulates vascular MMPs and ameliorates vascular dysfunction and
remodeling in renovascular hypertension [47]. Moreover, the pretreatment of endometriotic
ectopic stromal cells with PDTC attenuated IL-1p induced expressions of MMP-2 and MMP-
9 [49]. Thus, the present inhibition by PDTC of UV-induced IL-18 production migh have
contributed to the inhibition of UV-induced secretion/activity of MMP-9. Furthermore, MMP-
2 and MMP-9 activities in spontaneously hypertensive rat plasma were significantly reduced
(41%) by PDTC treatment, zymographic analyses and in situ zymography showed decreased
MMP-2 activity in kidney homogenates and decreased MMP-1 and MMP-9 activities in
brain. This evidence is in line with the fact that blockade of NF-xB almost completely
inhibited the expression of MMP-9, and with the presence of NF-kB binding sites in the
promoter region of MMP-9 [50].

Ultraviolet radiation produces ROS, directly and via the inflammatory response,
causing the depletion of the cellular antioxidant defense system and an increase in oxidative
damage [51]. The cells are normally equipped with protective cell defense mechanisms,
which include superoxide dismutase, catalase, and GSH. The balance between prooxidant

production and antioxidant defense is pivotal for a correct cell function, whereas a disturbance
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in this balance in favor of the oxidants represents an oxidative stress [52]. Several reports
indicate that, tissue injury induced by UV-irradiation result in GSH depletion [4].

PDTC functions as an antioxidant due to two structural features: direct scavenging of
ROS by the dithiocarboxy group, and chelating activity for heavy metal ions that may
catalyze formation of ROS [40]. In addition, PDTC influences intracellular thiol levels [53],
interfere with reactive oxygen metabolism [54], and increase activity of y-glutamylcysteine
synthetase in bovine aortic endothelial cells in vitro [55]. In this sense, the treatment with
PDTC reduced UV irradiation-induced GSH depletion (present data), and improve the
antioxidant capacity demonstrated by FRAP and ABTS assay. ABTS assay has been found to
correlate well with levels of endogenous glutathione, while FRAP assay accurately reflected
plasma levels of ascorbic acid, uric acid and a-tocopherol [30]. In agreement, it has been
demonstrated that treatment with PDTC also prevents the reduction of GSH concentration in
acute hepatic injury in rats induced by LPS [52].

Although the mechanisms of action of PDTC are not completely known, they include
antioxidant properties [13] and inhibition of NF-xB [11]. Our study demonstrated in vitro that
the PDTC inhibits the oxidative stress by scavenging free radicals, iron chelating activity and
inhibition of iron-dependent and iron-independent lipoperoxidation. /n vivo, PDTC protected
against the damage caused by UVB exposure and prevented the increase of skin edema, MPO
activity, level of proinflammatory cytokine IL-1B, MMP-9 secretion/activity, the GSH
depletion and antioxidant capacity of skin. Thus, these data suggest the possible usefulness of
PDTC as photochemopreventive agent to prevent the deleterious inflammatory and oxidative

effects of UV irradiation of the skin.
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Fig. 1. Free radical scavenging activity of pyrrolidine dithiocarbamate (PDTC). PDTC was
added at indicated concentration and assayed for scavenging the radical 2,2’-azinobis-(3-ethyl
benzothiazoline-6-sulphonic acid) (ABTS) (Panel A), 2,2-diphenyl-1-picryl-hydrazyl radical
(DPPH) (Panel B) and hydroxyl radical ((OH) (Panel C). Results represent means + SEM of

triplicate values representative of three separated experiments.
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Fig. 2. Pyrrolidine dithiocarbamate (PDTC) inhibit lipid peroxidation in vitro at initiation,
propagation, termination stages and iron chelating. PDTC was added at indicated
concentration and assayed for Fe*'-dependent peroxidation (Panel A), Fe*'-independent
peroxidation (Panel B) and bathophenantroline assay to determine Fe*" chelation (Panel C).
Data are present as percentage of inhibition relative to control. Results represent means +

SEM of triplicate values representative of three separated experiments.
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Fig. 3. Pyrrolidine dithiocarbamate (PDTC) inhibit UVB irradiation-induced skin edema in
hairless mice. Values are the mean £ SEM of 2-3 separated experiments, 5 mice per group.
Statistical analysis was performed by one-way ANOVA followed by Bonferroni’s t-test.
*p<0.05 compared to the non-irradiated control and **p<0.05 compared to the irradiated

control.
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Fig. 4. Pyrrolidine dithiocarbamate (PDTC) inhibit UVB irradiation-induced increase of
myeloperoxidase (MPO) activity. Results are represented by means + SEM of 2-3 separated
experiments, 5 mice per group. Statistical analysis was performed by one-way ANOVA
followed by Bonferroni’s t-test. *p<0.05 compared to the non-irradiated control and **p<0.05

compared to the irradiated control.
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Fig. 5. Pyrrolidine dithiocarbamate (PDTC) inhibit UVB irradiation-induced cytokines IL-13
production. Values are the mean + SEM of 2-3 separated experiments, 5 mice per group.
Statistical analysis was performed by one-way ANOVA followed by Bonferroni’s t-test.
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Fig. 6. Effect of pyrrolidine dithiocarbamate (PDTC) on UVB irradiation-induced increase of
matrix metalloproteinase-9 (MMP-9) activity. Results are shown as means + SEM of 2-3
separated experiments, 5 mice per group. Statistical analysis was performed by one-way
ANOVA followed by Bonferroni’s t-test.*»p<0.05 compared to the non-irradiated control and

**#p<0.05 compared to the irradiated control.
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Fig. 7. Effect of pyrrolidine dithiocarbamate (PDTC) on the decrease of endogenous reduced
glutathione (GSH) levels induced by UVB irradiation. Results are shown as means + SEM of
2-3 separated experiments, 5 mice per group. Statistical analysis was performed by one-way
ANOVA followed by Bonferroni’s t-test. *p<0.05 compared to the non-irradiated control and

**p<0.05 compared to the irradiated control.
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Fig. 8. Pyrrolidine dithiocarbamate (PDTC) increases the antioxidant capacity of skin after
UVB irradiation in ferric reducing antioxidant power (FRAP) assay. Results are shown as
means + SEM of 2-3 separated experiments, 5 mice per group. Statistical analysis was
performed by one-way ANOVA followed by Bonferroni’s t-test. *p<0.05 compared to the

non-irradiated control and **p<0.05 compared to the irradiated control.



69

UVB
S 125000 - | . |
= 100000+
g_’ *% *%
o £ 75000+ 1T *x
) 1
= £ 500004 //
e /
S 250004 = /
Q
c /
= 0
- 10 30 100
Vehicle PDTC (mg/Kg)

Fig. 9. Pyrrolidine dithiocarbamate (PDTC) increases the antioxidant capacity of skin after
UVB irradiation in 2,2’-azinobis-(3-ethyl benzothiazoline-6-sulphonic acid) (ABTS) assay.
Results are shown as means = SEM of 2-3 separated experiments, 5 mice per group.
Statistical analysis was performed by one-way ANOVA followed by Bonferroni’s t-test.
*p<0.05 compared to the non-irradiated control and **p<0.05 compared to the irradiated

control.
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The skin is continuously exposed to a combination of external insults and one of the
main is the ultraviolet (UV) radiation causing edema, erythema, inflammation, premature skin
ageing and photocarcinogenesis [1,2]. Pyrrolidine dithiocarbamate (PDTC) is an antioxidant
with anti-inflammatory activity [3,4]. This study was designed to examine the therapeutic
effects of topical formulation containing PDTC against damages caused by UVB exposure.

Experiments were performed using sex matched hairless mice (HRS/J) divided in to
four groups (n=5): non-irradiated control, irradiated control, irradiated and treated with
formulation without PDTC, irradiated and treated with formulation containing PDTC. Mice
received topical treatment on the dorsal surface with 0.5 g of the formulation, 12 h, 6 h and 5
min before and 6 h after the irradiation beginning (4.14 J/em?) session. The UVB source used
was a Philips TL/12 RS 40W (Medical-Holand) with peak emission at 313 nm [1]. The
animals were euthanized 12 h after the end of the irradiation session. All procedures were
approved by the Ethics Committee of the Universidade Estadual de Londrina (Of. Circ. CEEA
N°160/2010 in December 17, 2010, CEEA 85/10, process n° 33631.2010.82).

The emulsion was prepared with commercially available self-emulsifying wax
(Polawax”™) 10%, triglycerides of caprylic and capric acids 5%, propylene glycol 6%,
methylparaben and propylparaben 1% and water to complete 100%. PDTC (0.5%) was added
or not in the formulation.

Skin edema was measured as an increase in the dorsal skin weight in a constant area
determined with the aid of a mold, followed by weighing [2]. The result was express in mg of
skin.

The leukocyte migration was evaluated using the myeloperoxidase (MPO) activity
colorimetric assay as described previously [1]. The MPO activity of samples was compared to
a standard curve of neutrophils. The results are presented as MPO activity (number of total
neutrophils per mg of skin).

Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) substrate-
embedded enzymography was used to detect matrix metalloproteinase-9 (MMP-9). The assay
was conduced as described previously [5]. Zone of enzyme activity was analyzed by
comparing the groups in the ImageJ Program (NIH, Bethesda, MD, USA).

The reduced glutathione (GSH) levels were determined by the 5,5’dithio-bis-(2-
nitrobenzoic acid) (DTNB) [6]. The standard curve was prepared with GSH 0-150 puM. The
results are presented as uM of GSH per mg of skin.

The ferric reducing antioxidant power (FRAP) and 2,2’-azinobis-(3-ethyl

benzothiazoline-6-sulphonic acid) (ABTS) assays were used to determine the skin antioxidant
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capacity. The assays were previously described [7]. For both assays the standard curve was
prepared with trolox on concentration range of 0.5-20 puM to FRAP and 1-25 uM to ABTS.
The results are presented as uM trolox equivalent per mg of skin.

Data were expressed as means = SEM of 2 separated experiments and were analyzed
using Bonferroni’s t test and considered significantly different when p<0.05 was obtained.

Acute exposure of the skin to UVB-radiation has been shown to produce excessive
generation of reactive oxygen species (ROS), which are responsible for photodamage of the
skin [1,2]. The ROS produced activate the nuclear factor-«xB (NF-xB), an oxidative stress
sensitive factor that, plays a crucial role in the activation of multiple target genes involved in
the expression of several pro-inflammatory molecules [1,3].

The emulsion containing PDTC reduced the UVB radiation-induced skin edema (Fig.
1A) and leukocyte migration (Fig. 1B). Corroborating, PDTC inhibited the intestinal edema
induced by ischemia/reperfusion in rats, which is a model of disease involving free radical
mediated inflammation [4]. The myeloperoxidase (MPO) activity is commonly used as a
measure of total infiltrating neutrophil content found in inflamed tissues [1,2]. Consistent with
the present data, PDTC reduced the MPO activity in superior mesenteric ischemia/reperfusion
model in rats [4] and acute inflammatory carrageenan-induced pleurisy in mice [3].

After UVB exposure, ROS trigger the release of proinflammatory cytokines and
growth factors that regulate the expression of matrix metalloproteinases (MMPs), including
MMP-9 by a NF-kB dependent mechanism. UVB radiation is responsible for overexpression
of MMP in the skin that contributes to skin cancer and acceleration of photoaging [1,8].
Treatment with PDTC reduced UV irradiation-induced secretion/activity of MMP-9 (Fig. 1C).
These findings support those from previous studies showing that PDTC down-regulates
vascular MMPs and ameliorates vascular dysfunction and remodeling in renovascular
hypertension in rats [8].

Several reports indicate that tissue injury induced by UVB radiation results in
reduced glutathione (GSH) depletion. Within the skin, GSH concentrates mainly in the
epidermis, which is considered our first line of defense in the skin [1]. Once again, the
formulation containing PDTC inhibited the UVB irradiation-induced depletion of GSH (Fig.
2A). In agreement, it has been demonstrated that treatment with PDTC also prevents the
reduction of GSH concentration in acute hepatic injury in rats induced by LPS [9]. The
antioxidant capacity of the skin after UVB radiation, tested by FRAP and ABTS assay,
improved on group treated with PDTC when compared with vehicle group and positive

control irradiation group (Fig. 2B and C).
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All findings support the view that formulation containing PDTC attenuates the acute
inflammation and the oxidative stress induced by UVB radiation in hairless mice. Although
the mechanisms of action of PDTC ate not completely understood, studies demonstrate that
PDTC inhibits IxB-a degradation thus inhibiting NF-kB activation and possess antioxidant
properties [3,10]. In general, antioxidants are known to exhibit beneficial effects during
inflammation. The biological effects of PDTC include the interference with reactive oxygen
metabolism, the chelation of metals ions and its influence on intracellular thiol leves [3].
Especially, inhibition of ROS generated by xanthine oxidase are possibly involved in the
protective effect of PDTC [4]. PDTC functions as an antioxidant scavenging of ROS by the
dithiocarboxy group and chelating activity for heavy metal ions [9,10].

Thus, the topical treatment with PDTC reduced the UVB irradiation-induced skin
inflammation and oxidative stress. Therefore, the present study suggests topical formulations
containing PDTC as possible treatment of skin photo-inflammation and -oxidative stress,

which merits further pre-clinical and clinical investigation.
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Fig. 1. Formulation containing pyrrolidine dithiocarbamate (PDTC) reduces UVB radiation-
induced skin inflammation. Mice groups were naive, UVB radiated, and UVB irradiated
treated with control formulation or PDTC containing formulation 12 h, 6 h and 5 min before
and 6 h after irradiation. At 12 h after UVB radiation skin samples were collected for skin
edema (A), myeloperoxidase (MPO) activity (B) and matrix metalloproteinase-9 (MMP-9)
assay (C). Results are represented as mean + SEM of 2 separated experiments, 5 mice per
group experiment. Statistical analysis was performed by one-way ANOVA followed by
Bonferroni’s t-test. *p<0.05 compared to the non-irradiated control and **p<0.05 compared

to the irradiated control.
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Fig. 2. Formulation containing pyrrolidine dithiocarbamate (PDTC) maintained the
antioxidant capacity of skin. Mice groups were as described in figure 1. At 12 h after UVB
radiation skin samples were collected for reduced glutathione (GSH) (A), ferric reducing
antioxidant power (FRAP) (B) and 2,2’-azinobis-(3-ethyl benzothiazoline-6-sulphonic acid)
(ABTS) (C) assays. Results are shown as means = SEM of 2 separated experiments, 5 mice
per group per experiment. Statistical analysis was performed by one-way ANOVA followed
by Bonferroni’s t-test. *p<0.05 compared to the non-irradiated control and **p<0.05

compared to the irradiated control.
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5 CONCLUSOES

Os resultados in vitro obtidos nesse estudo comprovam que o PDTC ¢ um potente
antioxidante e nos mostra que este pode agir por diferentes mecanismos.

In vivo, os resultados demonstram que o tratamento com PDTC por ambas as vias foi
eficaz na melhora dos parametros inflamatérios € na manuten¢do da capacidade antioxidante
da pele apo6s a irradiagao UVB.

Este estudo fornece os primeiros resultados pré-clinicos do uso de PDTC na protecao
contra a inflamacao/estresse oxidativo induzido por radiacdo UVB. Sendo necessarios estudos

pré-clinicos e moleculares complementares para melhor elucidacdo de todo o processo.
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ANEXO A: Avaliacdo tempo-resposta de todos os ensaios realizados in vivo
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Fig. 1°. Avaliacdo tempo-resposta do edema cutaneo induzido por radiagdio UVB em
camundongos sem pelo. Os resultados sdo apresentados como média = EPM de 2-3
experimentos separados, com 5 animais por grupo. A analise estatistica foi realizada por
ANOVA de uma via seguida do teste de Bonferroni. *p<0,05 comparado com o controle nao
irradiado.
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Fig. 2°. Avaliacdo tempo-resposta do aumento da atividade da mieloperoxidase (MPO)
induzida pela radiagdo UVB em camundongos sem pelo. Os resultados sdo apresentados
como média + EPM de 2-3 experimentos separados, com 5 animais por grupo. A analise
estatistica foi realizada por ANOVA de uma via seguida do teste de Bonferroni. *p<0,05
comparado com o controle nao irradiado.



85

Tempo-resposta

N
o
]

*

IL-1B (pg/mg de pele)
_|

CNI Oh 2h 4h 12h

Fig. 3°. Avaliacdo tempo-resposta do aumento da producdo de IL-1P induzida pela radiagao
UVB em camundongos sem pelo. Os resultados sdo apresentados como média = EPM de 2-3
experimentos separados, com 5 animais por grupo. A analise estatistica foi realizada por
ANOVA de uma via seguida do teste de Bonferroni. *p<0,05 comparado com o controle nao
irradiado.

Tempo-resposta

25000 -

- N
A o
[= (=]
(= (=]
o o
1 1

MMP-9
(Unidade arbitraria)

10000

(3]
(=]
(=]
o
1

CNI Oh 2h 4h 12h

Fig. 4°. Avaliacao tempo-resposta do aumento da atividade de matriz metaloproteinase-9
(MMP-9) induzida pela radiagio UVB em camundongos sem pelo. Os resultados sao
apresentados como média + EPM de 2-3 experimentos separados, com 5 animais por grupo. A
analise estatistica foi realizada por ANOVA de uma via seguida do teste de Bonferroni.
*p<0,05 comparado com o controle ndo irradiado.
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Fig. 5°. Avaliacdo tempo-resposta da diminuicdo do antioxidante enddégeno glutationa
reduzida (GSH) induzido pela radiagdo UVB em camundongos sem pelo. Os resultados sio
apresentados como média + EPM de 2-3 experimentos separados, com 5 animais por grupo. A
analise estatistica foi realizada por ANOVA de uma via seguida do teste de Bonferroni.
*p<0,05 comparado com o controle nao irradiado.
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Fig. 6°. Avaliacao tempo-resposta da diminui¢cdo da capacidade antioxidante da pele através
do ensaio do poder antioxidante de redugao férrica (FRAP). Os resultados sdo apresentados
como média = EPM de 2-3 experimentos separados, com 5 animais por grupo. A analise
estatistica foi realizada por ANOVA de uma via seguida do teste de Bonferroni. *p<0,05
comparado com o controle nao irradiado.
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Fig. 7°. Avaliacdo tempo-resposta da diminui¢cdo da capacidade antioxidante da pele através
do ensaio 2,2’ azinobis (3-etilbenzotiazolina-6-4cido sulfonico) (ABTS). Os resultados sdo
apresentados como média + EPM de 2-3 experimentos separados, com 5 animais por grupo. A
analise estatistica foi realizada por ANOVA de uma via seguida do teste de Bonferroni.
*p<0,05 comparado com o controle ndo irradiado.
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that convey the core findings of the article and should be submitted in a separate file in the
online submission system. Please use 'Highlights' in the file name and include 3 to 5 bullet
points (maximum 85 characters, including spaces, per bullet point). See
http://www.elsevier.com/highlights for examples.

Keywords

Immediately after the abstract, provide a maximum of 6 keywords, using American spelling
and avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of").
Be sparing with abbreviations: only abbreviations firmly established in the field may be
eligible. These keywords will be used for indexing purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on the first
page of the article. Such abbreviations that are unavoidable in the abstract must be defined at
their first mention there, as well as in the footnote. Ensure consistency of abbreviations
throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the references
and do not, therefore, include them on the title page, as a footnote to the title or otherwise.
List here those individuals who provided help during the research (e.g., providing language
help, writing assistance or proof reading the article, etc.).

Nomenclature and Units

Nomenclature and units. Follow internationally accepted rules and conventions: use the
international system of units (SI). The only exception is the use of min, h, d and a as units for
elapsed time, though never when combined algebraically with other units. If other quantities
are mentioned, give their equivalent in SI. Consult the IUPAC "Glossary of Terms Used in
Photochemistry" for the correct terminology (source: The Spectrum, Bowling Green, Vol.16,
I, 2003, p 16), (online: www.bgsu.edu/departments/photochem), (cited link:
http://www.aspjournal.com/auth_instruct.html) UV ranges. The official UV ranges as defined
by the CIE must be used:

UV-A: 400-315nm

UV-B: 315-280nm

UV-C: 280-100nm

Math formulae

Present simple formulae in the line of normal text where possible and use the solidus (/)
instead of a horizontal line for small fractional terms, e.g., X/Y. In principle, variables are to
be presented in italics. Powers of e are often more conveniently denoted by exp. Number
consecutively any equations that have to be displayed separately from the text (if referred to
explicitly in the text).

Footnotes
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Footnotes should be used sparingly. Number them consecutively throughout the article, using
superscript Arabic numbers. Many wordprocessors build footnotes into the text, and this
feature may be used. Should this not be the case, indicate the position of footnotes in the text
and present the footnotes themselves separately at the end of the article. Do not include
footnotes in the Reference list.

Table footnotes

Indicate each footnote in a table with a superscript lowercase letter.

Artwork

Electronic artwork

General points

* Make sure you use uniform lettering and sizing of your original artwork.
* Save text in illustrations as 'graphics' or enclose the font.

* Only use the following fonts in your illustrations: Arial, Courier, Times, Symbol.
* Number the illustrations according to their sequence in the text.

* Use a logical naming convention for your artwork files.

* Provide captions to illustrations separately.

* Produce images near to the desired size of the printed version.

» Submit each figure as a separate file.

A detailed guide on electronic artwork is available on our website:
http://www.elsevier.com/artworkinstructions

You are urged to visit this site; some excerpts from the detailed information are given
here.

Formats

Regardless of the application used, when your electronic artwork is finalised, please 'save as'
or convert the images to one of the following formats (note the resolution requirements for
line drawings, halftones, and line/halftone combinations given below):

EPS: Vector drawings. Embed the font or save the text as 'graphics'.

TIFF: Color or grayscale photographs (halftones): always use a minimum of 300 dpi.

TIFF: Bitmapped line drawings: use a minimum of 1000 dpi.

TIFF: Combinations bitmapped line/half-tone (color or grayscale): a minimum of 500 dpi is
required.

If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint,
Excel) then please supply 'as is'.

Please do not:

* Supply files that are optimised for screen use (e.g., GIF, BMP, PICT, WPG); the resolution
1s too low;

* Supply files that are too low in resolution;

» Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF, EPS or MS Office files)
and with the correct resolution. If, together with your accepted article, you submit usable
color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color on the Web (e.g., ScienceDirect and other sites) regardless of whether or not these
illustrations are reproduced in color in the printed version. For color reproduction in print,
you will receive information regarding the costs from Elsevier after receipt of your
accepted article. Please indicate your preference for color: in print or on the Web only. For
further information on the preparation of electronic artwork, please see
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http://www.elsevier.com/artworkinstructions. Please note: Because of technical complications
which can arise by converting color figures to 'gray scale' (for the printed version should you
not opt for color in print) please submit in addition usable black and white versions of all the
color illustrations.

Figure captions

Ensure that each illustration has a caption. Supply captions separately, not attached to the
figure. A caption should comprise a brief title (not on the figure itself) and a description of
the illustration. Keep text in the illustrations themselves to a minimum but explain all symbols
and abbreviations used.

Text graphics

Text graphics may be embedded in the text at the appropriate position. If you are working
with LaTeX and have such features embedded in the text, these can be left. Further, high-
resolution graphics files must be provided separately whether or not the graphics are
embedded. See further under Electronic artwork.

Tables

Number tables consecutively in accordance with their appearance in the text. Place footnotes
to tables below the table body and indicate them with superscript lowercase letters. Avoid
vertical rules. Be sparing in the use of tables and ensure that the data presented in tables do
not duplicate results described elsewhere in the article.

References

Citation in text

Please ensure that every reference cited in the text is also present in the reference list (and
vice versa). Any references cited in the abstract must be given in full. Unpublished results and
personal communications are not recommended in the reference list, but may be mentioned in
the text. If these references are included in the reference list they should follow the standard
reference style of the journal and should include a substitution of the publication date with
either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Web references

As a minimum, the full URL should be given and the date when the reference was last
accessed. Any further information, if known (DOI, author names, dates, reference to a source
publication, etc.), should also be given. Web references can be listed separately (e.g., after the
reference list) under a different heading if desired, or can be included in the reference list.

Reference management software

This journal has standard templates available in key reference management packages EndNote
(http://www.endnote.com/support/enstyles.asp) and Reference Manager
(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing packages, authors
only need to select the appropriate journal template when preparing their article and the list of
references and citations to these will be formatted according to the journal style which is
described below.

Reference Style
Text: Indicate references by number(s) in square brackets in line with the text. The actual
Authors can be referred to, but the reference number(s) must always be given.
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Example: "..... as demonstrated [3,6]. Barnaby and Jones [8] obtained a different result...."
List: Number the references (numbers in square brackets) in the list in the order in which they
appear in the text.

Examples:

Reference to a journal publication:

[1] B.K. Armstrong, A. Kricker, The epidemiology of UV induced skin cancer, J. Photochem.
Photobiol.B 63 (2001) 8-18.

Reference to a book:

[2] W. Strunk Jr., E.B. White, The Elements of Style, third ed., Macmillan, New York, 1979.
Reference to a chapter in an edited book:

[3] G.R. Mettam, L.B. Adams, in: B.S. Jones, R.Z. Smith (Eds.), Introduction to the
Electronic Age, E-Publishing, Inc., New York, 1994, pp. 281-304.

Video data

Elsevier accepts video material and animation sequences to support and enhance your
scientific research. Authors who have video or animation files that they wish to submit with
their article are strongly encouraged to include these within the body of the article. This can
be done in the same way as a figure or table by referring to the video or animation content and
noting in the body text where it should be placed. All submitted files should be properly
labeled so that they directly relate to the video file's content. In order to ensure that your video
or animation material is directly usable, please provide the files in one of our recommended
file formats with a preferred maximum size of 50 MB. Video and animation files supplied
will be published online in the electronic version of your article in Elsevier Web products,
including ScienceDirect: http://www.sciencedirect.com. Please supply 'stills' with your files:
you can choose any frame from the video or animation or make a separate image. These will
be used instead of standard icons and will personalize the link to your video data. For more
detailed instructions please visit our  video instruction  pages at
http://www.elsevier.com/artworkinstructions. Note: since video and animation cannot be
embedded in the print version of the journal, please provide text for both the electronic and
the print version for the portions of the article that refer to this content.

Supplementary data

Elsevier accepts electronic supplementary material to support and enhance your scientific
research. Supplementary files offer the author additional possibilities to publish supporting
applications, highresolution images, background datasets, sound clips and more.
Supplementary files supplied will be published online alongside the electronic version of your
article in Elsevier Web products, including ScienceDirect: http://www.sciencedirect.com. In
order to ensure that your submitted material is

directly usable, please provide the data in one of our recommended file formats. Authors
should submit the material in electronic format together with the article and supply a concise
and descriptive caption for each file. For more detailed instructions please visit our artwork
instruction pages at http://www.elsevier.com/artworkinstructions.
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ANEXO C: Guia para autores - Journal of Dermatological Science

The Official Journal of the Japanese Society for Investigative Dermatology

Submission of Manuscript.

Authors are requested to submit their paper and figures online via the Elsevier Editorial
System (EES): http://ees.elsevier.com/desc. EES is a web-based submission and review
system. Authors may submit manuscripts and track their progress through the system to
publication. From 1 January 2005, the editor can only accept web-based submissions. For
technical  submission  problems, please contact Elsevier = Author  Support
authorsupport@elsevier.com. Email submissions are not allowed.

For inquiries about manuscripts please contact:

JDS Editorial office

Editor-in-Chief, Akimichi Morita

Journal of Dermatological Science (JDS) Editorial Office
Department of Geriatric and Environmental Dermatology
Nagoya City University

Graduate School of Medical Sciences

Nagoya 467-8601, Japan

Email: jdsci@med.nagoya-cu.ac.jp

Type of Contribution.

Original papers, letters to the Editor and review articles are welcomed. All manuscripts must
be typed in English and must not be in submission or have been or be published in any other
journal. The entire manuscript text should be typed double spaced, including the abstract,
footnotes, references, legends and tables, with 3-cm margins. Any changes should not be
included in the manuscript file (as tracked changes).

Authors must submit an article submission checklist with their manuscript:
1 Full Length Article

1 Review Article

| Letter to the Editor

Original Papers.

Basic and clinical scientific studies should be organized as follows: Title Page (including the
name of the corresponding author and their e-mail address), Abstract, Introduction, Materials
and Methods, Results, Discussion, Acknowledgements, References, Legends, Tables and
Figures. All pages should be numbered consecutively starting with the title page as page one.
Trade names must have an initial capital; the trivial name for a compound may be used if the
formal, chemical name (as established by international convention) is given after the first use.

Letters to the Editor.

These will report original data or may discuss published articles. Submission requirements for
Letters to the Editor are the same as for regular manuscripts. Letters must be less than 1000
words in length, and cannot include more than 10 references and two figures (including
tables). A single Figure or Table can be made but should contain no more than 8 separate
panels labeled from (a) to (h). One panel may be composed of multiple figures with



98

annotation around individual panels to make viewing easier. An abstract and subheadings
should not be included in letters to the editor.

Comments may be solicited from authors if the letter refers to a particular article in the
journal. Letters that report original data will be reviewed. All letters to the Editor are subject
to editing and possible abridgement. Letters to the Editor will be included in the Medline
database.

Review Articles.

A specific field is reviewed through classical and up-dated literature. Review articles are
usually invited: however, submitted review articles will be considered. Review articles should
not exceed 3750 words, 5 figures and contain no more than 50 references, except in
exceptional circumstances. An abstract is required.

Title page.

List the title of the paper, authors' names, department and name of institution of origin, city
and country. Include an address to which proofs and reprint requests should be mailed.
Author's names should be written such that the last name follows the first name. For original
papers please include a short or running title of no more than 75 characters (including spaces).
Letters to the Editor should be clearly marked as such on this page.

Structured abstracts.

The paper should be prefaced by an abstract aimed at giving the entire paper in shortened
form. Abstracts should be no longer than 250 words. In brief, the abstract should be divided
into the following sections: (1) Background; (2) Objective; (3) Methods; (4) Results; (5)
Conclusion

Author comments to the Editor.

Authors should enter their comments to the Editor on the EES website, including the
following information: 1) The manuscript has not been submitted for publication elsewhere.
2) All authors have significantly contributed to the manuscript and all agree with its contents.
3) Authors do not have any relevant financial interests in the findings from this manuscript.

Footnotes.
Footnotes should be listed consecutively at the bottom of the page on which they appear, and
be designated by superscripted numerals.

References.

References should be typed double-spaced on a separate page. They should be individually
numbered in the order of appearance in the text. In the text, they should be referred to by
these numbers in square brackets. Example: Earlier studies in this laboratory [7 9]. . . When
the authors' names are mentioned in the text, list no more than two authors. When three or
more authors are listed only the first name followed by "et al." and the reference number.
Example: Jones et al. [7]. In the reference list, include all authors' names and initials, but in
case of six or more authors, list only the first six authors, then use "et al". and these references
be typed on a separate page, double spaced and numbered in the order of appearance. Use
only abbreviations of journal titles

conforming to those adopted by Index Medicus.
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Reference Management Software.

This journal has standard templates available in key reference management packages EndNote
(http://www.endnote.com ) and Reference Manager ( http://www.refman.com ). Using plug-
ins to wordprocessing packages, authors only need to select the appropriate journal template
when preparing their article and the list of references and citations to these will be formatted
according to the journal style which is described below.

Journal Abbreviation Source.

Journal names should be abbreviated according to Index Medicus journal abbreviations:
http://www.nlm.nih.gov/tsd/serials/lji.html; List of serial title word abbreviations:
http://www.issn.org/2-22661-LTW A-online.php; CAS (Chemical Abstracts Service):
http://www.cas.org/sent.html.

Periodicals.

Should be referenced as follows: [1] Hashimoto K, Matsumoto K, Higashiyama M, Nishida
Y, Yoshikawa K:Growth inhibitory effects of 1,25-dihydroxyvitamin D3 on normal and
psoriatric keratinocytes. Br J Dermatol 123: 93 98,1993.

Multi-author volumes.

Should be referenced as follows: [1] Hashimoto K, Matsumoto K. Yoshikawa K: The effect
of D3 on human keratinocytes and its metabolism. In the Biology of the Epidermis. Edited by
A Ohkawara, ] McGuire. Elsevier Publishers BV, Amsterdam, 1992, pp. 123 131.

Monograph.

Should be referenced as follows: [1] Siegel SS: Nonparametric Statistics for the Behavior
Science. McGraw-Hill, New York,1956. References may be made to material "in press" as
follows: Jensen CV; Nature (in press). Do not include references to personal communications,
unpublished data or manuscripts either in preparation or submitted for publication. If
essential, such material may be incorporated at the appropriate place in the text. Authors are
responsible for bibliographic accuracy.

Tables.

Tables with legends must be typed (double-spaced) on separate sheets. The table number (in
Arabic numerals) should be in the order of appearance in the text and a short title must be
supplied. Footnotes in the table are designated by superscript a, b, c, etc.

Figures and Legends.

For textural placement all figures should be numbered in the order of appearance. Parts of the
figure, such as A, B, etc., should be labeled on the figure. Legends should be submitted on a
separate sheet of paper, according to the following example: Fig 1. A short title. A brief
explanation may also be given.

Color Figures.

The color reproduction printing costs of figures are free of charge, subject to the Editor's
discretion. Please note that only figures for which color printing is essential will be
considered. For instructions on production of figure files, please refer to section Artwork
instructions

Preparation of Supplementary Data.
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Elsevier now accepts electronic supplementary material (e-components) to support and
enhance your scientific research. Supplementary files offer the author additional possibilities
to publish supporting applications, movies, animation sequences, high-resolution images,
background datasets, sound clips and more. Supplementary files supplied will be published
online alongside the electronic version of your article in Elsevier web products, including
ScienceDirect at http://www.sciencedirect.com. In order to ensure that your submitted
material is directly usable, please ensure that data is provided in one of our recommended file
formats. Authors should submit the material in electronic format together with the article and
supply a concise and descriptive caption for each file. For more detailed instructions please
visit  our  artwork  instruction  pages at the  Author  Gateway  at
www.elsevier.com/artworkinstructions.

Requirements for clinical research trials.

Human subject studies must have been approved by the authors' Institutional Review Board
(IRB) or its equivalent. Authors will be asked to upload their IRB approval during the article
submission process.

Ethics.

Studies on patients or volunteers require ethics committee approval and informed consent
which should be documented in your paper. Patients have a right to privacy. Therefore
identifying information, including patients' images, names, initials, or hospital numbers,
should not be included in videos, recordings, written descriptions, photographs, and pedigrees
unless the information is essential for scientific purposes and you have obtained written
informed consent for publication in print and electronic form from the patient (or parent,
guardian or next of kin where applicable). If such consent is made subject to any conditions,
Elsevier must be made aware of all such conditions. Written consents must be provided to
Elsevier on request. Even where consent has been given, identifying details should be omitted
if they are not essential. If identifying characteristics are altered to protect anonymity, such as
in genetic pedigrees, authors should provide assurance that alterations do not distort scientific
meaning and editors should so note. If such consent has not been obtained, personal details of
patients included in any part of the paper and in any supplementary materials (including all
illustrations and videos) must be removed before submission.

Proofs.

These will be sent to the named corresponding author. Where no corresponding author is
specified the first named author will receive the proofs. They should be carefully checked and
returned by airmail within 2 days of receipt. Only printing errors may be corrected at this
proofing stage: no changes in, or additions to, the edited manuscript will be allowed at this
stage.

Referees.

Authors may suggest 3 referees (full names, addresses, phone and fax numbers must be
supplied). You are also allowed to suggest names who you would like to exclude from being a
referee. The final choice of referees will be at the discretion of the Editorial Board.

Reprints.

From the 15th of May 2006, JDS will provide authors with free electronic reprints of their
article. An Author Reprint Order Form will be sent to the author together with the proofs,
enabling hard copy reprints to be ordered at the prices listed on the form. Post acceptance and
Copyright transfer. For authors who wish to know more about our copyright policies,
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proofreading procedures, and how to purchase offprints, please refer to the section 'Copyright
Information' at www.elsevier.com/authors

Author Services.

For queries relating to the general submission of manuscripts (including electronic text and
artwork) and the status of accepted manuscripts, please email: authors@elsevier.co.uk or Fax:
+44 (0)1865 843905.

Language Editing.

The following individual/s have expressed interest in helping authors of manuscripts
submitted to the Journal of Dermatological Science with English editing. Authors may contact
these individuals or services directly by mail, phone, fax, or e-mail. All financial
arrangements are strictly between the two parties. The Journal of Dermatological Science
neither endorses nor recommends any specific individual or service. Professional editing,
while often recommended by reviewers, does not ensure acceptance or publication of a
manuscript.

Karin Mesches, Ph.D., SciTechEdit International, 7012 East Mountain Brush
Circle,Highlands Ranch, CO 80130, USA; fax: 303-773-6660;e-mail: editor@scitechedit.com
; Web page: http://www.scitechedit.com

Language Polishing

Authors who require information about language editing and copyediting services pre- and
post-submission, please visit http://www.elsevier.com/locate/languagepolishing or contact
authorsupport@elsevier.com for more information. Please note Elsevier neither endorses nor
take responsibility for any products, good or services offered by outside vendors through our
services or in any advertising. For more information please refer to our Terms and Conditions
http://www.elsevier.com/termsconditions

Funding body agreements and policies

Elsevier has established agreements and developed policies to allow authors whose articles
appear in journals published by Elsevier, to comply with potential manuscript archiving
requirements as specified as conditions of their grant awards. To learn more about existing
agreements and policies please visit http://www.elsevier.com/fundingbodies.
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	3.2.2.8 Avaliação da eficácia anti-inflamatória in vivo do PDTC através do ensaio de edema cutâneo, MPO, MMP-9 e dosagem de citocina pró-inflamatória (IL-1β)
	3.2.2.8.1 Avaliação do edema cutâneo


	A radiação UV caus inflamação na pele, sendo esta consequência do infiltrado de células inflamatórias, alterações no fluxo sanguíneo, bem como aumento da permeabilidade dos vasos sanguíneos. Este último evento causa o extravasamento de proteínas e f...
	Com o auxílio de um molde foi coletada uma área constante de pele do dorso de cada animal, que posteriormente foi pesada (AFAQ; ADHAMI; AHMAD, 2003; BATHIA et al., 2011). O efeito do PDTC no edema induzido por radiação UVB foi mensurado por meio do ...
	3.2.2.8.2 Ensaio de MPO

	A migração de neutrófilo para a pele induzida por radiação UVB foi determinada através da dosagem de MPO (BRADLEY et al., 1982, CASAGRANDE et al., 2006), uma enzima oxidorredutora do peróxido de hidrogênio encontrada em grânulos de leucócitos.
	As amostras de pele foram coletadas em 400 μL de tampão fostato 0,05 M (pH 6.0) com 0,5% de HTAB e trituradas com o triturador Tissue-Tearor (Biospec). O homogenato foi centrifugado (Rotina 46 R, Hettich Zentrifugen) a 16.100 g por 2 min a 4 C e o s...
	Em microplaca preparou-se uma curva analítica com neutrófilos na concentração de 97,65 a 100.000 que foi utilizada para inferir o número de neutrófilos presentes nas amostras. A curva foi preparada com a adição de 100 µL de tampão fosfato 0,05M e um...
	O ensaio com as amostras foi realizado na mesma placa com a adição de 30 µL da amostra. A reação colorimétrica inicia-se pela adição em todos os poços de 200 µL de uma solução contendo 10% de tampão fosfato 0,05 M (pH 6.0), 0,0167% de o-dianisidina ...
	3.2.2.8.3 Avaliação da inibição de secreção/atividade da MMP-9

	As amostras de pele foram diluídas (1:4) e trituradas (T18 basic, IKA) em tampão Tris/HCl 50 mM (pH 7.4) contendo cloreto de cálcio (CaCl2) 10 mM e 1% de inibidores de proteinases (fenantrolina, fluoreto de fenilmetilsulfonila e N-etilmaleimida). O ...
	A espessura do gel utilizado foi de 1 mm e era composto por um gel de concentração (3 cm) e o gel de separação.
	O gel de concentração foi preparado contendo:
	- Água deionizada     4.060 μL
	- Acrilamida / bisacrilamida (30:0,8)   860 μL
	- Tampão Tris HCl/SDS (pH 6.8)    1.670 μL
	- APS (Persulfato de amônio) 10%   33 µL
	- Temed      6.6 µL
	O gel de separação foi preparado contendo:
	- Água deionizada      5.870 µL
	- Acrilamida / bisacrilamida (30:0,8)   5.000 µL
	- Tampão Tris HCl/SDS (pH 8.8)    3.750 µL
	- Gelatina 10%     375 µL
	- APS (Persulfato de amônio) 10%   50 µL
	- Temed      10 µL
	O gel foi submetido a uma pré-corrida de 10 mA por 15 min. Durante a eletroforese a corrente aplicada foi de 10 mA para o gel de largada e 13 mA para o gel de corrida, sendo que a última corrente foi mantida constante por 15 min após a saída do cor...
	Após a eletroforese o gel de poliacrilamida foi lavado por 1 h com solução de triton X-100 2,5% sob constante agitação, posteriormente o gel foi incubado por 12 h a 37 C em tampão Tris/HCl 50 mM (pH 7.4) CaCl2 10 mM e 0,02% de azida sódica.
	Ao final da incubação o gel foi corado com uma solução contendo 0,25% de azul brilhante, 10% de ácido acético e 50% de metanol em água deionizada. Para visualização das bandas o gel foi descorado com ácido acético 20% (Fonseca et al., 2010). A ativi...
	3.2.2.8.4 Avaliação da produção de IL-1β

	A quantificação da citocina IL-1β foi realizada utilizando-se a técnica de enzima imunoensaio (ELISA) com kits comerciais (eBioscience) conforme descrito previamente por Verri et al. (2008).
	3.2.2.9 Avaliação da eficácia in vivo do PDTC na proteção da capacidade antioxidante da pele
	3.2.2.9.1 Dosagem do antioxidante endógeno GSH


	O GHS é um dos principais antioxidantes endógenos sendo seus níveis diminuídos pela exposição da pele a radiação UV (FUCHS, 1998). O método baseia-se na detecção do ácido 5-mercapto-2-nitrobenzóico, um composto amarelo, liberado pela quebra da ligaç...
	As amostras de pele foram diluídas (1:4) em EDTA 0,02 M e trituradas (Tissue-Tearor, Biospec). Ao homogenato foi adicionado ácido tricloroacético (TCA) 50% na proporção de 1:0,2 de EDTA e TCA, respectivamente. A mistura foi centrifugada a 2.700 g po...
	O ensaio para quantificação dos níveis de GSH na pele foi realizado em microplaca por meio da adição de 50 µL de amostra ao meio reacional contendo 100 µL de tampão Tris 0,4 M (pH 8.9) e 5 µL de uma solução de DTNB em metanol (1,9 mg/mL de metanol)....
	3.2.2.9.2 Ensaio FRAP
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	The samples of skin were homogenized in 500 μL of saline using a Tissue-Tearor (Biospec) and centrifuged at 2.000 g for 15 min at 4  C, the supernatant was used to measured the cytokine. IL-1β level was determined as described previously [28] using ...
	SDS-PAGE (sodium dodecyl sulphate polyacrylamide gel electrophoresis) substrate-embedded enzymography was used to detect enzymes with gelatinase activity. Assays were carried out as previously described [8]. The total skin of hairless mice (1:4, w/w...
	Fig. 8. Pyrrolidine dithiocarbamate (PDTC) increases the antioxidant capacity of skin after UVB irradiation in ferric reducing antioxidant power (FRAP) assay. Results are shown as means ± SEM of 2-3 separated experiments, 5 mice per group. Statistical...
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	Sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) substrate-embedded enzymography was used to detect matrix metalloproteinase-9 (MMP-9). The assay was conduced as described previously [5]. Zone of enzyme activity was analyzed by ...
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