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INFLUENCIA DA SUPLEMENTACAO DE DIFERENTES ACIDOS
GRAXOS SOBRE O FOTODANO DA PELE INDUZIDO PELA

EXPOSICAO DE ROEDORES A RADIACAO ULTRAVIOLETA
Autora: Raquel Cristine Silva Barcelos
Orientadora: Profé. Dr2. Marilise Escobar Burger
Local e Data da Defesa: Santa Maria, 18 de fevereiro de 2014.

Os é&cidos graxos (AG) provenientes da dieta sdo fundamentais para a estrutura e funcdo dos
fosfolipideos das membranas celulares, nas quais os AG poliinsaturados (AGPI) de cadeia
longa aumentam a sua fluidez, enquanto os AG trans (AGT) a tornam mais rigida. Nos
ultimos anos, a diminuicdo da camada de o0z6nio tem aumentado a exposicdo humana a
radiacdo ultravioleta (RUV), causando consequéncias deletérias sobre a homeostase cutanea.
Por outro lado, os habitos de vida e os padrdes alimentares, especialmente em paises
ocidentais, tem apresentado um consumo crescente de alimentos processados ricos em AGT,
cujas consequéncias cutaneas ainda nao apresentam validacdo cientifica. Considerando que a
salde da pele esta parcialmente relacionada aos lipidios que a compdem, este estudo foi
desenvolvido para avaliar a influéncia da suplementacéo de diferentes 6leos ou gordura em
diferentes periodos da vida de roedores sobre os danos oxidativos induzidos pela exposicdo
aguda e cronica a RUV. Camundongos Swiss machos recém desmamados foram diariamente
suplementados (3g/kg; p.o.) com 0leo de soja (rico em AGPI n-6) (grupo controle), dleo de
peixe (rico em AGPI n-3) ou gordura vegetal hidrogenada (GVH; rica em AGT) até 90 dias
de idade, quando a pele da regido dorsal foi agudamente exposta a RUV. A suplementacao
com Oleo de peixe foi relacionada a incorporagdo de AGPI n-3 no tecido cutdneo dos
camundongos, enguanto os grupos suplementados com 6leo de soja e GVH apresentaram
incorporacdo de AGPI n-6 e AGT, respectivamente. Tais incorporagdes exerceram influéncias
sobre o desenvolvimento de danos oxidativos induzidos pela RUV na pele dos camundongos,
de modo que o grupo GVH mostrou maiores niveis de peroxidacdo lipidica e carbonilacdo
protéica, acompanhados de maior espessamento da pele (edema), menor atividade da catalase
(CAT) e viabilidade celular. Enquanto o 6leo de soja foi associado a uma prevencéao parcial
dos danos observados no grupo GVH, a suplementacdo com 6leo de peixe preveniu os danos
oxidativos cutaneos. Sequencialmente, o segundo e terceiro protocolos experimentais foram
desenvolvidos com a 12 e a 22 geracdes de ratas adultas nascidas sob a suplementacdo diaria
dos mesmos 0leos utilizados no experimento 1 (6leo de soja, 6leo de peixe e GVH) e, aos 90
dias de idade, parte de cada grupo experimental foi exposto a RUV 3x/ semana, durante 12
semanas. Animais de 12 geracdo (experimento 2) tratados com Gleo de peixe apresentaram
maior incorporacgdo de n-3 FA e menor razéo n-6/n-3 na pele dorsal, enquanto o grupo GVH
mostrou maior incorporagdo de AGT. Anélises bioquimicas mostraram um aumento dos
niveis de proteina carbonil (PC), per se, menor funcionalidade das enzimas mitocondriais e
diminuicdo de algumas defesas antioxidantes (glutationa reduzida (GSH) e vitamina C (VIT
C)) na pele dorsal do grupo suplementado com GVH. Apos exposi¢do & RUV, este mesmo
grupo experimental apresentou maior escore de rugas, maior geracdo de espécies reativas
(ER) e niveis de PC, os quais foram acompanhados de uma diminui¢do dos niveis de GSH e
de VIT C na pele dorsal. Contrariamente, o grupo 6leo de peixe mostrou menor escore de
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rugas e espessamento da pele apos exposicdo a RUV, além de apresentar menores niveis de
PC e maior funcionalidade das enzimas mitocondriais. Adicionalmente, observou-se uma
correlacdo positiva entre a geracdo de ER induzida pela RUV e a espessura da pele, rugas e
PC, enquanto uma correlagdo negativa entre a geracdo de ER induzidas pela RUV e a
funcionalidade das enzimas mitocondriais, e entre os niveis de PC e GSH, SOD e VIT C.
Animais de 2% geracdo (experimento 3) tratados com oOleo de peixe apresentaram maior
incorporacdo AG n-3 e menor razdo n-6/n-3 na pele dorsal, enquanto que os AGT foram
incorporados apenas no grupo GVH. Este ultimo grupo experimental apresentou alteracdes
bioquimicas per se: maior geracdo de ER, menor funcionalidade das enzimas mitocondriais e
maior atividade da Na'K*ATPase. A exposicdo do grupo GVH a RUV aumentou a
rugosidade da pele, aumentou a geracdo de ER e reduziu a funcionalidade das enzimas
mitocondriais, além de diminuir os niveis de GSH. No grupo 6leo de peixe, a exposi¢do a
RUV foi associada a menor espessura da pele e a reducdo dos niveis de PC, além do aumento
da atividade da CAT e da preservacdo da atividade da Na*K*ATPase. Os AGPI n-3 competem
com AGPI n-6 pela atividade das elongases e dessaturases, as quais originam AGPI de cadeia
longa n-3 ou n-6, respectivamente, que sdo incorporados aos fosfolipideos das membranas
celulares. Tal incorporacdo permite a atividade da ciclooxigenase-2 (COX-2) sobre o0s
mesmos, originando metabdlitos ativos da série 3 (prostaglandinas (PG) e tromboxanos (TX)
da série 3) ou da série 6 (PG e TX da série 2), respectivamente. Os metabdlitos da série 3 sdo
menos pro-inflamatdrios que aqueles da série 2, o que pode em parte explicar nossos achados.
Além disto, até 0 momento, nenhum estudo mostrou a geracdo de metabdlitos de AGT, nem
mesmo sua influéncia sobre o processo inflamatorio e prd-oxidante nas membranas celulares.
Como os AGT tém sido descritos por inibir a atividade das dessaturases, nds sugerimos que a
presenca de AGT nas membranas pode estar inibindo a incorporacdo de AGPI n-3 e, dessa
maneira, reduzir a geracdo de seus metabdlitos, os quais sdo reconhecidamente benéficos.
Tomados em conjunto, os dados apresentados nesta tese sugerem que habitos alimentares
saudaveis, que inclui uma ingesta reduzida de alimentos ricos em AGT e a inclusdo de AGPI
n-3, acompanhado de cuidados frente a exposicao solar, podem contribuir para a prevencéo de
afeccdes cutaneas e doencas de pele associadas a exposi¢do UV.

Palavras-chave: &cidos graxos; trans fatty acids; pele; radiacdo ultravioleta; estresse
oxidativo
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Diet fatty acids (FA) are fundamental to the phospholipids structure and function of cell
membranes, in which long chain polyunsaturated FA (PUFA) increase its fluidity, while the
trans FA (TFA) to make it more rigid. Also, the barrier function and hydration are highly
dependent on the skin composition and structure, as well as the organization of lipids in the
cell matrix. In recent years, the ozone layer depletion has increased human exposure to
ultraviolet radiation (UVR), inducing deleterious effects on skin homeostasis. Moreover,
lifestyle habits and eating patterns, especially in Western countries, has shown an increasing
consumption of processed foods rich in AGT, whose cutaneous consequences do not present
scientific validation. Whereas the skin health is partially related to the lipids that compose it,
this study was designed to evaluate the effect of supplementation of different oils or fat in
distinctlife periods of rodents on oxidative damage acute and chronic exposure to UVR-
induced. Male Swiss mice weanling were supplemented daily (3g/kg, po) with soybean oil
(C-SO; rich in n-6 PUFA), fish oil (FO; rich in n-3 PUFA) or hydrogenated vegetable fat
(HVF; rich in TFA) until 90 days old and the dorsal skin was acutely exposed to UVR. The
FO supplementation showed n-3 PUFA incorporation in mice skin, while the groups
supplemented with soybean oil and HVF showed incorporation of n-6 PUFA and TFA,
respectively. Such skin incorporations exerted influences on the development of UVR -
induced oxidative damage in the mice skin and HVF group showed the highest protein
carbonylation (PC) levels and lipid peroxidation, accompanied by larger skin thickening
(edema), lower catalase (CAT) activity and cell survival. While soybean oil was associated
with a partial prevention of damage observed in HVF group, FO supplementation prevented
cutaneous oxidative damage UVR-induced. Sequentially, second and third experimental
protocols were developed with the first and second generations offsprings born adult rats
under daily supplementation of the same oils used in experiment 1 (SO, FO and HVF) and at
90 days old, each experimental group were exposed to UVR 3x/ week for 12 weeks. Animals
first generation offspring (experiment 2) FO supplemented treated showed higher
incorporation of n-3 FA and lower n-6/n-3 ratio in the dorsal skin, while the HVF group
showed greater incorporation of TFA. Biochemical analyzes showed higher PC levels, per se,
and smaller functionality of mitochondrial enzymes and decrease of some antioxidant
defenses ((reduced glutathione (GSH) and vitamin C (VIT C)) in the dorsal skin HVF
supplemented group. After UVR exposure, the same experimental group showed higher
wrinkles scores, increased reactive species (RS) generation and PC levels, which were
accompanied by decrease in GSH and VIT C skin levels. In contrast, FO group showed lower
wrinkles scores and skin thickening after UVR exposure, besides lower PC levels and
increased of the functionality of mitochondrial enzymes. Additionally, we observed a positive
correlation between the RS generation-UVR induced and skin thickness, wrinkles and PC
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levels, while a negative correlation between the RS generation-UVR induced and
functionality of mitochondrial enzymes, and between PC levels and GSH, SOD and VIT
C.Animals of the second generation offspring (experiment 3) supplemented with FO showed
higher n-3 FA incorporation and lower n-6/n-3 ratio in the dorsal skin, while TFA were
incorporated only in HVF group. The latter experimental group showed biochemical changes
per se: high RS generation, lower functionality of mitochondrial enzymes and increased
Na*K*-ATPase activity. UVR exposure increased skin wrinkling andRS generation, besides
reduced functionality of mitochondrial enzymes and GSH levels in HFV group. FO
groupUVR exposure showed reduced skin thickness and PC levels, besides increase CAT
activity and the preservation of Na*K*-ATPase activity. Whereas the n-3 PUFA compete with
n-6 PUFA for desaturases and elongases activities, which originate from long chain n-3 or n-6
PUFA, respectively, which are incorporated into the cell membranesphospholipids.Such
incorporation allows the cyclooxygenase-2 (COX-2) activity over them, originating active
metabolites of the series 3 (prostaglandins (PG) and thromboxanes (TX)) or series 2 (PG and
TX series 2), respectively. Series 3 metabolites are less pro-inflammatory than those of series
2, which may partly explain our findings. Moreover, to date, no study has shown the
metabolites generation of AGT, even their influence on inflammation and pro-oxidant in cell
membranes. How TFA have been reported to inhibit the desaturases activity, we suggest that
the presence of AGT in the membranes may be inhibiting the n-3 PUFA incorporation and,
thus, reduce the metabolites generation, which are known to be beneficial. Taken together, the
data presented in this thesis suggest that healthy eating habits that include reduced intake of
foods rich in AGT and the inclusion of n-3 PUFA, accompanied by care front sun exposure
can contribute to the prevention of skin diseases and skin diseases associated with UV
exposure.

Keywords: fatty acids, trans fatty acids, ultraviolet radiation, oxidative stress
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MED - dose eritematosa minima

PG — prostaglandinas

PGIs — prostaglandina I3

PLA, — fosfolipase Az

RL — radicais livres

RUV - radiagéo ultravioleta

RUVA — radiacdo ultravioleta A
RUVB - radiagéo ultravioleta B
RUVC - radiacéo ultravioleta C

SC — stratum corneum

SOD - superoxido dismutase
TBARS — substancias reativas ao acido tiobarbiturico
TX — tramboxanos

TXA: — tramboxano A

VIT C —vitamina C

5-LOX — lipooxigenase 5
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APRESENTACAO

Esta tese estd estruturada em secOGes dispostas da seguinte forma: Introducdo,
Obijetivos, Desenvolvimento (Revisdo bibliografica, Artigo 1 e 2, Manuscrito Cientifico 1,
Discussdo e Referéncias, Apéndice 1 (Artigo 3 e resultados adicionais) e Concluséo.

Os itens Materiais e Métodos, Resultados, Discussdo e Referéncias encontram-se
inseridos nos proprios artigos e manuscritosna secdo PRODUCAO CIENTIFICA e
representam a integra deste estudo.

Ao fimencontram-se os itens DISCUSSAO e CONCLUSAO, nos quais ha
interpretacdes e comentarios gerais dosmanuscritos cientificos contidos neste estudo.

As REFERENCIAS referem-se somente as citagBes que aparecem nos itens
INTRODUCAO e DISCUSSAO.

O APENDICE 1 refere-se aos experimentos executados durante realizacdo de
Doutorado Sanduiche.
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1. INTRODUCAO

Em paises em que a exposicdo a radiagdo solar € alta, como no Brasil e outros paises
situados em proximidade a linha do Equador, os quais apresentam uma media anual de 280
dias de sol (RODRIGUES; MATAIJS, 2005), o risco de alteracdo da homeostase da pele é
maior (SANCHEZ-CAMPILLO et al., 2009). Da mesma forma, a evolucéo recente do estilo
de vida tem impulsionado o desenvolvimento de atividades ao ar livre e, consequentemente, o
aumento da exposicdo da pele aos raios ultravioleta (UV) solares (BOISNIC et al., 2005),
fatores determinantes para a elevacao de alteracdes na pele relacionadas a exposicao aquela
radiacdo (MILLER; WEINSTOCK, 1994; PEUS et al., 1999).

A radiacdo UV (RUV) representa uma parte do espectro solar com efeitos bioldgicos
potentes sobre a pele e é o principal agente envolvido no fotodano cuténeo, através da indugédo
da formacédo de radicais livres (RL) e subsequente estresse oxidativo (EO) (IDSON, 1988;
LAVKET; KAIDBEY, 1997; RANGARAJAN; ZATZ, 1999). O fotoenvelhecimento e o
fotodano tém sido objeto de varios estudos e pesquisas que buscam minimizar ou reverter
desordens de pele (BANDO et al.,, 2004; BARG et al., 2014; BOLFA et al.,, 2013;
CAMPANINI et al., 2013; CASAGRANDE et al., 2006; HWANG et al., 2006; KAWADA et
al., 2013; KITAZAWA et al., 2005; LEE et al., 2013; MARTIN et al., 2008; PARK et al.,
2014; RAJNOCHOVA SVOBODOVA et al., 2013; REEVE et al., 2005, SANCHEZ-
CAMPILLO et al., 2009; SONG et al., 2006; SVOBODOVA et al., 2003; VAID et al., 2014;
VICENTINI et al., 2008). Os agentes que podem reduzir a intensidade da acdo da exposicéo a
RUV, atuando tanto como uma barreira de protecdo (AL MAHROQOS et al., 2002; MOYAL,
1998; SEITE et al., 2000), quanto como antioxidante (BARG et al., 2014; CASAGRANDE et
al., 2006; FONSECA et al., 2010; HWANG et al., 2006; MITANI et al., 2001; SHARMA;
KAUR, 2006; XIONG et al. 2014), podem servir como um lenitivo para os fotodanos
cutaneos (BANDO et al., 2004; BARG et al, 2014, CAMPANINI et al.,
2013;CASAGRANDE et al., 2006; FONSECA et al., 2010; 2011a; b; HWANG et al., 2006;
KITAZAWA et al., 2005; MARTIN et al., 2008; REEVE et al., 2005; SANCHEZ-
CAMPILLO et al., 2009; SONG et al., 2006; SVOBODOVA et al., 2003; VICENTINI et al.,
2008; 2010; 2011).

A preservacdo da saude da pele contra os danos associados a exposicdo a RUV

também esta relacionada comos lipidios que a compdem. Os lipidios estdo presentes no
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stratum corneum da epiderme, que é a camada mais externa da pele, bem como em
membranas celulares (DENDA et al., 1993; IMOKAWA et al., 1991; RAWLINGS et al.,
1994a; ROGERS et al., 1996), e consistem em 4cidos graxos (AG), fosfolipidos, e
espingolipidios, colesterol, trigliceridios, esqualeno e ésteres de cera (GRAY; YARDLEY,
1975). Esses lipidos desempenham um papel importante nas funcdes fisiologicas da pele, cuja
composigdo afeta os mecanismos de sinalizagdo celular (JUMP, 2004) e determinam a sua
morfologia e histologia (SCHNEIDER; WOHLRAB; NEUBERT, 1997). Nesse contexto, 0s
acidos graxos essenciais (AGE) e seus derivados desempenham um papel crucial na fluidez e
flexibilidade da membrana celular e afetam a atividade de proteinas, como receptores,
transportadores e enzimas (FOSTER; HARDY; ALANY, 2010). Nesse sentido, os AGE s&o
capazes de manter a integridade estrutural da pele e, consequentemente, a sua permeabilidade
(HORROBIN, 2000; MANKU et al., 1982; WRIGHT, 1991; ZIBOH; MILLER; CHO, 2000).

Nas ultimas décadas, nos paises ocidentais foi observado um aumento do consumo de
alimentos industrializados que contém quantidades significativas de &cidos graxos saturados
(AGS), acidos graxos monoinsaturados (AGM) e &cidos graxos poliinsaturados (AGPI) n-6,
bem comoconcentracBes consideraveis de acidos graxos trans (AGT) (ALLISON et al., 1999;
BAGGIO; BRAGAGNOLO, 2006; HULSHOF et al., 1999; SAGUY; DANA, 2003). Essa
mudanca nos habitos alimentares promoveu um aumento da relacdo entre AGPI n-6/n-3,
principalmente pela ingestéo reduzida de AGPI n-3 (AILHAUD et al., 2006). O aumento do
consumo de AGT representa uma perda no valor nutricional dos alimentos e o impacto desta
condicdo na satde humana precisa ser monitorado.

H& um interesse crescente no papel da nutricdo materna sobre a saude das geracdes
(AGALE et al., 2010; LEVANT; OZIAS; CARLSON, 2007; MARSZALEK; LODISH, 2005;
RAO et al., 2007), no entanto, o impacto da suplementacdo com diferentes AG sobre o
fotodano da pele induzido pela RUV néo tem sido explorado. Nos seres humanose animais, a
guantidade e a natureza dos AG presentes na dieta, assim como a mobilizagdo dos seus
estoques maternos durante a gravidez (AL et al., 1995; HORNSTRA et al., 1995; OTTO et
al., 2001) séo refletidas nos tecidos fetais (AMUSQUIVAR; HERRERA, 2003; FRIESEN;
INNIS, 2006; INNIS, 2005; KRAUSS-ETSCHMANN et al., 2007; LEVANT et al., 2006)
etém sido identificadas como determinantes do risco de desenvolvimento de doencas cronicas
na prole (ARMITAGE et al., 2005;BUCKLEY et al.,, 2005; GHOSH et al.,, 2001),
possivelmente com efeitos a longo prazo (OZANNE et al., 1998).

A perspectiva de validacdo dos resultados esperados dessa pesquisa podera contribuir

na compreensdo da influéncia do consumo de diferentes AG nas desordens da pele. E a
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ampliacdo das possibilidades de producdo de novos elementos de qualidade de vida pode
funcionar como um novo motivador de consumo de uma alimentagdo com qualidade capaz de
favorecer a salde fisica e mental e, também, acionar o surgimento de novas tecnologias de
aproveitamento e industrializacdo de alimentos para a humanidade. Ja esta comprovado que
0s AGPI n-3 possuem atividade antiinflamatoria e antioxidante, demonstrada através de
experimentacdo clinica e animal (BARCELOS et al., 2010; CHOI-KWON et al., 2004;
YILMAZ et al., 2004). No entanto, a influéncia da suplementacdo com GVH, fonte de AGT,
em comparacdo com o 6leo de peixe, fonte de AGPI n-3, éleo de soja, fonte de AGPI n-6 e,
sobre os danos oxidativos da pele dorsal de roedores induzidos pela RUV ainda ndo possuem

validacéo cientifica.
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2. OBJETIVOS

2.1 Objetivo geral

Avaliar a influéncia da suplementacéo de diferentes AG sobre os danos oxidativos na
pele de roedores expostos a RUV.

2.2 Objetivos especificos

e Avaliar a incorporagdo de AG n-3, n-6 e trans na pele de roedores suplementados com
diferentes 6leos/gordura como fonte destes AG em diferentes épocas de vida;

e Avaliar a influéncia da incorporacdo dos diferentes AG sobre a espessura da pele,
parametros de EO, defesas antioxidantes e viabilidade celular na pele de roedores expostos
aguda e cronicamente a RUV;

e Auvaliar a influéncia da suplementacdo dos diferentes 6leos e gordura (6leo de peixe,
6leo de soja e gordura vegetal hidrogenada (GVH)) sobre o processo de fotoenvelhecimento
da pele de ratas de 12 e 22 geracdo e repetidamente expostas a RUV;

e Avaliar a influéncia da suplementacdo de diferentes AG sobre a espessura da pele,

parametros de EO, defesas antioxidantes e sobrevivéncia mitocondrial cutanea.
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3. DESENVOLVIMENTO

3.1. Revisdo bibliografica

3.1.1 A pele

A pele é o maior 6rgdo do corpo humano, ocupando uma superficie de cerca de 1,5 a
2,0 m? (PROKSCH et al., 1993; SOUZA, 2009). A sua principal funcdo éservir como um
sistema de defesa primario (LEE et al., 2006), protegendo os 6rgaos internos por agir como
uma barreira eficaz contra os efeitos nocivos do ambiente e de agentes xenobidticos
(HAKOZAKI et al., 2008; NICHOLS; KATIYAR, 2010).

A principal barreirada pelesitua-se na sua camadamais externa, o stratum corneum,
que é constituido por cornedcitos rodeados por regides lipidicas, dos quais a organizagdo é
considerada muito importante para a funcéo de barreira da pele (BOUWSTRA;PONEC, 2006;
TFAYLI et al., 2013). Devido a excepcional composic¢do lipidica do stratum corneum, com
ceramidas de cadeia longa, AGlivres e colesterol, a organizacdo de lipidos é diferente das
outras membranas bioldgicas (PONEC et al., 1988; TFAYLI et al.,, 2013; WERTZ,
DOWNING, 1991). Nesse sentido, desordens cutaneas sdo acompanhadas por uma
organizacdo lipidica alterada e por uma reducdo na funcdo de barreira da pele (DOERING,;
PROIA; SANDHOFF; 1999; HOLLERAN et al., 1994; SIDRANSKY et al., 1996).

O stratum corneum € a camada mais externa da pele e a sua funcdo de barreira
depende, em grande parte, da composicéo e a estrutura, bem como da organizacdo dos lipidios
na sua matriz extracelular (TFAYLIet al., 2013). As ceramidas, os AG livres e colesterol
representam as principais classes de lipidios presentes nessa matriz (TFAYLlet al., 2013).

Recentemente, o reconhecimentodos cuidados com a pelehumana aumentou
marcadamente. Pesquisas emmuitos campos, incluindo cosméticos, alimentacdo e
suplementosforam ativamenteconduzidos parareduzir oupara melhoraras afec¢bes cutaneas
causadas por fatoresinternos ou externos, como a RUV (KIM et al., 2012a; LEI; LI; WANG,
2010).
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3.1.2 A radiagéo ultravioleta

A importancia da RUV e o seu impacto sobre a saide humana tém sido amplamente
discutidos durante as Gltimas décadas (UNEP,2005). Desde meados dos anos 1980, o nivel
mundial dessa radiacdo solar como consequéncia da diminuicdo da camada de o0zénio
(DAMERIS, 2009; LI; STOLARSKI; NEWMANEet al., 2009; McKENZIE et al., 2007) tem
gerado preocupacdo, devido as suas implicagdes para a saude (DE GRUIJL et al., 2003;
GALLAGHER; LEE, 2006). A camada de 0z6nio age como um escudo fino na atmosfera
estratosférica, protegendo a vidana Terra dos raios UV solares, absorvendo toda a radiagédo
UVC, a maioria da UVB e muito pouco a UVA (LAUTENSCHLAGER; WULF;
PITTELKOWet al., 2007). Os cientistas comegaram a se preocupar com a reducdo da camada
de ozonio (ARMSTRONG; KRICKER, 2001; DAMERIS, 2009; KRIPKE, 1988; LI et al.,
2009; McKENZIE et al., 2007), resultante da acdo de produtos quimicos (clorofluorcarbonos)
e outras substancias que destroem o ozonio liberados por industrias e escape dos automoveis
na atmosfera (ARMSTRONG; KRICKER, 2001), ja que uma diminuicdo aproximada del1%
nos niveis de ozonio corresponde a um aumento de 1% a 2% na mortalidade causada por
melanoma (LAUTENSCHLAGER; WULF; PITTELKOW et al., 2007). Da mesma forma,
uma reducdo de 10% nos niveis de ozénio causara 300.000 novos casos de cancer de pele nao
melanomae 4.500 novos casos de melanoma (WHO, 2009).

O risco de cancer continua a crescer com 0 aumento constante da esperanca de vida e
de alteraces prejudiciais nos habitos alimentares, estilo de vida e condi¢des ambientais
(SINGH; KATIYAR, 2013). Os cancers da pele representam os tumores malignos mais
comuns em humanos (SINGH; KATIYAR, 2013) e tém predominancia em adultos brancos
(INCA). Segundo o Instituto Nacional de Cancer (INCA), no Brasil o cancer de pele € 0 mais
frequiente e corresponde a 25% de todos os tumores malignos registrados no pais. Em 2012, a
estimativa para o Brasil foi de 62.680 novos casos de cancer de pele ndo melanoma entre
homens e 71.490 entre mulheres. Esses valores correspondem a um risco estimado de 65
novos casos a cada 100 mil homens e 71 para cada 100 mil mulheres. O cancer de pele ndo
melanoma é o mais incidente em homens nas regides Centro-oeste (124/100mil), Sul
(38/100mil), enquanto nas regides Sudeste (73/100mil) e Nordeste (39/100mil) é o segundo
mais frequente. Nas mulheres é o mais frequente em todas as regides, com um risco estimado

de 109/100mil nas regides Centro-oeste, 91/100mil na regido Sudeste, 68/100 mil na regido
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Sul, 43/100mil na regido Norte e 42/100mil na regido Nordeste. Quanto ao melanoma da pele,
sua letalidade é elevada, porém, sua incidéncia é baixa (3.170 novos casos em homens e 3.060
novos casos em mulheres). As maiores taxas estimadas em homens e mulheres encontram-se
na regido Sul (INCA).

A luz solar é um espectro continuo de radiacdo eletromagnética que esta dividido em
trés espectros principais de comprimento de onda: UV, visivel e infravermelho (SOEHNGE et
al., 1997). A faixa UV pode ser segmentada em trés grupos com base nos comprimentos de
onda: radiacdo de onda curta (UVC; 100-280nm), onda média (UVB; 280-320nm) e onda
longa (UVA,; 320-400nm) (AFAQ; MUKHTAR, 2006; CIE, 1987; FREDERICK et al., 1994;
GODAR, 2005). Aproximadamente90-99% da energia solar UV que atinge a superficie da
terra € UVA e somente 1-10% ¢ UVB (MILLER et al., 1998; PASTILA; LESZCZYNSKI,
2007) (figura 1).
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Figura 1. Absorcdo da RUV pela camada de ozonio.

Fonte: figura adaptada de www.nasa.gov

Cada espectro da RUV tem um limite caracteristico de eficiéncia na penetracdo das
camadas epidérmicas e dérmicas da pele humana e de roedores (NICHOLS; KATIYAR,
2010). A radiacéo solar UVC é blogueada pela camada de 0z6nio e normalmente ndo alcanca
a superficie terrestre e, desta forma, seu papel patogénico torna-se minimo. Por outro lado,

esse espectro possui uma enorme energia e € mutagénico na natureza, podendo penetrar na
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pele numa profundidade de, aproximadamente, 60 a 80 um, causando danos ao DNA
(NICHOLS; KATIYAR, 2010). A RUVB constitui cerca de 5% da RUV solar total e € a
principal responsavel por uma variedade de desordens da pele. Essa radiacdo pode penetrar na
pele a uma profundidade de cerca de 160 a 180 um, atravessando toda a epiderme e derme.
Tal espectro pode produzir efeitos biologicos diretos e indiretos em muitos sistemas
bioldgicos como a inducdo de EO e de danos ao DNA, queimaduras cutaneas, envelhecimento
prematuro e cancer de pele (BACHELOR; BOWDEN, 2004; BOWDEN, 2004; DE GRUIJL,;
VAN DER LEUN, 1994; ICHIHASHI et al., 2003; MUKHTAR; ELMETS, 1996;
NICHOLS; KATIYAR, 2010; PARISIetal, 2007; SETLOW, 1974; WHO, 2002). A RUVA
compreende o maior espectro da RUV solar (90-95%), € a por¢cdo menosabsorvida
pelacamada de ozonio, podendo penetrar na pele até a profundidade de, aproximadamente,
1000 pum. A exposicdo a RUVA causa lesdes oculares (HEISLER; GRANT, 2000; KIMLIN
et al., 2002) e induz a geracdo de RL, que podem causar danos a macromoléculas celulares,
como proteinas, lipidios e DNA (DIGIOVANI, 1992), culminando no fotoenvelhecimento
(KRUTMANN, 2001). Presume-se que grande parte da acdo mutagénica e cancerigena da
RUVA seja mediada pelas espécieds reativas de oxigénio (EROs) (DE GRUIJL et al., 2000;
RUNGER, 1999) (figura 2).
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Figura 2. Eficiéncia de penetracdo das radiacdes UVA, UVB e UVC na pele

Fonte: figura adaptada de www.skinlaser.com.br
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O envelhecimento cutaneo ocorre por dois mecanismos distintos, nomeadamente o
envelhecimento intrinseco e o0 envelhecimento extrinseco ou fotoenvelhecimento
(MALERICH; BERSON, 2014). O envelhecimento intrinseco depende tempo e, portanto,
éinevitavel (RANGARAJAN; DREHER, 2010) e as alteracfes ocorrem parcialmente como
resultado do dano endégeno cumulativo devido a formacéo continua de EROs geradas pelo
metabolismo oxidativo celular (PUIZINA-IVIC, 2008). Apesar de um forte sistema de defesa
antioxidante, o dano gerado pelas EROs afeta os constituintes celulares como proteinas,
lipidios e DNA(KATIYAR et al., 2001; LARSSON et al., 2005; SHINDO et al., 1993).
Também possui um componente genético devido & diminuicdo dos niveis dos hormonios
sexuais. O envelhecimento extrinseco ocorre devido a varios fatores como a radiagdo
ionizante, o estresse fisico e psicoldgico grave, a ingestdo de alcool, a ma nutricdo e o excesso
de comida, a poluicdo ambiental e a exposicdo a RUV (MALERICH; BERSON, 2014;
PUIZINA-IVIC, 2008). Entre todos esses fatores ambientais, a RUV contribui até 80% para a
inducdo do envelhecimento extrinseco (MALERICH; BERSON, 2014; PUIZINA-IVIC,
2008).

A RUVEé um importante estressante ambiental, responsavel por queimaduras cutaneas,
envelhecimento precocee céncer de pele (BODE; DONG, 2009; BOUKAMP, 2005;
GRUBER et al., 2007; SPRECHER, 2007). Além disso, causa danos diretos e indiretos ao
DNA e RNA, proteinas e lipidios, mutacBes de genes, imunossupressdo, respostas
inflamatdrias, alteracfes nas vias de sinalizacdo intracelular. Também ativa a fosfolipase A
(PLA:2, do inglés phospholipase A>) citosolica e a cicloxigenase-2 (COX-2) a aumentarem a
producdo de prostaglandina E> (PGE2) (BUCKMAN et al., 1998; CHEN et al., 1996; LIU,
MIZU; YAMAUCHI, 2010) através da elevada producdo de EROs e RL (IMLAY; LINN,
1988). O subsequente EO parece contribuir para aquelesprocessos patoldgicos (BENDER et
al., 1997; BODE et al., 2003; 2005; HERRLICH et al., 2008; MEERAN; PUNATHIL;
KATIYAR et al., 2008; MUTHUSAMY; PIVA, 2010;RASS; REICHRATH, 2008).

A exposicdo a RUV é o fator chave para o inicio de varias desordens de pele, como
rugas, descamacdo, ressecamento, alteracbes do pigmento, incluindo hipopigmentacéo,
hiperpigmentagdo, fotoenvelhecimento e cancer de pele (DE GRUIIL; VAN DER LEUN,
1994; ICHIHASHI et al., 2003; MUKHTAR; ELMETS, 1996; NICHOLS; KATIYAR,
2010). Embora muitos fatores ambientais e genéticos contribuam para o desenvolvimento das
desordens de pele, o mais importante fator é a exposicdo da pele a RUV (NICHOLS;
KATIYAR, 2010).
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3.1.3 Estresse oxidativo e sistema de defesa antioxidante da pele

Para lidar com os efeitos nocivos do EO induzido pela RUV, a pele possui
mecanismos de defesa antioxidante (BRIGANTI; PICARDO, 2003; NICHOLS; KATIYAR,
2010). Esses mecanismos evitam a lesdo oxidativa dos lipidios estruturais e proteinas
(KATIYAR et al., 2001; LARSSON et al., 2005; SHINDO et al., 1993), contribuindo para a
integridade da membrana celular, a qual é condicdo essencial para uma pele saudavel
(BRIGANTI; PICARDO, 2003). Neste sentido, o sistema redox celular desempenha um papel
fundamental na homeostase da pele e as doencas nesse 6rgdo podem resultar de um
desequilibrio entre estimulos pro-oxidantes e antioxidantes (BRIGANTI; PICARDO, 2003).

O sistema antioxidante da pele é constituido por antioxidantes enzimaticos e nao
enzimaticos (BRIGANTI; PICARDO, 2003; LOPEZ-TORRES et al., 1998). Entre os
antioxidantes enzimaticos, a glutationa peroxidase (GPx), a catalase (CAT) e a superdxido
dismutase (SOD) desempenham um papel central. Os antioxidantes ndo enzimaticos presentes
nas células da epiderme sdo o a-tocoferol, a ubiquinona, o B-caroteno, o acido ascorbico e a
glutationa reduzida (GSH) (BRIGANTI; PICARDO, 2003; BURTON; INGOLD, 1984; DI
MASCIO et al., 1990; MEISTER, 1988; KENNEDY; LIEBLER, 1992; SCHAFER;
BUETTNER, 2001; SIES, 1999). Os peréxidos lipidicos e seus produtos de metabolismo,
como o malondialdeido, podem afetar direta ou indiretamente muitas funcdes essenciais para
a homeostase das células e dos tecidos. Como consequiéncia, 0 aumento da peroxidacdo da
membrana lipidica pode evocar uma resposta imune e inflamatdria, ativar a expressao génica,
a proliferacdo celular ou iniciar a apoptose. Consequentemente, hd uma estreita relacdo entre a
producdo de EROs, o prejuizo da defesa antioxidante, o dano peroxidativo da membrana
celular e os processos inflamatorios ou patolégicos degenerativos (BRIGANTI; PICARDO,
2003).Vérios estudos conduzidos com base na teoria dos RL para o envelhecimento
demonstraram niveis basais reduzidos de enzimas antioxidantes (SOD, CAT e GPx) e de
antioxidantes ndo enziméticos (GSH, vitamina C (VIT C) e a-tocoferol) e aumento de
perdxidos lipidicos na pele (LIPPMAN, 1985; LOPEZ-TORRES et al., 1994; NIWA et al.,
1987; 1988; SHINDO et al., 1991; UEDA; SUGIURA, 1989).

Embora a pele possua um sistema antioxidante elaborado para lidar com o EO
induzido pela RUV (BRIGANTI; PICARDO, 2003; NICHOLS; KATIYAR, 2010), a
exposicdo aguda e cronica a essa radiacdo e 0 consenquente aumento na geragdo de EROs

(ZHANG et al., 1997), que excede a capacidade antioxidante cutanea, leva ao dano oxidativo,
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podendo resultar em desordens e doengas de pele (BRIGANTI; PICARDO, 2003). Neste
sentido, agentes quimioprotetores e quimioterapéuticos estdo sendo pesquisados e 0 uso de
suplementacOes e/ou intervencdes dietéticas estdo tornando-se cada vez mais populares como
um meio para a protecdo contra as desordens e doencas de pele induzidas pela RUV (BARG
etal., 2014; CHO et al., 2007; FONSECA et al., 2010; HAMA et al., 2012; ISHII et al., 2014;
JEON et al., 2003; KANG et al., 2009; KAWADA et al., 2013; KIM et al., 2004; KIMURA;
SUMIYOSHI; KOBAYASHI, 2014; LEE et al., 2013; LOU et al., 2011; MINAMI et al.,
2009; RAINOCHOVA SVOBODOVA et al, 2013; SANCHEZ-CAMPILLO et al., 2009;
SHAHBAKHTI et al., 2004; SHARMA; KATIYAR, 2010; TAKEMURA et al., 2002;
VAYALIL etal., 2004).

3.1.4 Enzima Na*K*ATPase

Além as enzimas citadas anteriormente, uma importante enzima presente nas
membranas celulares e muito sensivel a agentes oxidantes é a Na"K*ATPase (CARFAGNA,;
PONSLER; MUHOBERAC, 1996; FOLMER et al., 2004). A bomba Na'K*ATPase é
responsavel pelo transporte ativo de ions sodio e potéssio através da membrana plasmatica
para manter a sua excitabilidade (RIBEIRO et al., 2007). Alguns estudos demonstram que a
Na*K*ATPase é altamente vulneravel ao ataque dos RL (LEES, 1993; KURELLAet al., 1997;
YOUSEFet al., 2002), relacionando o EO e a fungdo da enzima através de alteracGes
observadas em sua atividade decorrente da peroxidacéo lipidica (KAUR;SHARMA; SINGH,
2001; PIERRE et al., 1999; TEIXEIRA et al., 2011; 2012).

A atividade aumentada da Na*K*ATPase altera a transmissdo celular e pode reduzir a
entrada de célcio na célula. Da mesma forma, as modificagdes nos fosfolipidios de membrana
tambem alteram os sistemas de transporte de calcio (GOLDMAN; ALBERS, 1973).Em
condicBes basais, a epiderme de mamiferos normalmente exibe um distinto gradiente de
calcio, com baixos niveis na camada basal e niveis elevados no estrato granuloso(MENON et
al, 1985; FORSLIND et al, 1995; MAURO et al, 1998). Mudancas no calcio presente no
estrato granuloso regulam a resposta secretora dos corpos lamelares frente as alteracfes da
permeabilidade da barreiracuténea e as perturbagdes na permeabilidade da funcéo de barreira
da pelepode transitoriamente alterar este gradiente de calcio epidérmico (MAO-QIANG et al,

1997). A perda de célcio epidérmico apds a interrupcdo da barreira da pele estimula a
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secrecdo de corpos lamelares, configurando uma resposta que facilita a recuperagédo normal
barreiracutanea apos pertubacfes na sua integridade induzidas por agentes xenobidticos, como
a RUV (ELIAS et al.,2002).

3.1.5Modelo animal para estudo das desordens cutaneas

Camundongos hairless tém sido utilizados como modelo animal para o estudo das
desordens cutaneas induzidas pela RUV por muitos anos. Tais animais possuem a pele
desprovida de pelos e a depilacdondo é necessariaantes do inicio dos estudos de desordens e
doengas cutaneas induzidas pela RUV, bem caracterizadaseprontamenteobservadas nesses
animais (BENAVIDES et al., 2009). Da mesma forma, sdo empregados para avaliacdo da
atividade fotoprotetora de substancias pela determinacdo dos teores dos componentes da
matriz extracelular e de marcadores de EO. Vérias pesquisas utilizando esses animais tém
relatado mudancas qualitativas e quantitativas que se assemelham aos danosinduzidos pela
RUV que ocorrem na pele humana (BING-RONG et al., 2008; CAMPANINI et al., 2013;
CHEN et al., 2008; DAI et al., 2007; FONSECA et al., 2010; HACHIYA et al., 2009; ITO et
al., 2010; KATIYAR; MEERAN, 2007; KAWADA et al, 2013; KIM et al,
2012b;KIMURA; SUMIYOSHI; KOBAYASHI, 2014; LEE et al., 2013; MEERAN et al.,
2009; MINAMI et al., 2009; OBA; EDWARDS, 2006; PARK et al., 2014; RODRIGUES-
YANES et al., 2012; SHARMA; KAUR, 2006; TSOYI et al., 2008; VAID et al., 2014; YIN
etal., 2013).

No entanto, camundongos Swiss foram muito pouco utilizados, apds depilacdo, em
estudos distintos que confirmaram claramentequeo propolis e o sesamol sdo eficazes na
prevencdo dos danos cutaneos induzidos pela exposicdo a RUV (BOLFA et al., 2013;
SHARMA; KAUR, 2006). Da mesma forma, poucos estudos utilizaram ratos na pesquisa dos
efeitos cutaneos deletérios relacionados a exposicdo a RUV (BARG et al., 2014; LAM et al.,
2011; SEVIN et al., 2007; SHI; RUAN, 2013), porém estudos relacionados a influéncia da
idade (HUI et al., 2010; LIANG et al.,, 2010), horménios (ESREFOGLU et al., 2005;
TRESGUERRES et al., 2008) ou a pele plantar das patas traseiras (TSUKAHARA et al.,
1999; 20014a; b; c; 2006) com o fotoenvelhecimento induzido pela RUV tém empregados

esses animais.
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3.1.6 Acidos graxos essenciais

3.1.6.1 Quimica, classificacdo e principais representantes

Os AG sao substancias encontradas em uma ampla variedade de alimentos, os quais, na
forma de lipidios, possuem funcdes estruturais, protetoras e de fornecimento e
armazenamento de energia (COSTA; SILVA, 2002). Sdo constituidos por cadeias de
hidrocarbonetos (2 a 20 ou mais atomos)comumgrupo carboxila (COOH) em uma
extremidade da cadeia e um grupo metila (CHz) na extremidade oposta (n ou o final)
(MARSZALEK; LODISH, 2005). Na nomenclatura dos AG, o primeiro nimero indica o
comprimento da cadeia de carbono; o segundo numero, ap6s os dois pontos, refere-se ao
namero de duplas ligagdes e o terceiro nimero, depois do n, representa 0 nimero de carbonos
a partir da metila terminal da molécula para a primeira dupla ligacdo (WAINWRIGHT, 1992).

Quanto a extensao da cadeia, os AG classificam-se em AG de cadeia curta com cauda
alifatica de menos de 6 atomos de carbono; de cadeia média, com cauda alifatica de 6 a 12
carbonos; de cadeia longa,com cauda alifatica de mais de 12 carbonos; e de cadeia muito
longa, com cauda alifatica contendo mais de 22 atomos de carbono. Quando se trata de AGE
costuma-se usar uma terminologia ligeiramente diferente: os de cadeia curta possuem 18
carbonos e os de cadeia longa tém 20 ou mais atomos de carbon (LEHNINGER; NELSON;
COX, 2002).

Os AG também podem ser classificados de acordo com o nimero de insaturagdes
presentes em sua cadeia carbonada (LEHNINGER; NELSON; COX, 2002). Assim, 0s AGS
ndo possuem duplas ligacdes e os insaturados (AGI) conttm em sua cadeia uma —
monoinsaturados (AGMI) — ou mais duplas ligacdes — poliinsaturados (AGPI), ndo saturadas
com hidrogénio (KIM et al., 2010). Os AG com a designacdo n-3 e n-6 sdo AGPI, possuem a
primeira dupla ligacdo da cadeia hidrocarbonada localizada no terceiro e sexto carbono a
partir do n terminal, respectivamente (KNUTZON et al., 1998) e sdo componentes da dieta
humana (MARSZALEK; LODISH, 2005). Dentre os alimentos que constituem as principais
fontes de AG n-3 figuram a carne de peixes marinhos de aguas geladas e profundas (sardinha,
salmdo, cavala, truta, arenque), Oleos e produtos derivados de pescados, nozes e 0Gleos
vegetais (chia, canola e linhaca) (LARSSON et al., 2004; SOCCOL et al., 2003;
WAINWRIGHT, 1992). Os AGPI n-6 sdo encontrados nos 6leos vegetais de soja, girassol,
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milho, cartamo, semente de uva, papoula, gérmen de trigo e semente de algoddo
(McCUSKER; GRANT-KELS, 2010; SANGIOVANNI; CHEW, 2005). Entre os
componentes dessas duas classes de AGPI de cadeia longa, o &cido a-linolénico (ALA, 18:3
n-3) e o &cido linoléico (LA, 18:2 n-6) (figura 3) sdo considerados AGE porque as celulas
animais ndo possuem as enzimas dessaturases capazes de especificamente colocar as duplas
ligagdes nas posicdes n-3 en-6 (KNUTZON et al., 1998). Dessa forma, devem ser obtidos
através da dieta e/ou suplementacdo (YEHUDA; RABINOVITZ; MOSTOFSKY, 2005).
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Figura 3. Principais representantes dos AGPI n-3 e n-6



45

3.1.6.2 Sintese dos AGPI n-3 e n-6 de cadeia longa

As séries n-3 e n-6 dependem das mesmas enzimaspara a producao dos seus derivados de
cadeia longa (McCUSKER; GRANT-KELS, 2010; SALEM, 1999). Duas vias sintéticas
completamente distintas sdo responsaveis pela producdo dos AGPI n-3 e n-6 de cadeia longa
(figura 4) a partir de AG de cadeia curta e 0s componentes dessas duas classes ndo séo
interconversiveis. Assim, atraves de varios passos de sintese — dessaturacao (adicdo de dupla
ligacdo), elongacdo (adicdo de duas unidades de carbono), dessaturacdo e parcial
peroxissomal B-oxidacdo - o &cido araquidonico (AA, 20:4 n-6), um AGPI n-6 de cadeia
longa, é produzido a partir do LA, um AGPI n-6 de cadeia curta. Da mesma forma, o &cido
docosahexaenoico (DHA, 22:6 n-3) e o acido eicosapentaenoico (EPA, 20:5 n-3), AGPI n-3
de cadeia longa, sdo produzidos pelas mesmas enzimas de sintese dos AGPI n-6, a partir do
AG n-3 de cadeia curta ALA. O ALA ndo é produzido pelo organismo de mamiferos, o que
requer sua ingestdo a partir da dieta (SALEM, 1999). Cerca de 5% a 10% desse AG podem
ser convertidos em EPA e 1% a DHA (ANDERSON; MA, 2009; JUMP, 2002; SARSILMAZ
et al., 2003%; b), mas também ambos podem vir através dos alimentos (BURR, 2000). Dessa
forma, embora 0 ALA seja precursor para a sintese de EPA e DHA, a conversdo EPA a DHA
é altamente ineficiente, como demonstrado pela falta de aumento de DHA no plasma e tecidos
apos suplementacdo com EPA (GRIMSGAARD et al., 1997). Uma complexa via sintética
tem sido descrita para a sintese de DHA a partir do EPA (SPRECHER, 1986; SPRECHER et
al., 1995). Inversamente, a retroconversao de DHA a EPA ¢ possivel e. ap6s uma ingestdo de
DHA, um pequeno aumento de EPA no plasma e nos tecidos € observado (BROSSARD et al.,
1996). No todo, entretanto, a taxa de conversdo de EPA e DHA a partir de ALA é baixa
(ANDERSON; MA, 2009; EMKEN; ADLOF; GULLEY, 1994; GERSTER, 1998;
GHAFOORUNISSA, 1998), varia entre individuos (JUMP, 2002) e parece ser mais limitada
em homens jovens, que em mulheres jovens (BURDGE, 2004; BURDGE; JONES;
WOOTTON, 2002; SMIT et al., 2003). Para atingir niveis teciduais adequados de EPA e
DHA, eles devem ser obtidos a partir de suplementacdo e/ou da dieta, especialmente a partir
de subprodutos de peixes marinhos, nos quais ha o acimulo de EPA e DHA ao longo da
cadeia alimentar, a partir do fitoplancton (YEHUDA; RABINOVITZ; MOSTOFSKY, 2005).

A competicdo da A6-dessaturase na conversdo de ALA a 4cido estearidonico (18:4 n-3) e
LA a acido y-linoléico (GLA,18:3 n-6) significa que as dietas com elevado teor de AG n-6
pode reduzir a conversdo de AG n-3 em 40% (EMKEN; ADLOF; GULLEY, 1994). A dieta
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ocidental tipicamente tém uma elevada relacdo n-6/n-3(DAS, 2006) e a conversdo de ALA a
DHA é susceptivel de ser comprometida. Entdo, a necessidade de uma ingestdo adequada de
ALA, com um equilibrio adequado de n-6/n-3, é bem reconhecida, e a inclusdo de DHA pré-
formado, em circunstancias onde a conversdo de ALA em DHA pode ser insuficiente €
reconhecida (SALEM, 1999).

Série n-3 Série n-6
Acido a-linolénico Acido linoléico
ALA, 18:3n-3 LA, 18:2n-6
Cmmimimm i m - A6-dessaturase - -.-.- .- -.-._._._._ >
Acido estearidénico Acido y-linoléico
18:4n-3 GLA,18:3n-6
L - Elongase e >
Acido eicosatetraenoico Acido dihomolinoléico
ETA, 20:4n-3 DGLA, 20:3n-6
Cmmrm e - AS-dessaturase >
Acido eicosapentaenoico Acido araquidénico
EPA, 20:5n-3 AA, 20:4n-6
[R—  iomgewe o
Acido docosapentaenéico Acido docosatetraendico
DPA, 22:5n-3 22:4n-6
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< ______________________ - -t - >
i Proxidacdo i
Acido docosaexaendico Acido docosapentaendico
DHA, 22:6n-3 22:5n-6

Figura 4. Sintese de AGPI de cadeia longa n-3 e n-6

3.1.6.3 Sintese de AGE na pele

A sintese dos AGE na pele é diferente que na maioria dos outros tecidos (HORROBIN,
1989). A epiderme nao possui as enzimas A5-dessaturase e A6-dessaturase (CHAPKIN et al.,
1986; CHAPKIN; ZIBOH, 1984) e a conversdo do LA a GLA e dihomo-y-linolénico (DGLA,
20:3 n-6) a AA néo é possivel, embora a conversdo GLA a DGLA ocorra (figura 5). A
epiderme deve, portanto, obte ro LA, o GLA, o DGLA e 0 AA do sangue, AG n-6, que devem
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ser sintetizados por outros tecidos, principalmente pelo figado (CHAPKIN et al., 1986;
CHAPKIN; ZIBOH, 1984; ZIBOH; CHAPKIN, 1987). Como a epiderme renova-se
rapidamente, ndo ha estoques substanciais de GLA, DGLA, ou AA, tornando-a depende da
formacdo continua desses AG pelo figado e seu transporte pelo sangue (CHAPKIN et al.,
1986; CHAPKIN; ZIBOH, 1984; ZIBOH; CHAPKIN, 1987).

Tem sido demonstrado que a sintese de AG de cadeia curta a AG de cadeia longa é
vulnerdvel a uma variedade de fatores que podem afetar o estado da pele, como o
envelhecimento, o diabetes mellitus, a alta ingestdo de alcool, a liberacdo de catecolaminas
durante o estresse e as dietas ricas em agulcares simples e em AGT ou em AGS (BRENNER,
1982). Algumas das conhecidas consequéncias cutineas desses fatores pode se relacionar
coma deficiéncia da oferta de AGE para a pele, tornando-a escamosa, aspera, seca e causando
hiperproliferacdo epidérmica, hipertrofia das glandulas sebaceas, fragilizacdo dos capilares
cutaneos e cicatrizacdo deficiente possivelmente como resultado da deficiente formacéo de
coldgeno (IMOKAWA et al.,, 1989; SHERERTZ, 1986; SINCLAIR, 1958; ZIBOH,;
CHAPKIN, 1987).

Sérien-3 Série n-6
ALA LA
18:3n-3 18:2n-6
J/ Cmmmim e - A6%ase e > J/
Acido estearidnico GLA
18:4n-3 18:3n-6
Cmomemmimm e E[ongase ...................... >
ETA DGLA
20:4n-3 20:3n-6
Gmrmimim e - AS—{%LW e >
EPA AA
20:5n-3 20:4n-6
l ( ---------------------- Elongase ...................... > l
DPA Acido docosatetraendico
22:5n-3 22:4n-6
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( ______________________ - - >
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22:6n-3 22:5n-6

Figura 5. Sintese dos AGE n-3 e n-6 na pele: auséncia das enzimas A5-dessaturase e A6-

dessaturase.



48

3.1.6.4 Incorporagdo dos AGE n-3 e n-6 as membranas plasmaticas

O mecanismo proposto para os beneficios dos AGPI n-3 parece estar relacionado a sua
incorporacgdo nas membranas celulares (CLANDININ et al., 1994), promovendo mudangas na
sua fluidez e funcdo, bem como alteragdes na expressdo génica e producdo de eicosanoides
(RIEDIGER et al., 2009). O aumento do contetido dos AGPI n-3 na dieta causa a substitui¢éo
parcial dos AGPI n-6, especificamente o AA, das membranas fosfolipidicas
(MICKLEBOROUGH et al., 2003), pelos AGPI n-3 EPA e DHA. Nesse sentido, as
proporcdes de AGPI n-3e n-6 presentes nos lipidios teciduais podem ser influenciadas pelo
seu aporte dietético (HWANG; BOUDREAU; CHANMUGAM, 1988; HWANG;
CARROLL, 1980; MOHRHAUER; HOLMAN, 1963a; b; PRASAD; CULP; LANDS, 1987)
e pelas interacBes metabdlicas competitivas entre esses AGPI (LANDS, 1991; LANDS;
CRAWFORD, 1977; LANDS; MORRIS; LIBELT, 1991).

3.1.6.5 Metabolismo dos AGE n-3 e n-6

Além do seu papel estrutural e funcional sobre a membrana (WAINWRIGHT, 1992), os
AGPI também exercem uma funcdo reguladora através da producdo de eicosandides, que
incluem prostaglandinas (PG), tromboxanos (TX) e leucotrienos (LT) (SPRECHER,
1986;WAINWRIGHT, 1992; WEBER In KARNOVSKY et al., 1988) (figura 6). Essa familia
de compostos fisiologicamente ativos € derivada de AG de 20 carbonos apds a sua liberacdo
da membrana plasmatica pela acdo especifica da enzima PLA,, diferem entre as séries n-3 e
n-6 e sdo metabolizados através de duas vias (MASSARO et al., 2008; WAINWRIGHT,
1992).

A primeira via envolve reagdes catalisadas pelas enzimas COX e lipoxigenase (LOX).
Quando o precursor € um AGPI n-6, como o AA, os prostandides originados sdo da série 2,
incluindo prostaciclina (PGl2) e TXAz; quando o precursor € um AGPI n-3, como 0 EPA e o
DHA, os prostandides originados sdo da série 3 (PGlz e TXA3)(figura 4) (MASSARO et al.,
2008). O aumento do consumo de AGPI n-3 provoca uma substituicdo parcial dos AGPI n-6,

diminuindo as proporcdes relativas de AA nos fosfolipidios da membrana celular (LANDS et
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al., 1992). Isso favorece a sintese de prostandides biologicamente menos ativos, ou seja, com
menores atividades de agregacao plaquetéria e vasoconstritora (MASSARO et al., 2008).

A segunda via envolve compostos tipicamente produzidos durante a resolucdo da
inflamacéo e com potente atividade inflamatoria (MASSARO et al., 2008). Esses compostos
foram primeiro identificadas por Serhan et al. com o0 nome de resolvinas, para enfatizar o seu
isolamento e producdo durante a fase de resolucdo da inflamagéo aguda e para demonstrar a
contribuicdo frequente da biossintese transcelular desses novos mediadores (SERHAN;
CHIANG, 2008). A producao das resolvinas é mediada por uma série de atividades da COX-2
e da lipooxigenase 5 (5-LOX) sobre o EPA, produzindo resolvinas das séries E1 e E> e sobre 0
DHA, produzindo resolvinas da série D, com potente atividade antiinflamatéria (SERHAN;
CHIANG, 2008).

Diferentes mecanismos tém sido propostos para explicar os efeitos protetores dos
AGPIn-3 em condicdes oxidativas. Alguns estudos tém enfatizado a propriedade antioxidante
dos AGPI n-3 (OKUYAMA,; ORIKASA; NISHIDA, 2008; TARDIVEL et al., 2009; SAW et
al., 2010) sobre as EROs. Da mesma forma, pesquisas com animais de laboratério
demonstraram que o DHA e EPA sdo antioxidantes nutricionais indiretos e reduzem
peroxidos de lipidios no cérebro (BARCELOS et al., 2010; CHOI-KWON et al., 2004;
HOSSAIN et al.,, 1999) e no figado de ratos (YILMAZ et al., 2004). A atividade
neuroprotetora do DHA também foi evidenciada através das propriedades antioxidantes
indiretas in vivo (BAZAN, 2005; CALON et al., 2004; HASHIMOTO et al., 2002; WU;
YING; GOMEZ-PINILLA, 2004; YAVIN et al., 2002), através do aumento da atividade da
glutationa redutase (HASHIMOTO, 2002), diminui¢cdo da oxidacdo de proteinas (CALON et
al., 2004; WU; YING; GOMEZ-PINILLA, 2004) e dos niveis de peroxidos de lipidios e
EROs (HASHIMOTO et al., 2002; 2006).

Ja foi demonstrado que a suplementacdo com AGPI n-3, assim como o tratamento
topico, possuem propriedades antiinflamatdrias na pele exposta a RUV (JIN et al.,
2010;PUPE e al., 2002; SHAHBAKHTI et al., 2004). Da mesma fora, estudos clinicos
demonstraram que uma dieta rica em AGPI n-3 reduziu o eritema solar e a producédo de PGE>
na pele (ORENGO; BLACK; WOLF, 1992; RHODES et al., 1994; 1995; 2003) e seu
precursor, 0 ALA, foi benéfico na prevencdo de lesdes cutaneas induzidas pela RUVB
(TAKEMURA et al., 2002). Os AGPI n-3 também estdo relacionados com uma menor
sensibilidade cutdnea (pos-irritagdo com nicotinato), aspereza e escamacao e maior hidratacao
a pele (NEUKAM et al., 2011). Recentemente foi demonstrado que o EPA reduziu a secre¢do
de interleucina-8 (IL-8) induzida pela RUV em queratindcitos (STOREY et al., 2005),
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podendo ter efeito fotoprotetor e antiinflamatério em queratindcitos expostos a RUV
(CHENEget al., 2007). Os AGPI n-3 podem ser Uteis para a prevencdo da carcinogénese da
pele (LOU et al., 2011; MILLER; GAUDETTE, 1996) e podem aliviar erupcdes cutaneas de
fotossensibilidade, aumentando o limiar de queimaduras solares e reduzindo os danos
causados ao DNA (RHODES et al., 2003). Além disso, foi demonstrado que o EPA é uma
agente potencial para a prevencédo e tratamento do fotoenvelhecimento da pele induzido pela

RUV (KIM et al., 2005).
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Figura 6. Esquema do metabolismo dos AGPI n-3 e n-6

Adaptado de Massaro et al., 2008

3.1.7 Razdo n-6/n-3

Em virtude da prevaléncia de AGPI n-6 na dieta ocidental (DAS, 2006), os
eicosandides derivados do AA sdo aqueles que geralmente predominam, sendo o EPA e DHA
minimamente produzidos (SIMOPOULOS, 1989). Tal fato é consequéncia da competicao

enzimatica, uma vez que ambas as classes de AG dependem das mesmas enzimas para a
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producdo dos seus derivados de cadeia longa (BRENNER; PELUFFO, 1969; BUDOWSKI,
CRAWFOREF, 1985). Além disso, durante o cozimento e 0 processamento dos alimentos, 0s
AGPI n-3 sdo perdidos ou oxidados (DAS, 2006). Essa consequente deficiéncia em AGPI n-3
na dieta ocidental e abundancia em AGPI n-6, resulta em uma razdo n-6/n-3 muito elevada.
Tal fato pode estar associado a moderna prevaléncia de doengas cardiovasculares, cancer,
diabetes e desordens e doengas neurodegenerativas e cutaneas, os quais afetam milhdes de
pessoas em todo o mundo (SIMOPOULQS,2003; VIOLA; VIOLA, 2009). A implicacdo
dessa condi¢cdo em situacOes patologicas resultou na preocupacao com a reparacdo adequada
de uma razéo n-6/n-3 (SIMOPOULQS, 1989). Portanto, uma propor¢do equilibrada desses
AGPI é dependente da ingestdo nutricional (VIOLA; VIOLA, 2009). Nesse sentido, parece
ser importante que os AGPI n-3 e n-6 estejam presentes numa proporcdo correta na dieta, pois
0 excesso de LA pode inibir a sintese endogena de EPA e DHA, com consequentes danos para
o0 organismo (BRENNER; PELUFFO, 1969; BUDOWSKI; CRAWFORF, 1985).

N&o ha um consenso a respeito da propor¢do homeostatica celular ideal. H& autores
que afirmam que a razdo de 3:1 (DAS, 2002; OLLIS; MEYER; HOWE, 1999) ¢ a ideal,
outros que defendem a 6:1 (WIJENDRAN; HAYES, 2004). Parece importante que ndo seja
inferior a 10:1, ja que os AGPI n-3 de cadeia longa sdo fundamentais para a manutencao da
homeostase da pele, mantendo-a bem hidratadae evitando vérias desordens, como dermatite
atopica, psoriase, acne e eczema (VIOLA; VIOLA, 2009).

3.1.8 Acidos graxos trans

Segundo a Comissdo do Codex Alimentarius (2004), os AGT sdo definidos como
todos os isdbmeros geométricos de AGM e AGPI com duplas ligacdes carbono-carbono néo
conjugadas na configuracdo trans (interrompidas por, no minimo, um grupo metil), incluidos
0s mondmeros e o0s isdmeros trans de AGPI com ligac6es duplas ndo conjugadas, produzidos
através da hidrogenacdo de 6leos e gorduras de origem vegetal e animal em presenga de um
catalisador quimico. Essa definicdo, contudo, exclui os AGT conjugados presentes
naturalmente nas gorduras animal e derivados. Por sua vez, o Food and Drug Administration
(FDA) (EUA, 2003) definiu AGT como AGI que contém uma ou mais duplas ligacdes

isoladas (n&o conjugadas) na configuragéo trans.
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Figura 7. Representante de AGT

H& duas fontes alimentares principais de gorduras trans. Em primeiro lugar, essas
gorduras sao formadas naturalmente por bactérias presentes no rimen de animais ruminantes
(KHANAL; DHIMAN, 2004). Dessa forma, carnes e seus derivados, assim como produtos
lacteos provenientes desses animais contém pequenas quantidades de gorduras trans, razdo
pela qual é muito dificil eliminar tais gorduras de uma dieta equilibrada (JAKOBSEN et al.,
2006; KHANAL; DHIMAN, 2004). Em segundo lugar, as gorduras trans sao geradas a partir
da hidrogenacdo de Oleos vegetais (MOZAFFARIAN et al., 2006), produzindo uma
configuracdo mais rigida e um ponto de fusdo intermediério altamente desejavel na inddstria
alimenticia. Essa hidrogenacdo é utilizada, principalmente, para converter éleos liquidos a
gorduras sélidas, fornecendo caracteristicas favoraveis aos alimentos, como textura e
sensacdo na boca, e melhor estabilidade oxidativa dessas gorduras, aumentando a vida de
prateleira do produto (KHANAL; DHIMAN, 2004; REMIG et al., 2010; STENDER;
ASTRUP; DYERBERG,2008). Tracos de gorduras trans sdo também produzidos durante o
processo de desinfeccdo ou refino de 6leos vegetais (TASAN; DEMIRCI, 2003). Uma vez
gue pequenas quantidades de gorduras trans estdo presentes em gorduras vegetais que nao sao
objeto de hidrogenacédo e também sdo encontradas em fontes naturais, é impossivel elimina-
las completamente da dieta, mesmo que a hidrogenacdo comercial cesse (REMIG et al.,
2010). A primeira fonte pode conter até 60% de AG na forma trans em relacdo ao teor de
gordura em ruminantes, que geralmente ndo ultrapassa 6% (STENDER; ASTRUP;
DYERBERG, 2008).

Os AGT estdo presentes em quantidades variadas em diferentes produtos, mas
principalmente nos alimentos processados com o6leos parcialmente hidrogenados, como
recheios de biscoitos, formulacfes de bases para sopas e cremes, sorvetes, batata frita,

salgadinhos de pacotes, pipoca para microondas, margarinas, empanados de frango, pées,
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lanches de preparagao rapida (“fast-foods”), bolos e tortas industrializados (SEMMA, 2002).

A ingestdo de gorduras aumentou mais de 60% durante os dltimos 35 anos (WELLS;
BUZBY, 2008) e representa, atualmente, entre 1.7 a 8% do total de ingestdo mundial de
lipidios (OSSO et al., 2008). A ingestdo de AGT tem sido associada a um risco aumentando
para doencas cardiovasculares (MOZAFFARIAN et al., 2004; OOMEN et al., 2001; SUN et
al., 2007), diabetes tipo 2 (HU et al., 1997; OOMEN et al., 2001; SUN et al., 2007), disfuncéo
cognitiva (FILLIT et al., 2008; KODL; SEAQUIST, 2008; MORGAN et al., 2007; RAZAY
et al., 2006; YAFFE, 2007) e doencas inflamatdrias (MOZAFFARIAN et al., 2004). As
gorduras alteradas e parcialmente hidrogenadas bloqueiam a utilizacdo de AGE, causando
efeitos nocivos principalmente por interferir na producdo de eicosandides e pela alteracdo de
parametros de EO (CASSAGNO et al., 2005; KINSELLA etal., 1981; SANCHEZ-MORENO
et al., 2004; SUGANOetal.,1989).

Os AGT da dieta sdo absorvidos e transportados até as células, onde sdo utilizados
como fonte de energia ou depositados nos tecidos para utilizacdo futura (CURI, 2002;
EMKEN, 1979; KUMMEROW, 1974; 1975; 1979). Nos tecidos humanos, a absor¢do, o
transporte, a incorporacdo e a excre¢do dos AGT ocorrem de forma similar a outros AG da
dieta, competindo inclusive pelos mesmos sistemas enzimaticos envolvidos na sintese de
AGPI (MAHFOUZ; KUMMEROW, 1999), porém, esses ndo apresentam a mesma atividade
dos AGE (KHOSLA; HAYES, 1996). Aparentemente, as concentracfes de AGT
incorporados aos tecidos refletem seu consumo (EMKEN, 1979). Estudos relacionados a
incorporacdo dos AGT em tecidos de ratos mostraram que 0s teores de isémeros trans
adicionados nas dietas foram suficientemente incorporados e metabolizados, alterando o perfil
de AG nos tecidos desses animais (JOHNSTON; KUMMEROW; WALTON, 1958; LOT et
al., 2000; SABARENSE; MANCINI-FILHO, 2003; TEIXEIRA et al., 2011; 2012;
TREVIZOL et al., 2013).

Os AGT séo capazes de modular a fungéo celular, alterando a fluidez de membrana
(menos fluida) e as respostas dos receptores de membrana, quando incorporados aos
fosfolipidios de membranas celulares (CHAPMAN; OWENS; WALKER, 1966; GURR;
HARWOOD, 1996; ROACH et al., 2004). Em uma revisdo sobre possiveis mecanismos
moleculares dos AGT, foi sugerido que poderiam afetar as fungdes e repostas celulares devido
a sua capacidade de ligacdo e modulacdo dos receptores nucleares, os quais regulam a
transcrigdo de genes (MOZAFFARIAN et al., 2006). Estudos mostram também que os AGT
inibem a reacdo de dessaturagdo do LA a AA, e ALA a DHA e EPA, favorecendo o

metabolismo de AGT monoméricos e de AGPI n-3 ou n-6 em isdbmeros incomuns que, se
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incorporados aos tecidos, alteram as fungbes das membranas, de enzimas ligadas as
membranas (elongases, dessaturases and PG sintetase) ou dos eicosandides (CHAPMAN;
OWENS; WALKER, 1966; INNIS, 2006).

Alguns estudos demonstraram que os AGT ndo possuem efeitos adversos em ratos,
quando ingeridos com adequadas quantidades de AGE (MOORE; ALFIN-SLATER;
ALFTERGOOD, 1980; INNIS, 2005; INNIS, 2003; LOT et al., 2000; MORGADO et al.,
1999). Nesse sentido, a presenca de AGT na dieta tende a aumentar a necessidade de AGE
(KINSELLA et al., 1981). Na deficiéncia de AGE, os AGT acentuam os sintomas dérmicos e
reduzem a atividade das dessaturases (HANSEN et al., 1958; KINSELLA et al., 1981;
KUMMEROW et al., 2004; PRIVETT et al.,, 1977; ROSENTHAL; DOLORESCO, 1984;
WERTZ; CHO; DOWNING, 1983).

3.1.9 Acidos graxos e a nutricdo materna

Uma &rea de pesquisa que requer mais atencdo € o impacto da alimentagdo materna
sobre a prole (BUCKLEY, 2005). A méde é aprincipal fontede AGE parao feto e para o
lactente (RAO et al., 2007) e a gravidez aumenta a necessidade materna de AGE, da qual os
estoques sdo mobilizadospara fornecé-los a prole (MONIQUE, 1995). Nesse contexto,
oambiente uterino é susceptivel a influéncia nutricional materna, como 0 excesso no consumo
de AGE, que tem sido associado a diminuicdo da duracdo da gestacdo e/ou crescimento fetal
retardado (GRANDJEAN et al., 2001; GRANDJEAN; WEIHE, 1993; OKEN et al., 2004;
OLSEN et al., 1992; 1993; RUMPet al., 2001; THORSDOTTIR et al., 2004) e aumento da
morbidade infantil (THORSDOTTIR et al., 2004). Por outro lado, reduzidos niveis de
consumo de AGE estdo associados a varias anormalidades ndo neuronais, como crescimento
reduzido, dificuldades reprodutivas, lesdes da pele, polidipsia e neuronais, que incluem a
reducdo da habilidade visual e de aprendizagem (BOURRE et al., 1989a; b; CONNOR,;
NEURINGER; REISBICK,1992; HOLMAN; JOHNSON; HATCH,1982).Ndo apenas a
quantidade, mas também o tipo de AG influencia o desenvolvimento dessas doencas
(STORLIEN et al., 1991), ou seja, quanto mais AGI presentes na dieta, menos prejudicial sera
tal dieta (BUCKLEY et al., 2005). Além disso, a classe do AGI consumido parece ser outro

fator no desenvolvimento de doencas (BUCKLEY et al., 2005), como na diabetes, sobre a
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qual os AGPI n-3 sdo particularmente benéficos a acéo da insulina (STORLIEN et al., 1987),
contrario ao consumo de uma dieta rica em AGPI n-6 (STORLIEN et al., 1996).

Durante o desenvolvimento embrionario e pés-natal, o maior acréscimo de AGPI
ocorre durante o Ultimo trimestre e 0s primeiros 6-10 meses ap0s 0 nascimento nos seres
humanos (CLANDININ et al., 1980) e nos primeiros 15 dias apds 0 nascimento em ratos
(DOBBING; SANDS, 1979). O feto recebe os AGPI através da placenta e o recém-nascido
mamifero, atraveés do leite materno. A ingestdo de AGPI n-3 é acompanhada por niveis
elevados de DHA nos fosfolipidios de todos os tecidos (ALSTED; HEY, 1992), sugerindo
que esses AG de cadeia longasdo mais prontamente incorporados. Durante a gestacdo, 0s
AGT séo transferidos para o feto e sdo secretados no leite, demonstrando uma exposicdo do
feto aos AGT presentes na dieta materna (MOORE; DHOPESHWARKAR, 1980). Desde que
a dieta materna influencia o perfil lipidico tecidual da prole, torna-se importante investigar a
influéncia da suplementagdo materna com GVH, rica em AGT, em comparagdo com a
suplemetacdo com 6leo de soja e 6leo de peixe, fontes de AG n-6 e n-3, respectivamente,
sobre o fotodano da pele induzido pela RUV em roedores em distintos estagios sobre a

primeira e segunda geracao em ratos.
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3.2 PRODUCAO CIENTIFICA

Os resultados inseridos nesta tese apresentam-se sob a forma de artigos cientificos 1 e
2 e manuscritos 1, os quais se encontram aqui estruturados. Os itens Materiais e Métodos,
Resultados, Discussdo e Referéncias encontram-se no préprio artigo e nos manuscritos, 0s

quais estdo dispostos da mesma forma que foram publicados (2) e submetido (1).
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3.2.1 ARTIGO 1

BARCELOS, R. C. S. et al. Trans Fat Supplementation Increases UV-Radiation-Induced
Oxidative Damage on Skin of Mice. Lipids, v. 48, p. 977-987, 2013.
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Abstract We evaluaied the influence of fish ol (FO, rich
in n-3 FA), soybean ol (50, fch in n-6 FA) and hydno-
genaied vegetable fat (HVF, rich in rrans FA) on the oxi-
dative status and viability of skin cells of mice exposed to
ulraviolet radiation (IMVER). Mice wene supplemented with
F, 80 or HVF for three months and exposed o VR
{272 m¥em®) for 2 days One day after the last UVR
session, the PO group showed higher levels of n-3 fatty
acids (FA), while the HVF showed higher incorporation of
rranis FA (TFA) in dorsal skin, UVR increased lipid per-
oxidation and proein catonyl levels of the HVF and to a
kesser extent of the control and SO groups. Although all
irradiated groups showed increased skin thickness, this
increase was slighier in FO mice. UVR exposure redwced
skin cell vishility of the control, SO ad HVF groups,
while FO prevented this. Catalase activity was neduced
independently of the supplementation and SO0D level was
increased in O and FO groups after UVR exposune; FO
prevented the UWR-induced increase in glhtathione levels,
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which was observed in skin of the control, SO and HVF
mice. Our results showed the beneficial effects of FO
supplementation, as well as the hammful effects of rrens
FA, whose intensity can increase volnerability @ skin
diseases.
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0X-2 Cyclooxygenase-2
Docosahe xaemoic acid
Drimethylsulfoxide

Essential faty acid(s)
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FUFA  Polyunsamrated fagy acidis)

RS Reactive oxygen species

SFA Saturaed fany acid(z)

50 Soybean odl

50D Superoxide dismutase

TBARS Thioharbiwric acid reactive substances
TBA Thicharbimric acid

TFA Trams FA

VR Utraviolet radiation

Intr e ctiom

Repeated exposure i solar ultraviolet radiation (UVR) is
known o cause inflammatory processes, gene mmtation,
photoaging and development of skin cancer, which is e
mast commaon of all human cancers [1]. While g skin iz
the first physical, biochemical and immunclogical bamier
against UVR [2], this radiation consfitute a primary cause
of oxidative stress consequent to reactive oxygen species
(ROS) generation [3]. These species are free radicals (FR),
whose bipaccumulation is related to damages in proteins,
lipids and DMNA [4]. Besides ghtathione as an important
nonenzymatic  antioxidant [5], enzymatic antiowidant
defenses are ako present in skin and are represented by
glutathione  peroxidase {(GPx), glutathione reductase,
superoxide dismuotase (SODY) and catalase (CAT). These
two lagt have been considered de major antiowidant
enzymes prodecting the epidermis [6].

Due to the emission of environmental pollutants [7, 8],
e thinning of the ozone layer has increased the incidenos
of diseases related to UVE exposure [9], whose gravity will
end o increase in coming years. The preservation of skin
health against sun exposure damage & also related to e
lipids that compose it. Lipids are present in the sratum
comeum of the epidermiz, which & fhe outermost layer of
the skin, a= well & in cell lipid membranes [10-13], and
conzist of fatty acids (FA), phospholipids, sphingolipids,
cholesterols, wriglycerides, squalene and wax esers [14].
These lipids play an important mole in physiological func-
tions of the skin, whose composition affects cellular sig-
naling mechanisms [15]. Of patticular impontance,
essential fatty acids (EFA) and their derivatives play a
crucial role in the Avidity and flexibility of cell membranes
and affect proein activity such a5 receptors, ransporters
and enzymes [ 16]. Motahly, EFA are able i maintain e
siruciural integrity of the skin and consequently its per-
meability [17-20]. In this sense, FA can be classified as
saturaied (SFA), monounsaturated (MUFA) and polyun-
satwraied (FUFA) [21]. However, another basis of classi-
fication for EFA & the position of unsaturation (n-3 or n-6).

& springer MK &

In fact, tese EFA are refemed o as essential bocanse dwey
cannot be synthesized by mammals and must be aoquired
from the diet [22]. While n-3 FA, which include o linolenic
acid (ALA, 18:3n-3), eicosapentaencic acid (EPA, 20:5n-
3) and docosahexaenoic acid (DHA, 22:6n-3) [23] ame
widely found in marine fishes and oil seads [24], members
of the w6 series consist of linoleic acid (LA, 18:2n-6) and
arachidonic acid (ARA, 20:4n-6), which are plentiful in
nature and are present in the seeds of moat plants such a
soybean, safflower, sunflower, and com, among others
[25].

EFA are metabolized to highly active eicosanoid prod-
ucts such & progaglindins (PG) and leokotrienes, which
maodulate inflammatory, immunclogic, ad proliferative
responses including those of the skin cells [20, 26]). Ben-
eficial effects of n-3 FA consumption have been observed
in inflammatory dizeases [27, 28], as well in central ner-
vous sysiem diseases related to oxidative stress [29, 30]
and to apoptosis [31]. In fact, EPA and DHA compete with
ARA for its incorporation into the lipid cell membranes
[32] and serve as a substrate for cyclooxygenase-2 (00X -
1) [33]. In addition, this enzyme acts on n-6 FUFA and
originates PG of series 2 (PGE,), while n-3 PUFA gener-
ates PGE of seres 3 (PGE;) [33], which are less mutagenic
and pro-inflammatory than the former. Thus, n-3 PUFA can
be useful in the prevention of some skin diseases, a5 ey
are able to minimize inflammakry processes, while n-6 FA
enhances dem [34]. Fortemone, the noed i ensume a
sufficient intake of n-3 EFA in order to maintain skin
homenstasis has long boen advised [22). In this semse, n-3
FA keep the skin hydrated and could potentially contribue
to reduction of snburn esponse, an acute inflammatory
reaction of the slin against UV imadiation [27, 35].

In addition to n-3 and n-6 PUFA, rans FA (TFA) ame
defined as geometrical isomers of MUFA and PUFA,
which are produced by hydrogenation of both vegetable
and animal oils and fats. In recent years, the influence of
TFA on the susceptibility to developing of different dis-
orders has been discussed [36-38]. Considering dhat FA
exert a fundamental mle in cell membrane phospholipids
and that their influence on the development of skin
photodamage is poorly understood, we decided & investi-
gate the influence of TFA supplementation, in comparizon
to n-3 and n-6 FA, on UVR-induced skin oxidative injury
in mice.

Materials and Methods

Male Swiss mice from the breeding facility of Universidade
Federal de Santa Maria (UFSM), RS, Brazil, were kept in
Flexiglas cages with free access to food and water in a
room with controlled temperature (23 = 1 °C) and a 12-h
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light/dark cycle. After 1| week of acclimatization, the mice
were msigned to he experiments] groups. This study was
approved by the Animal Efical Commitee of fe Uni-
versidade Federal de Santa Maria (027132-UFSM), which
& affiliated to the Council for Control of Animal Experi-
ments (CONCEA), following international norms of ani-
mal care and maintenamoe.

‘Weaned malke Swis mice (56) were randomly assigned
i 4 experimental groups acconding to oral supplements-
tion: control, {water, C); fish oil (FO, fch in n-3 FaA;
Herbarium™, Colombo, PR, Brazil);, soybean oil (S0, rich
in n6 FA) or hydmgenated vegetahle fat (HVF, rich in
rans and samrated FA) (Table 1)

Due to the presence of vitamin E (QO3TUV100 g) in the
soybean ofl, this vitamin was added to other supplementa-
tions and the control, in order to maintain he same intake of
this antioxidant agent in all experimental groups. Animals
received these supplements once a day by gavage (3 glkg;
o) [39] for 90 days and thereafier, one half of the mice in
all experimental groups were exposed to VR, totaling eight
experimental groups (n = 7). The length of time chosen for
supplementation (90 days) wasbased on previous studies by
ofher laboratories evaluating the influence of TFA [40] and
an odl mixture containing vitamin E [41] on the skin of mice.
The body weight gainof the animals, aswell as the daily food
consumption was monitored throughout the experimentsal
protocol. Twenty-four hours after fhe last oral supplemen-
tation, animak were aesthetized with ketamine plus xyla-
zine (B0 and 15 mg'kg, intramuscular, respectively) and
placed in a mimrored box where they were exposed to VR
(irradisted groups). The irmadiation source was a Philips TLS
12ES 40 W lamp {Sio Paulo, 5P, Brazil) paced 30 cm
ahaovie the mice's dorsal skin, which emit in the range of
280400 nm with an output peak at 315 nm Ultraviolet
radiation B (UUWVB) was 73 % of the total UVR under e
present experimental conditions.

In order to select which UVR dose i use, oxidative
parameters were assessed by deermination of thiobarhi-
wric acid reactive substances (TBARS) [42], which esti-
mates LP levels. Preliminary assays of LP were performed
on the in of mice exposed to different doses of VR in
comparison o non-imadiated animals By monitoring e
lamp's cutput using a radiometer (Digital Meter Ultraviolet
Light MRU-201, Instrutherm, 580 Paonlo, SP, Brazil), it
was found that VR doses ranged from 136 to 544 ml/
em”, and the resulting LF in the skin of animals varied,
respectively, from 193.37 to 87080 nmol MDA/ ssue.
While e lowes dose tesied did not attain 8 significant
statistical difference (1.36 mlfem?®), the highest dose
increased LP levek in melation to the control group
{544 mVem®), and therefore this dose was chosen to
evaluate the influence of FA spplementation on [JVR-
induced skin oxidative damage.

Firaly, the MED of mouse dorsal skin was determined,
which is defined as fw minimom amount of radistion
exposure required to produce erythema with sharp margins
afier 24 h [43]). To determine e MED, male Swiss mice
(3 weeks-oM) {n = 5) were exposed to UVE for different
times. The time to produce MED was chosen and converied
intsy UVR dose (Jem®) using a radiometer (Digital Meter
Ultraviolet Light MBEU-201, Instratherm, Sio Paulo, SP,
Brazil).

Twenty-four hours afier the last UVR exposure, animals
were anesthetized (ketaminefylazine, 60 and 15 mghkg,
intramuscular, respecively), enthanized by cervical dislo-
cation and their dorsal skin was removed immediaely. For
binchemical assays, dorsal skin was homogenized in Tris
HC1 10 mM pH 7.4 and centrifuged at 3,640g for 15 min.
The supernatants were used for analysis. For GSH levels,
the dorsal skin was homogenized in potassium phosphaie
buffer (PFB) 1 M pH 7.4 and centrifuged at 3,640y for
15 min. All tssues wene stored at 20 °C until dwe assays.

The fat was extracied from the dorsal skin samples using
chloroform and methanol as described by Bligh and Dryer
[44] and wed for FA profile determinatin. To prevent
lipid oxidation during and after extraction, 002 % butyl
hydroxyl-tolwene was added to dwe chloroform wsed [45].
Fatty acid composition was determined by gas chroma-
tography. Fat was saponified in a methanolic KOH solution
and then egerified in a methanolic H,80, solution [46].
Methylated FA were analyzed using a gas chromatograph
(Agilent Technologies - HP 6800 N) equipped with a
capillary column DBE-23 (60 m x (.25 mm x> 025um)
and a flame ionization detector. The tempersture of e
injector port was set at 280 °C and e carder gas was
nmirogen (0.9 mL/min). Afier injection (1 pL, split ratio
5:1}, the oven temperature was held at 160 *C for 1 min,
then increased o 240 °C at 4 *Cimin and held at this
temperature for @ min. Standard FA methyl esiers (37-
component FAME Mix, C 22:50-3 and PUFA no. 2 from
Sigma, Saint Louwis, MO, USA and C 22:5n-6 from No-
(hek Prep. Inc., Elysian, MN, USA) were performed under
the same conditions and the subsequent retention times
were wsad i identify the FA. Fatty acids were expressed a5
percentages of the mtal FA content

LP was estimaied through the pink chromogen produced
by the reaction of thioharbituric acid (TBA) with mal-
ondialdehyde (MDA) formed during lipid oxidation of skin
komogenates, and messured spectrophoiomerrically at
535 nm [42]. Resuls were expressed as nmol MDA/Sg tis-
sue. The protein carbonyl (PO level was measured
acoonding v Yan et al [47], with some modifications
Aliquots of skin tissue homogenized in Tris HC] buffer
(10 mM; pH 74) were mixed with 0.2 mL of 2, 4-dinitro-
phenylhydrazine (10 mM DNFH). After 1 b of incubation
at room temperatwre in the dadk, 05 ml of denaturing
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buffer {150 mM sodiom phosphate buffer, pH 6.8, 3%
SDS), 2 mL of heptane (995 %) and 2 mL of ethanol
(998 %) were added sequentially and mixed for 40 5 and
centrifuged for 15 min. After that, the protein isolated from
e interface was washed twice with ethyl acetate/ethanol
1:1 {wiv) and suspended in denamring buffer. Each sample
was measured at 370 nm againg the comesponding HCI
sample (blank]), and total carbenylation calculated using a
molar extinction coefficient of 22000 M~ 'em™" acconding
i Levine of al. [48].

Catalase (CAT) activity was spectrophotometrically
quantified in skin tissue acconding to Achi [49], which
involves monitoring the disappearance of Han in e
presence of cell homogenate (pH 7 at 25 °C) at 240 nm.
The enzymatic activity was expressed in 1 pmol HaOn/
ming tissue,

Superoxide dismutase (SOD) activity was asssayed
spectrophotometrically as described by Misra and Frido-
vich [50]. Briefly, epinephrine rapidly smo-oxidizes at pH
102 producing adrenochrome, a pink colored product that
can be detected at 480 nm. The addition of samples con-
tmining S0D inhibits the sute-oxidation of epinephrine.
The rate of inhibition was monitored for 120 s af intervals
of 15 & The amount of enzyme required to produce 50 %
inhibition at 40 *C was defined a8 one unit of enzyme
activity. S0D activity was expressed a8 [Wmg protein.
Protein content was determined by te method of Lowry
et al. [51].

Gluthatione (GSH) levels wene detemmined after reaction
of skin tissue homogenaies wit 5,5 dithiobis+{2- nitno-
benzoic acid) The yellow color formed was read at
412 nm, in accordance with Boyne and Ellman [52]. A
standard curve using GSH was plotted in order to calculae
the content of GSH, expresed as pmol GSH/g tissue.

The viability of dorsal skin slices was quantified by
measuring the reduction of [3-{4.5-dimethythizzal-2-y1)-
2 S-diphenyletrazoliom bromide} MTT to a dark violet
formazan product by mitochondrial dehydrogenases [33].
Slices {04 mm) of he dorsal &in of mice were prepared
with a Mcllwain chopper. MTT meduction assays were
performed in plates containing 500 pL of phosphate buffer
saline, and the reaction was started by adding MTT o a
final concentration of 0.1 mg/mL. After | h of incubation
at 37 °C, the mediom was removed and the slices dissobved
in dimethylsulfoxide (DMS0). The MTT reduction was
messured spectrophotometrically by the difference in
abaorbance betwoen 570 and 630 nm. Data wene calenlaed
a5 a percentage of values from control.

To assess the extent of UVR-induced edema, briefly, e
mice's dorsal skin was lified up by pinching gently and e
skin bi-fold thickness was measured using a dial caliper
24 h after the last UV imadistion. Changes in skin bi-fold
thickness wemne determined by messurements of the same
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site within the area of exposure per mouse [54]. Edema
formation was expressed a5 net increase in skin thickness
between experimental (UWR) and control {non-T7WVR)
groups. The grader was blinded to the group.

All the data were analyzed by two-way ANOW A [4(C,
50, FO and HVF] X [2 (non iradistedfirmdiaed)], fol-
lowed by Tukey's test when appropriate (Software package
Statistica for Windows version B0 was wsed). Valee of
P =005 was considered significant for all comparisons
made,

Results

Mo differences in body weight gain or food consumption
were observed between the different experimental groups
{data not dhown). LF was developed afier two exposures
(2TMED) to UVR, and therefore was used to develop the
experimental protocol of the present audy, ie. UVR
exposure {one dose of 2.72 mlkem”) every ofwer day for 3
days, yielding a total dose of 5.44 mI/em®.

Exposure of mice © 0.20 mVem® UVR produced a
minimally perceptible erythena that was taken as the MED
{dats not shown).

UVE exposure caused no changes in FA composition of
the control, FO, S0 and HVF groups. Between irmadiaed
groups, incorporation of TFA in skin was higher in HVF-
supplemented mice (0.41 %) than in the C, S0 and FO
groups. On the other hand, FD supplementation was relaed
to the lower n-&in-3 (1735 %) ratio than wene the other
experimental groups, while incorporation of MUFA in fhe
skin was higher in both FO and HYF groups (10.7 and § %,
respectively) than in e C group. FO and SO supplemen-
tations increased e skin n-3 FA incorporation (72 and
36 %, respectively) in relation to de C group (Table 2).

Two-way ANOVA of lipid peroxidation (LF) revealed a
significant effect of suppkmentation and TUVE
[F(348) = 4833, F(1.48) = 17597, P < 0.001, respac-
tively] and a significant supplementation x UVE interac-
tion [F{348) = 44.92; P < QLOO1]. A post-hoc test showed
that while no differences of LP were observed in the groups
ot exposed to UWVE, LP levels were higher in HVF and C
than in S50 and F) goups in iradiated animalk, which
showed similar values between each other. In fact, UVR
exposure increased skin LP levels in the C and HVF, but
not in SO and RD groups (Fig. 1A)

Two-way AMNOVA of protein cabonyl (PC) levels
revealed a significant effect of supplementation and UTVE
[F{348) = 12545, F(1,48) = 2001.61; P < 0.001, respec-
tively] and a significant supplementation x UVE interac-
tion [F{34%) = 8.03; P < Q001). Similar to LP, the post
o test showed dat between groups not exposed i TTVER,
HVF incressed skin PC levels in relation i ofher groups. In
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Table 1| Fatty adds compesition (% of iotal idemtifisd FA) of the
fond and oils'fa sopplemented o different experimental groos

Fatty acik Chow FO S0 HVF
C 140 | 844 .10 0lg
C 164 1754 1901 118 1309
C 1840 586 393 535 110
C 204 054 .00 057 053
ELSFA 2445 I3 17.1 2490
C 16:1n7 065 938 000 000
C 18:1n7 0 .00 o7 223
C 18:1n 8¢ 3261 1207 2487 19
C 18:1n9¢ | .00 0is 19.45
C X:ln 8 057 125 030 034
C2:lns 0 .00 000 000
T MUFA 3434 W 2604 5521
C 18303 288 1.35 448 048
C X5 03 0 2.2 000 000
CB5nd 0 258 000 000
C 2% nd 0 1371 000 000
o3 288 W93 448 04%
C 1826 3733 1.40 49.86 1025
C X6 0 .00 000 000
C 206 00 0.00 000 000
C Xidn 6 0 1.4% .06 003
C2dné 0 .00 000 000
Zoé 3733 288 4992 1028
C 18:1n9¢ | .00 0is 19.45
T TFA | .00 0is 19.45
o3 mtio 1296 0.07 1114 2142

SFA samrated fasy acids, MUFA Monoon satorated fasty acids, PLFA
pal yons atorated faty acids, TFA mans faty acids
Valoes represent menns = SEM (P < (L05)

addition, dwe FC level was lower in the FO group than in
bt T and SO groups, whose values were comparable to
each ofer. VR exposure was able to increase te skin PC
kevels in all supplemented groups, and these levels wene
higher in C and HVF than in 50 and RO, but in tum lower
in FO than in S0 group (Fig. 1H).

Two-way ANOWVA of dkin tickness revealed a signifi-
cant effect of supplementation and UVE [F{348) = 5.60,
P 0.05; F{l48) = 297 14; P < 0L001, respectively] and
a significant supplementation FA = UWR ineraction
[F(3,48) = §33; P =0.001]). Tokey's test showed that
skin thicknes was similar among animals not exposad to
irradiation; however, VR exposune was ahle to increase
this parameter in all experimental groups. Across iradiaed
animals, skin thickness was higher in 80 and HVF than in
C and FD grmoups, which showed similar values to each
other (Fig. 2A).

Two-way ANMOWA of skin cell viability revealed a
significant  effect of suppementation and TUWVR
[Fi348) =937, F1,48) = 1606, P <0001, nespec-
tively]l. UVR exposune reduced the percentage of cell
vighility in the skin of the C groop. Acwmss irmadiaed
animals, the FO group showed higher cell viability, whose
percentage was higher than in the HVF and C groups. The
S0 group showed a pantial protective effect on the skin,
since its percentage of cell viability was not different from
thase of the other UVR-exposed groups (Fig. 2B).

Twao-way ANOWA of glutathione (GSH) levek revealed
a significant effect of spplementation and TUWVR
[F{348) =675, F(1,48) = 2131; P =<0.001, mespec-
tively] and a significant supplementation = UWE interac-
tion [F{3,48) = 2.95; P < 0L05]). Tukey's test showed no
differences of GSH leveks in skinof animals not exposed to
imadiation. UVR exposure incressed GSH levels in skin of
both C and HVF groups.

Across imadisted animals, GSH kevels wene similar in O,
S0 and HVF groups, but not in FO, whose value was lower
than in all other growps { Tahle 3).

Twao-way ANOW A of catalase (CAT) activity revealed a
significant effect of UVR [F{1,48) = 54.95, P < (001 and
a significant supplementation = UVERE  interaction
[F348) = 1591; P < 0001]. Post-hoc test showed that
RO supplementation increased per se the skin CAT activity
when compared to the C group. VR exposune was able to
decrease the CAT activity in the skin of S0, FD and HVF
groups, whose values were similar to each other but smaller
than in the C group (Tablke 3).

Two-way ANOVA of superoxide dismuotsse (S0D)
levels  revealed a  significant  effect of UWVR
[Fi1A48) = 40,65, P < 0.001]). Tukey's test showed no
differences in the S0D kevels among experimental growps
no expoaed to iradiation. Even though UVR exposune
increased S0D levek in e skin of C and FO mice, these
values were statistically similar across all irradiated growps
(Table 3).

Discusion

In this study we evaluaied the influence of 50, FO and
HVF supplementation, which ane rich inn-6, n-3 and rrens
FA, respectively, on the skin photodamage of mice
exposed to VR, Our objective was to explore isocaloric
diets {the most consumed cumently) and show that even in
similar levels, SO i less deleerious han HVF, and both
S0 and HVF are more harmful than FD. In our findings, the
higher incorporation of TFA observed in HV Fsupple-
mentad mice showed fat FA can be easly renovated in e
skin, suggesting two possibilities: (1) TFA can be sub-
srrates for COX and Epoxygenase {LOX), whose activities
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Tahle I Fatty add composition of the mice dorsal skin after supplementtion with difierent fagy acids (% of il fagy acids ident fied)

Fazy acids  N-UVR [

C PO S0 HYF C [ S0 HYF
C 140 080+ 00 024008 079400t 100+ 00 E Nt 09T+ ot 08T 2007 098 00"
C 160 IS 4 4P HIAE £ 0SF  HI2 4 0TS ZR06 4 L0 HIB S 04T 191+ 043 N0 £ 0545 HSE 068
C1ED0 L6+ 0%F 33 +0dF IS OoNt 3 oMt TAEL 0TI 485 ATH SR 0T 4msan
2 045 + 0068 062 4001 0T+ 005 088+ 00 043+ 002 asT+oan® 08 Lo 0T o
T SFA TTAS 4 055 BA4 2 1090 A1 £ 09T D14 14T MASLasE' 2004 112" 2747 2142 e 2aTe®

ClEin-T U794 00T 430 008 2EF 002 449 2 00F 13203 T 0mM 293 20090 402 £ 040
Colfin-T 182 4 0060 LT & 0068 LTS 00 LTI+ 00M 18T+ st s s 0t LT 2008 15T oo
Clfin-% 3944 £ 032 3909 4 1060 303 4 088 BM0d & 18 BEts ot 3Tra nt g 4088 B o
Cilxise  oof o6 + 008" aod® 0%+ 00 0+ ae® oo oo® 041 £a1i*
C Heln-9 091 + 0fE*  0EE £ Gt 09 4 04 058 4 00 OsEL 0F 082 0% 12 0P 1060 =+ O
Crrin-9  O0E £ 008% 082 00 065 £ 009 0% o 0%+ 00 0820 AT 0T a4l 0P
TMUFA 3974 £ 045 4269 + LI15° 4038 £ 080" 4200 + L00% A4 1 42404 1280 s 2w 06 208t
ClEde-3  L0E 4 0080 13 007 1 o 0% ol 0T +0IT osds 00t e 008 098 2ot
CorrGeed 001+ 008 084 £ 001 009 00T 03T £ o ads+on® aTi+ 03t 046 £00Eh 08 £k
End L9+ 0050 1S 2003 182 00?160 0STH0 1ETH o 1S Aot 1 2ot
[ } = W1 TG4 £ 051 ITI0 &£ AT T £ 081 2605 & 1000 2691+ 1800 IT46 4 0% BTT L0 BET £ 08
L e T T IR ol Tl V8 TS T I Lo P T T e 1 e . Y e
Cohrded 008 £ 000 o0d &0t 00 & oo oo o o0 s oot o0 £00dt 080 ot

C Ardn-t 13+ 003 069 £ 00 1.10 & 0Lig* 104+ 008 1ITELE 0% 1IEE 04 208 +0E 139 028
Crrdmt 003 £ 004% o 03 &+ 0 002 £ 00 X+ ot oo 029 00T 002 £ 0060
Tné A0 & 008 TTEE £ 003" WA+ 0010 Fas 200" Bmian' Hmesond' B sant mEm ot
Cilxise  oof o6 + 008" aod® 0%+ 00 0+ ae® oo oo® 041 £a1i*
I TFA o 0 + 00t o 034 4 00 00+ 0t oot LTy 041 0

nnd mio A4 £ LEIS 1502 £ EN 1984 & UER DT+ LN 30022 1910 1730 1010 19036 £ LR TRTE & 440k

SFA mamraed famy acids, [FA enasrated fasy acids, MUFA monoussatwated farey acids, PUFA pol yossserased fary acids
Comeidering the pamber of masmtons, TFA were added oo the MUFA content

Dot expressed a5 means = SEM e = T)

Differnt lomer case legem (3¢ ) indicass significant differance baween sapplementations i the same imdiaton conditon (P - 0L05)
* [naficates a significant difference from e non-imadiated groep in the same sapplementation (P - 0L05)

are able to generate frans-prostancids endowed with hith-
erto unknown properties; {2) TFA have been described as
poient inhibitors of A-5 [35] and A-6 desaturases [36],
suppressing the synthesis of ARA, EPA and DHA and
exacerbating symptoms of EFA deficiency [57, 58] in dhe
skin. Other reponts have shown the impontance of e intake
of n-3 PUFA andior their precursors, which ply an
important role in he physoclogy and homeostass of skin
[24, 59]. In this sense, n-3 PUFA derivatives constitute a
skin health strategy and are substrates for O0X-2, whose
activity resuls in syntwsis of the PGE; [33], which ane less
pro-inflammatory #an PGE; originated from n-6 FA [33].
In addition, there is evidence in the lteraure of the mod-
ulatory effects of n-3 FUFA on COX-2 and PGE, levels
[60], indicating a possible protective mole of hese dietary
FA against UVR-induced photsdamage [59, 61] The
nutriional supply of n-3 PUFA has been associated with
reduced erythema and low levek of PGE, following TUWVER
exposure [62], especially because n-3 FA are recognized as
moedulating immune responses of the din. Human studies
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showed reduced sensibility to sunbum and a longer time
for the skin to redden in subjects weaied with n-3 FA,
showing that consumption of these FA is related to a lower
suseeptibility to UVR [63]. On te other hand, n-6 FUFA
present in S0 produces more potent pro-inflammatory
eicoeanoids [64], and ane related i increased UVR -induced
carcinegensis in mice [65].

Besides FA incorporation in fhe skin, we also evaluaed
the influence of T'WVRE on oxidatve damages, antioxidant
defenses, epidermal thickness, and cell survival in skin of
RO, 50 or HVF supplemented mice. OF particular impor-
tance, HYF is rich in TFA, which has been associated with
development of erythema, inflammation and cancer due to
pro-oxidative and apoptotic properties of ROS generation
[56]. Such reactive species oxidize lipids and proteins
resulting in photooxidative damage of cells and the extra-
cellnlar matrix [G7]. In this context, the continwous LF may
lead to degeneration and loss of fluidity of the cell mem-
brane, which is considered an important event involved in
cell death. Together with protein oxidation, this oxidative
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Fig. 1 Inflnence of n-3, n and
mans faty acids provided from
) days of sappl ementation
with fish ail (PO}, soybean ol
(500 and hydrogenated vegetal
fat (HVF), respectively, on Hpid
peroxidation (A) and protein
oxidagion (B) kevels in the
dorsal skin of mice exposed ar
not to UV imadision. Data
expressed a5 means £ SEM

(m = T Differens lowercase
Lemers (a=c) indicate signifimnt
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(500 and hydrogenated vegetal
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mice exposed or mot to TV
imadiation. Data expressed as
means = SEM (m = Th
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b)) indicate significant difference
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(P« 05y asterisks indimie o
significant difference from e
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stress marker is able to inactivate membrane enzymes and
increase permeability of ions, which may lead to dismption
af cell membrane potential [G8-T0] and alse DN A damage
[71]. Considering that elevated levels of LP and PC may
represent the initial and final stage of cell desruction, our
findings showed that T'VE exposure increased LP levels in
skin of #w control and HVF-supplemented mice, while
increased PC levels wene observed in the control, SO and
HWF groups, bat not in the FO growp. These findings indicate
that TFA supplementation was associated with the highest

LvR BN YR

UVR-induced damage, while n-3FA (predominanthy present
in RO, and in minor proportion n-6 (found in higher pro-
portion in SO, were able to prevent this While the infloenoe
of TFA derivatives ncomporated in g skin iz poordy
underaoed, LC n-3 FUFA ae precursors of coosanoidsand
docosanids [T2], and already described as having anti-
apoptotic properties [31]. While MUFA present in FO, S0
and HWF groups did not alter the skin's sensitivity to sunbum
of it time to redden [T3], few studies on the influe noe of TFA
on skin health have been carred out so far [40, 55).
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Tahle 3 hfoence of 03, n6 and rrams faty acids provided from 90 days of sopplememtstion with fish il (FO), soybean ail (50) and
hydrogenated vegesl fat (HVF), respectively, on the antiorident statos of domal skin of mice exposed (W R) or not (N-UVE) i imadiation

Gromps GSH pmal GSHE skn CAT | pmal Hy fming siin 50D L¥mg protein
HUVER
' 155 4 013 31453 £+ 18.058° 1749 £ 1.19
FO 130 & 060 AE79 4+ M 1525 £ 0.72
50 235 4 033 41995 + 955° 1836 + 1.22
HVF 107 4 024 39339 4 1971 1828 + 109
UVR
' 359 4 041F IR 6 L 45 P AT £ 377
FO 119 4 07 HE04 4 1338 844 1 91*
50 377 4 054 H2E] 4 2T 656+ 392
HWVF 16+ 0447 TI49 L 1466 81 & 118

G5 gloatione, CAT Canlase, SO0 soperoxide dismumtase
Data expressed as means = SEM (n = T)

Differnt bwer case letiers (a-b) mdicate signifimnt difference befween sapplemenfions in the same imediation condigon (P -2 0U05)
* Indicates a significant difierence from the nondmadisted groop with the same sopplementation (P < 0.05)

In our study, greater TIVR-induoed skin thickening was
observed in both TFA and SO spplemented animal,
whose mechanism may be due to generation of proin-
flammatory cytokines [74], increased blood flow and
higher wvascular permeability, which igether lead to
inflammation and edema development Thus, the delsteri-
ous effects of TEA have been relaed to their greater impact
on n-3 EFA metsholie generation, and oconsequently
reducing the fluidity and stahility [75] of the cell mem-
brane, making it more susceptible to oxidative damage.
Such neponts ane especially relevant o the last two decades,
since consumption of manufactured fids has increased in
‘Western countries. This change in eating hahits has con-
ribuied i increases in the n-6/n-3 PUFA ratio, mainly due
o reduced intake of n-3 FA [76]). Altwough the incressed
consumpiion of TFA may represent a loss of the nuwtritional
value of foods, the impact of this condition on the anti-
oxidant defense system of the skin and thus on UVR-
induced photodamage has boen poordy mderstond. TWVR
acts 85 & pro-oxidant agent [77], and is recognized as
increasing ROS generation, which is closely related to
oxidative stress development [ 77, TR). Our findings showed
as well that proinflammatory and prooxidative effects of
UWR expomme were reflocted on skin cell viability of
control, S0 and HVF, but not of FO-supplementied mice,
which did not show a reduction in skin cell viability. So it
i possible to hypothesize that the deleterious effects of
TUWR exposune can be aggravated by a lower generation of
eioosanoids and docosanoids and lower fuidity of e cell
membrane, which can inerfere with the antioxidant
activity of membrane-bound enzymes [79]. In this sense,
Sander et & [6] meponed that acote and chronic
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photedamage in human skin is related to deplation of
antionidant enzymes’ expression and increased oxidative
protein modifications. Enzymes such as CAT and SOD [6,
0] and non-enzymatic compounds swch as GSH [T7, £1]
give imponant protection against TNVR-induced skin omi-
dative processes. In this sudy, UVR exposre decreased
CAT activity in the FQ, S0 and HVF groups, indicating
that the type of FA do not interfere with the skin CAT
activity. Different to CAT activity, S0D levels wene
increased by UVRE exposure, especially in O and FO
groups. Other studies have shown contradiciory effects of
TUVR expomre on the antionidant defense sysem of e
skin: while an increase in S0D levels in response to TIVER-
induced, oxidative stress was shown by some authors [B2,
B3], others showed that the enzymatc antioxidant defense
system can be impained by UVER [84-86), making skin
damage from sun exposure even more serjious Although
the exact influence of FA on the antioxidant defenses of
TWR-expoed skin is not known yet, glutathione is a
reduced (GSH) or oxidized (GSSG) tripeptide, which is
considered one of the most important endogenous antiox-
idant defenses due to its nucleophilic properties [B7].
Considering that UVR-induced oxidative siress strongly
challenges the ghitathione system [BR], in the present study
TR exposune was related o higher GSH levels of contral,
S0 and HVF groups, but this effect was not derved in FO
supplemented mice. We believe that this findings ane
consistent with the fewer pro-inflammatory properties of
the metabolites generaied by n-3 FA [31], which ame dif-
ferent from dwse derived from n-6 [34, 72) and rrans FA
[B9, 90]. In this sense, eicosanoids mesulting from e
metabolism of n-3 FA contribute to 8 decrease in de

65



Lipids (2013 48:977-287

985

production of pro-inflammatory ¢ytokines, reducing UVR-
melated photodamage [91]. Such findings can be closely
melated to lower produection of ROS, and consequently a
meduced generation of oxidative damage, leading us to
suggest tat a higher generation of pro-inflammatory
cytokines, as observed in rrans-FA and less in n-6 FA, can
b related to incressed generation of ROS and oxidative
damages in the skin exposad to sunlight.

In conclusion, the results of iz sudy indicate that
conzumption of HVF during the developmental period
leads to incomporation of TFA in skin and facilitates UVR-
induced damage observed by increased levels of LF and
PC, a5 well as to decreased skin cell survival and incressed
skin thickness, These pro-oxidative and pro-inflammatory
events were observed i be less in SO-supplemenied mice,
which showed higher n-6 FA levels, ut wene not observed
in the FO group at all, which showed a higher inconporation
of LC n-3 PUFA and a lower n-6/n-3 ratio in the skin
Funthermore, n-3 FA exened photo-protective effects,
mainly because this sypplementation was able to prevent
e development of oxidative damage, maintaining both
normal skin tickness and cell survival. This smdy shows
it critical mle of a diet rich in TFA and poor in n-3 EFA
an the development of inflammatory and oxidative pro-
cesses in skin, which can culminate in death of the cells
exposed to TIVR. Taken together, these events may lead to
e development of skin cancer, which constitutes a pre-
ventshle disease.
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Abstract

The influence of dietary fatty acids (FA) on photoaging, oxidative damage and mitochondrial
viability in skin of rats exposed to ultraviolet radiation (UVR) was evaluated. Wistar rats of
first generation were supplemented with soybean oil (SO, rich in n-6 FA), fish oil (FO, rich in
n-3 FA) and hydrogenated vegetable fat (HVF, rich in trans FA- TFA) until adulthood, when
half of each group was exposed to UVR. The FO group presented higher skin n-3 FA
incorporation and lower n-6/n-3 ratio; the HVF group showed higher TFA incorporation,
increased protein carbonyl (PC) levels per se, and decreased mitochondrial integrity and
antioxidant defenses. After UVR, the HVF group showed increased skin wrinkles, reactive
species (RS) generation and PC levels, with decreased skin antioxidant defenses. The FO
group showed lesser wrinkling and skin thickness, lower PC levels, and increased
mitochondrial integrity. RS generation was positively correlated with skin thickness, wrinkles
and PC levels, while negative correlations between RS generation and mitochondrial integrity,
as well as between PC levels and antioxidant defenses (glutathione reduzed (GSH),
superoxide dismutase (SOD) and vitamin C (VIT C)) were observed. While n-3
polyunsaturated FA (PUFA) play a protective role in skin, once incorporated, TFA make it

more susceptible to developing UVR-induced disorders.

Keywords: Oxidative stress; skin; fatty acids; PUFA; transfat; ultraviolet radiation
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Introduction

Ultraviolet radiation (UVR) is a major environmental factor related to harmful effects
in human skin (1), whose pathophysiology are closely related to oxidative, inflammatory and
degenerative processes, consequent of an overproduction of reactive species (RS), which may
affect the antioxidant defense system (2-4). RS-sensitive signaling pathways activation (5-6)
may participate in short- and long-term UVR-induced skin pathologies, such as erythema,
inflammation, photoaging and tumors (7-8). Dietary fat is an additional but modifiable known
environmental factor, that increases the susceptibility to skin disease (10).

Theessential fatty acids (EFA)can be classified intotwo main families according
totheir unsaturation state, namely, omega-3 (n-3) and omega-6 (n-6) polyunsaturated FA
(PUFA)(11,12). The n-3 PUFA include eicosapentaenoic acid (EPA, 20:5 n-3) and
docosahexaenoic acid (DHA, 22:6 n-3) (11), which are mainly found in flesh of marine fish
(tuna, sardines, salmon), nuts and vegetable oils (flaxseed and Salvia hispanica) (13,14). The
n-6 PUFA include linoleic acid (LA, 18:2 n-6) and arachidonic acid (AA, 20:4 n-6) (11),
which are abundantly obtained from most types of vegetable oils including soybean and
sunflower oil (15). Omega-3 PUFA are involved in resolution of inflammatory processes, as
their regular consumption has been found to reduce erythema and prevent UVR-induced
wrinkles, mainly due to their indirectantioxidant property (10,16-18). On the other hand, n-6
FA tend to promote increased inflammatory processes (23), thus facilitating development of
edema and photoaging.

Trans fatty acids (TFA) are sourced from the hydrogenation of vegetable oils, which
have been significantly added to processed foods, setting an increasein TFA consumption and
currently accounting for 0.5-3% of total calories consumed by most Western people (24,25).
This change in eating habits promoted an increase in the n-6/n-3 ratio, mainly due to reduced

n-3 PUFA intake (37). Considering that the influence of dietary FA on photoaging and UVR-
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induced cutaneous oxidative damage still lacks scientific validation, this study aimed to
evaluate the influence TFA on photoaging and oxidative status in rat skin associated with

repeated UVR exposure.

Materials and methods
Animals

The animals from the breeding facility of Universidade Federal de Santa Maria
(UFSM), RS, Brazil, were kept in Plexiglas cages with free access to food and water in a
room with controlled temperature (23+1°C) and 12 h light/dark cycle. After one week of
acclimatization, the rats were assigned to the experimental groups. This study was approved
by the Animal Ethical Committee of the Universidade Federal de Santa Maria (027132-
UFSM), which is affiliated to the Council for Control of Animal Experiments (CONCEA),
following international norms of animal care and maintenance.

Virgin female Wistar rats were randomly assigned to two experimental groups
according to oral supplementation: soybean oil (C-SO, rich in n-6 PUFA)orhydrogenated
vegetable fat (HVF, rich in TFA and SFA). SO was used as a control group, mainly because it
contains adequate levels of PUFA, n-6/n-3 ratio within acceptable limits (38-40) and because
of its elevated consumption worldwide (41,42). Control (C-SO) and experimental group
(HVF) were isocaloric in order to prevent metabolic differences between animals of different
experimental groups (43,44), which could cause interferences in the antioxidant defense
system (45). Animals received these supplementations once a day by gavage (3g/kg; p.o.) (32-
34) from pregnancy and lactation. Immediately after weaning, the offspring were kept in the
same maternal supplementation for 90 days. Then one-half of each group was designated to
UVR exposure (UVR) or not (N-UVR), and maintained in the supplementation during the

irradiation period, totaling four experimental groups (n=7). FA supplementation was carried
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out from prenatal period until adulthood of the first generation to study its influence on skin
incorporation as related to UVR-induced cutaneous alterations. The duration of
supplementation (90 days) was chosen based on previous studies that evaluated the influence
of TFA (10) on the skin of rodents. Food intake and body weight gain were monitored

throughout the study period in all of the animals.

Radiation exposure

The source of UVR used was a Philips TL/12RS 40W lamp (S&o Paulo, SP, Brazil)
placed 20 cm above the rat’s dorsal skin, which emits in the range of 280-400 nm with an
output peak at 315 nm. Ultraviolet radiation B (UVB) accounted for 73% of the total UVR in
these experimental conditions. The energy output of the lamp was measured with a UV
radiometer (Digital Meter Ultraviolet Light MRU-201, Instrutherm, Sdo Paulo, SP, Brazil).
All animals were shaved on their back with an electric shaver, followed by the application of
hair removal cream before UVR irradiation sessions. Initially, we determined the Minimal
Erythemal Dose (MED) of rat dorsal skin, which is defined as the minimum amount of
radiation exposure required to produce erythema with sharp margins after 24h (48).
Therefore, female Wistar rats (8 weeks-old) (n=5) wereexposedto UVRfor differenttimes. The
timeto produce MED was chosenand converted intoUVR dose (J/cm?).

After 90 days of supplementation, animals were anesthetized with ketamine plus
xylazine (60 and 15 mg/kg, intramuscular, respectively) and placed in a mirrored box where
they were exposed to UVR (irradiated groups) three times a week for twelve weeks. During
this period, UVR sessions were conductedthree times a week with an UVR dose of 0.25
Jlem?/3x/week, yielding a total dose of 0.75 J/cm?/week for total 12 weeks. Supplementations

were maintained throughout the irradiation period.
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Evaluation of wrinkle formation

After 12 weeks of UVR irradiation, animals were anesthetized (ketamine/xylazine,
60/15 mg/kg, intramuscular, respectively) for evaluation of dorsal skin wrinkle formation.
Skin wrinkles were analyzed according to the scale ofBisset et al. (49) modified by Inomata et
al. (50). Three investigators individually determined wrinkle formation scores in blind fashion

for each animal, as described in Table 1.

Table 1. Grading of rat dorsal skin wrinkles according to the scale of Bisset et al. (49)

modified by Inomata et al. (50).

Grade evaluation criteria

0 No wrinkles

2 A few shallow wrinkles across the back skin are observed occasionally
4 Shallow wrinkles across the back skin are observed on the whole surface
6 Some deep, long wrinkles across the back skin are observed

8 Deep, long wrinkles across the back skin are observed on the whole surface

Determination of skin thickness as an inflammatory biomarker

Briefly, the rat’s dorsal skin was lifted up by pinching gently and the skin bi-fold
thickness was measured using a caliper at week 12 of UVR irradiation to assess the extent of
edema. Changes in skin bi-fold thickness were determined by measurements of the same site
within the area of exposure per rat (51). Edema formation was expressed as net increase in
skin thickness between experimental (UVR) and control (non-UVR) groups. The grader was

blind to the groups.
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Preparation of skin sample

At week 12 of UVR irradiation, animals were euthanized and dorsal skin fragments
were excised from each rat. A part of the dorsal skin was dissected and stored at -80°C degree
for lipid profile determination of. For gluthatione (GSH) levels, the dorsal skin was
homogenized in potassium phosphate buffer 1M pH 7.4 and centrifuged at 3640g for 15 min.
For all other biochemical assays, the dorsal skin was homogenized in Tris HCI 10mM pH 7.4
and centrifuged at 36409 for 15 min. The supernatants were used for analysis. All tissues were

stored at -20°C until assayed.

Lipid profile analysis

The fat was extracted from dorsal skin samples of non irradiated groups using
chloroform and methanol as described by Bligh and Dyer (52) and used for FA profile
determination. To prevent lipid oxidation during and after extraction, 0.02% butyl hydroxyl-
toluene was added to the chloroform used (53). Fatty acid composition was determined by gas
chromatography. Fat was saponified in methanolic KOH solution and then esterified in
methanolic H2SO4 solution (54). Methylated FA were analyzed using a gas chromatograph
(Agilent Technologies - HP 6890N) equipped with a capillary column DB-23 (60m x 0.25mm
x 0.25um) and flame ionization detector. The temperature of the injector port was set at
280°C and the carrier gas was nitrogen (0.9mL/min). After injection (1uL, split ratio 50:1),
the oven temperature was held at 160°C for 1 min, then increased to 240°C at 4°C/min and
held at this temperature for 9 min. Standard FA methyl esters (37-component FAME Mix, C
22:5n-3 and PUFA no. 2 from Sigma, Saint Louis, MO, USA and C 22:5n-6 from NuChek
Prep. Inc., Elysian, MN, USA) were performed under the same conditions and the subsequent
retention times were used to identify the FA. Fatty acids were expressed as percentage of the

total FA content.



76

Estimation of skin oxidative damage

Protein carbonylated (PC) level was measured according to Yan et al. (56), with some
modifications. Aliquots of skin tissue homogenized in Tris HCI buffer (LO0mM; pH 7.4) were
mixed with 0.2 mL of 2,4-dinitrophenylhydrazine (10mM DNPH). After 1h of incubation at
room temperature in the dark, 0.5mL of denaturing buffer (150mM sodium phosphate buffer,
pH 6.8, 3% SDS), 2mL of heptane (99.5%) and 2mL of ethanol (99.8%) were added
sequentially and mixed for 40s and centrifuged for 15min. After that, protein isolated from the
interface was washed twice with ethyl acetate/ethanol 1:1 (v/v) and suspended in denaturing
buffer. Each sample was measured at 370nm against the corresponding HCI sample (blank),
and total carbonylation calculated using a molar extinction coefficient of 22,000M ‘cm™
according to Levine et al. (1990).

RS levels were quantified using the oxidant sensing fluorescent probe, 2,7-
dichlorofluorescein diacetate (DCHF-DA) (58). The oxidation (DCHF-DA) to fluorescent
dichlorofluorescein (DCF) was determined at 488nm for excitation and 525nm for emission.
Skin samples (20 pL) were added to a medium containing TrisHCI buffer (0.01 mM; pH 7.4)
and DCFH-DA (10 pM). After DCFH-DA addition, the medium was incubated in the dark for
1 h until fluorescence measurement procedure. DCF-RS levels were corrected by the protein

content (59) and expressed as a percentage of values from control.

Estimation of skin antioxidant defenses

Superoxide dismutase (SOD) activity was assayed spectrophotometrically as described
by Misra and Fridovich (61). Briefly, epinephrine rapidly auto-oxidizes at pH 10.2 producing
adrenochrome, a pink colored product that can be detected at 480nm. The addition of samples
containing SOD inhibits the auto-oxidation of epinephrine. The rate of inhibition was

monitored for 120s at intervals of 15s. The amount of enzyme required to produce 50%
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inhibition at 40°C was defined as one unit of enzyme activity. SOD activity was expressed as
U/mg protein. Protein content was determined by the method of Lowry et al. (59).

GSH levels were determined after reaction of skin tissue homogenates with 5,5’-
dithiobis-(2-nitrobenzoic acid). The yellow color formed was read at 412nm, in accordance
with Boyne and Ellman (62). A standard curve using GSH was plotted in order to calculate

GSH content, expressed as pmol GSH/g tissue.

Estimation of mitochondrial integrity

Mitochondrial integrity was quantified by measuring reduction of [3-(4,5-
dimethyllthiazol-2-yl)-2,5-diphenyltetrazolium bromide]-MTT to a dark violet formazan
product by mitochondrial dehydrogenases (63). Slices (0.4mm) of dorsal skin were prepared
with a Mcllwain chopper. MTT reduction assays were performed in plates containing 500uL
of phosphate buffer saline, and the reaction was started by adding MTT to a final
concentration of 0.1mg/mL. After 1h of incubation at 37°C, the medium was removed and the
slices dissolved in dimethylsulfoxide (DMSO). MTT reduction was measured
spectrophotometrically by the difference in absorbance between 570 and 630nm. Data were

calculated as a percentage of values from control.

Statistical analysis

All the data were analyzed by two-way ANOVA [3 (SO, FO and HVF) X 2 (non
irradiated/ irradiated)], except skin FA quantification, which was analyzed by one-way
ANOVA followed by Duncan’s test for all comparisons when appropriate. P<0.05 was
considered significant for all comparisons made (Statistica for Windows version 8.0 was

used).
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Results
Food intake and body weight

Rats supplemented with diets rich in either C-SO or HFV had no significant
differences in food intake and body weight over the 12 weeks of UVR irradiation (data not

shown).

Fatty acids composition of the skin (Table 2)

The type of FA provided in the diet modified the lipid profile of the rats’ dorsal skin:
compared to the C-SO group, the HVF group showed higher MUFA (10.50%; P=0.0000) and
TFA (535%; P=0.02) incorporation and the FO group higher n-3 PUFA (20.52%; P=0.0000)

and lower n-6/n-3 (35.68%; P=0.0000) ratio.

UVR-induced wrinkles and thickening of dorsal skin

Two-way ANOVA of wrinkle score revealed a significant main effect of
supplementation and UVR exposure [F(2,36)=5.39, P<0.01; F(1,36)=255.66; P<0.001,
respectively] and a significant supplementation x UVR interaction [F(2,36)=5.39; P<0.01].
Two-way ANOVA of skin thickness revealed a significant main effect of supplementation
and UVR exposure [F(2,36)=5.99, P<0.01; F(1,36)=286.64; P<0.001, respectively] and a
significant supplementation x UVR interaction [F(2,36)=5.35; P<0.01].

Duncan’s test showed that wrinkle scores and skin thickness were similar among
animals not exposed to UVR. UVR was able to modify these parameters in all experimental
groups, but FO-supplemented rats showed lower skin thickening than both C-SO and HVF

did, whose values were comparable to each other (Fig. 1).
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Biochemical measurements

Influence of fat supplementations on RS generation, PC levels and mitochondrial integrity in
dorsal skin (Fig. 2).

Two-way ANOVA of RS generation, PC levels and mitochondrial integrity revealed a
significant main effect of supplementation [F(2,36)=10.70, P<0.001; 14.01 P<0.001 and
66.53, P<0.001, respectively] and UVR exposure [F(1,36)=8.80, P<0.01;26.54, P<0.001 and
85.11,P<0.001, respectively] in dorsal skin tissue. Additionally, two-way ANOVA of RS
generation and mitochondrial integrity revealed a significant supplementation x UVR
interaction [F(2,36)=3.22, P<0.051 and 7.40, P<0.01, respectively].

Post hoc test showed that FO supplementation decreased per se the RS generation in
relation to control (C-SO) group. UVR exposure increased RS generation in skin of rats
supplemented with HVF when compared to non-irradiated animals, but this effect was not
observed in C-SO and FO. In fact, between irradiated groups, RS generation was higher in
HVF than in FO and C-SO groups (Fig. 2).

Duncan’s test showed that HFV-supplementation increased PC levels per se in non-
irradiated animals, but UVR exposure increased significantly this oxidative marker in all
experimental groups (C-SO, FO and HVF). Between irradiated animals, PC levels were
higher in HVF than in C-SO, and the lowest in FO (Fig. 2).

The mitochondrial integrity was reduced per se in skin of HVF and increased in FO in
comparison to C-SO. UVR exposure was able to reduce significantly the mitochondrial
integrity of all experimental groups. In fact, between irradiated groups, FO supplementation
was related to increased mitochondrial integrity in relation to both HVF and C-SO

supplementations (Fig. 2).
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Influence of fat supplementations on antioxidant defenses in dorsal skin (Fig. 3)

Two-way ANOVA of SOD and GSH levels revealed a significant main effect of UVR
exposure [F(1,36)=46.61 and 4.93, P<0.001, respectively]. Two way ANOVA of VIT C
levels revealed a significant main effect of supplementation and UVR exposure
[F(2,36)=34.74, P<0.001 and F(1,36)=7.08, P<0.05; respectively].

Post hoc test showed no difference of SOD levels in dorsal skin of experimental
groups; however, after UVR exposure, the level of this antioxidant was similarly decreased in
all groups (Fig. 3).

Duncan’s test showed that HFV supplementation was able to decrease GSH levels per
se in comparison to C-SO and FO. UVR exposure decreased significantly the GSH levels in
all groups. In irradiated animals, HVF showed the lowest level of GSH, which was
significantly different from both C-SO and FO (Fig 3). Post-hoc test showed that HFV was
related to lower levels of VIT C in dorsal skin, which was higher in FO than in C-SO.
Although UVR exposure was able to decrease the level of this antioxidant compound in HVF,
it was not in C-SO and FO (Fig. 3).

Interestingly, positive correlations were observed between RS generation and skin
thickness (P<0.001), wrinkles score (P<0.05) and PC levels (P<0.001). Additionally, negative
relationships were observed between RS generation and mitochondrial integrity (P<0.05), and

between PC levels and GSH (P<0.001), SOD (P<0.001) and VIT C (P<0.05) levels (Table 3).

Discussion

Here we evaluated the influence of n-3 and n-6 FA and TFA on oxidative status and
photoaging in the skin of first generation rats which had been supplemented with these
different fats from intrauterine life to adulthood, and then chronically exposed to UVR. While

FO, and to a lesser extent, SO supplementation attenuated photoaging, prevented RS
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generation and reduced PC levels, thus partially preserving the antioxidant system and
mitochondrial integrity of skin cells exposed to UVR, HFV supplementation failed to do so.
Different studies have reported that UVR exposure induces skin oxidative damage, while
natural product supplementation from different sources may be protective (64-73).

We also found that there were no differences in food intake and body weight gain
between the different supplemented groups from the beginning to the end of the experimental
protocol, confirming recent literature data, when dietary n-3 and n-6 PUFA were related to no
differences in these parameters (41,74,75). In addition, FA composition of the different oils/
fat used in this study showed that FO was rich in n-3 PUFA, while HVF had a predominance
of SFA and the lowest n-6/n-3 ratio. Additionally, C-SO presented the highest n-6 PUFA
level, while HVF offered the highest TFA and MUFA levels. In this sense, skin FA
incorporation is reflected by type and proportion of FA present in the supplementation offered
to animals. In other words, higher n-3 FA incorporation was found in the skin of FO-, n-6 FA
in SO-, and TFA in HFV-supplemented groups. Moreover, these supplementations across one
generation showed a 3.23% incorporation of n-3 FA, 35% of n-6 FA, and 1.27% of TFA in
skin of C-SO, FO and HVF groups, respectively. Such phenomenon also occurs in other
tissues, such as brain, retina and erythrocytes (32,42,76,77). Our resultsare consistent with
those reported by Rosenthal and Doloresco (78), who demonstrated that human skin
fibroblasts readily incorporate exogenous free FA into cellular phospholipids and
triacylglycerol, facilitating the nutritional modification of cellular composition. Indeed, a
recent study of our group showed that 90-day supplementation with SO, FO and HFV was
sufficient to change the skin FA incorporation in mice, thus affecting the UVR exposure-
induced damage (10). Therefore, the present findings indicate that the type of FA (n-3, n-6 or
TFA) is crucial for the prevention of UVR-induced skin oxidative damage, as skin FA are

modified by supplementation and/or dietary manipulations.
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Skin incorporation of TFA can induce changes in cutaneous oxidative status, as
observed here by increased RS generation, PC levels and decreased mitochondrial integrity.
Teixeira et al. (41,42) showed significant brain incorporation of TFA in rats after long-term
intake of trans fat, which was associated with movement disorders and memory loss.
Similarly, Tsai et al. (79) related TFA brain incorporation with apoptotic and oxidative effects
in PC12 cells. Phivilay et al. (80) also showed changes in the brain FA profile after dietary
TFA intake, however no changes in an Alzheimer’s animal model were observed. On the
other hand, the incorporation of n-3 PUFA prevented RS generation and was related to lower
protein oxidation levels after UVR.

The cutaneous content of n-3 PUFA may be increased through dietary intake in
humans (16,81), mainly because these FA compete with AA for incorporation into cellular
phospholipids and for cyclooxigenase (COX) and lipoxygenase (LOX) metabolism (82).
Therefore, FO supplementation, which is rich in n-3 PUFA, may afford further protection
against UVR-mediated oxidative damage in the skin. In this study, chronic UVR exposure
increased skin thickness in all supplemented groups; however, FO supplementation was
related to development of slight edema, while HVF was associated with more severe edema
after 12 weeks of UVR. UVR exposure was reported to increase synthesis and release of pro-
inflammatory cytokines, such as PGEz, IL-8, TNF-o, IL-la, and IL-6 in skin, and
keratinocytes and fibroblasts (17,83), which may be related to edema formation (18). In fact,
n-6 PUFA metabolism is competitively inhibited by n-3 PUFA for incorporation into cell
membrane phospholipids (84,85), as well as for COX-2, serving as competitive inhibitors
(86), which together could modify the UVR-induced skin damage (18,83). In this sense, the
augmented skin thickness observed in C-SO and HVF supplemented groups can be related to
generation of inflammatory cytokines by n-6 PUFA and TFA metabolism, leading to edema

development. On the other hand, n-3 PUFA have shown inhibition of the vascular endothelial
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growth factor (VEGF) expression in colon cancer cells, suggesting one possible mechanism,
such as the negative regulation of the COX-2/PGE> pathway, which can be involved
inprevention of UVR-induced skin edema, as observed in this study. Moreover, the lesser skin
thickness observed in the FO group may be also related to generation of n-3 PUFA
metabolites, which are known for their less proinflammatory properties (23), thus attenuating
UVR-induced skin inflammation.

Chronic UVR exposure is able to induce skin photoaging by increasing cutaneous
oxidative damage due to increased RS generation (87). In this sense, RS generation plays an
important role in the skin photoaging process, which eventually leads to increased collagen
breakdown (88). Also, wrinkle formation occurs by matrix destruction and skin inflammation
(89). In this study, we were interested in the influence of different dietary FA on skin aging,
particularly on the development of skin wrinkles in animals chronically exposed to UVR. We
found that chronic UVR was able to induce wrinkling in dorsal skin of rats, whose gravity
was dependent on the type of supplemented FA. Although all our experimental groups
developed skin wrinkles, fewer wrinkles were found in the FO than in the C-SO and HVF
groups. Indeed, this photoaging phenomenon was milder in FO-supplemented animals,
allowing us to hypothesize a mitigation of wrinkle formation by regulating RS generation,
which can be related to an interference in the inflammation signaling pathway. Thus, the
attenuated skin wrinkling following FO supplementation might be related to a combination of
both antioxidant and less pro-inflammatory properties previously attributed to n-3 PUFA
(10,21,23,90-92). On the other hand, HVF supplementation was related to higher UVR-
induced RS generation and, consequently, increased dorsal wrinkles, which can be associated
with the inflammatory property of trans fat (10,26).

Our current findings also showed that chronic UVR exposure was able to cause a

marked decrease of SOD levels in all irradiated groups. Some laboratories reported a
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reduction of SOD level after UVR exposure in in vivo studies (93-95). If SOD converts
superoxide radicals into hydrogen peroxides (93,96,97), then we can infer that SOD levels
were decreased as an attempt to neutralize RS, which were generated by UVR exposure,
whose process was successful in C-SO and FO, but not in the HVF group. Moreover,
ascorbate and GSH are thiols that have been shown to be major contributors to the antioxidant
action via reduction of phenoxyl radicals and generation of the ascorbyl radicals (98,99). In
fact, GSH is involved in the regulation of OS signaling pathways (100,101), besides
monitoring the intracellular redox balance by both H.O, content and peroxidase-catalyzed
reactions (102). In addition, GSH plays an important role in maintaining intracellular protein
integrity via disulfide linkages reduction, regulating their biosynthesis and cellular sulfhydryl
balance (103). Thiols are highly reductive in physiological conditions, and GSH detoxifies
highly reactive peroxides, acting as a critical antioxidant (104,105). Reduced levels of GSH
favors free radicals generation, therefore, GSH is a scavenger of RS preventing UVR-induced
damage. Oxidative conditions like repeated UVR exposure play a major role in modulating
redox states by altering the dynamic equilibrium of GSH homeostasis (65,66,71).
Inflammatory reaction via increased cytokine release can be potentially enhanced by GSH
depletion, besides being able to activate OS through increased RS production (106,107). In
this study, GSH depletion resulted in an overabundance of RS, which was observed in the
HFV group, subsequently leading to a higher production of cytokines, causing oxidative and
inflammatory processes in the skin. So, we found that the HFV supplementation favored RS
generation, which was exacerbated by the reduced GSH level in skin as a result of UVR
exposure. Moreover, SO and FO supplementations were able to prevent UVR-induced
depletion of VIT C levels in skin, whereas HVF supplementation failed to do so. Vitamins A,
E and C have been reported to exhibit photoprotective effects on the skin due to their

antioxidant activities (108-110). In addition, polyphenolic compounds such as vitamin C,
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lutein, and lycopene have been reported in several animals studies as protection agents against
UVR-induced skin damage via antioxidant, antiinflammatory or cell cycle regulatory
pathways (111-115).

In this study, SO and FO supplementations showed RS scavenging effects, differently
from HVF, which was further evaluated with regard to its protective effects against UVR-
induced cell damage. In this sense, the influence of n-3 and n-6 PUFA and TFA on UVR-
induced skin mitochondrial damage were measured by the MTT assay: the conversion of
MTT could serve as an indirect indicator of cell metabolism, since its reduction to formazan
in viable cell happens through reactions catalyzed by mitochondrial dehydrogenases, coupled
to oxidative phosphorylation (116). Our results demonstrated that UVR exposure significantly
reduced formazan in the HVF group, but a significant prevention of this was observed in the
C-SO and FO groups. The n-3 PUFA have been reported to have protective properties against
oxidative stress (10,19-21,118-222). Our results here show for the first time that TFA intake
may potentiate the effects of UVR-induced oxidative damage associated with decreased
mitochondrial integrity, as demonstrated here and elsewhere (10-31).

Interestingly, positive correlations between RS generation and skin thickness, wrinkle
formation and PC levels reinforce a coordinated action of UVR-induced RS generation in a
causal relationship with damage. In addition, the negative correlations observed between RS
generation and mitochondrial integrity, as well as between PC levels and GSH, SOD and VIT
C, indicate a crucial protective function of these antioxidants, as widely described in the
literature (123-125). These negative correlations also point to a possible impairment to
neutralize UVR-induced RS generation. In fact, such endogenous antioxidants exert a
fundamental role in RS detoxification (126-127).

So far, no studies had shown the influence of trans fat intake on the skin in a

multigenerational model together with biochemical changes, focusing on photoaging and its
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relationships with skin oxidative damage. The deleterious influence of inadequate dietary
habits during gestational and perinatal periods until adulthood can be reflected over
generations. From these findings, we suggest that long lasting consumption of processed
foods, which are rich in TFA, is able to increase skin oxidative damage, thus facilitating the
development of photoagingand ultimately leading to skin cancer. Nutritional strategies with
the potential to mitigate UVR-induced cutaneous damage may improve the safety and health

of the human skin.
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Figure Captions

Figure 1. Influence of n-3, n-6 and trans fatty acids provided during one generation of rats
supplemented with control-soybean oil (C-SO), fish oil (FO) or hydrogenated vegetal fat
(HVF), respectively, on wrinkle score (A) and skin thickness (B) in dorsal skin of rats
exposed or not to UV irradiation. Data expressed as meanstS.E.M. (n=7). Different lowercase
letters indicate significant difference between the supplementations in the same irradiation
condition (P<0.05); *Indicates significant difference from non-irradiated group in the same

supplementation (P<0.05).

Figure 2. Influence of n-3, n-6 and trans fatty acids provided during one generation of rats
supplemented with control-soybean oil (C-SO), fish oil (FO) or hydrogenated vegetal fat
(HVF), respectively, on reactive species (RS) generation (A), protein carbonyl levels (B) and
mitochondrial integrity (C) in dorsal skin of rats exposed or not to UV irradiation. Data
expressed as means+S.E.M. (n=7). Different lowercase letters indicate significant difference
between the supplementations in the same irradiation condition (P<0.05); *Indicates

significant difference from non-irradiated group in the same supplementation (P<0.05).

Figure 3. Influence of n-3, n-6 and trans fatty acids provided during one generation of rats
supplemented with control-soybean oil (C-SO), fish oil (FO) or hydrogenated vegetal fat
(HVF), respectively, on superoxide dismutase (SOD) (A), glutathione (GSH) (B), and vitamin
C (VIT C) (C) levels in dorsal skin of rats exposed or not to UV irradiation. Data expressed as
meanstS.E.M. (n=7). Different lowercase letters indicate significant difference between the
supplementations in the same irradiation condition (P<0.05); *Indicates significant difference

from non-irradiated group in the same supplementation (P<0.05).
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Table 2. Fatty acids composition (% of total identified
FA) of the chow and oils/fat supplemented to different

experimental groups.

Fatty acids
Chow SO FO HVF

2 SFA 24.45 17.11 31.38 24.90
> MUFA 3434 26.04 2270 55.21
C 18:3n-3 2.88 4.48 1.35 0.48
C 20:5n-3 nd nd 21.29 nd
C22:5n-3 nd nd 2.58 nd
C 22:6 n-3 nd nd 13.71 nd
2 n-3 2.88 448  38.93 0.48
C 18:2n-6 37.33 49.86 1.40 10.25
C 20:2n-6 nd nd nd nd
C 20:3n-6 nd nd nd nd
C 20:4n-6 nd 0.06 1.48 0.03
C 22:4n-6 nd nd nd nd
2 n-6 37.33 49.92 2.88 10.28
> TFA 0.51 0.15 nd 19.45

n-6/n-3 ratio 1296 11.14 0.07 2142
SFA: saturated fatty acids; MUFA: Monounsaturated fatty acids;
PUFA: polyunsaturated fatty acids; TFA: trans fatty acids; nd: fatty
acids no detected.Values represent the mean+S.E.M. (P<0.05).
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Table 3. Fatty acid composition of the rat dorsal skin after
supplementation with different fatty acids (% of total fatty acids

identified).
Fatty acids
(mean+SEM) C-SO FO HVF
X SFA 27.00+0.29° 28.86+0.19° 26.09+0.18¢
~ MUFA 35.31+0.20° 35.44+0.2° 39.02+0.49°
C 18:3n-3 1.37+0.04% 1.24+0.04° 1.21+0.02°
C 20:3n-3 0.01+0.01° 0.03+0.012 0.01+0.012
C 20:5n-3 0.13+0.042 0.22+0.03? nd
C 22:6n-3 0.8240.14° 1.29+0.042 0.43+0.02°
zn-3 2.68+0.16" 3.23+0.15% 1.86+0.17¢
C 18:2n-6 32.62+0.55% 30.40+0.22° 30.58+0.32°
C 18:3n-6 0.14+0.022 0.11+0.022 0.15+0.022
C 20:3n-6 0.18+0.022 0.19+0.022 0.14+0.022
C 20:4n-6 1.72+0.072 1.57+0.072 1.68+0.072
Zn-6 35.00+0.43% 32.4610.42° 33.01+0.46°
C 18:1n-9t 0.20+0.08°  (0.06+0.08° 1.18+0.08°
C 18:2n-6t nd nd 0.09+0.03
T TFA 0.20+0.03°  (0.06+0.02° 1.27+0.0172
n-6/n-3 ratio 14.46+0.78° 9.30+0.82° 17.81+0.822

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA:
polyunsaturated fatty acids. Considering the number of unsaturations, TFA
were added to the MUFA content. nd: fatty acids no detected. Different
lower case letters (a-c) indicate significant difference among
supplementations (P<0.05).
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Table 4. Linear regression analysis of the RS generation and PC levels in the skin of rats
supplemented with soybean oil (control group; C-SO), fish oil (FO) or hydrogenated vegetal
fat (HVF) over one generation of rats chronically exposed to UVR. Linear regression was

evidenced by Person’s correlation coefficients (n=7).

Reactive species generation

Parameter r P
Skin thickness 0.27 0.000
Wrinkles 0.21 0.002
Mitochondrial integrity -0.10 0.047
PC 0.26 0.000
Protein carbonyl levels
GSH -0.37 0.000
SOD -0.34 0.000

VITC -0.25 0.003
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3.2.3 ARTIGO 2

BARCELOS, R. C. S. et al. Cross-generational trans fat exacerbates UV-radiation induced
damage in rat skin. Food and Chemical Toxicology, v. 69, p. 38-45, 2014,
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able environmental factors known for their influence on the
susceptibility to ofEpring disestes (Friesen and Innis, 2006), con-
figuring the mother a3 primary sounce of FA for the pups during
pregnancy and bresitfeeding (Rao e al, 2007) Different sudies
have shown the importance of an sdequate tranderence of esen-
tial Biry acids (EFA) from mother to the fets, which is reflected by
the rype of dietary FA (Innis, 2005; Lima et al., 2004) Thus, EFA
may be n-3 or n-6 palyunsaturated FA (n-3 and n-6 PUFA )L which
are condidered essential becauie animals are devoid of desstur xies,
making the natural occurrence of double bonds in n-3 and n-6
positions impossible (Knutron e al, 1958) In this sende EFA
should be obtxined from the diet or supplementation (Yehuda
el al, 2005), especially during the perinatal period, when the
matermnal diet should provide sdequate levels of PUFA for the
unnbhoim [ Jenden of al. 1996)
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Functionally, n-3 PUFA are present in membrane phospholipids,
competitively inhibiting the metabolism of n-6 PUFA, thus reduc-
ing formation of n-6 long chain PUFA ( LC-PUFA)L sudh &8 arachi-
donic acid (AA)L This influene is asble to amenuate the
inflammatory cascade by decreasing eicotanoid  production
(Massaro et al_ 2008) In sddition, n-3 FA are recognized to prevent
such skin diveases xs paorissis, dermatitis, and ecrema, so redudng
UVR-induced inflammatory processes (Jin et al, 20100 Notably,
n-3 EFA are sble to maintain skin's structural integrity affecting
its permesbility (Horrobin, 2000) and hydration (Pupe e al,
2002 ), thvues. eoonufirnn neg that an sdequate n-3 FA intake fvors cuts-
e homeostasis, which is crucial for 2 healthy skin (Viola and
Viola, 20059) Consistent with this recent clinical studies shawed
an inverse relationship between severe photoaging and both
it turated Gy scids (MUFA) and n-3 PUFA dietary intake,
thus contributing to the protective effects of these nutrients on
skin inflammatory processes (Latreille ot al, 2012, 20131

Trams fatty ascids (TFA) are present in processed fods and are
primarily obtxined from vegetabie oils by industrial hydrogenation
{Fritsche and Steinhart, 1998) TFA inoorporation in infants may
occur from placental trandfer (Larqué e al, 2001) andfor from
breast milk (lnnis and King, 1999), affecting the EFA profile
{Largué et al, 2000) Experimental studies showed a relationship
berween TFA and impaired development [ Hornsira et al, 2006),
also affecting n-3n-6 PUFA synthesis {Decsi etal, 2001 ) and lipid
metsbolism [ Asumpeio et al, 2007) Furthermore, TFA are abile o
alter inflammatory markers and, when incorporasted into tisues,
they interfere with ds FA metabalism (Loi et al, 20000 In this con-
mection, a previows study of our group showed that TFA is sble to
madily the skins oxidantjantioxidant status, thus contributing o
its protection or facilitating the development of skin diseases
related to LWV radistion [ Barcelos e al, 20013)

Our current understanding of the relstionship between dietary
FA and UVR-induced skin diseases i limited Considering that die-
tary FA may be exsily incorporated into the tiswes both pre- and
postnatally (Alsted and Hoy, 1992, here we propaed o evalwste
ithee: UNWVR-inetlured ascidative damage to the skin of a 2nd gene ration
of rats born and grown under the same original distary suppile-
mentation - fidh inn-6 (controll n-3 of trans FA (TFA) - a3 their
mothers and grandmothers.

2. Maneirials and e dh ol
2.1 Aminials oef expeimenan] procedsee

Feimale WisTar rars wem aeshpred 1o 3 expeimennl groeps (= M) aconding
o oral swpphementathon: Soyhean ofl (C-50, ridh in n-6 FA Camera®, Santa Rosa-
K5, Bozl, puctased in sepermarket); FO (rich in 53 Py Hebarien®™, Brasl,
dorared by Herbasen™ Phanmarewtcal Liboraey} and bydnogsnaed vegerabde
G (HVF, rich in TRA; Primee®, 5o Paeb-3P-Bosdl, pendhesed in sepsrmarker),
vwrihai: A et s e vioduesly denoribend (B el o al, 201 7) 50 v s weed
a5 3 ool Bcamene BT Ok e - Sn- 3 ranho within 3 cosprabde limis
[ Wiesheda e al, 2000, Visla ared Visda, 2006 2wl By s edevanad ¢ afcommmiption workl-
wide (Tebein eral, 20010, 2007 Conteed (C-500 and eqperimental groaps (PO and
HVF ) e e i oy [T el oRNisnenne s ( Bhallchal e al, 2007, which
k] [ 1. Gl (Dinizeral, 2004} M-
mals were arally sspplemened (3gig) (uhn e al, 2003; Pae et al, 203
Tresizal et al, 2013 ) during pregrancy and Laraon (taaling 48 days) Famale nn
o et 15 el i T vl ) G et i et S Il Sepipie anntaion ol
adialrhaed (90 Gys o), vwhen rhey wem maned m obvain e nd generation, tes
inciuding pregrancy and Lavason (43 diys) petiods. AT weaning, ane fsmale o
Hrodm each Dred e ion Bmer wa s e aned with e originad sepplementaion wnl
S0 days of age FA s carried ot foam the Erenanl e of the
m;nnu-amaum;nnun—qhumuuu
UVE- irsduoad et clunte e o S
pn-nun-nqum 1 e T g o e | S0 carys) wias chen
s dhat et il race: o TFA (Barcedbos or gl 200 3,
sz‘lu-ﬂzl D) Then o hall of each grasp -smmu‘lw
(VR ar rast [ N-UPVE], amed maintaivesd bn e suppd curinegg Whe feradia-
R o, Tl SN EpaATea g (& = T

22, Rdinsion &

Tt sowarce of UVE el vemis 2 Phillipe: TL 1285 40 W Lamnp (53 Paslo, SF, B}
[pilac sl 200 o 3 B e rans diwraal sicin, wibdch o s bnorhe range of 280-400 ram
with an cetpet peak o 315 mm Dol odusen B (INE) accowmned far 73X
of thet Toml VR in these evperimental conditors. The erergy ougpet of the Lamp
Wi mezsens] with 2 IV odiomeer (Dignal Mewss Ulraviods Ligha MEU-201,
Ircrrurherm, S5 Paulo, SF Brasl).

AR amdrals wnene shonsd o dheir ba ciewith an sheomic shower, Tollownsd By the
ajpplicamon of halr remoal] ceam Baefare VR iradlaton @, onoe 3 e
VR seshones whene: conaducred thaes vimes 2 wesl for 2 wesics, with an VR dose
ampmfpu-t,mammn‘mspm‘j-ﬂumw

et e STy pariad.

23, Erafsamon of wriskier formason

After 12 weels of INR inGdiaten, animals we Jne s fned (oeamine ol -
ek, 50 ared 15 g ficg, hm, respat-oely) o el vhon of Sorsal shin vwrinkle fanma -
tion. Srin wrinifes were andlyzed accoating to the scile of Bimem o al [ HE7)
maelified by Inomata e al (M007) Thes d
wilinikle farmuion scores n Mind fashion for ¢ach andmal, 25 descried in Takis 1.

24 of sk a5 o i ke - hisabgy and
mimaagy
For hisndogical anabyses, sin = mpkes oo ra el doum wiere dhtainsd

ar i and of the Speriments Jned fixed in 10X boffened Sxemalin The paraffin-
Mﬂmmm[sw\w&hdﬂmﬂ

! Thee st e Eevee SaTianG
mmuﬂ;nqﬂulmauhm[lm}“nnpr
secTian.

25, Fregramon of skn samges

A week 120f INR Sxpocure, animals we Jnesthe fred, sathanized, and a par
of thesir dorsal siin was dissected and stared ar —50 °C for Bipid profile dewnming -
rion. Dorsl skin was homogenized in posiem phosphane bufler [ Froguimios®,
Rio & Jansiro-Bras} | M pHT.4 or Tis-HO (Sigma-AMSH®, S0 Paske-Bo T}
DLImM pHT4, B mdeced glunthione (GSH) bevels and all caher Bochemical
asmys, respaiely

26, Humbgicd analp

For hitsandogrical analyses, shin smiples oo rar cent ] domsem wiene dbaained
ar dhe end of the experiments and fied in 100K boffersd foemalin The paraffin-
mnmmm:sp1wmuumm

] The 5 iretd st SeTions
mmumnqﬂmmaummum}nnnpr
Sehon.

27, Entmuaion of FA incorporasion inrhe sdin

A pirodfibe SO NITion 'wa s fae efanmmed i desc e by Eligha nd Dyer (19581
Fans wem analyssd wsing 3 g chrsmatagraph sqeipped with 2 capillasy ©olemn
DE-T and flme Genizaion dereor Standand FA medy] enee (37 compansnr
FAME Mix, O0756-3 and FUFA na. 3, Sipma, USA and O250-5 Nelhs Pep
e, LFSA] v o iormrened mmrcher the S Conitons ad the Sebosguent renantion
s v e 0 RSSnEly She FA, which wiene Sxpmsned 5 pencenage of il FA
COAERL

25, Bovhemical a5 e

ROS bevils weie quanified wsing the 0ndant sefing Nesrecern pobe, 2,7-
dichlomflsomscsin dacerare (DOF-DA, Sigma  AMAS®, 536 Pasle-Bo)
[Hemps o al, 1999, The avdarion (DCHF-DA ) o dichisrofiesrescsin (DCF) wis
denermined ar 43 nm for encEGon and 525 nm fremission. SMn Sampls wee
roabared Tor 1 b il feoresce e meaoarament. OF-R0G levels ware ooenss med
by pamazin conment [ Lowry of al, 1951) and expressed 25 peroemage of canmmd [ C-
S0 gl

Pmaein cabongd (PC) bsel wias messered according 1o Yan o al [ B95) Skn
samges wem mived with aine (10mM DHPH, Sgma
AArich®, S Pamle-Basl) for | b Denaruring befier (150m sadiem
By, pHIS. 5, T 505 |, hptans (96, 5%) aned esha real (992 | (all reagents from Ve
Quimica Finat®, Rio g Jane in-Bo ) was adied sequenti iy Poosin olawd ws
wizshond] ko it @yl a cetane e thanod (Viewc Quimica Final®, Bio de Jansin-Bo-
) 021 ') aned suespaeraterdin baffer. Each Sample wa s e asaned ar 3700m agains
The comne-spanding HIO sample (blank. Toml carbonylarion was caloulawd accord-
B W LwAnee o al (1560
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Takde 1
Coding of or dorsal e verisdles Jooordieg o e ool of Biwew er al (1557
sl By Irscamam o al [(O03 )

ol rineda

B veriniches

A e shallow wrinkles aonoes e Back siin 2 obnernsd ouocd shana Iy
Sl windohes aoraes the Back siin am obosrnsd o S wlole ok ¢
Sormee deef bong wrindie s acreds vhe badk dn am dbaereed

D, ey veriindie s aoroces e Bl shin 2o obnennsd on the wihals
surface

L Y-

Tabile 2
Famy acid composision of S rar domal siin afer sspplemsmration with diflsens
Tamy ack (X of ol famy ackss idenrifisd]

Famy ackds (mean = M) C50 O HVF

C 18303 L85 = 0L04 130 Qo4 L15=00

12683 0.ET 0.0 159+ Q02 04T =00

C 18306 D512 IE9=al] D160

C 18306 om oo = ao oigs0m

0306 oLIT=00 021001 oLIG=0.0

€ 2046 1T1:08 145= 004 1.70:0.0

C 18008 om 1] 0842016

C 183060 om ooz = Aol Q03 = 0.0

TSR MOE:I T WO3=al¥  B0S=0E
T MUFA A00:09* 33T Q08 FESs0D
T n-3 AUFA 1982 00E" 4402007 1E4s0uD®
In-6RFA BE49: 16 I3ET=01F  HEIs0T
TTFA o ooZs 0o 0ETs0?
503 Rate FE2:0T  TIT:al4d  BEssoEt

5P sarmmed vy ackds WUFA: I sraned Gy achds; PUFC polyerea-
wraad Cavy ackds Corchiaring the wranerarion rambsr, TRA were aldad o e
MUFA comaent. Diflemnt lvwer cxe beoers (3-b) ndicae sgraficam Siflerance
g, S e i e S vl doa coradivhan (F< OU0R].

Mirachordrial inegriny estimarion (MIT assay] was perisemed acocanding 1o
Bruaswesioy and Dobincloy (2000} This colarimeis Jscecomsnt was perismed
of 1 45 i 341} 2.5 AT,
Shgma-Alasc T, mn“mhmmmmu
accomding 1o Mecoman (1983) mmkmﬂummwm
chondrial dehydnge nases, whise color Can be speomoph
[(A=5T0-E30mm) Minockoredia] swegerabn Wi m-dhgpu-h:“
[ Loy o al, 1951 }ard expressed & parcentge of canned [ C-50 grosp).
Ha'K*-ATPase acdvily was adapred e Mussek o ol (577 ) The merhed i
s on inoeyanic phasphane | ) rebe aned by ATP (Sgma-Abrich®, 530 Pasls-Bo -
2} hydrodysis (Adcinean o al, 1973) The ] molilare Pl complesss wne
et omried spe oploanerae ically o 406 ran Valees wew cabwlaed bnonelarion
i S ndard oeree coscTrecned with Fi an Mo CoRosnin S and coneoed by
[proasin (Lowry o al, 1951}

2.5 Enfmaribw of skin anniecdons defesses

c:anmxmuwmmypmﬁmmuu
[ 1584) o of Hay (Puimios®, B de Jane in-Bo 2}
hmmd" an 240 ram. The aric acviny was d in
ungpmm“mmwmwum.wun
(1560

Raduced glom S | CSH] lewels whane denanminnd 2fer nea e of hamoge -
aEs with 55-Slbebic{2-ninobercedc ackd) (DTME, Foguimibs®, Bo de
Jarssira-Brazil]. The yellow farmed was read ar 412 nm, Jcooafing w Bayne ard
Efirnan (1572) A somdard ceree wsing C5H wos plomsd in ondsr o calboslars e
GEH connent, expressed as pmod GEH Seoee.

2. 0. Sewiwical oty

The sin FA coment was analyzesd by one-way ANOVA Siliowed by Durcan's

s, S wiinkles aned dhickening dara, a5 wiell 25 Bt mical evaluarhons, wiene

anatyzed by Dwio-way ANDVA [R50 PO aned HVF)| o« | 20nom-radined frrasinsd)],

rmwm:wnnpu,-nnaw-.vaukm-s
ol ey mase

3. Results

1. Skin oy adde composidon (Table 2)

The type of supplementation provided Scross Dwo gener tons
of rats was able to modify the lipid profile of their dorsal skin:
While HVF-supplemented animals presented higher MUFA
{37.85%; P=< 0U001) and TFA (QETE; P <0.001) incorporation, the
FO group showed higher n-3 PUFA [4.405; P« Q001) and lower
n-6n-3 (7.77%; P <0001 ) ratio than both C-50- and HYF-supple-
mented rats

3.2 UVR-induced wrinkles and thickening in dorsal slin (Figs [and 2]

Two-wiay ANOVA of wrinkle score revealed a significant main
effect of supplementation and UVR expoiure |[F2.36)= 5354,
P0uDl; F1.36)= 186322; P« L0, respecively ] and a signifi-
cant supplementation x UVR interaction |[F2,36)=53.13;
P 00001 | Two-way ANOVA of skin thicknes revesled a signifi-
cant main efect of supplementation and UVE  exposure
[R2.36) =720 P< 005; F1,36)= 127.10; P <0001, respectively|.

Wrinkle scores andd skin thickness were similar in animals
unexposed to irradiation VR expodure modified these parameters
in all experimentsl groups: While wrinkle scores were higher in
HVF than in both FD and C-50 groups (Fig 1AL skin thicke ning
was lower in FO-supplemented animal than in C-50 and HVF
{Figs 15 and 21

3.1 Fiochermiml measurements

31 Influence of the for supplementations an readdive < pecies (ROS)
geenation, protein carbanyl (PC) level and mitochondrial integrity in
dorsal skin (Fig 3)

Twio-way ANOVA of RS gemnera tion, PC levels and mitochondrsl
integrity revesled a significant main effect of supplementation
[F2.36) =981, F <00001; 538 P< 005 and 12299, F < 0001, respec-
tively | and UVR exposure [ 1.36) = 1754, F <0.001; 1025, P < 0,05
and 2312, P< 00NN, respectively] in skin tiswe

HVF supplementation increxsed per se the ROS generation in
relation to control (C-50). UIVR exposure increxsed ROS ge neration
in skin of C-50- and HVF-supplemented rats when compared to
non-irradiated animals, but this effect was not olserved in FO In
fact, berween irradisted groups, ROS generation was higher in
HVF than in RO and C-50 (Fig JAL

Duncan's test showed no differences in the PC levels o non-
irradisted animak, but UVRE exposure increxted this oxidative
parameter in 50 and HVF, but not in FD group. Between imadi-
ated animals FD supplementation was able to prevent the incresse
of skin PC levels, which were increxied in C-50 and HWF (Fig IB)

The mitochondrial integrity was reduced per s in skin of HVF in
comparion toboth C-50 and FOULUWVR exposwne was abie to reduce
significantly the mitochondrial integrity of all esxperimentsl
growpd In fact, between imadisted groups, mitochondrial integrity
was lower in HVF than in both G-50 and FO (Fig 301

332 Influence of the far supplemenfations an antiosxdidant defenses
and Na®-K"-ATPase activity in dorsal skin (Fig 4)

Twio-way ANOWA of CAT activity revealed a significant main
effect of supplementation |[FZ36)=3030 P< 0001 Two way
ANOVA of G5H levels revealed a sgnificant main effect of supple-
mentation|F{236) = 19.55, P« 0U001 | and 2 significant supplemen-
tation « VR interaction |[F2.36)=1407; P <000 ] Twe way
ANOVA of Ma'™-K'- ATPaxse activity revealed a significant mainefect
of supplementation and VR exposure [F2.36)= 2188 and 21.72,
P 0U, respectively].
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Fig 3. Influence of 1-3, 16 and o Gy aci ars Mo of
T (HVTF), mespaacyimly, oo e i O SEFEE

i o it comr-sogbesa n ol (C-500 fishodl (FD) or hydngenaned waesl

mmﬂnu[m\,p—h:xu;m[ﬂﬂ niinachuaraila | bra gy () of doeal sicin of ras Sopsad o T

e
UV inmdiarion. Dara expressed & mears s SE (m=7) Difeen kvwercse e indicane significan diflemnor between e sepplementarions in the same radiain
condifion [P+ 005K, Wndicanes Spnifican Sl e (0m nonrmadianed gumep in the same seppleme main (F+0UE].

PO supple mentation was sble to increase CAT activity per se a5
companed to C-50 and HVE. UVRE expiure increased significantly
the CAT activity in C-50, but not in FD and HVF. Between irmadisted
animals, the highest CAT sctivity was abserved in FO which was
different from both C-50 and HVF (Fig 4AL

Duncan’s test showed no differe nees of GSH levelsin doraal skin
of animals; however, after LW exposure, the level of this antioi-
dant was increased in skin of C-50 and FD, and reduced in skin of
HVF group. Between animals exposed 1o irradiation, the GSH level
was lower in HVF of than in both G50 and FO (Fig 481

The sctivity of Na"K'-ATPxse was lower in skin of FO-supple-
mented rats than in the HVF group. UVE exposure was able to
incresse the activity of this enzyme in both C-50 and HVE, but
not in FO group. In fact, Na® K- ATPxse sctivity was lower in the
akin of FO-supplemented rats than in C-50 and HVF after UVE
exposure (Fig. 4C1L

4. Diseussion

Our recent stdies have shown impairments from TFA consump-
o i different animal models (Teixeira et al, 2011, 2012; Trevizol
et al, 2011, 2003; Kuhn et al, 2013; Pase et al, 20013) So far, no
atudy showed the influence of long term consumption of diffenent
fats, incheding rrans fat, on UWVE-induoed axidative damage in skin
of rats. Our objective here was to compareisocaloric distary supple-
mentations, considering S0 &8 contral (C-50 group) becmrse it is
widely ensumed curmently (Teixeira et al, 2011, 20012] In G,
50 supplementation contxing adequate levels of polyuns tursted
fatty scids (PUFA) and n-6/n-3 ratio within scceptsble Bmits
(around 10) a3 described ebewhere (Viola and Viola, 2009,
Simopoulos, 2002; Yehuda et al, 1957, 202, which were con-
firmed in the current findings (Tabde 2) In this semse, control (C-
S0)and experimentsl groups| FD and HVF) were isocaloric in order
e prevent metsbolic differences between animals of different
experimental groups (McDonald et al, 2011; Khalkhal et al,
201 2), which could cause interferences in the antiooddant defense
aystem (Diniz et al, 2004) Furthermore, fats supplemented in this
study were chisen mainly becare these are the most wsed

worldwide without swareness of their harm to general health
andl, especially, without enough reseanch onthe efects of their con-
St ion omakin eal the Consi der ng the difle rent of ls /Tats, we sug-
geit that chronic supplementstion of FD and, to alesser extent, 50
exerts protective e fects, while HVF may impair the skin. Our group
recently confirmed & part of this hypothesis, when 3-month HVF
supplementation was sufficient to change the incorporation of FA
in mice skin, thus affecting the UVR-induced damage (Baroelos
el al, 2013 Here, we observed that HVF alfered for two geners-
tons was critical to increxse TFA and MUFA incorporation in the
rats” skin, while FO increxsed n-3 PUFA incorporation, favoring
the decresxted n-6/n-3 ratio observed a8 well

Skin lipids oot fwle 2 unique compasition due tothe high per-
centage of LC-FA (De Luca and Valacchi, 2010), whose packed
Srructure | Downing, 1952, Firster, 2002) ensures an effective bar-
rier fumction (Memdelsohn et al, 2006) and protedion The type of
FA incorporated in this structure may varously affect the skin's
protection against sun light exposure, thus inducing premature
photosging and histological changes that inchde inoessed epider-
mal thickness and wrinkles, besides connective fissue sl terations.
(Ritrie and Fisher, 2002) In this sense, our results sheowed that
besides higher skin TFA snd MUFA incorporstion, the HVF group
seored higher on UVE-induced wrinkles than the other expe rimen-
tal groups, allowing us to theorize that chronic HVF consumption
Tavors photoaging. Indeed, x5 the skin renews isell quickly with-
aut stodking of esential fary acids (EFAL it becomes dependent
o e continwomes supply of these FA from the diet. Thus, the LC-
PUFA generated from hepatic elongation and dessturation are
available for incorporation into skin cell membranes. [ O pkin
et al, 1986, 1987, Chapkin and Ziboh, 1984, Zbah and Chapkin,
19871 In this sense, the preservation of skin health sgains LV
damage is also related to lipids that compese it: lipids are present
in strammn comeurn of epidermis, which i the outermost layer of
skin, 8 well x5 in cell lipid membranes (Hansen et al, 1958),
affecting its physiology and cellulsr signaling system (Jump,
20404). Taken together, these changes may facilitate skin damage,
such as from UVE exposine

In line with this, WVR-induwced skin edemas is a result of the

activation of phospholipase-fz (PLA-Az) and cyclooxygenase-2
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(COX-2), which increase prostaglandin-E, generation (Buckman
el al, 1998) through elevated ROS production (Imlay and Linmo,
1588) In this sense, skin FA are released by PLA-Ag serving as sub-
strates for COX-2 for eioosanoids gemne ration | Massam e al, 2008)L
While n-6 PUFA are precursors of pro-inflammastory metsbalites,
acting a5 a stimulstory (actor for kin edema from ROS gene ration
{Dkuyama et al, 1996], n-3 PUFA derivatives have been shown o
inhibit the linaleic scid (LA) cascade, serving as competitive inhib-
itors (Takemira et al, 20021, modifying the UVR-induced adema
On the other hand, little i known sbout the sction of mem-
brane-derived rmoni-eicotanoids, raising questions about skin
Iealth in sodeties with chronic consumption of foods dch in tans
fats. In our study, greater UVE-induced skin thickening was
observed in both TFA and C-50 groups, whode mechanism may
be due to generation of pro-inflammatory cytokines (Meeran
et al, 2009, increased blood flow and vascular permeability, which
together lead toinflammationand edems development | Kajiva and
Detmar, 2006). Furthermare, our experimental protocoel inchuded
FO-supplemented animals whise higher incorporation of n-3
PUFA and lower n-6/n-3 ratio was asociated with decrexied skin
thickness. Indeed, although n-3 and n-6 FUFA are predominantly
present in FD and C-50, respectively, their functions in inflamma-
0Ty PROCesies are oppodte (Low et al, 200 1): while n-3 PUFA favor
the production of eicoanoids, thereby controlling the inflamma-
tion, n-6 PUFA are generators of AA, bvoring physiologic inflam-
matory responges (Blick and Rhodes, 2006) In sddition, TFA
have been reported to inhibit dessrurate sctivity, so redueing the
synthesis of n-3 and n-6 PUFA (Phiviley et al, 20090 Such event
may impair the slkins n-3 PUFA content, which may present defi-
ciencies  comsequent o proesed  fbods  consumption
(Kummerw e al, 2004), comman in Western dists Moremver,
metabolism of TFA is able 1o favor fons-eicodandids gene ration,
whodse properties are currently unknown

5o far, & comparative influence of perinatal supplementation
with different oils on LVR-induced photosging and oxidative dam-
age had not been performed This study Tound thal cross-geners-
tional, long term TFA supplementation caused critical damage to
ratskin, a5 observed by increxted RS genera tion and decrexsed mito-
chondrial integrity. Furthermaore, the lower G5H level olserved in

thee HVF group indicates an overloaded antioxidant defense system,
whose intensity may partislly @mpromise the skin's natural
delendes. HVF consumption may potentially incresse the risk of
developing skin disorders relsted to UVE exposure_ In addition,
n-6 PUFA was leds deleterious than TFA, while n-3 PUFA shiwed
protective influences againgt UVR-induced skin damage This
hypothesis is supported by our findings after UVE exposure of
FO-suppile mented rats: (i) lesser increase of kin thickmess; (ii ) pre-
vention ol damage toskinproteins: (ii) incresed CAT sctivity:; and
(iv) preservation of the physiclogic function of Ma*K'-ATPase
Ineleed, this trandmenmbrane enzyme may be condidered a damage
biomarker | Chawlhary and Parvez, 20012, since its activity is sensi-
tively maodified by OS5 generation Teixeiraetal, 2011,2012) In this
dende, dkin Na* K- ATPase sctivity mexiurements constitute a tool
Tovres it ineg thve har il effe cts of LNV Here,a 5 gnificant i norexse
of Na"K*-ATPase activity wias abserved in C-50- and HVF-supple-
mented animabs chronically exposed to UVRE, while such activity
remained unchanged in FO-supp animals. The MaK*-
ATPase pump is respondgible for the sctive transpon of sodium and
potsium iond scross the plematic membrane to maintain its
excitability (Ribeiro et al, 20071 The marked enhane of NaK*-
ATPase sctivity alters cellular transmission and may decrexse cell
calcium entry. In b, les of calcium from epidermis, which is
related to UVR-induced disruption of barrier integrity, stimulates
the secretion of lamellsr bodies from the outermost stransm
granulesum, o facilit ating the barrier recovery | i et al, 2002)
These redults suggest that skinFA composi ton exerts an impor-
tant role in INR-indured photaaging and oxidative photodamage.
In fact, ROE has been reported to play an important role in LWVE-
imduced deleterious elfects to skin (Park et al, 2006), including
increxsed ROS generstion (Jurkiewicz and Beerner, 1996, with
significant consequenes on DNA structune, Bipids, and pooteing,
also affecting signal transduction pathways (Mishigond et al,
204}, which i closely linked to cell death [(Cryns and Yian,
1558). In this sende, the increxsed generation of ROE, 43 olserved
im the HVF growp, may result from a synergistic sction of both fac-
tors: TFA incorporation inhibits both elongation and de<sturastion
of EFA, pilus VR e xposure, which is promoter of pro- inflam matory
events (Von Thaler et al_, 2000), compromising the function of the
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antioxidant defense sysem and sffecting the skin mitochondrisl
integrty. In contrast, FD supplementatjon - and 1o 2 lesser extent
50 - shwwwved lwer UVR-induced ROS gene ration and 3 minor las
of mitochondrial integrity. These events may be due to the funds-
mental role of n-3/n-6 PUFA in maintenance of stratsm omewm
permeability, which is required for epidermal homesstasis and
skin health { MoCusker and Grant-Kels, 2000 The differentistion
between thess two series of FA B indeed important, mainly
because their roles are distinet: while n-3 PUFA are immume mod-
ulators, n-6 PUFA serve 28 structural precursors for the i mportant
CarneLt ides (MoCusker and Grant-Kels, 20000

Our findings showed that pro-inflammatory and osidative
events resulting from UVR exposure were suffident to change
the antioxidant defense system, represented here by CAT adivity
and GSH levels. We hypothesized that skin TFA inmeporation
reduced cell membrane (uidity and thus sffected memibrane-
bl eneymes (Careols e al, 2004) It has been suggedted that
plitoaging might result from imperied protection gainst cumu-
lative stres from ROS generated by chronic UVE exposure
(Fisher et al, 19971 A recent study of our group shiwed that scute
VR exposure was able o increase GSH levels in skin of HVF sup-
plemented mice (Barcelos et al_, 2013 ), condirmmng that the preser-
vation of endogenous antimidant defense system is an i mportant
atrategy for protection sgainst UWVR-related oxidative insults o

UVR-induced ROS and inflammatory respondes have been
implicated inskin disexses 25 well &8 in prematune sging (Katiyar
amd Meeran, 2007) Our findings pointed that, upon chronic VR
exposure, rats supplemented with HVF for two gene rations. exhibit
higher wrinkles scores, relsted to higher levels of skin oidative
damage, than animals supplemented with 50 and FOU Thus, our
hypothess i that chronic TFA provision favors an increase of
ROS generation in skin and impairs the antiosddant defense sys-
tem, o affecting proteins and damaging cells, posaibly due o
EFA deficiency, x5 well a8 trans-eiomanoids generstion, which are
involved in the exaerbation of UWVR-induced injury (Casiagno
eral, 2005, Shnchez-Moremno et ., 2004)

Longer sun exposure due to inmesed human life expectancy,
along with depletion of the arone liyer, is 4 matter of concern.
Food actors, such a5 rrans (a0 dronic conswm prion, have recently
emerged x5 2 concermn because they may contribute o the growing
imcresse of o todg ng and $36n cmoer | Sha s and Katiyar, 20100
T this context, this $twdy suppon s the inte rpretation that the oype
of FA = n-3, n-6 or TFA - during development is critical for skin
protection sgaint UVR-induced damage.

Inswm, TRA offered from int rauterine lifewntil sdulthood exacer-
bated UVR-induced cutaneomes oxidative damage, while EFA may
prevent it ot different levels This muy bring an inndvative point of
viewindermatology, a5 the sdoption of heal thy dietary habits could
bering am sdditional protection sgainst photosging and skin
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4. DISCUSSAO

Nos Ultimos anos, nosso grupo de pesquisa tem estudado a influéncia da
suplementacdo de diferentes 6leos ou gordura, os quais sdo fontes de AGS, AGPI das séries
n-3 e n-6, e trans, sobre o desenvolvimento de distdrbios do movimento (BARCELOS et al.,
2010;TEIXEIRA et al., 2012), prejuizos de memodria (TEIXEIRA et al., 2011), maior
suscetibilidade para desenvolver mania (TREVIZOL et al., 2011), estresse (PASE et al.,
2013) e maior preferéncia por drogas psicoestimulantes (KUHN et al., 2013). Tais transtornos
tém sua fisiopatologia direta ou indiretamente relacionada ao desenvolvimento de EO, o qual
também pode ser influenciado pela natureza dos AG presentes nos fosfolipidios das
membranas celulares que revestem os neur6nios.

No presente estudo, a influéncia da suplementacdo destes mesmos 6leos e gordura foi
avaliada em animais expostos de forma aguda e crénica a RUV em diferentes estagios da
vida. Nesse contexto, a quantificacdo do perfil lipidico cutaneo apds a suplementacéo oral em
diferentes periodos de vida e sua relagdo com (i) a oxidacdo de lipidios e proteinas; (ii) a
geracdode espécies reativas; (iii) a atividade e/ou nivel de antioxidantes enziméaticos e ndo
enzimaticos tais como CAT, SOD, GSH e VIT C); (iv) a atividade das enzimas mitocondriais;
(v) espessura da pele (vi) formacdo de rugas cutaneas e (vii) atividade da enzima
Na*K*ATPase foram avaliados. As avaliagdes foram precedidas pela suplementacao dos 6leos
e gordura imediatamente ap0s 0 desmame até a vida adulta, e durante os periodos de gestacéo,
amamentacdo e crescimento dos animais no decorrer da primeira e segunda geracdes,
correspondendo ao artigo 1 e 2, e manuscritos 1 apresentados aqui, respectivamente. Na
verdade, tal abordagem sobre a satde da pele de animais foi consideradaum grande desafio, ja
que até o momento, os estudos do grupo de pesquisa estavam voltados para as patologias do
sistema nervo central, como descrito anteriormente. Assim, trés novos desafios foram criados:
a padronizagdode um modelo animal de dano oxidativo cutaneo induzido pela RUV em pelo
menos duas espécies de roedores (camundongos Swiss e ratos Wistar); a suplementacao
adequada dos animais antes e durante a gestacdo, bem como durante o crescimento das
ninhadas por duas geragdes e a padronizacao de técnicas de determinagdo de danos oxidativos
e defesas antioxidantes em tecido cutaneo.

Diferentes metodologias que avaliam os efeitos deletérios da RUV sobre a pele tém
sido descritas na literatura e estas incluem a pele humana (PORTUGAL-COHEN et al., 2009;
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SHAHBAKHTI et al., 2004), cultura de células (CHENE et al., 2007; KIM et al., 2005;
PARK et al., 2011; PUPE et al., 2002), peixe-zebra (ANCHELIN et al., 2013; GERHARD et
al., 2002; HENRIQUES et al., 2013; KELLER; MURTHA, 2004; KISHI et al., 2003; TSAI et
al.,, 2007; YU et al.,, 2006; ZHDANOVA et al., 2008), camundongos hairless (AHN,
HWANG; LEE, 2007; CASAGRANDE et al., 2006; PERES et al., 2011; RODRIGUES-
YANES et al, 2012; SHARMA,; KATIYAR, 2010; SUMIYOSHO; KIMURA,
2009;VICENTINI et al., 2008), camundongos Swiss e C57BL/6 (DAl et al., 2007; MEERAN
et al., 2009; SHARMA; KAUR, 2006), ratos hairless (ROMEU et al., 2002), ratos Wistar e
Sprague-Dawley (BARG et al., 2014; HE et al., 2004; LAM et al., 2011; LIANG et al., 2010;
SEVIN et al., 2007; SHI; RUAN, 2013) e pele plantar de ratos (TSUKAHARA et al., 1999,
2001a; b; c; 2006). A partir destas consideragdes, o artigo 1 foi desenvolvido em
camundongos Swiss e avaliou os danos oxidativos da pele exposta agudamente a RUV,
enquanto que no artigo 2 e no manuscrito 1 foram desenvolvidos em ratos Wistar, j& que tais
espécies apresentavam metodologias validadas e descritas na literatura.

Neste sentido, diferentes estudos desenvolvidos com roedores tém escolhido espécies
portadoras de pélos na superficie corporal ao invés de espécies geneticamente modificadas ou
hairless, principalmente porque suas respostas experimentais qualitativas e quantitativas séo
mais préximas daquelas observadas na pele humana (BING-RONG et al., 2008; DAI et al.,
2007; ITO et al., 2010; KATIYAR; MEERAN, 2007; MEERAN et al., 2009; SHARMA,
KAUR, 2006), facilitando assim, sua interpretacdo. Entdo, a partir das espécies eleitas (Swiss
para camundongos e Wistar para ratos) para o nosso estudo, o método de depilacdo mais
adequado foi também padronizado, cuja escolha recaiu para uma associacao entre a reducao
do comprimento dos pelos com auxilio de uma tesoura, seguida de um creme depilatério,
como forma de expor a pele dos animais as RUV. A etapa seguinte foi determinar a dose
eritematosa minima (MED, do inglés minimal erythemal dose) para ambas as espécies. A
MED é definida como o tempo necessario para que haja formacdo de um eritema discreto,
com bordas bem definidas e sem formacao de bolhas, apds exposicdo unica a RUV (PARK et
al., 2006) e tem por finalidade avaliar a sensibilidade da pele 8 RUV (SA et al., 2002). E,
tanto para camundongos Swiss, como para ratos Wistar, obteve-se a dose de 0.25 J/cm? como
sendo a MED.

Na sequéncia, seguiu-se a padronizacao das doses de RUV a serem utilizadas tanto nos
experimentos de exposicdo aguda para camundongos Swiss, como nos experimentos de
exposicdo cronica (repetida) a RUV para ratos Wistar. Para o célculo das doses de RUV

utilizou-se a férmula proposta por Diffey (2002). Apés a observacéo de diferentes curvas, a
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dose de exposicdo aguda para os camundongos Swiss foi de 2.42 J/cm? em dois dias
alternados, totalizando uma dose de 5.44 J/cm?2. Considerando-seque a exposicdoda pele a
RUV induz a formacdo de RL e subsequente EO (AHN; HWANG; LEE, 2007; HE et al.,
2004; TERRA et al.,, 2012), esta dose de exposicdo a RUV foi suficiente para induzir
peroxidacdo lipidica maxima (SHARMA; KAUR, 2006) no protocolo de exposi¢cdo aguda.
Para o protocolo de exposicdo cronica a RUV, a dose escolhida foi baseada na MED
encontrada para ratos Wistar, a qual foi 0.25 J/cm?, equivalente a 1 MED, a ser empregada
3x/semana, durante 12 semanas, correspondendo a 0.25 J/cm?/3x/semana e totalizando 0.75
Jlcm?/semana durante 12 semanas.

A partir dos experimentos descritos no artigo 1 foi possivel observar que uma
suplementacéo oral de 6leos e gordura a partir do desmame de camundongos Swiss e mantida
por 90 dias permitiu uma incorporacdo significativa dos diferentes AG na pele dorsal dos
animais. Deste modo, mesmo sem diferenca significativa, a maior incorporacdo de AGPI n-3
foi observada na pele dorsal dos animais suplementados com 6leo de peixe, enquanto AGPI n-
6 foram mais incorporados nos animais suplementados com 0leo de soja. Por outro lado,
incorporacdo de AGT foi significativamente maior nos animais suplementados com GVH.
Tomados em conjunto, estes dados também mostram que o 6leo de peixe foi relacionado a
menor razdo n-6/n-3 cutanea, quando comparado com Gleo de soja e GVH. Dados da
literatura tém apontado uma razd0 méxima de 10 como sendo o limite aceitavel para
manutencdo da fisiologia e funcionalidade das células (VIOLA; VIOLA, 2009), porém até o
momento ndo existe um consenso acerca da razdo ideal. De fato, essa razdo mostrada em
nosso estudo ainda ndo foi documentada na literatura, tornando dificil a compreensao do que
seria 0 aceitavel para a pele. Uma vez que os n-3 PUFA estdo em constante competicdo
metabolica com os n-6 PUFA, a razdo n-6/n-3 desempenha um papel fundamental na
determinacdo do efeito global sobre a fotocarcinogénese da pele (BLACK et al., 1992).
Assim, é possivel confirmar que o perfil lipidico da pele pode ser alterado pelos AG presentes
na dieta, especialmente quando a suplementacéo € iniciada no periodo pos-desmame, o qual
corresponde a fase de crescimento corporal. Alguns estudos tém enfatizado que as membranas
celulares sdo mais vulneraveis aos insultos nutricionais durante o periodo de crescimento, o
qual ocorre no ultimo trimestre de gravidez em humanos e no periodo po6s-natal em roedores
(OLSEN et al., 1992; DOBBING; SANDS, 1979). Neste sentido, a maior oferta de AG de
uma série pode inibir as reacdes de sintese (dessaturacao e elongacdo) de outros AG presentes
em menor propor¢do (PAWLOSKY et al., 2003). Deste modo, 0 maior aporte de LA, um AG
pertencente a série n-6, pode inibir ou impedir a conversdo de ALA em derivados de cadeia
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longa (EPA e DHA) pertencentes a série n-3, por competir pela enzima A6-dessaturase
(VANCASSEL et al., 2007). Da mesma forma, os AGT sdo capazes de inibir os sistemas
enzimaticos responsaveis pela sintese de AG de cadeia longa, interferindo na biossintese de
AGPI n-3 e n-6 (BOURRE et al., 1990; KUMMEROW et al.,, 2004; ROSENTHAL;
DOLORESCO, 1984) e sua consequente incorporacao na pele.

A incorporacdo de AGT nas membranas celulares cutaneas foi associada ao aumento
dos danos oxidativos da pele exposta a RUV, expresso pelos niveis aumentados de
marcadores de oxidacdo lipidica e protéica cutdnea, os quais foram capazes de causar
alteragOes significativas sobre as enzimas mitocondriais, cuja menor atividade reflete a
extensdo do dano observado na pele dos animais. Dados da literatura tém mostrado que a
oxidacdo de lipideos e proteinas pode levar a degeneracdo da membrana celular, alterando sua
permeabilidade e inativando enzimas ligadas as membranas, culminando na morte celular
(BUS; GIBSON, 1979; GIROTTI, 1990; SCHARFFETTER-KOCHANEK et al., 1997; SUN,
1990). Assim, acreditamosque aincorporagdo de AGT nasmembranas celulares da pele foi
suficiente para causar alteracdes funcionais nesse tecido, que estdo fortementeenvolvidas nos
danos oxidativos induzidos pela RUV. Além disso, o grupo suplementado com GVH
apresentou maior espessamento da pele, o qual é uma resposta inflamatdria caracteristica da
exposicdo a RUV. Esse achado esta de acordo com Han et al. (2002), que mostrou uma
relacdo entre o consumodeuma dieta rica em GVH com o aumento da producdo decitocinas
pré-inflamatoriase e EO. Por outro lado, a incorporacdo cutanea de AGPI n-3 observada no
presente estudo foi capaz de prevenir os danos oxidativos da pele exposta a RUV,
demonstrado pela menor peroxidacdo lipidica e protéica junto com a funcdo normal das
enzimas mitocondriais. Nesse contexto, é possivel atribuir tais resultados a geracdo de
metabolitos dos AGPI n-3, os quais apresentam menor atividade pré-inflamatoria e proé-
apoptotica na pele dos animais suplementados com 6leo de peixe, que sdo diferentes daqueles
gerados pelo metabolismo dos AGPI n-6 e AGT. Assim, a reducdo dos danos cutaneos
induzido pela exposicdo a RUV observados no presente estudo, poderia ser atribuida aos
eicosanoides e docosanoides resultantes do metabolismo dos AGPI n-3.

Sequencialmente, os dados mostrados nos artigo 2 e manuscrito 1 mostram que a
suplementacdo mais prolongada de GVH e, em menor proporc¢éo, de 6leo de soja, facilita o
desenvolvimento de fotoenvelhecimento induzido pela RUV em ratas Wistar de 1% e 22
geragdo. A exposicdo cronica (repetida) a RUV aumentou os danos oxidativos cutaneos no
grupo suplementado com GVH, observados pela maior geracdo de espécies reativas e

desenvolvimento de peroxidacdo lipidica, menor atividade das enzimas mitocondriais e
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reducdo das defesas antioxidantes. Em contrapartida, a suplementacéo de 6éleo de peixe, rico
em AGPI n-3, mostrou protecdo sobre os efeitos deletérios cutdneos da RUV. Os AG podem
modular condi¢bes fisioldgicas e patologicas através de mecanismos que envolvem a cascata
inflamatdéria (KANG; WEYLANDT, 2008). Desta forma, dependendo do AG precursor,
havera a formacgdo de mediadores com caracteristicas antagbnicas e com diferentes atividades
biologicas (BLACK et al., 2006). Enquanto as consequéncias da incorporagdo cutanea dos
AGT sdo pouco descritas e pobremente compreendidas, os AGPI n-3 apresentam
propriedades antiinflamatdrias e anti-apoptéticas (BARCELOS et al., 2010; BAZAN, 2005;
2007; CALON et al., 2004; HASHIMOTO et al., 2002; 2006; YAVIN et al., 2002;
MASSARO et al., 2008; WU et al., 2004), demonstrando um potencial preventivo para
desenvolver danos oxidativos. Por sua vez, os AGPI n-6 sdo precursores de mediadores pro-
inflamatdrios, conferindo um fator positivo para a geracao de espécies reativas, as quais, em
conjunto, podem culminar em danos oxidativos cutaneos po6s-RUV (OKUYAMA,
KOBAYASHI; WATANABE, 1996). Deste modo, enquanto os AGPI n-3 estdo envolvidos
na reducdo da inflamacdo, os AGPI n-6 tendem a promover a inflamacdo: apds serem
liberados da membrana fosfolipidica pela acdo da enzima PLA2, os AGPI n-3 séo
metabolizados pela COX e LOX, gerando mediadores com menor atividade inflamatéria (PGs
da série 3), ao passo que o metabolismo dos AGPI n-6 geram metabdlitos com potente
atividade inflamatdria (PGs da série 2). Diferentes estudos in vivo e in vitro mostraram que 0s
AGPI n-3 sdo capazes de atuar através da reducdo da producdo de PGs derivadas do AA e de
outros mediadores inflamatorios, exercendo seus efeitos antiinflamatdrios por antagonizar a
sintese ou 0 metabolismo do AA. Da mesma forma, os AGT podem inibir as enzimas
responsaveis pela sintese dos AGE e, dessa maneira, podem reduzir a geracdo dos seus
metabolitos, porém tal evento é apenas tedrico, ndo tendo sido ainda demonstrado
experimentalmente.

A atividade da Na"K*ATPase é outro fator importante para os processos de sinalizacao
celular através da manutencédo do gradiente eletroquimico transmembrana (MOSELEY et al.,
2007; STAHL; HARRIS, 1986). AlteracOes na atividade dessa enzima podem representar um
importante marcador de toxicidade (CHAUDHARY; PARVEZ, 2012; LEES, 1993), uma vez
que a sua atividade é sensivelmente modificada pela geracdo OS (TEIXEIRA et al., 2011,
2012). Da mesma forma, a atividade alterada da Ca,MgAPTase é utilizada como um marcador
de dano oxidativo e um importante pardmetro em estudos dos efeitos de manipulacdes
dietéticas (BARTOLI, 1995). Neste contexto, a avaliacdo da atividade da Na*K*ATPase

cutanea constituiu uma ferramenta para estimar os efeitos nocivos da RUV. Neste estudo, foi



124

observado um aumento significativo da atividade dessa enzima nos animais suplementados
com oOleo de soja e GVH, através dos grupos experimentais C-SO e HVF, respectivamente,
apos exposicao cronica a RUV. Por outro lado, no grupo suplementado com 6leo de peixe, a
atividade da Na*K*ATPase manteve-se inalterada. A bomba de Na*K*ATPase é responsavel
pelo transporte ativo de ions de sodio e potassio através da membrana plasmética para manter
a sua excitabilidade (RIBEIRO et al., 2007) e o marcado aumento da sua atividade pode
alterar a transmissao celular e diminuir a entrada de calcio da célula. A reducéo de calcio pela
epiderme esta relacionada com perturbac@es da integridade da barreira cutanea induzidas pela
RUV e estimula a secrecdo de corpos lamelares do estrato granuloso, o que facilita a
recuperacdo de barreira (ELIAS et al., 2002).

O envolvimento ativo dos AG na saude cutanea e na funcdo de barreira cutanea
justifica a escolha da suplementacdo com AGPI n-3 como uma estratégia eficaz para a
melhoria de condicdes inflamatdrias (CALDER et al., 2009) cutaneas. Os efeitos dos AGPI n-
3 de cadeia longa sobre a producdo de eicosandides através da sua habilidade de oferecer
substratos alternativos para as enzimas metabolizadoras de lipidios, exercem seus efeitos
através de seu papel na sinalizacdo celular, na expressdo génica e, consequentemente, nos
niveis enzimaticos (CALDER, 2006). Geralmente, os mediadores produzidos a partir da
metabolizacdo dos AGPI n-3 s&o menos inflamatorios e moléculas quimio-atratoras menos
potentes que os seus homologos derivados do AA, um AGPI n-6 (NICOLAO, 2013). Nesse
sentido, € possivel afirmar que a formacdo desses mediadores reduz a concentracdo dos
eicosanoides derivados do AA, resultando em um ambiente menos inflamatério.

A pele humana responde as intervengdes nutricionais e estudos com 6leo de peixe tém
mostrado a reducdo do eritema e dos niveis de PGE> ap6s exposi¢do a RUV (RHODES et al.,
1995), configurando uma possivel estratégia quimio-preventiva para resolver os efeitos
nocivos da radiacdo solar. Ja foi demostrado o papel dos mediadores derivados dos AGPI n-3
na cicatrizacdo de feridas, processo no qual o perfil de tais moléculas lipidicas quimio-
atrativas podem ter influéncia sobre o infiltrado leucocitario e o grau de epitelizacdo (LU;
TIAN; HONG, 2010; McDANIEL; MASSEY; NICOLAOU, 2011; MARTIN; LEIBOVICH,
2005). Além disso, intervencdes dietéticas com AGPI n-3 demonstraram uma melhoria na
psoriase e na dermatite atopica, elucidando um importante papel na restauracdo das
propriedades da barreira cutdnea (FLUHR; CAVALLOTTI; BERARDESCA, 2008),
fortalecendo a evidéncia do seu papel benéfico na saude da pele (MAYSER; GRIMM;
GRIMMINGER, 2002; GUECK et al., 2004).
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Com base em todos o0s experimentos que abrangem essa tese e devido as propriedades
antiinflamatdrias dos AGPI n-3, os estudos realizados sugerem que a ingesta continuada de
alimentos processados, ricos em GVH, em detrimento de 0leos vegetais e/ou animais ricos em
AGPI n-3, podem modificar os padrdes de dano e os mecanismos de defesa da pele frente a
exposicdo a RUV, contribuindo para o desenvolvimento de eritema, inflamagé&o,
envelhecimento e até mesmo melanomas e cancer de pele, cuja incidéncia, e por analogia ou
coincidéncia, ttm aumentado nas Ultimas décadas.

Dados adicionais contidos no item apéndice 1 desta tese foram desenvolvidos em
estudos de doutorado sanduiche, cujos resultados refletem a escassés de estudos sobre a
secura da pele, a qual pode configurar um fator agravante para 0s danos cutaneos decorrentes
da exposicdo a RUV, cujo tema ainda carece de estudos. Neste sentido, a identificacdo da
secura dapele easquestdes clinicas envolvidas requer abordagensque possam funcionar como
ferramentas na busca pela melhora dos pacientes, além de envolver a pesquisa acerca da sua
etiologia, prevencado e tratamento (GUENTHER etal., 2012).A perspectiva de publicacdo dos
achados resultantes dos estudos apresentados aqui deverad contribuir na producdo de novos
elementos de pesquisa que busquem uma melhor qualidade de vida, atuando como um fator
motivacional para uma alimentagdo mais saudavel, e também acionando o desenvolvimento

de novas estratégias de aproveitamento de alimentos para a humanidade.
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5. CONCLUSOES

v A suplementagdo com 6leo de peixe, 6leo de soja e GVH desde o periodo perinatal até
a idade adulta, bem como no decorrer da primeira e segunda geragdes permitiu uma
incorporacdo aumentada de AG n-3, n-6 e trans na pele, respectivamente, mostrando
que o perfil lipidico cutaneo reflete rapidamente a oferta exdgena proveniente de
diversas fontes como a ingestéo direta, via placenta e leite materno;

v A incorporacdo de AG n-3, n-6 e trans provenientes das respectivas suplementacdes
apresentam diferentes respostas sobre o status oxidativo da pele exposta a RUV,
modificando também sua espessura, atividade do sistema de defesa antioxidante,
atividade de enzimas mitocondriais e transmembrana;

v' A suplementacdo de GVH aumentou os danos cutaneos induzidos pela RUV,
facilitando o desenvolvimento de rugosidades e hipertrofia cutanea;

v' Os AGT foram capazes de favorecer o desenvolvimento de alteracdes relacionadas a
exposicdo UV, as quais incluem envelhecimento, edema inflamatério e danos
oxidativos, os quais podem facilitar o desenvolvimento de doengas mais severas como

melanomas e cancer de pele.
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7. APENDICE 1

A revisdo bibliografica a seguir refere-se aos estudos realizados durante a realizagdo
de Doutorado Sanduiche no Research Institute for Medicines and Pharmaceutical Sciences
(iIMED.UL) da Faculdade de Farméacia da Universidade de Lisboa, na cidade de
Lisboa/Portugal.

Os resultados a seguir apresentam-se estruturados nos itens Materiais e Métodos,
Resultados, Discussdo e Referéncias, os quais estdo dispostos da mesma forma que foi
publicado (artigo 3) e em fase de redacdo (manuscrito 2), apresentado como um resumo

estendido.
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7.1REVISAO BIBLIOGRAFICA

7.1.1 A pele

O stratum corneum é a camada mais externa da pele e desempenha um importante
papel de barreira contra a perda de agua e as agresses quimicas externas (LODEN, 2003;
TFAYLI et al., 2013). Apesar dos avancos na compreensao da estrutura, fisiologia e fungéo
da pele, a hidratacdo e seus meandros continuam a ser uma area ativa de pesquisa. Um nivel
mais elevado de hidratacdo que 10% do peso total do stratum corneum tem sido considerado
caracteristica de pele humana normal “ndo-seca” (MADISON, 2003; YADAV et al., 2009).

A hidratacdo da pele depende, entre outros, de dois grandes fatores: da presenca de
fatores de hidratagdo natural (do inglés natural moisturizing factors (NMF)) (MADISON,
2003) e da estrutura e composic¢do dos lipidos no SC (GUILLARD; TFAYLI, 2011; TFAYLI
et al., 2010). Os NMF consistem principalmente de aminoacidos e seus derivados, acido
lactico, uréia e acucares, formando uma mistura altamente higroscopica e que representa de 5
a 30% do peso seco total do stratum corneum (MADISON, 2003; YADAV; WICKETT,
2009). Contrariamente ao NMF, a matriz de lipidios tem um papel direto na hidratacdo da
pele pela prevencdo da perda de dgua através da sua funcdo de barreira, principalmente devido
a combinacao Unica de ceramidas (45-50% de peso), colesterol (25%) e AG livres (10-15%)
no stratum corneum (TFAYLI et al., 2013). Além da composicdo lipidica, esta bem
estabelecido que a organizagédo de ceramidas, AG de cadeia longa, na matriz intercelular do
stratum corneum humano desempenha um papel chave na criacdo da barreira cutanea
(BINIEK; LEVI; DAUSKARDT, 2012; BOUWSTRA et al., 2003; 2006; PILGRAM et al.,
2001; TFAYLI et al., 2013).

7.1.2 A pele seca

A pele seca ¢ um problema global e extremamente comum (MATTS et al., 2005).
Pesquisas nos Estados Unidos, Franca e Japdo mostraram que aproximadamente 40% da
populacéo apresenta problemas relacionados a pele seca (KITAMURA, 2002). A pele seca ou

eczema xerdtico pode ser diagnosticado como Xxerose, eczema asteatOtico, eczema



165

disidréticoou eczema craquele (NORMAN, 2003). A superficie da pele seca € menos flexivel
que a pele normal, o que contribui para a sensacéo irregular sensivel ao toque (FLYNN et al.,
2001). Também apresenta-se escamosa, aspera, fissurada e rachada e, geralmente, tal
condicdo dermatoldgica estd intimamente associada com a desagradavel sensacdo
somatossensorial de coceira ou prurido (NOJIMA et al., 2003;. NORMAN, 2003;
TOMINAGA et al., 2007). Algumas doengas sisttmicas como a insuficiéncia renal, a
coletasis, a uremia e a sindrome da imunodeficiéncia adquirida (SIDA), assim como a pele
envelhecida e quase todas as doencas dermatoldgicas que se manifestam comouma pele
xerética sdo acompanhadas pelo prurido (OKAWA et al., 2012;. KAMO et al., 2011,
MIYAMOTO et al., 2002; TOMINAGA et al., 2007; WAHLGREN, 1999; YOSIPOVITCH,
2004b). A secura da pele ocasionavarias doencas cutaneas pruriginosas, como a dermatite
atopica (DA) e a xerose (LODEN; MAIBACH, 2006). O contato da pele com agentes ou
alérgenos pruriginosos provoca coceira aguda; enquanto a coceira cronica se manifesta nas
condicGes patoldgicas da pele e nas doencas sistémicas (DI NARDO et al., 1998; KRAJINIK;
ZYLICZ, 2001; LONG; MARKS, 1992).

A condicdo normal da pele também pode ser afetada por variacbes sazonais que
podem desencadear vérias doencas cutaneas (LODEN; MAIBACH, 2006;. YOSIPOVITCH
et al., 2004a), como as dermatoses comuns (psoriase, xerose e DA) (LODEN; MAIBACH,
2006; YOSIPOVITCH et al., 2004b; PINNAGODA et al., 1989). Da mesma forma, 0 uso
frequiente de detergentes, sabonetes e irritantes topicos tém a capacidade de induzir o prurido
xerotico (YOSIPOVITCH, 2004b). Algumas evidéncias sugerem que o inverno (LODEN;
MAIBACH, 2006; YOSIPOVITCH et al., 2004a) e a diminuicdo da humidade ambiental
precipita aquelas desordens cutaneas (RYCROFT; SMITH, 1980), enquanto que a hidratacdo
da pele parece diminui-las (CHERNOSKY, 1976; RAWLINGS et al., 1994b).

A incidéncia da pele seca pruriginosa aumenta com a idade e é um dos problemas
dermatol6gicos mais comuns que acometem o0s idosos (NORMAN, 2003). A condicdo ocorre
mais frequentemente nas pernas, mas as maos e o tronco também podem ser afetados
(NORMAN, 2003). As fissuras ou rachaduras decorrentes da perda de agua pela epiderme
pode romper capilares dérmicos e induzir a formacdo defissuras e sangramento cuténeo
(ANDERSON; MILLER,2000). Além disso, o prurido e as lesfes cutaneas resultantes podem
levar as abrasdes secundarias que produzem, por sua vez, resposta inflamatdria, liquen
simples cronico e até mesmo manchas edemaciadas (ANDERSON; MILLER,2000).
Consequentemente, os patdgenos e alérgenos ambientais podem facilmente penetrar na pele,

aumentando o risco de alergias e dermatite irritante, 0 que pode levar a uma dermatite
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persistentee, possivelmente, mais extensa, apesar da terapia (ANDERSON; MILLER, 2000).
Desse modo, uma infeccdo secundéria, risco inerente de qualquer interrupgcd ona barreira
cutanea, também pode ocorrer (NORMAN, 2003).

A pele seca possui uma menor capacidade de retencdo de agua, caracteristica regulada
pelafuncédo de barreirada pele no stratum corneum (CHANDAR et al., 2009; LEVEQUE e
tal., 1987; MIYAMOTO et al., 2002). A securada pele tem sido relacionada com o
rompimento da barreira cutanea e ao prurido (HARDING et al., 2000; LONG; MARKS,
1992; MORTON et al., 1996). Nesse contexto, a secura da pele é caracterizada por reducédo da
hidratagdo do stratum corneum e a ruptura da barreira cutdnea é caracterizada por um
aumento da perda de &gua transepidérmica (TEWL, do inglés transepidermal water loss)
(MIYAMOTO et al., 2002). Alterac6es nahidrata¢do do stratum corneume a TEWL ndo estdo
relacionadas com o prurido em alguns estudos (DELEIXHE-MAUHIN et al., 1993;
OSTLERE et al., 1994; KATO et al., 2000). Assim, os mecanismos do prurido relacionados a
pele seca sdo pouco estabelecidos e tratamentos para tal desordem ainda ndo foram
estabelecidos (MIYAMOTO et al., 2002).

6.1.3 Modelos experimentais e patofisiologia da pele seca associada ao prurido

A patofisiologia da pele seca envolve fatores que podem contribuir para a sensacao de
prurido, como a alteracédo da estrutura do stratum corneum, anormalidades da queratinizacao,
proliferacdo, metabolismo da agua, niveis de citocinas, pH e lipidos de superficie (ELIAS;
GHADIALLY, 2002; YOSIPOVITCH, 2004). O modelo animal de pele seca utilizando
camundongos proporcionou novo entendimento sobre o prurido associado com a pele seca
(YOSIPOVITCH, 2004).

O modelo experimental de prurido associado a pele seca foi demonstrado através da
exposicdo toépica de camundongos a acetona (KAMO et al., 2011; OKAWA et al., 2012;
TOMINAGA et al., 2007). Miyamoto et al. (2002) recentemente desenvolveu um modelo
animal utilizando camundongos no qual a pele foi exposta a uma mistura de acetona e éter
dietilico, seguida da exposi¢do a agua. Tal protocolo induziu uma desidratacdo dostratum
corneum e aumentou a TWEL, além de aumentar os movimentos espontaneos de cogar a pele
seca com a pata traseira (MIYAMOTO et al., 2002). Outros protocolos experimentais de

modelo animal para rompimento da barreira cutanea foram demonstrados por uma dieta sem
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AGE, pela exposi¢do tdpicad uma solucdo organica ou surfactante e inducéo de interrupcao
fisica da integridade cuténea através da utilizacdo de uma fita autocolante (GRUBAUER et
al., 1987; DENDA et al., 1998). Tais modelos experimentais removem 0S componentes
lipidicos (AG livres, colesterol e ceramidas) do stratum corneum, os quais desempenham um
papel importante na funcdo de barreira cutanea (ELIAS, 1983; GRUBAUER et al., 1989). Por
sua vez, a exposicdo dos animais a um ambiente seco ou a exposicdo cutdnea a agua ou aos
solventes organicos podem perturbar a barreira cutanea, causando perda de componentes
aquosos, como aminoacidos, hidroxila, uréia e pirrolidona carboxilato (JOKURA et al., 1995;
SATO et al.,, 2001).Apesar de a investigacdo e a compreensdo sobre o prurido crénico
associado a pele seca ter aumentado nos ultimos anos, sua patogénese ainda permanece
obscura e controversa (BACK et al., 2012).

A histamina é um mediador pruriginoso secretada pelos granulos dos mastdcitos
(AKASAKA et al., 2011). Nesse sentido, a terapia anti-histaminica tém sido utilizada para o
tratamento das condi¢fes agudas de prurido (KENNARD; ELLIS, 1991) e o antagonismo dos
receptores de histamina Hi € o0 mecanismo dessa inibigdo (WAHLGREN, 1992). No entanto,
na préatica clinica € comum a ocorréncia de prurido resistente a acdo dos anti-histaminicos
(WAHLGREN, 1992). Novos insights sobre o potencial envolvimento de outros mediadores
quimicos, além da histamina, no prurido presente em desordens cutaneas crénicas foram
demosntrados, incluindo a substancia P (HAGERMARK et al., 1978) e a triptase
(STEINHOFF et al., 2003). A substancia P, um neuropeptidio membro da familia da
taquiquinina, € conhecido por atuar como um neurotransmissor ou neuromodulador no
sistema nervoso periférico e central de mamiferos (PERNOW, 1983) e tem sido associada aos
processos inflamatérios e de dor (OTSUKA; YOSHIOKA, 1993). O comportamento de cocar
em camundongos gque mimetizam o prurido em humanos (ANDOH; KURAISHI, 1998;
KURAISHI et al., 1995) e 0 aumento da producdo de leucotrienos (LT) B4 (ANDOH et al.,
2001), um potente que pruritogénio que induz uma resposta associada ao prurido, foram
demonstrados pela administragéo de substancia P em ratos (ANDOH; KURAISHI, 1998).

6.1.4 Dispositivos de medigcdo

O contetdo de agua da derme e da epiderme é definido como a hidratacdo da pele

(MANFREDINI et al., 2013). Funcionalmente, a quantidade de 4gua na pele pode ser dividida
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em &gua ligada e agua livre: a primeira esté associada a diferentes moléculas como a filagrina
e outros componentes do NMF na epiderme, enquanto a ultima se difunde a partir da pele para
0 ambiente externo (MANFREDINI et al., 2013). A hidratacdo anormal da pele resulta numa
pele seca e escamosa e € um dos sintomas mais comuns presentes em muitos disturbios
dermatolégicos (BERARDESCA et al., 1990, BYRNE, 2010; SERUP; BLICHMANN, 1987).

A avaliagdo do teor de agua da pele in vivo é de grande interesse para muitas pesquisas
e possui implicagbes positivas para o tratamento clinico (MANFREDINI et al., 2013).
Embora nem sempre seja possivel quantificar a hidratacdo exata da pele, existem diversas
abordagens para a determinagdo nédo invasiva do contedo de agua da pele (MANFREDINI et
al., 2013). Os avancos tecnoldgicos em dispositivos de medicdo tornaram possiveis as
analises ndo invasivas de parametros cutaneos, facilitando e ampliando o conhecimento da
pele humana saudavel e de suas patologias (BENEVENUTO et al., 2010; EGAWA et al.,
2002; FANG et al., 2003; FUKADA et al., 2012; HORRI et al., 2011; JEON et al., 2010;
LODEN et al,, 2013). Abaixo estdo listadas algumas das abordagens para a medi¢do do teor
de umidade cutaneo, que sdo métodos complementares, sendo recomendado Seu usO
combinado (BLICHMANN; SERUP, 1988):

e SKICON: o dispositivo é baseado na medicdo da condutancia e mede o teor de
umidade do stratum corneum. Possui maior sensibilidade na medicdo do
aumento da hidratacdo (BLICHMANN; SERUP, 1988).

e CORNEOMETER (Courage Khazaka-Electronico): este dispositivo baseia-se
na medida da capacitancia da pele. A profundidade de penetracdo do campo
eléctrico € muito pequena, de modo que apenas a umidade do stratum corneum
é medido. Pode ser mais sensivel para a medicdo da diminuicdo da hidratacao
cutanea (BLICHMANN; SERUP, 1988).

e TEWAMETER (Courage-Khazaka Eletronico): este dispositivo mede a
TEWL.

e PADRAO DE SUPERFICIE DA PELE: medida pela observacio da réplica
negativa usando material de borracha. As réplicas de superficie da pele podem
ser analisadas com um analisador de imagem.

A pelicula lipidica externa configura-se como um marcador de seguranca das
patologias da pele, facilmente controldvel por meio de técnicas de monitorizacdo néo
invasivas (DOWNING; STEWART, 1985, PASSI et al., 1991). Os lipidios da superficie da

pele séo os primeiros alvos das agressdes ambientais, e também representam uma ferramenta
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adequada para a pesquisa da penetracdo de drogas através da pele e medicdo das reacGes
quimicas aos medicamentos, produtos quimicos industriais, téxteis, joias ou particulas em
contato prolongado e direto com pele (STEFANIAK; HARVEY, 2006).

6.1.5 Tratamentos para a pele seca

Ha registros de tratamentos para a pele seca tdo cedo quanto 3000aC (MATTS et al.,
2005). Apesar dos avancos atuais da ciéncia cosmética, ainda ndo existe um tratamento
definitivo para essa condicdo dermatologica (KITAMURA, 2002). Os cremes e locoes
hidratantes sdo benéficos na prevencao e tratamento da pele seca, nos distarbios de barreira
cutanea e envelhecimento da pele (MANFREDINI et al., 2013; RODRIGUES et al., 1997).
Sua eficécia € influenciada por fatores como a formulacdo, patogénese da pele seca e adesdo
do paciente ao tratamento (LODEN, 2012). Além disso, ha o envolvimento de razbes
fisioldgicas, raciais e culturais que envolvem o uso de hidratantes (FOTOH et al., 2008).
Fotoh et al. (2008) relataram 0 uso generalizado de hidratantes por caucasianos, enquanto 0s
individuos com pele mais escura o fazem apenas pela necessidade de combater o
ressecamento da pele.

A adicdo de agua a pele envolve a hidratacdo (MANFREDINI et al., 2013). Assim, 0s
agentes umectantes sdo adicionados as formulacdes hidratantes para melhorar a capacidade de
ligacdo da &gua no stratum corneum (MANFREDINI et al., 2013). Diferentes formulagdes de
hidratantes podem ter diferentes efeitos sobre a epiderme e afetar a sua integridade, o
conteddo total de agua, as propriedades fisicas, a descamacdo e a espessura do stratum
corneum (LODEN et al., 2004).

O interesse no emprego de gorduras dietéticas no tratamento de doencas de pele
émarcado pelo estudo historico de Burr e Burr em 1929 (BURR; BURR, 1929; 1930), no qual
ratos alimentados com uma dieta desprovida de gordura apresentaram retardo no crescimento,
falhas reprodutivas e erupgdes cutaneas caracterizadas por descamacdo e eritema, com
aumento da perda transepidérmica de agua. Tais manifestacGes regrediram quando a dieta foi
suplementada com LA e ALA. Originalmente conhecidas como vitamina F, essas gorduras
logo vieram a ser conhecidas como AGE (McCUSKER; GRANT-KELS, 2010). Este estudo,
bem como outros estudos iniciais, tém sido criticados porque néo foi feita uma distin¢do entre
a suplementacdo com o LA, AGPI n-6, ou ALA, AGPI n-3 (CUNNANE, 2003). A
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diferenciacdo entre os dois é importante, porque seus papéis sdo distintos: LA e seus produtos
servem como precursores estruturais para as ceramidas do stratum corneum, enquanto que o
ALA e seus derivados servem como moduladores da resposta imune (McCUSKER; GRANT-
KELS, 2010).

Recentemente, houve um interesse crescente no uso de suplementos nutricionais para
beneficiar a pele humana (BUONOCORE et al., 2012; DAYAN et al., 2011; GUILLOU et al.,
2011; MARINI et al., 2012; NEUKAM et al., 2010). O controle da composicao lipidica da
pele através de uma intervencdo nutracéutica ou dietética surge como uma possibilidade e
uma perspectiva promissora (NEUKAM et al., 2010; PUPE et al., 2002; TAKEMURA et al.,
2002; VIOLA; VIOLA, 2009), uma vez que os fatores nutricionais podem beneficiar a
fisiologia da pele (BUONOCORE et al., 2012; DAYAN et al., 2011; GUILLOU et al., 2011;
MARINI et al., 2012; NEUKAM et al., 2010; PUPE et al., 2002; TAKEMURA et al., 2002;
VIOLA; VIOLA, 2009). Entretanto, a literatura é carente acerca dos efeitos dos nutrientes
dietéticos consumidos/suplementados por longo prazo sobre as propriedades da pele,
incluindo TEWL, hidratacdo, elasticidade e microcirculacdo epidérmica. A composicao
lipidica cutanea é fisiologicamente relevante para um desempenho ideal da pele e pode
representar uma abordagem poderosa para a prevencdo e/ou tratamento da secura e
envelhecimento da pele, como forma de aumentar a fotoprotegédo da pele e e as consequentes

doengas cutaneas.
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2. OBJETIVOS

2.1 Objetivo geral

Desenvolver modelo animal de pele seca e DA em ratos para avaliar a influéncia da
suplementacdo com Gleo de peixe, rico em AGPI n-3, sobre os pardmetros fisioldgicos da pele

como perda transepidérmica de 4gua, hidratacéo, circulacao e pruridocutaneo.

2.2 Objetivos especificos

e Desenvolver modelo animal de pele seca e DA em ratos e avaliar parametros
fisioldgicos da pele como perda transepidérmica de agua, hidratacdo e prurido cutaneo nesses
animais;

e Avaliar a influéncia dos AG n-3 sobre a perda transepidérmica de &gua, hidratacao,
microcirculacdo cutanea em modelo animal de pele seca em ratos suplementados com 6leo de

peixe.
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3. PRODUCAO CIENTIFICA

Os resultados inseridos nesta tese apresentam-se sob a forma de artigo 3 e manuscrito
2, 0s quais se encontram aqui estruturados. Os itens Materiais e Métodos, Resultados,
Discussdo e Referéncias encontram-se no proprio artigo e no manuscrito, os quais estdo

dispostos da mesma forma que foi publicado (artigo 3) e submetido (manuscrito 2).

3.1 Artigo 3:

BARCELQOS, R. C. S. et al. Atopic dermatitis-like disease in a rat model. Biomed.
Biopharm. Res., v. 2, p. 217-224, 2013
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Abstract

The Atopic dermatitis (ADD) 1s a most important topic m clinical dermatology. In fact, the pathopenesis of fhis
chronie inflammatory skin disease, primanly charactenized by prurtus and dry skin, 15 shill far from bemng fully
understood. To look further mto this complex disease, male adult Wistar rats (r = 10) were used as a model where
acetone (AA) acted as the active challenger in a 3-day freatment seting, and compared with water (AW). On day
3, one hour after the last treatment, the AA area exhibited higher transepidermal water loss (TEWL), capillary
bloudﬁaw and reduced hydrafion when compared to AW. The scratching behavior was markedly higher in the A4
treated group (n = 5) than m the AW group (n = 5). These inferesting results justify the appheation of this model as
a clinical expenmmental tool for AT research.
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Resumo

A dermatite atopica (DA) & um tema importante na dermatologia clinica. Na verdade, a patogénese dessa doenga
mfamatona cronica da pele, caracterizada pnncipalmente por pele seca e prurido, amda esta longe de ser totalmente
compreendida. & fim de saber mais acerca desta complexa doenca, ratos Wistar machos e adultos (r = 10) foram
utilizados como modelo animal, nos quais o tratamento com acetona (AA) fol comparado com o tratamento com
agua por 3 dias (AW). No dia 3, uma hora apés o dliimo tratamento, a AA mostrou malor perda transepidérmica de
agua (TEWL), fluxo sanguines capilar e reduzida hdratagio quando comparada com AW. A anahse comportamental
mostron que a acgio de cogar fol marcadamente mais frequente no grupo AA (r = 5) quando comparado 2o grupo
AW (n=73). Estes resultados justificam a implementagdo deste modelo animal como uma ferramenta experimental
para imvestigacio da AD.
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Introduction

Dy skin 1s a common global problem [1]. Recent stud-
1es from the USA, France and Japan report that 40 %
of the population apparently suffers from a dry skin
related problem [2]. Dry skin, or xerofic eczema, can
be diagnesed as xerosis, asteatofic eczema, deshydrotic
ecpema or eczema craquelé [3]. Scaly, rough, fissured /
cracked surface are typical m dry skin and suech derma-
tological conditions are closely related to the unpleas-
ant somatosensory sensation of itching or prartus [3-5].
Skin dryness 1s present in many prritic cutanecns dis-
eases, such as xerosis and atopic dermatitis (AD), which
15 actually the most prevalent hallmark of these condi-
tions imvolving dry skin and pruntus [6]. AD is the most
commeon higher ocowrence inflammatory skin condi-
tion during infancy and childhood [7] so that in the last
two decades, 1fs prevalence has mereased between 18%
and 25 % m some developed countries [E]. AD) is non-
contagious and characten=zed in acute phases by mtense
behenification m chrome stages [7.9,10]. Patents with
AD-mmduced visible dermatologic signs and disruptive
symptoms have their Irves and social relationships neg-
atrvely affected, with reduced sense of well-being and
self-esteem amiety, psychosocial stress, sleep depriva-
fion, and poor professional performance [11]. AD com-
plex pathopenesis shll remams unclear and only par-
tially understood [7] despate mmproved knowledze of
the topic due to growing research especially in recent
vears. Itis thought to result from a complex interaction
between the skin bamer disruption, immume abnormal-
1hes, and exvironmental and infections agents [12].
The present study aims to develop an ammal modsl,
where a confrolled AD-hke condifion is evoked, in or-
der to look deeper into the pathophysiclogical process-
es mvolved m thes skan disease.

Material: and methods
Animals
Male Wistar rats weighimg (447+14) g (n = 10) were

perature (betwreen 20 °C and 24 °C) and 12 h hght/dark
cycle (hght between 07:00 and 19-00). Food and water
were freely available Animals were fed with standard
laboratory chow (4BF21 GLP; Mucedolasr]l, Milan Ita-
). Procedures for amimal experniments were conducted
m accordance with the relevant Furopean Community
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Introducio

A pele seca & um problema global commm [1]. Estu-
dos recentes dos EUUA, Franga e Japdo relataram que 40
% da populagdo sofre aparentemente de um problema
relacionado com a pele seca [2]. A pele seca ou eczema
xerdtico pode ser diagnosticado como xerose, eczema
[3]. A superficie seca, escamosa e fissurada’rachada
sdp tipicas na pele seca e tais condighes dermatoldgi-
cas estdo mbimamente relacionadas com a desagradavel
sensacdo somatossensonal de coceira ou prundo [3-5].
0 ressecamento da pele esta presente em mmitas doen-
¢as cutaneas prurlginosas, como 2 Xerose & a dermatite
atopica (DA), a qual &, atnalmente, a caracteristica mais
prevalente das condigdes que envolvem a pele secae o
prunido [6]. A DA é a condigio inflamatiria da pele de
maior ocomréncia durante a infineia [7], e nas duas alfi-
mas décadas, a sua prevaléncia aumentou entre 18 % e
25 % em alguns paises desenvolvidos [8]. A DA nio &
contaglosa e caractenza-se , nasua fase aguda, porpru-
ndo mtenso, exanfema enfematoso, vesiculas e edema,
e hquenificacio na fase cromica [7.9,10]. Pacienfes com
sinais dermatolégices visivels indumides pela DA tém
suas vidas e relagdes socials pegativamente afetadas,
com redugio da sensacio de bem-estar e aufo-estima,
ansiedade, estresse psicossocial, privagio de sono e
baixo desempenho profissional [11]. Apesar do conhec-
crescente, especialmente nos aliimoes anos, a complexa
patogénese da DA permanece obscuwra e amda parcial-
mente compreendida [7], e pode ser resultado de uma
complexa mteracio entre o comprometmento da bar-
rewra da pele, anormalias immolégicas e a acgio de
agentes ambentais e infecciosos [12].

(O presente estudo teve como objetivo desenvolver um
modelo amimal de DA sob condigdes controladas, a fim
de saber mais acerca dos processos fisiopatologicos en-
vohidos nessa doenca de pele.

Materiais e métodos
it

Ratos Wistar machos pesande (447+14) g (n = 10)
foram obtdos ac Laboratomo Harlan Ine. (Barcelona,
Espanha). Os animans foram mantides sob temperatura
controlada (entre 20 °C & 24 °C), ciclo claro/escuro de
12h (luz acesas entre 7:00 e 19:00) e comada e 3gua ad
libirm e alimentados com ragio padrio (BPL 4RF21;
Mucedolasrl, Mil3o, Italia). Os procedmmentos de ex-
perimentacio amimal foram conduzmides em harmonia
com as regras aplicadas na Umio Europela, consideran-
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and Mafional mles on animals[] protechion for exper-
mental and other scientific purposes [13-15].
Chenricals

Acetone and ether were acquired from Sigma Chemi-
cals Co. (5t. Lows, MO, USA).

Cutaneous barrier alteration

The rats” dorsal body hair (6 co x 6 cm) was removed
24 b before the experiment by an electnic razor fol-
lowed by a soft hair-removing cream. The animal dor-
sum was drvided by the median line mto two areas. To
modify the animal's epidermal bamer, the left ide of
the area was exposed to acetone, apphed with soaked
cotton wool (3 em x 3 em) for 5 min (acetone area;
Ad), while the right side was exposed fo stenle water
(water area; W4} and served as the control (Figure 1).
This procedure took place for 3 consecutive days (at
2-00AM) under deep sedation mmduced by whalafion
of ether to prevent additional stress simmlus. On day
3, approxamately 1 b after the last application, the skin
physiclogy and the scratching behavior were assessed.

F
00

Figure 1

Alipic dermatitielike discase in 2 rat moded
Mislela Epw de dermatite atdpica o rai

do ainda as regras nacionais aplicavels 3 protecio para
experimentacio animal e outros fins clentificos [13-15].

Quimicos
A acetona e o éter foram adquimdos da Sigma Chemncal
Co. (5t. Loms, MO, EUA).

Alteragde da barreira curdnea

0 pélo dorsal dos ratos foa removida (6 conx 6 cm) 24h
antes das expenéncias com auxibo de um barbeador
elénco, segmdo da aplicacdo topica de um creme de-
pilatono. O dorse dos anmmais foi divididos pela linha
mediana em duas areas. Para modificar barreira epidé-
rmica do animal a drea do lado esquerdo foi exposta 3
acetona, aplicada com wm algodio embebido (Gem x
3 cm) durante 5 mun (drea da acetona, AA), enquanto
a area do lado direito foi exposta 3 agua estenlizada
(area da agua, WA) e servim como controlo (Figura 1).
Este procedimento foa realizado durante trés dias con-
secutrvos (9:00AM), sob sedagio profimda mdumda
por malagdo de éter para prevenir qualquer estimulo
estressante ao animal. Mo dia 3, cerca de 1 b apas a
nlfima aplicacio, a fisiologia da pele e a acgdo de cogar
foram avahados.

procedure. The marked dorsal area on the left was exposed to acetone (AA) and the
right ares exposed to sterile water (WA served as the comtrol (see text).

Fignra 1

Esquems grafico flustrando o modelo para o procedimento experimentsl. A regido
dorsal da esquerda foi exposta 3 acetona (AA), a drea dorsal 4 direita foi exposta 3
dgna esteril (WA) e servin como comtrolo (ver texto).

Skin physiclogy

The rat=[ skin physiology was assessed by non-imvasive
techniques providing the quanfitative measurement of
the epidermal barmer, the epidermal water content, and
local microcreulation, all obtained in both dorsum (WA
and AA Wreated areas dunng sedafion. The epidermal
bamer, expressed by the Transemdermal Water
Loss (TEWL) was measured by evaponmetry using
the Tewameter TM3IO) (Courage+Ehazaka GmbH,
Cologne, BFA) system and its unit has the symbel (g k'

Fisiologia da pele

A fisiologa da pele dos ratos foram avaliadas afraves
de métodos ndo-invasives, proporcionando a medicio
quantitativa da bamreira epidérmica, do teor de agua da
epiderme, e da mucrocwreulacio local, todos obtidos em
ambas as areas dorsais (WA e AA) tratadas sob sedagSo.
A bamreira epidérmica, medida pela perda de agua tran-
sepidérmaca (TE L) foi obtida através de evapornmetna
usando o sistema Tewameter TM300 (Couwrage + Ehaza-
ka GmbH, Coloma, Alemanha), tendo como simbolo de
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nr?). Epadermal water was obtained by an electrometric
system, a Comeometer CME23 (Courage+Ehazaka
Electromme GmbH, Celogne, Germany) expressed in
arbafrary umits (UACs). Local capillary blood flow
was defermined by laser Doppler flowmetry (LDF)
(PenFlux PF5000, PF5010 System Penmed Sweden)
expressed in arbifrary umits (BFUDs). Measurements
took place lh after the last exposure (day 3) under
controlled temperahore and humidity conditions ({2244}
°C, (45+5) % rh), and were expressed as mean values
(obtained from 3 sequenfial assessments).

Scratching behavior

Exvahuation of the scratching behavior was performed
according fo the protocel desembed by Okawa et al
[16]. Male Wistar rats (10-week-old), randomly as-
signed to 2 experimental groups (r=3) according to the
previously desenbed procedure were exposed to the ac-
etone challenge test. For the control group, sterile water
was used mstead of acetone. After 1h of the last cutane-
ous exposure to acetone or sterile water, each rat was
mdrvidually placed info an acryvhe box (60 cm x 34 cm
x 18cm) and acchmatised to the expenmental environ-
ment for 5 min. The number of scratching actions was
counted for 30 punutes by tramed observers unaware
of the treatments. One scratching achion comesponds to
a series of scratch movements on the dorsal skin us-
mg the hind paws, as previously reported [16,17] and
15 expressad as a serafching behavior mumber for each
animal for a 30 min period

Statistical analysis

All data are presented as mean = SEM. The skin TEWL,
data were analyzed using the Wilcoxon test Differ-
ences were considered stafistically sigmificant when
p =005 All statistical analyses were camed out using
Prisma softwrare.

Results

Transepidermal Water Loss (TEWL), skin kydration
and capillary blood flow af the skin
Followmg the acetone exposure the TEWL markedly
mereased, by nearly 4 times (p = 0,0039), when com-
pared with the control (Table 1 and Figuwre 24) On
the contrary, the skin hydration decreased m the area
(p = 0,0020) to half of the confrol value (Table | and
mereased (p = 0,0020) the capillary blood flow when
compared fo the control (Table 1 and Figure 2C).
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wmidade gh' m¥). A drua da epiderme fol medida por um
sistemna eletrométmco, o Corpeometer CME2S (Courage
+ Khazaka Flectronic GmbH, Coloma Alemanha), e ex-
pressa em umdades arbifranias (UA'S). O fluxo sanguneo
(PeriFlwe PE5000, PF5010 System, Permmed Suvecia)
foram realizadas 1h apos a albma exposicio (dia 3) sob
condigdes de femperahra & umidade controladas ({22=4)
°C, 45+5) %o hr), e foram expressas como valores meédios
{obtidos a partir de trés avaliagbes sequencias).
Andlize comportamental

A avaliagio da acgdo de cogar fou realizada de acordo
com o protocolo deserito por Okawa et al. [16]. Ratos
maches Wistar (10 semanas de 1dade), drvididos aleato-
namente em dois grupos expermentars (n=3) foram ex-
postos a acetona de acordo com o procedimento deseni-
to anteriormente. Para o grupo controlo, a agua estéril
fo1 usada em vez de acetona. Uma hora apds a ultima
exposigdo cutinea A acetona ou a Agua esténl, cada rato
foi colocado mdnidualmente em uma caixa de acrilico
(60 cm x 34 cm x18em) e achimatados ao ambiente ex-
perimental durante Smin. O nimero de agdes de cogar
fol mensurado durante 30min por observadores frema-
dos desconhecendo os tratamentos. Uma agSo de cogar
corresponde a wma séne de movimentos em diregio a
pele dorsal usando as patas traseiras, como relatado an-
tentormente [16,17] e expresso como o nimero de atos
para cada amimal durante 30 min.

Analise estatiztica

Todos os dados =30 apresentados como media + EPM.
A TEWL, a hidratacio, o fluxo sanpuineo capilar e os
dados da analise comportamental foram analisados
ufihizando o teste de Wilcoxon. Diferencas estatis-
P =10,05. Todas as analises estatisticas foram realizadas
utihzando o software Prizmall.

Rezultados

Perda de ggua transepidermica (TEWL), hidratagdo e
Jhuxo sanguineo capilar da pele

Apds a exposigio 3 acetona, a TWEL aumentou acen-
tuadamente, aproximadamente 4 vezes (p = 0,0059),
quando comparados com o grupo controlo (Tabela 1
e Figwra 2A). Confraniamente, a hidratagio da pele di-
munum na A4 (p = 0,0020) parz metade do valor do
grupo controlo (WA) (Tabela 1 e Figura 2B). A ex-
posigao 3 acetona sumentou significativamente (p =
0,0020% o fluxo sanguines capilar quando comparado
ao grupo controlo (Tabela 1 e Figura 2C).
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Table 1 - Biometric and behavioral results of the acetone (AA) and water (WA) exposed areas of rats” pre-shaved dorsum
ekin. For Transepidermal Water Loss (TEWL), hydration and capillary blood flow n = 10 and n = 5 for scratching behavioral.
Drata expressed as means + 5 EM.

Tabela 1 - Besultsdos biométricos  comportamentsis das dTess expostas 4 acetona (AA) e 4 dgua (WA) na pele dorsal
pré-depilada de ratos da perda de dgua transepidérmica (TEWFL), hidratagio e fuxo sanpuineo capilarn=10 en=5pam a
andlise comportamentsl Diados expressos como media = EPM.

wa AA P
TEWL/(gh'm-) T68=047 30128 0.0059
Hydration ' AU N
Hid cio/ A 23.70=1.98 1253 =071 0.0:020
Capillary blood Sow | BPU . .
3 ineo capilar { EFU 16.56 =0.74 Xnpe=187 0.0:0240
Scratching behavior | (nomber/20 mim) /
Agio de i i 130 min) 086 £ 0.50 §44=0.16 00090
B =)
)
I T z
=1 R = 3
a ; =
. pr-y A s Vi 8, v wa )

Figure 1 - Effect of acetone exposure of rats’ pre-shaved dorsom skin on Transepidermal Water Loss (TEWL) (A), hydration
(B} and capillary blood Sow (C). Diata expressed as means+5 EM (n = 10). * Indicates significant difference between
acetone exposed area (AA) and water exposed area (WA) (p < 0,01).

Figura 2 - Efeitos da exposicio 4 acetona da pele dorsal pre-depilads de ratos sobre a perda transepidérmica de agua
(TEWL) (A), hidratagio (B) e fxo sanguineo capilar (C). Dados expressos como média = E.PM. (r= 10). *Indica a
existéncia de diferenca significativa entre a drea exposta 4 acetona (AA) e 3 exposta & agua (WA) (p < 0,01).

Seratching Behavior (numberi30 min)
L)
1

Figure 3 - Fats” scratching behavior (number of scratchings 30 min) 1 h after the last cotanecus acetone (= 5) or water
exposure (71 = 3). " Indicates significant difference between acetone exposed area (A A) and water exposed area (TWA)
(=20,01). Diata are expressed as mean =5 EM
Figura 3 - Anslise do comportamento dos ratos (nimero de atos de cogar’30 min) 1 b apos a altima exposicio catines 3
acetona (n = 5) ou & dgua estéril {n = 5). *Indica 2 existéncia de diferenca significativa enfre a &rea exposts 4 acetona (AA) e
a aTea exposta 3 dgua (WA) (p <0,01). Os dados sdo expressos como media = EPM.

1
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The scratching behavior measured by the number of
scratching actions registered for 30 mun, also changed
after the 3 days acetone exposure treatment, signifi-
cantly mereasmg (p = 0,0090) when compared to the
control (Table 1 and Figure 3).

Dhscussion

The cellular and molecular mechamsms causing atopic
dermatitis {ADY) are still unclear, partly due to the hmi-
tations of current in vitro research methodologies and
the paucity of sutable models.

the most relevant featwres identified mn the buman
AD pathophysiology in order to develop a useful ex-
permmental mstrument for research, namely to evaloate
new therapeutic approaches in AT, Ideally, the ammal
affordable and allow researchers to quanhify the symp-
models of AD are generzlly explored In muce dorsum
[5.16,18,19], abdomen and ears [20] and also in Wistar
rats” dorsal sk [21]. This last ammal model has been
established through subcutanecus mjection of capsai-
on nto pewborn rat pups within 48k of barth [21.22].
As a consequence, this AT model in rat authentically
sipmlar fo human AT, buf it does not represent the char-
acteristic cutaneous mjunes of the disease.

In owr protocol, an AD-hke disease was mduced in
Wistar rats through repeated exposure to acetone of pre-
were visually very similar to those observed in buman
AD, showing vanous degrees of signs and symptoms
such as deep exconation and mereased microcreulation
m addition to those signs related to skin dryness such as
scaly, rough, fissured and cracked surface These were
Skin drypess results from the reducton in the wa-
ter-holding capacity of the stefum comeam (5C),
which 15 also related to the cutaneous bamer fimetion
[5.19,23 24]. The cutanecus bamer impanrment 15 nor-
mally revealed by a consistent increase in TEWL [19].
In the present study, acetone exposure of the rat’s dor-
sum modified the epidermal bamer funchon, as dem-
onstrated by the increase i TEWL and reduced the
skin hydration (Fig. 2}, resulting m dry skm. Previous
studies have shown that acetone exposure on hamless
mice removes SC lipid components, resulting m an
acute bamer obhiferation [25.26] and TEWL increase,
m addition to a SC kydration reduction m the first hour
after exposure [3]. Thus, the acetone exposed area re-

22

A amalise comportamental de cocar, menswado pelo
mimero de aghes de cogar durante 30mm. também aumen-
tou significatvamente apds 3 dias de exposigio 3 acefo-
na, aumentando significativamente (p = 0,0090), quando
comparado 20 grupo confrolo (Tabela 1 e Figuwra 3).

Dizcussio

0= mecanismos celulares e moleculares que causam
a DA sdo ainda pouco enfendidos, em parte devido as
limufagtes das atuais metodologias de pesquisa in vitro
e da escassez de modelos adequados.

0 principal objetrvo para este modelo animal & a rep-
licagio da mais relevante caracteristica identificada na
fisiopatologia da DA humana, a fim de desenvolver uma
ferramenta expenmental 0t para 2 pesqmsa ma aval-
1agdo de novas abordagens ferapéuticas na DA Ideal-
menfe, o modelo animal uhlzado para este tipo de es-
tudo deve ser confiavel, acessivel e permutir quantificar
o5 sintomas usualmente induzidos pela DA Os modelos
amimzis de DA existentes s3o geralmente explorados
whlizando o dorso [5,16,18,19], abdémen e orelhas [20]
de cammmdongos, assim somo o dorso de ratos Wistar
[21]. Este altimo modelo amomal tem sido estabelecido
atraves de ijjecdo suboutinea de capsaicing em ratos re-
cém-nascidos dentro de 48h apés o nascimento [21,22].
Como resultade, este modelo de DA em ratos representa
antenticamente a dermatite prunpmesa cronica recidi-
vante, semelhante 3 DA bumana, porém ndo representa
as lestes cutaneas caracteristicas da doenca.

Em posso protocolo, a DA for induzida em ratos Wistar
através da exposicio repetida da pele dorsal previa-
mente depilada 3 acetona. As lesdes cutineas obtidas
foram wisualmente muto semelhantes as observadas
na DA lnmana mostrando varios graus de sinais e sin-
tomas, como escoriagdes profindas e aumento da ma-
crocureulagdo, além dos sinans relacionados com a se-
cwra da pele, como a presenga da superficie escamosa,
aspera, e fissurada Tais sinans foram biometnicamente
caracterizados pelo elevado fluxo sanpumeo local,
TEWL e menor hidratagio.

A secura da pele resulta da diminmigdo da capacidade de
retencio de agua pelo stratum cormenm (5C) e esta rela-
cionada com a fungio de barreira cutinea [3,19,23 24].
0 comprometimento da barreira cutinea & normalmente
demonstrado pelo aumento na TEWL [19]. Mo presente
estudo, a exposigio da pele dorsal dos ratos a aceto-
na modificon a fimgdo de bamreira da epiderme, como
demonstrado pelo aumento da TEWL e redugdo da hi-
dratag3o superficial (Figura 2), resultando em pele seca.
Estudos anteriores tém demonstrado que a exposicio da
pele dorsal de camundongos hairless a acetona remove
componentes lipidicos do 5C, resultando o compro-
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produced the most prevalent condition mamifested in
AD, that1s, dry skin.

Afber acetone exposure a significant merease m the local
capillary blood flow was also registered. Such an event
15 related to the bamer’s integrity [27] and suggests a
reaction to the acetone-mduced skin drymess. Bamier
dysfunction might amphfy the response to acetone-
potential via a modulation of sipnal molecules [28]. A
recent paper demonstrated that female volunteers with
sensitive skin had capillary blood flow decreased after
epidermal function and a modulated mfammation de-
pendent of signaling molecules [27].

The pruntus or itching accompanies several skin dis-
orders, such as AD which promotes scratching and 1s
responsible for addibonal related lesions [29]. Omne
mportant finding m the present expenment 15 that re-
peated cutaneous exposure fo acetone mereased achion
of seratching mn rats. The skin dryness might be a more
mportant cause of seratching than the bamer mpamr-
ment [19]. Thus, in thys sense, the scratching behavior
may be considered as an expression of the 1tch response
and can be used as an mdicator for the screening test of
anti-prurttic drugs [19].

Conclusion

These results suggest the obvious usefulness of ac-
etone to induce 3 buman AD-hke condition m Wistar
and promptly reproducible, animal siress 15 reduced
and the cost 1s very acceptable. So, this model mught
be especially mteresting for AD pathophysiclogy basic
research to assess the efficacy of new therapeutic ap-
proaches m human AT).
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metmento agudo da barmrera cutinea [25,26] aumen-
tando a TEWL, além de reduzira lndratagio do 5C na
primeira bora apos a exposigio [5]. Nesse contexto, a
drea dorsal exposta 3 acetona (AA) reproduriu a con-
digio mais prevalente mamifestada na DA, a pele seca.
Apds a exposigdo 3 acetona, fol também registrado um
aumento significative no fuxo sanguwines capalar local.
Tal evento estd relacionado com a mtegridade da bar-
rerra cutanea [27] e sugere uma reagdo para a secura
da pele mdurida pela acetona A disfungio da bameira
cutinea pode amphificar a resposta a estimmlos -
tantes mduzidos pela acetona e promover wma reagio
inflamatonia atraves de uma modulacio das moléculas
smalizadoras [28]. Um estudo recente demonstrou que
mmlheres voluntanas com pele sensivel tiveram o fluwco
sanguines capilar dimirmido apés a suplementagio com
oleo de hnhaga, sugenndo uma melhona na fungdo epi-
dérmmica, além da modulagdo da mfamacio dependente
de moléculas sinalizadoras [27).

0 prundo acompanha warias doengas de pele como
a DA, promove a acgdo de cogar e é responsavel por
lesbes adicionais relacionadas [29]. Um mmportante
achado da presenfe experiéncia & gque a exposigio
cutinea repefida 3 acetona aumentou a frequéncia do
cogar nos ratos. O ressecamento da pele pode ser a prin-
cipal causa para © cogar, mals que o comprometimento
da bamreira cutinea [1%]. Meste senfido, o cogar pode
ser considerado como uma expressdo da resposta pru-
nginosa e pode ser usado como um mdicador para a
pesquisa de drogas anbprunginesas [19].

Conclusio

Estes resultados sugerem a uhlidade da acetona para in-
duzir uma condigio dermatologica que mimetiza a DA
humana em ratos Wistar. Com este modelo, as lesdes de
pele s3o facilmente induzivels e prontamente reprodu-
tivels, e o estresse apnimal & redumdo, além do custo
mito acertavel Assim este modelo pode ser especial-
mente inferessante para a pesquisa basica da fisiopato-
logia da DA, bem como para a avaliagio da eficacia de
novas abordagens terapéuficas da DA humana.
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3.2 Manuscrito 2: Este manuscrito encontra-se em fase de redacdo, e por isso serd
apresentado na forma de um resumo expandido, composto de materiais e métodos, e

resultados.
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Abstract

Dry skin causes pruritus and discomfort in patients with xerosis and atopic dermatitis.Several
experimental and epidemiological studies strongly suggest that diet plays a important role in
the prevention of many chronic diseases. Skin properties can be modulated by dietary fatty
acids (FA), especially polyunsaturated (PUFA). The present study was performed to evaluate
the effect of daily supplementation with fish oil (FO), source n-3 PUFA, on dry skin model rat
and itch-related. FO was given to male Wistar adult rats by daily supplementation by gavage
(3g/kg) for 90 day and submitted to dry skin model acetone-induced every 30 days.
Transepidermal water loss (TEWL), hydration, cutaneous microcirculation andscratching
behavior were evaluated. The control group supplemented with n-3 PUFA in an amount equal
to that contained in a Western diet developed dry skin and itch. The FO supplementation
alleviated skin barrier defects, evidenced by reduction of the TWEL, and by hydration and
cutaneous microcirculation increasing, as well as, completely prevented to the itch-related
scratching acetone-induced. In conclusion, the consumption of foods rich in n-3 PUFA in a
long term is able to influence the skin barrier integrality and functionality against to skin
disorders.

Keywords: dry skin, itch, fish oil, PUFA, skin barrier function
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Materials and methods
Animals

Male Wistar rats (447+14g) under were kept under conventional conditions in cages
with free access to food and water in a room with controlled temperature (23+1°C) and 12 h
light/dark cycle. This study was conducted in accordance with the Guiding Principles for the

Care and Use of Laboratory Animals approved by The Portuguese Pharmacological Society.

Drug
Acetone was purchased from Sigma Chemicals Co. (St. Louis, MO, USA).

Experimental procedure

Rats were randomly assigned to 2 experimental groups according to oral
supplementation (n=10): control, (water, C) or fish oil (FO, rich in n-3 PUFA; Herbarium®,
Colombo, PR, Brazil). Animals received these supplementations once a day by gavage
(3g/kg; p.o.) (BARCELOS et al., 2014; KUHN et al., 2013; PASE et al., 2013; TREVIZOL et
al., 2013) for 90 days and every 30 days all animals were submitted to dry skin model. The
supplementation time was based on previous studies by our group (BARCELOS et al., 2013;
2014) and other studies evaluating the influence of trans fatty acids (SAKAI et al., 2009) and

an oil mixture containing vitamin E (CHO et al., 2007) on skin of rodents.

Treatment of cutaneous barrier disruption

The hair of rats was shaved using an electric shaver and after depilatory cream over
the dorsal part (6x6cm) at least 24 h before the start of the experiment and divided into two
areas according treatment cutaneous. To disrupt the cutaneous barrier, on the right side of the
shaved back was applied the treatment with cotton (3x3cm) soaked with acetone for 5 min
(acetone area; AA). The left side the shaved area was treated with sterile water (water area;
WA) instead of acetone and served as the control for the experiment (Figure 1). The above
treatment was performed daily (9:00AM) under anesthesia (ketamine/xylazine, 60/15 mg/kg,
IM, respectively) for 3 consecutive days. After 1h of the last cutaneous acetone or steril water
treatment, measurements involved non-invasive techniques allowed to quantify the skin

characteristics.
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Acetone-induced dry skin model rat

The hair of rats was shaved under anesthesia (ketamine/xylazine, 60/15 mg/kg, 1M,
respectively) using an electric shaver and after a soft hair-removing cream over the dorsal part
(6x6cm) at least 24 h before the start of the experiment and divided into two areas according
treatment cutaneous. Acetone treatment was used as described previously with some
modifications (TOMINAGA et al., 2007) for skin barrier disruption. The right side of the
shaved back was applied the treatment with cotton (3x3cm) soaked with acetone for 5 min
(acetone area; AA). The left side the shaved area was treated with sterile water (water area;
WA) instead of acetone and served as the control for the experiment (Figure 1). The above
treatment was performed daily (9:00) under ether anesthesia for 3 consecutive days. After 1h
of the last cutaneous acetone or steril water treatment on 30", 60" and 90" of the FO
supplementation, the scratching behavior was quantified and measurements involved non-

invasive techniques allowed to quantify the skin characteristics.

Transepidermal water loss (TEWL), skin hydration and cutaneous microcirculation

Animals were slightly anesthetized by inhalation of ether, in a temperature (22-
24+8°C) and humidity (40-50%) controlled room, and TEWL was then measured at both
dorsal areas (WA and AA) using Tewameter TM 210 (Courage + Khazaka GmbH, Cologne,
Germany). TEWL is given in grams per hour per square meter (g/h.m?2). Skin hydration was
evaluated by measuring electrical capacitance with a Corneometer CM825 (Courage +
Khazaka Electronic GmbH, Cologne, Germany) and is given in arbitrary units (CM unit).
Capillary blood flow was determined by laser Doppler flowmetry (O.C System, Lea
Instruments, Giessen, Germany) and is given in arbitrary units (AU). Measurement was

repeated 3 times to give rise to an average value for each area in each rat.

Measurement of scratching behavior

The scratching behavior of rats was quantified for 30 min at 1 h after the acetone
treatment on day 3. The number of scratching actions was counted. It was considered one
scratching action to be a series of scratch movements on the dorsal skin using the hind paws,
as reported previously (AKASAKA et al., 2011).



Table 1. Fatty acids composition (%
of total identified FA) of the chow
and fish oil supplemented to

different experimental groups.

Fatty acids
Chow FO

2 SFA 2445 31.38
> MUFA 3434 22.70
C 18:3n-3 288 135
C 20:5n-3 0.00 21.29
C 22:5n-3 0.00 258
C 22:6 n-3 0.00 13.71

¥ n-3 2.88 38.93

zn-6 37.33 2.88

n-6/n-3 ratio 12.96 0.07

SFA: saturated fatty acids; MUFA:
monounsaturated  fatty acids; PUFA:
polyunsaturated  fatty acids.  Values
representthe meantS.E.M. (P<0.05).
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Table 2. Fatty acid composition of the rat dorsal
skin after supplementation with fish oil (% of
total fatty acids identified).

Fatty acids
(mean+SEM) C FO
2 SFA 34.04+0.95 34.82+0.77
2 MUFA 34.46+0.97 33.43+1.02
C 18:3n-3 1.23+0.04 1.24+0.04
C 20:5n-3 0.56+0.18 1.24+0.14"
C22:5n-3 0.71+0.12 1.19+0.06"
C 22:6n-3 1.64+0.29 2.9740.12"
2 n-3 4,13+0.59 6.57+0.39"
2 n-6 26.80+0.87 25.81+0.25
n-6/n-3 ratio 7.8440.96 4.06+0.29"

SFA: saturated fatty acids; MUFA: monounsaturated
fatty acids; PUFA: polyunsaturated fatty acids.*Indicate
significant difference of the control (C) group (P<0.05).
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Legends

Figure 1. Influence of n-3 FA provided during 90 days to rats supplemented with FO on
transpidermal water loss (TWEL) in dorsal skin of rats exposed or not to acetone. Data
expressed as means+S.E.M. (n=10). (P<0.05) %Indicates significant difference between
groups in the same evaluation time. *Indicates significant difference from basal in the same
group. *Indicates significant difference from 1h in the same group. *Indicates significant

difference from 24h in the same group.

Figure 2. Influence of n-3 FA provided during 90 days to rats supplemented with FO on
dorsal skin hydration of rats exposed or not to acetone. Data expressed as meanstS.E.M.
(n=10). (P<0.05)%Indicates significant difference between groups in the same evaluation time.
*Indicates significant difference from basal in the same group. *Indicates significant

difference from 1h in the same group. *Indicates significant difference from 24h in the same

group.

Figure 3. Influence of n-3 FA provided during 90 days to rats supplemented with FO on
dorsal skin capillary blood flow of rats exposed or not to acetone. Data expressed as
means+S.E.M. (n=10). (P<0.05) &Indicates significant difference between groups in the same
evaluation time; *Indicates significant difference from basal in the same group. *Indicates
significant difference from 1h in the same group. *Indicates significant difference from 24h in

the same group.

Figure 4. Rats’ scratching behavior (number of scratchings/30 min) 1h after the last
cutaneous acetone (n=5) or water exposure (n=5). *Indicates significant difference from
control (C) group. *Indicates significant difference from FO group. Data are expressed as
mean + S.E.M. (P<0.05)
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DISCUSSAO

Na continuagéo dos estudos, realizou-se Doutorado Sanduiche no Research Institute
for Medicines and Pharmaceutical Sciences (iIMED.UL) da Faculdade de Farmécia da
Universidade de Lisboa, na cidade de Lisboa/Portugal. O estudo conduzido foi centralizado
na padronizacao de um modelo experimental de dermatite atopica/pele seca em ratos Wistar e
na investigagdo da possivel influéncia da suplementacdo diéria de 6leo de peixe, fonte de AG
n-3, sobre pardmetros de perda transepidérmica de &gua, hidratacdo, microcirculacdo e
prurido da pele no modelo animal anteriormente citado.

O estudo realizado configurou-se pelo proposito de complementacdo do estudo da
influéncia dos AGPI n-3 sobre a pele iniciado no Programa de Pds-graduacdo em
Farmacologia na Universidade Federal de Santa Maria (UFSM). Configurou-se também pela
possibilidade de oportunizar intercdmbio de estudos, processos e resultados ja obtidos nas
experiéncias em desenvolvimento nesta pesquisa e nas desenvolvidas no IMED da Faculdade
de Farmécia da Universidade de Lisboa (Portugal). Os AG podem modular as condicGes
fisiologicas e patologicas através de varios mecanismos, tais como a resposta inflamatoria
(KANG; WEYLANDT, 2008) e tém recebido grande atencdo nos ultimos anos por seu papel
fundamental na prevencdo e tratamento de doencas (GEBAUER et al., 2006).

Os resultados obtidos em Portugal e publicados noartigo 3 demonstraram a
possibilidade de desenvolvimento de modelo animal de dermatite atépica através da
exposicdo da pele dorsal previamente depilada de ratos Wistar a acetona. Nesse modelo, as
lesbes cutdneas mimetizaram aquelas presentes na dermatite atopica, com alteracdes
fisiologicas da pele caracteristicas dessa desordem cutdnea, nomeadamente, maior TEWL,
menor hidratacdo e maior circulacdo sanguinea cutanea. Ademais, as lesdes cutaneas foram
facilmente induziveis, além de tal modelo animal possuir um baixo custo de execucdo. Os
animais também desenvolveram prurido na pele dorsal exposta a acetona, quantificado através
dos movimentos de cocgar, sintoma associado as afeccdes cutaneas que se apresentam como
uma pele seca. Assim, tal modelo pode servir como uma ferramenta para o estudo da
fisiopatologia da dermatite atdpica humana e ser Gtil para a avaliacdo da eficacia de novas
abordagens terapéuticas para seu tratamento.

Na continuidade dos estudos, prosseguimos com a avaliacdo da influéncia da

suplementacdo diaria com O¢leo de peixe no modelo animal de pele seca em ratos
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anteriormente desenvolvido, correspondente ao manuscrito 2. Nesse momento, podemos
comprovar que as lesbes induzidas pela exposicdo topica & acetona sdo facilmente
reproduziveis e induziveis. Assim, o fendtipo e a fisiologia cutanea da dermatite atépica, com
maior TEWL, menor hidratacdo e maior circulacdo sanguinea cutanea, associados ao prurido,
foram observadas nos animais expostos topicamente a acetona, de ambos 0s grupos controle e
6leo de peixe. A suplementacdo com 0leo da peixe per se melhorou a hidratacdo da pele
dorsal dos ratos de maneira tempo-dependente e, pds-acetona, esse grupo apresentou as
mesmas alteracGes observadas no grupo controle exposto a acetona, porém em menor grau.
Além disso, o prurido foi totalmente prevenido pela suplementacdo com 6leo de peixe. Esses
resultados demonstram as propriedades de recuperagdo da barreira cuténea, hidratante a
antiinflamatéria do oOleo de peixe, relacionadas e demonstradas através da menor perda
transepidérmica de agua e auséncia de pruriro, maior hidratacdo e menor circulacdo cutanea

pos-acetona, respectivamente.
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CONCLUSAO

v A exposi¢do da pele de ratos & acetona induz danos a integridade da barreira cutanea,
em parte, pela remogé&o de lipidios e pode servir como modelo de DA humana;

v A suplementagdo com 6leo de peixe altera a resposta cutanea frente ao modelo animal
de pele seca;

v A suplementacdo ou dieta rica em 6leo de peixe torna a pele menos vulneréavel aos

danos oxidativos causados pela por agentes externos como a RUV ou indutores de
pele seca.
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CONCLUSAO GERAL

Tomados em conjunto, os resultados apresentados nesta tese demonstram a influéncia
deletéria do consumo de AGT sobre a pele, tornando-a mais suscetivel aos danos causados
pela exposicdo aguda e crbnica a RUV. Além disso, tais estudos demonstram que oS
diferentes AG podem ser incorporados na pele em diferentes periodos de vida dos animais, o
que configurou nosso maior objetivo e o maior achado dessa tese. Tal incorporacdo cuténea
dos AG se relaciona diretamente com os diferentes agressores cutaneos internos
(envelhecimento, doencas sistémicas) e externos (RUV, inverno, detergentes), alterando a
resposta da pele frente a esses danos, conferindo protecdo ou facilitando a ocorréncia das
desordens cutaneas.

E possivel estimar que a dieta ocidental, com abundancia de AGT, especialmente
devido a industrializacao dos alimentos, em detrimento dos AGPI n-3, pode ser relacionada ao
aumento dos danos cutaneos da exposicdo a RUV. Por outro lado, a partir dos resultados
obtidos nos estudos da suplementacdo com Oleo de peixe acerca de diversos parametros da
pele (perda transepidérmica de agua, hidratacdo, fluxo sanguineo, prurido), é possivel sugerir
gue o seu consumo regular e continuado € fundamental as condicdes de saude da
pele(MAURETTE, 2008). Felizmente, nossos estudos também apontam para a idéia que a
substituicdo dos AG na pele é possivel em curto intervalo de tempo, indicando que uma
mudanga dos habitos alimentares podem reduzir os danos oxidativos e o desenvolvimento de

doencas de pele de diferentes etiologias.



