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9. Artigo 19

1. Introducao

A utilizacdo do implante de silicone teve inicio fittal da década de 60. Desde
entdo, as cirurgias de implante de silicone mamtminaram-se cada vez mais
frequentes e populares, com as modernas protesssdiame. Com a crescente
utilizacdo destes materiais nas cirurgias repassder estéticas das mamas e em
outras partes do corpo, o interesse pelas reagtetudis destes materiais nos
tecidos tem sido motivo de estudo para entendsuas principais complicacbes: a
contratura capsular e a perda da integridade gtainte™>. A contratura capsular é
uma complicacdo cirargica importante, resultadata resposta fibrética tecidual
no processo inflamatdério local, ocorrendo em 4 & Hbs casos quando encontra-

se em contato com o tecido mam&rig’!

O implantes de silicone sdo materiais aloplastiamsn importante inércia
biologica e propriedades hidrofobicas, o que impegde agentes quimicos e
enzimaticos do organismo provoquem a sua degraddca® envoltério que
compde estes implantes pode ser de superficie disasuperficie texturizada
(rugosa) e de superficie de poliuretano, sendeasiperficies texturizada (rugosa)
e de poliuretano as mais utilizadas atualnf®ht®! Dentro das superficies
texturizadas existem os implantes com espessuea din média relacionadas a

densidade do silicone e a sua trama.

A resposta do organismo ao implante de silicalglyz uma capsula fibrética,

que pode estar relacionada ou ndo ao tipo de scipegue envolve o implarite

1013831 A capsula formada pode se tornar espessada eeeittiucomo efeito da



prolongada resposta inflamatdria ao implante, oppoe levar de 6 meses a 2 anos,
quando ocorrd®®. Esta resposta, com conhecida acao dos leunntrie das
citocininas que modulam a capsulogénese e a rddgatica, tem sido alvo de

estudo na geracéo de novas drogas com atividaiefermatoria especificd?®.,

O uso do implante de silicone com superficie téxagla tem mostrado uma
reducdo na incidéncia de contratura capsular, av&rem da prétese com superficie
lisa. Os mecanismos que envolvem a contratura gauta dizem respeito ao
alinhamento das fibras de colageno que fazem gartecido capsular, em que nas
proteses de superficie texturizada originam fogasrateis multidirecionais que
neutralizam a acéo destas mesmas forcas, redumindzo da contraturg***°!
guando comparada a protese de superficie lisanRoéando comparada a prétese
com superficie de poliuretano, a superficie texag@a ndo apresenta a
biodegradacéo e a formacdo de microcapsulas, guétese de poliuretano tem ao

mostrar uma resposta mais exacerlShda

Estudos experimentais envolvendo ratos e coelhws sido realizados para
melhor entender a resposta tecidual & superficiengtantel’*21%23:2429] Estydos
em humanos tem demonstrado que a escolha do tiptkse, a técnica operatoria,
o local de posicionamento do implante, a presem;éaimatoma e de infeccdes
influenciam nas respostas inflamatdrias exacerbadasmplantes de silicofé®
15232429 5 yso de farmacos tais como Vitamina E, Predaisons inibidores dos
leucotrienos tem sido estudado ao longo dos ano® dendo provavel efeito

inibidor da resposta fibrética ao implante mantfafit2428:2%

A Curcumina (1E,6E)-1,7-bis(4-hydroxy-3-methoxypyk-1,6-heptadiene-

3,5-dione, um componente polifendlico, naturallado do rizoma Curcuma longa



Linn, tem demonstrado potencial propriedade ardanxie, antiinflamatoria e
anticancerigena, vem sendo amplamente estudadproosssos inflamatérios em

7 . oy 851_8,20’27] . . ~ 7 . hN
geral e também nos fibrotic . A sua principal acdo esta relacionada a suas
propriedades antioxidadnte e antinflamatoéria imovié in vivo. Esta substancia é
capaz de modular os processos inflamatérios adnsupfatores inflamatorios
especificos, ao inibir a cicloxigenase 2 (cox2gfeito do AP-1 e dos fatores de

transcricdo do NF-kB e na proteinaquinasé?”!

Ao considerar o potencial efeito inibidor da curdnano processo inflamatorio,
na fibrose e na produgéo da matriz extracelulatpise de fundamental interesse a
investigacdo desta substancia na resposta tegdeatnvolve a incluséo dasplacas

de silicone.

O presente projeto tem por objetivo investigaraetefda curcumina no processo
inflamatorio local envolvido na resposta a inclusi@oplacas de silicone em ratas;
como também, comparar a resposta inflamatériaduatientre as placas com

texturas diferentes.

2. Fundamentacao Tedrica

2.1 Implantes Mamarios

As proteses de silicone sdo materiais aloplastouoes tém por caracteristica uma inércia
biologica devido as suas propriedades hidrofobisasdo envolvidas por um elastdmero de
silicone e preenchidas por gel de silicone e/oo §isiologico™. A superficie que envolve a

prétese pode ser lisa, apresentar rugosidadesfimass como poros, depressdes, ndédulos ou



!pilares sendo entdo denominada texturizada e aypaesegosidades mais profundas com uma

cobertura esponjosa e microporosa de poliurétano

Os primeiros implantes mamarios possuiam uma duogelisa, mas atualmente
tem se utilizado implantes texturizados e de pelamo, os quais contém caracteristicas
diferentes em suas superficlE®. As superficies texturizada e de poliuretanoepod
estar relacionadas a uma menor incidéncia de ¢ordraapsular, ao considerar que o
crescimento tecidual na estrutura microporosarmaifprcas contrateis multidirecionais,
com tendéncia a neutralizacdo entre elas quandu @fgito se soma ao do implante,
desta forma impedindo a retracéo da capsula quevene implantd®. Na superficie
lisa as fibras de colageno estariam dispostasgtana¢énte e circularmente ao redor da
prétese, promovendo o envolvimento de forcas ctigr&oncéntricas que levariam a
contratura®. Estudos tém demonstrado que superficies textlaizaetardam ou

diminuem a incidéncia de contratura capsular pgda aestas forca& 2324

A cavidade tecidual que aloja o implante se conspa®mo uma ferida
cirurgica, desenvolvendo um processo reparadeeal,lacom a formagdo de uma
capsula fibrosa avascular ao redor do impl&nteA reacdo local inicial ao implante é o
principal fator que leva a contratura da capswdeaaterizada por deposi¢cdo aumentada
de matriz extracelular (ECM), esta deposicéo eifpratdo é induzida pela acdo das
citocinas e de seus receptores, e pode desenvalvertecido conjuntivo com

propriedades fibrogénic&s.
2.2 Resposta tecidual aos implantes mamarios

E comum observar a volta do implante mamario urntdeconjuntivo denso de

fibrina e de colageno ou um tecido conjuntivo filscular contendo granulomas ou




células gigantes do tipo corpo-estranho, macréfaglisfocitos que sao compativeis a
resposta inflamatdria, como uma resposta imuné &xémplante mamari&®. Além
destes tipos celulares se tem identificado outeis,como células plasmaticas, células

de tipo sinovial, fibroblastos e miofibroblastos1®2426:281

As primeiras células identificadas no process@amétério agudo apos inclusao
do implante, entre 24-48 horas, sdo 0s neutréfilssnacréfagos e os monadcitos que se
transformam em células gigantes multinucleadas dpuae tem material de corpo
estranho no processo, de tamanho grande e naoddegtaAs préteses mamarias de
superficie microporosa, como as texturizadas, mavouma reacdo tecidual cronica

envolvendo as particulas de silicdté

No tecido capsular, a fibrose exacerbada pode sendelver durante os
primeiros meses de pds-operatério, ou ainda umois ahos apds a cirurgld. O
tecido fibroso formado ao redor da protese promems&m sua compressdo, podendo
comprometer a estética mamaria (com distorcdo dondim, assimetrias e
endurecimento da mama) e desencadear sintomaostwsdr'™*® | em uma ou em
ambas as mam&&'. A etiologia que desencadeia a contratura capgubaultifatorial,
envolvendo a difusdo do gel de silicone atravésrdmltério da protese, eliminacéo de
particulas de silicone do envoltério da protesiecgio, hematomas e seromas, fatores
imunologicos, miofibroblastos, posicdo anatdbmices droteses e superficie das

proteses®.

Um estudo experimental em coelhos mostrou, na am&di histologica,
diminuicdo na propor¢cdo do colageno do tipo Il piea comparado ao do tipo | na
capsula de implantes texturizados, com uma sigtifia resposta inflamatéria ao redor

deste implante em relagdo ao implante 5o Outros estudos, também em coelhos,



revelaram que as capsulas dos implantes textuszmam mais espessas do que as
capsulas de implantes lisd¥. Estudos comparativos entre roedores e humanos
revelaram alteracdes histolégicas do tecido a \ddt@apsula que envolve o implante,
como o espessamento tecidual, aumento do infiltcadalar, aumento no nimero de
fibroblastos e de miofibroblastb&°111225281 Ag tentar estudar a fisiopatologia e o
possivel tratamento da contratura capsular, mo@elimsais tém sido desenvolvidos. Os
estudos experimentais que melhor reproduzem emo cperiodo de tempo o
desenvolvimento da contratura capsular foram raaddig em ratos, como modelo

experimental 7129

Avaliacdes histoquimicas e de pressado intrainglai@m
complementado a investigacdo a respeito das aesapromovidas pelo implante
mamario nos modelos animais, demonstrando acdegllsames as causadas em

humano¥,

2.3Curcumina

O uso de plantas medicinais para o tratamento éegas estd associado ao
folclore de diferentes partes do mundo, estas ggacntém inimeras substancias com
propriedades biolégicas importaritéé>232425261 o jnteresse nestas plantas visa
encontrar novas drogas com propriedades menosagdgara 0s humanos e que sirvam

no tratamento de diversas doeff¢egg?3242%2¢!

A Curcumina € um rizoma originado darCuma longa Lgue deriva da familia
Zingiberaceae, distribuida nas regides tropicaisuletropicais, sendo cultivada nos
paises asiaticos, principalmente na India e naa&ncurcumina, recebeu este nome

no século 19sendoautilizada na medicina local dos paises asiaticel®, geu importante



efeito anti-inflamatério. O interesse nesta plasgadesenvolveu durante os anos pelos
seus conhecidos efeitosarmacologicos: acdo antiinflamatéria, antioxidange

anticancerigen&®.

A importante acdo anti-inflamatéria dos componerda Curcuma longa L
foram examinados por Srimal e Dhawan (1973)estes autores relataram que a
curcumina foi efetiva nos modelos agudos e crongeomflamacgéo, sendo mais potente
nos processos agudos e menos téxica quando corapanaitenilbutazoffd. Ammon
et al demonstraram a agdo da curcumina como inibi@dormacao dos leucotrierfss
inibicdo da ciclooxigenase 2 (COX2) e efeitos norfale transcripcdo do NFkB (fator
de necrose tumond*?2?®! Em um estudo sobre a acdo da curcumina no qeebd
demonstrou que esta inibe a cascata do fator deseetumoral B (TGF-B) e diminui a
expressdo da matriz extracelular nos fibrobl&EtosOs efeitos inibitérios na
proliferacéo de células mononucleares e muscuwovkscular também foram avaliados
na formacdo dos leucotrienos e dos neutréfilosnpmfionucleares, em ratdg'2®!
Estudos experimentais envolvendo ratos utilizarasaraumina oralmente na dose de 1
a 5mg/Kg nao mostrando efeito adverso aparentépsexcretada nas fezes e na urina

em 75%, e ainda rapidamente metabolizada na cp@offd 22!

A inibir a peroxidacao dos lipidios, a curcuminzme um papel importante no
processo inflamatorio, desta forma mantendo asdaties antioxidantes de enzimas
“como a superoxidase dismutase, a catalase e ahglag peroxidase, em niveis

elevados e reduzindo o dano tecigaf?"2e°
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3. Justificativa

A resposta inflamatoria ao implante mamario podeusea resposta intensa,
capaz de levar a complicacdes, como a fibrosematioa da capsula que envolve o
implante. Atualmente, o tratamento definitivo pagata fibrose é cirargi€d.
Tratamentos farmacoldgicos tém sido utilizadosona& de prevenir e tratar o processo
fibrético, porém, as medicacdes atualmente disgi$isdo escassas ou encontram-se

em teste.
4. Objetivos

O objetivo deste estudo € avaliar as modificacGsuteirais e a resposta
inflamatoria em um modelo animal submetido ao imgale placas de silicone, como
também, verificar o efeito da Curcumina como patndroga antinflamatoria e

antioxidante protetora da fibrose capsular.
Objetivos especificos:

- Comparar as modificacdes estruturais e a respoiaanatoria em dois tipos
de placas de silicone, a texturizada fina e a tdda média, através de analise

histolégica e imunohistoquimica;
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- Verificar o efeito da curcumina como potenciabgh nas modificacoes

estruturais e na resposta inflamatoria.

- Avaliar o perfil pro-inflamatério com as dosagesericas de IL-1 e TN&-

entre 0s grupos controle e tratados com a curcumina

5. Hipdteses

- As proteses de textura média estdo relacionadas aumento da espessura e
do infiltrado inflamatério celular da cépsula geevolve o implante quando

comparadas as proteses de textura fina.

- O uso da curcumina ira modificar o infiltradolarhatorio, promover menor
namero de células inflamatorias, menor reacdo uatice assim formar uma capsula
menos densa. O uso da curcumina se mostra efigazwancdo da formacao da fibrose

capsular, apresentando maior potencial terapéutico.

- Animais com implante mamario tratados com conioa apresentardo uma

resposta inflamatdria menos intensa e menor estoegdativo.

6. Material e métodos

6.1. Animais

Utilizaremos ratos Wistar fémeas adultas , pesamti@ 200-250g, de 60 dias,
provenientes do biotério da Universidade FederalPeédotas -UFPEL. Todos os
procedimentos com animais serdo realizados nosatibims do biotério da UFPEL. Os

animais serdo manipulados de acordo com o protakEnimais e guia para cuidados
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e uso de animais de laboratério (Institute for lrabmy Animal Research, 1996) e de
acordo com os principios éticos do colégio brasildie animais para experimentacéo.
N&o existe associagdo comercial por parte dosesitpre possa criar qualquer conflito

de interesse com as informacdes aqui colocat4s

O célculo da amostra para experimentos em aninesiés realizado conforme
protocolo previamente descrito pelo laboratérioedperimentacdo animal da usk
para obtencdo de resultados estatisticamente isgjivbs (p<0,05) entre o grupo
controle e o tratado, com coeficiente de varia€dd) (15% ou 20%. Os animais serao
mantidos em um ciclo claro-escuro (12/12h), comelacesso a comida e a agua. Todos
0s animais deverdo ser anestesiados para os preoeds via intraperitoneal (i.p) com
ketamina 50mg/Kg e Xilazina 7,5mg/Kguso veterinario VIRBAC, Sao Paulo, Brasil.
Estes serdo medicados e observados por um per@o@® dlias. Apds este periodo,

serdo anestesiados e decapitados.

Este estudo sera realizado sob as normas de éileappsquisa em modelos
animais conforme o preconizado pela Sociedade IBrasde Ciéncia em Animais de
Laboratério (SBCAL/COBEA) cumprimentando a Lei NP.294, de 08 de outubro de
2008 e a Constituicdo do Estado Lei n° 11.915g@i@2, inciso IV de 21 de maio de
2003 1-4, com cuidados especiais para a utilizdgdmenor nimero de animais e para
manejo da dor e sofrimento durante os procedimeatautanasia. O projeto foi

aprovado pelo Comité de Etica em Pesquisa AnimalFREL.

6.2. Procedimento cirlrgico
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Para as cirurgias utilizaremos placas de silicomdigb textura fina e textura
média com 3,0 cm de didmetro, produzidos e doaeéts Lpfesil do Brasil (Parana).
Durante o procedimento cirdrgico faremos uma imcid@& 2,0cm na regido dorsal
perpendicular a linha média, sob o paniculo adipakdndo um tanel. Do lado direito
sera introduzida meiglaca de textura fina e do lado esquerdo mkiea de textura
média. Os animais serdo suturados, com pontosnoost de mononylon 4.0 e

mantidos sob cuidados durante o periodo pés-opera&&eparados em grupos.

6.3. Tratamentos

Os animais serdao divididos aleatoriamente apésrarg@ em trés grupos
experimentais: 1) grupo com placas de siliconene adMSO (veiculo); 2) grupo com
placas de silicone, tratados com curcumina 25mgi&geso diluido com DMSO; 3)
grupo com placas de silicone, tratados com curcarbdmg/Kg de peso diluido com
DMSO. Todos os tratamentos administrados por ganatgs substancias e do veiculo,
7 dias na semana durante um periodo de 38diaspés 30 dias os animais serdo
anestesiados e decapitados. As capsulas ao reslimpiantes retiradas com as placas

de silicone em seu interior e amostras de tecigatieo coletadas.
6.4. Avaliacdo bioquimica

O sangue periférico sera coletado por puncao cadia perfil pro-inflamatorio (IL-
1;TNF-a) analisado no soro de todos os gruposasipelo método ELISA usando
kits comerciais (DuoSet ELISA Development, R&D ®ys§, Inc., USA), em um leitor

de microplacas (Molecular Devices, Espectra Max.190

6.5. Avaliacao histoldgica
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Apds os tratamentos por 30 dias, os animais sexé@dfisados e as capsulas
dissecadas, mantendo as placas de silicone nimtepsuldf?. Cada capsula devera
ser colocada em um frasco contendo formol e estdifttado pela posicdo e conforme
0 grupo a que corresponde: sendo a da direitaca pla textura fina e a da esquerda a
placa de textura médiAs analises histoldgicas serdo realizadas poraéchio preparo
histoldgico, o tecido devera ser inicialmente fixambm formalina, apos desidratado e
infiltrado com parafina. Os blocos de parafina s@@rtados no micrétomo em fatias de
5 um, e as fatias colocadas em laminas aderidas dammaila e tratadas com xilol pra
remocao da parafina. De um simples bloco de parafteremos de 10 a 20 sec¢les

consecutivas com um intervalo de 200.

O tecido seré reidratado com alcool e agua, a ep@slo com Hematoxilina e
Eosina (HE) para as analises. Serdo avaliadas assmgdes com HE: a espessura da
capsula, medida em milimetross, a intensidade deepso inflamatério local pela
presenca celular de células gigantes, numero desvasfibroblastos, bem como a
espessura da camada que compde a capsula ao ceideplantel** 1341519 A analise
sera realizada pela identificacdo e quantificag@ianicroscopio eletrbnico, com 0 uso

de contador manual e do programa de imagem ImageJ.
6.6. Andlise estatistica

Os dados seréo digitados e analisados no prograaghBad Prism 5.0. Para a
comparacao dos parametros avaliados entre os gsepdsealizado o teste de ANOVA
seguido pelgost-hocde Tukey.Todos os resultados deverdo ser apresentados como
médiazx . Valores de $ 0,05 foram considerados estatisticamente sigtiNias.

7. Cronograma

2012 2013

Atividades 1° semestr 2° semestre 1° semestre en@sge

Revisado bibliografica
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The first silicone implants were used in tlkearly 60. Nowadays, breast
augmentation surgery ranks second in plastic puwesd and its use is of high
relevance in mammary reconstruction after mastegtodowever, breast implants
exhibit particular clinical complications related tinflammatory response with
subsequent formation of fibrous capsule surroundiegimplant™?. The development
of an avascular fibrous capsule constitutes a icat¢d the foreign body as a part of

local reparative process in which the dissectediéisavity behaves as a surgical wound

8

The chronic inflammatory process involvedibmosis of the capsule can modify the
consistency and shape of the breast leading tautzapsontracture. This pathological
process is triggered by individual reactivity tticgine and its envelopé®, which can
be a consequence of the implant anatomic posifidror be related to perioperative
complications*®®. Moreover, in regard to the reactivity to silicomevelopes, studies
have shown that the incidence of the inflammateocess seems to be higher in thicker

texture capsuled®8l

The participation of leukotriene and cytokines mlating the fibrotic reaction has
been subject of pre-clinical and clinical studieseistigating new pharmacological

"1 Indeed, pre-clinical studies have

approaches with anti-inflammatory actidh
shown promising results in reducing the inflammgatorocess involved in the foreign
body reaction**?. Although the oxidative stress represents an itaporbiological
marker for a series of disorders where the inflatonygprocess occur, no evidence was

mentioned until now for oxidative stress parameiargatients recipients of breast

silicone implants.
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In this context, curcumin @6E)-1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-
heptadiene-3,5-dione, a polyphenolic compound tedl&rom the rhizomes @urcuma
longa Linn, has been shown to exhibit a wide range odrptacological activities
including anti-inflammatory, anti-cancer, anti-oxila anti-atherosclerotic, anti-
microbial, and wound healing effedt$**. The biological activities of curcumin are
based on its chemical features, as well as itstyald interact with multiple signaling
molecules®®. The main actions of curcumin could be linkedtsoaintioxidant and anti-
inflammatory properties ifin vivo and in vitro models®®. The anti-inflammatory
potential of curcumin is related to the inhibitioh nuclear factor kappa B (NFkB)
signaling and reduction of pro-inflammatory cytakiproduction such as ILB1 IL-6
and TNFe B4 Curcumin is also a potent inhibitor of reactiweygen-generating
enzymes such as lipoxygenase/cyclooxygenase, xenttehydrogenase/oxidase, and
inducible nitric oxide synthasé*!®. Moreover, the safety, tolerability, and non-toxic

doses of curcumin have been well established inyratimical trials™*°!

Considering the effects of curcumin in inflammatayd oxidative processes, it
becomes relevant investigate the action of thispmmd in the chronic inflammatory
process induced by the inclusion of the breastamplTherefore, the aim of this study
was to compare the capsular reaction to two difter@verings of silicone disks
through the morphological, biochemical and micrgscaspects of the inflammatory
reaction. Moreover, we aimed to evaluate the ptoteeffect of curcumin on the local

inflammatory and oxidative process as a promisieyy therapeutic target.
Methods

Chemicals
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The chemicals used included curcumin (Sigma Chan@o., USA) dissolved in
peanut oil and administered by oral royteo(), the anesthetics ketamine and xylazine
(VIRBAC, Brazil), dissolved in saline solution (NBQ,9%, w/v) and administrated by
intraperitoneal route i.0.). Appropriated vehicle groups were also assessed
simultaneously. The doses of curcumin, ketaminexgtakine used in the present study

were chosen according to the literatlife
Silicon disks

Circular disks of 3.0 cm in diameter of fine anddien texture were produced and
donated by Lifesil, Parana, Brazil. Ethylene ox#derilization was done according to
the manufacturer’s instructions before implantatibm avoid contamination or

infections.

Animals

Female adult Wistar rats 16, aged 11-12 weeks 2300 g) were obtained
from the Central Animal House of the Federal Ursigr of Pelotas, Pelotas, RS,
Brazil. Animals were maintained under controlledviemnment (23 + 2°C, 12h-
light/dark cycle, free access to food and wated laandled according to the Federation
of Brazilian Societies for Experimental Biology dalines upon approval by the Ethics

Committee of the Federal University of Pelotas,Zdrgrotocol 1276).

Experimental surgery protocol

For the surgery procedures, animals were anestigetvith intraperitoneal (i.p.)
ketamine 50 mg/kg and xylazine 7.5 mg/kg. Theirsdbhair was clipped with electric
shears and then completely removed with a depyatpparatus. The rats were

individually draped and positioned for surgery, atite methodology used was
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performed according to previously describ&dUsing strict aseptic techniques, a 2.0-
cm midline longitudinal wound was incised over gpmne at the scapular level. The
incision was deepened to the panniculus carnosgslmuwhich allowed the creation of
a subcutaneous pocket. By blunt dissection, a 2vate-bloodless pocket was exposed
laterally on the right and left side of the incisi@he disks were then inserted in the
same way, with the textured surface upside covesethe panniculus carnosus. The
fine and medium textures disks were placed at rggid left side of the incisions,

respectively, and the wound was closed by inteedigtitches of monylon 4.0. Animals

were housed ger cage and exposed to 24°C heating lamps until laesiatrecovery.
Animals groups and treatment

The animal groups were divided as follow and treatnwas administered by oral route
(p.0.): 1) Peanut oil treated rats (vehicle conir®) 20 mg/kg curcumin treated rats; 3)
50mg/kg curcumin treated rats. Curcumin adminigtraschedule started on the second
postoperative day once a day. Control group redeilre same volume of peanut oil in
absence of curcumin. All experiments were carrietdle@etween 9:00 and 16:00 hours,
with each animal used only once. Animals were oleskrand treated for 30 days
postoperative. The treatment was well tolerated @uede was no loss of weight or

animal number.
Histological analysis

First, the two types of silicon disk were metalized examined with a scanning

electron microscopy in order to document their acef

The animals were anesthetized with ketamine 50 gngfid xylazine 7.5 mg/kg
i.p. and then were beheaded. After the necropb@tissue surrounding the implant

(capsule) and the hepatic tissue were collecte@viuate histological differences
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between the textures, as well as the effect anditpf curcumin treatment. The block
of hepatic tissue and the capsule was immersedaepain 10% buffered formalin.
After 24 h, the capsule around the implant was eldeé in paraffin, and prepared for
histological sections (5 umj'*® Slides were stained with hematoxylin-eosin (HE)

and histological evaluation was determined by agagist in a blinded manner.

The total capsule thickness was measured in mm fligtit microscopy at
magnification of 40x from selected skull caudal dgda The cell count was also
performed in five fields of 40 x magnification artde following parameters were
considered for analysis: number of nucleated filastis, inflammatory cells, and

number of vessels at the center of each capsulplsam each slid&®.
Oxidative stress analysis

A small portion of tissue extracted from implantripkery was reserved and
maintained at -80°C until the oxidative stress ysialbe performed. The tissues were
manually dissected and homogenized in 10 volumeR)(W/v) of 20 mM sodium
phosphate buffer, pH 7.4 containing 140 mM KCI. Hg®nates were centrifuged at
750 x g for 10 min at 4°C. The pellet was discarded and $upernatant was
immediately separated and used for stress oxidate@surements. The protein content
was quantified by the method of Lowry et al. (19%6ing bovine serum albumin as a

standard.
Thiobarbituric acid reactive species formation (TBARS)

The measure of lipid peroxidation was determinedTBARS in according to
protocol described by Esterbauer and Cheesemard)1B@efly, homogenates were

mixed with trichloroacetic acid 10% and thiobarbituacid 0.67% and heated in a
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boiling water bath for 25 min. TBARS was determirigdthe absorbance at 535 nm.

Results were reported as nmol of TBARS per mg ofgn.
Nitric Oxide assay (NO)

Concentration of NO was measured in terms of itelpets nitrite (N®) and
nitrate (NG"). The test is based on the reduction of nitrateitrite using the granulated
cadmium and conversion, using Greiss reagent, toteninto a purple compound —
chromophore, which is measured colometrically abD 5dm. NO products were

expressed as uM/E.
Statistical analysis

All experimental results are given as the meanEN3. Statistical analysis was
performed by One way ANOVA. In all cases, Tukeyt tems applied for post-hoc
comparison when appropriate. A valuepaf 0.05 was considered significant. Analysis

was made in the GraphPad Prism 5.0.
Results
Histological Evaluation

Morphological changes in tissue surrounding the texture of silicon disk
implanted were analyzed by both HE histologicaldtrgroups of animals. Examining
the sections from implanted medium texture diskg(Fi), the tissue inflammatory
response invaded the rough surface of the disk Ay which was composed by giant
cells, blood vessels and fibroblasts (Fig. 1B)atwording, the ultrastructural findings
analyzed by scanning electron microscopy showedrg nough and thicker surface in
the medium texture (Fig. 1C and D). In opposite, implanted fine texture disk had a

less intense tissular response (Fig. 2A), but sb axhibited the presence of blood
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vessels, giant cells and fibroblasts (Fig. 2B). Tieastructure of fine texture disk
showed a more regular (Fig. 2C) and thinner surtgag 2D). Although the different
intensity in the response in the rough surfaceciecount in 4 different fields in the
fine and medium texture reported no differenceglernumber of giant cellp£0.868),
blood vesselspe0.568), number of fibroblaste£0.178) and total thickness of sections

(p=0.576) as shown in Table 1.

The Figure 3 exhibits the effects of curcumin tneexit at doses of 20 and 50
mg/kg in the histological parameters for fine aneldmm textured implants. Figure 3A
shows the analysis of fine textured, where curcutreatment at 20 (2.1+1.6) and 50
mg/Kg (3.2+£1.2) decreased the number of giant asdisipared to control (5.1+1.7)
(p<0.001). In Fig 3B representing the medium textureel,also observed a decrease in
the number of giant cells in animals treated wiihcamin 20 (2.8+2.1) and 50 mg/kg

(2.7+0.8) compared to control (4.7+1.6x0.05).

We demonstrated, for fine and medium texture ineldna decrease in blood
vessel number in animals treated with curcumin2042.7 and 7.1+5.3; respectively)
and 50 mg/kg (5.9+£3.5 and 5.3+2.2; respectivelyngared to control (11+2.0 and
13.515.7; respectively) p£0.01) (Fig. 3C and 3D; respectively). The Figure 3E
represents the number of fibroblasts in the finduted implants, showing that the
treatment with curcurmin 20 (82.6£33.4) and 50 mg(81.6+£19.2) increased the
number of fibroblasts when compared to control 1518.6) 0<0.05). In Figure 3F,
representing the medium textured, we also obsearedncrease in the number of
fibroblasts after curcumin treatment at 20 (97.188Gnd 50 mg/kg (95.4+32.5) in
comparison to control (51.3+25.5)<0.01). Possible toxicological effects of curcumin
treatment were evaluated in liver tissue and nopmaiogical changes were observed in

the histological analysis (data not shown).
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Microscope and Morphometric Examination

On light of microscopic examination, comparing firee and medium textured
implants, no differences were observed in the ttiiakness (Table 1). Figure 4
represents the effects of curcumin treatment arD50mg/kg in the total thickness of
fine texture and medium texture (Fig. 4A and B)tal thickness of rats implanted with
fine texture was reduced in animals treated wittcwoin 50 mg/kg (0.17+0.04) in
comparison to control group (0.25+£0.0p£0.05). Animals with medium textured
implant also showed reduced total thickness focuwmin 20 (0.15+£0.05) and 50 mg/kg

(0.15+0.03) related to control (0.2+0.(#%;0.05).

Measurement ofOxidative Stress Parameters

We firstly performed a comparative analysis of atide stress parameters
evaluated by TBARS and NO levels of fine and medtertured implants in order to
determine the response to different surfaces. bielTa we demonstrated that NO levels
are higher in medium texture comparing to fine ajpe®.0001). However, the measure
of oxidative damage evaluated by the lipid perotiada (TBARS) did not differ

between fine and medium textured implants (p=0.7Iaple 1).

The antioxidant profile of curcumin was evaluated both fine and medium
textured implants. Figure 5A shows the NO levelsfiire textured implant of rats
treated with curcumin 20 and 50 mg/kg and no effeetre observed (24.4+8.3 and
30.5+8.7; respectively) in comparison to controB.Gx3.1; p=0.235). However, in
figure 5B for medium textured implant group, a #igant decrease in NO levels was
observed in curcumin-treated rats with 20 and 5@mgB0.4+6.9 and 71.1+18.1;

respectively) when compared to control (96.3+331.0001).
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The measures of TBARS in fine textured implant edvedecreased levels in
curcumin-treated rats with 20 and 50 mg/kg (0.0020and 0.07+0.02; respectively)
related to control (0.19+0.05;<p.002) (Fig. 5C). Similarly, in Figure 5D we
demonstrated in medium textured implant that curau2f and 50mg/Kg decreased the
levels of TBARS (0.077+0.03 and 0.08+0.006; respebtt) when compared to control

(0.137+0.006p<0.0006).
Discussion

In this study, we evaluated the capsular reactmnwo types of prosthesis
surfaces and investigated the protective poteofiadurcumin in the tissular response
assessing the inflammatory and oxidative stressticea Although no differences were
observed between the surfaces of the implants,infi@nmatory reaction implant-
induced known as foreign body reaction, was preagby the treatment with curcumin.
Here, we showed for the first time the role of cunin in prevent morphological,
biochemical and morphometrics alterations evidentedhe response to fine and

medium textured implants.

The normal tissue response to silicone implantsolues inflammatory
infiltration, increased vasculogenesis and fibreblaroliferation, which leads to a
collagenous capsule surrounding the foreign matéfia In this study, we firstly
evaluate the differences in tissular response kmtwiene and medium textured of
silicone particles implanted in rats. Our results im agreement with previous studies
concerning the fibrotic process using two smootld aexturized implants, where
evidences of eight weeks treatment showed no diffegs in histological analysf8.
Indeed, in a clinical study comparing the capsuatartracture between the smooth and

texturized implants, no significant changes in uias response was observé&t,
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However, in a different way, Escudero et al. (ZOBB)affirmed that there is a more
intense chronic inflammatory reaction with macraggs and giant cells in textured
prostheses due to tissue growth inside the coa8nyilarly, new findings evidenced
larger number of giant cells and granulomes in guops of silicone foam which
presented greater tissue growth inside the codfiflg However, it is important
emphasize that the absent of differences betweersuifaces in our study could be
explained by the fact that both types of implamalygzed exhibit texturized surfaces,
being distinguished by the plot of silicone padghnd higher density layer in medium

than in fine implant.

It is well known that the capsule-inducing proceéssa multifactorial event
cascade that includes inflammation, cell prolifierat matrix deposition and remodeling
phases, often associated with oxidative stresscandequent prolonged inflammation
that results in impaired healing. Thus, severalydrare being used to diminish post-
surgery complications in breast implants to impréve healing process and avoid the
formation of capsular contractuf®. In this context, curcumin, that has stronger-anti
inflammatory and antioxidant properties than vitasnC and E clinically used in the
post-operatory, was described to inhibits the dirdastress by quenching free radicals
and reducing inflammation through the inhibition rafclear factor-kappa B (NFEK}
[1418.19 |n respect to inflammatory process, the antiaimfinatory potential of curcumin
has been demonstrated in a series of pathologatais§*. Moreover, the transforming
growth factor beta 1 (TGF-B1), known by stimulabe tsynthesis of matrix proteins,
was documented by increased expression in fibi#lts and keloid process. In this
context, curcuminoids were described by inhibit (héF-B1 signal cascade and
decrease the expression of extracellular matrithénfibroblasts of keloid proce&d.

Although we did not evaluate the mechanisms focuwonin actions, our results showed
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that this compound was able to decrease the nuailzgant cells and blood vessels in
the inflammatory infiltrate for both silicone texés analyzed, reducing in this way the

inflammatory process induced by the implants.

The event of oxidative stress is recognized to plagle in the healing process,
since reveals a positive impact in the prolifenatamd mobilization of cells by acting in
a series of cell signaling eveflf§ The curcumin is capable of scavenging oxygen free
radicals such as superoxide anions and hydroxytats] which are important to the
initiation of lipid peroxidation. Here, we noticdflat curcumin alters parameters of
oxidative stress by decreasing NO levels and Iggtbxidation in tissue that surround
both fine and medium textured implants. In contresstour study, curcumin was
described to increase the inducible nitric oxidatkgse (INOS) by regulation of the
transforming growth factor-beta (TQ¥; consequently increasing the NO levels,

important in the normal and impaired healing woupigess (Mani et al., 2002).

Important to note that higher number of fibroblastscomitant to the increased
inflammatory process and oxidative stress, takeisgbdhe initial process of healing. In
this study we provide evidences of the curcumincadély in the prevention of chronic
inflammatory process involved in the silicone immk Moreover, we observed a
stimulatory effect in fibroblast proliferation. this way, we can suggest that curcumin
could be acting to benefit the healing processgmng the formation of a pathological
fibrotic process. In line with our study, the regeative potential of curcumin has been
evaluated for future application in skin regenematand wound healing®. Similar to
our findings, studies have been shown the poteatialrcumin in facilitate the healing
process by affects signaling pathways as transfayngrowth factof3 (TGF{) and
mitogen-activated protein kinase pathway (MAPK)reasing the cells proliferation

(19201 "However, TGF-B is described to simulate the Isgsis of matrix proteins in the
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fibrotic and keloid process, and curcumin was dblanhibit this signaling cascade

decreasing the expression of extracellular maE@NI) in the keloid fibroblasté?.

Notwithstanding the complexity of fibrogenesis arduhe implants, our data
support the hypothesis of a reduced inflammatolyirdfdtration and oxidative damage,
as well as an increase in fibroblast response enpeéricapsular space surrounding the
implants, as a way to reduce the formation of filbrgprocess improving the healing
one. Furthermore, we observed that total thicksessounding the implants is reduced
after curcumin treatment in both fine and mediumtuesd implants, showing the
general effect of curcumin in the inflammatory liméition. Right now we have achieved
reasonable experimental evidence that curcumin gead candicate to modulate the
tissular reaction, showing for the first time theeyentive effects of curcumin and
corroborating with the efficacy in enhances thelihgaprocess. However, further
studies would be conducted to better define theadilgg ways leading to the preventive
effects of curcumin as well as for investigatiorottier parameters not evaluated in this

study.

Acknowledgements

This work was supported by CNPq, FAPERGS and CABERIl. The authors

are also grateful to CNPq and CAPES for their netetellowships.



33

References

1. Brantley SK, Davidson SF, Johnson MB, et al. Hfifects of prior exposure to

silicone on capsule formation, histology, and puessAnn Plast Surg, 1990; 25:44-7.

2. Peters C, Shaw T, Raju R. The influence admaih E on capsules formation and

contracture around silicone implants. Ann PlasgSL880; 5:347-52.

3. Escudero FJ, Guarch R, Lozano JA. Reaccion drsal las protesis mamarias.

Contractura capsular periprotésica. An. Sist. Salavar, 2005; 28: 41-52.

4. Gancedo MRuiz-Corro L, Salazar-Montes Aet al. Pirfenidone prevents capsular

contracture after mammary implantation. Aesth Pfasy, 2008; 32:32-40.

5. Wong CH Samuel MTan BK et al. Capsular Contracture in Subglandular Breas

Augmentation with Textured versus Smooth Breastldmys: A Systematic Review.

www.prsJournal.comCosmetic, 2006; 118:1224-1236.

6. Basto€£M, Sabino Neto MGarcia EB et al. Experimental model of capsular

contracture in silicone implants. Acta CirurgicaBiteira, 2003; 18:22-28.

7. Bastos EM Sabino Neto MGarcia EB et al. Effect of zafirlukast on capsular

contracture around silicone implants in rats. ACiairgica Brasileira, 2012; 27:1-6

8. Moreira M, Fagundes DJXe Jesus Simdes,Mt al. The effect of liposome-delivered

prednisolone on collagen density, myofibroblastd fibrous capsule thickness around

silicone breast implants in rats. Wound repair Re@610; 18:417-425.

9. Baker J. The effectiveness of alfa-tocopherdgbwin E) in reducing the incidence

of spherical contracture around breast impldplsst Reconstr Surg, 1981; 68:696-699.



34

10. San-Martin ADotor J Martinez F et al. Effect of the Inibitor Peptide of the

Transforming Growth Factor B(p134 in a New Silicone Pericapsular Fibrotic Model

in Pigs Aesth. Plast Surg, 2010; 34:430-437.

11. Spano APalmieri B Taidelli TP, et al. Reduction of Capsular Thickness around

Silicone Breast Implants by Zafirlukast in ratsr Burg Res, 2008; 41:8-14.

12. Jun L, Yun W, Chaozhe Y, et al. Polyethylengc@s$ylated Curcumin Conjugate
Inhibits Pancreatic Cancer Cell Growth through tination of Jabl. Molecular

Pharmacology, 2009; 76:81-90.

13. Ramsewak R, Dewitt D. Cytotoxicity, antioxidamtd anti-inflamatory activities of

curcumins I-1ll from Curcuma Longa. Phytomedici@®00; 7:303-308.

14. Araujo CAC, Leon, LL. Biological Activities o€Curcuma longa L. Mem Inst

Oswaldo Cruz, Rio de Janeiro, 2001; 96:723-728.

15. Kulkarni SK, Dhir A, Akula KK. Potentials of Czumin as an AntidThe Scientific

World Journal, 2009; 9:1233-1241.

16. Ji JL, Huang XF, Zu HL. Curcumin and its fadations: Potential Anti-cancer
Agents. Anticancer Agents Med Chem, 2012; 12:218-21

17. Zhang L Xu T,Wang $ et al. GIuN2B receptors involved in the antidegsnt

effects of curcumin in the forced swim test. Proguhbpsychoparmacol Biol

Psychiatry, 2012; 40:12-7.

18. Avci G, Kadioglu H Sehirli AO, et al. Curcumin Protects Against

Ischemia/Reperfusion Injury in Rat Skeletal Muscleurnal of Surgical Research,

2012; 172, 39- 46.



35

19. Thangapazham RL, Sharad S, Maheshwari RK. &generative potentials of
curcumin. , 2013, 39:141-9.

20. Yi CH, Ming JC, Ya MY, et al. Supression of TBE/SMAD pathway and
extracellular matrix production in primary keloidbroblasts by curcuminoid: its
potential therapeutic use in the chemopreventioketdid. Arch Dermatol Res, 2010;

302, 717-72

21. Gazal M,Valente MR, Acosta BA, et al. Neuropotive and antioxidant effects of
curcumin in a ketamine- induced model of maniaats.rEur J Pharmacol, 2014; 724-

132-



36

Legend to Figures:

Figure 1. Light microscopy of medium texture implanted disk control group. (A)
Inflammatory infiltrate which was formed in the giusurface of medium texture (HE;
magnification x 100). (B) Detail of the inflammayoinfiltrate with lymphocytes,
fibroblasts, giant cells and new blood vessels (Kiagnification x400). (C) Scanning
electron microscopy showing important irregular face (magnification x70). (D)
Lateral view of the disk showing the rough surfé@eow), in which the inflammatory

inflitrate takes place (magnification x70)

Figura 2. Light microscopy of fine texture implanted disks control group (A)

inflammatory infiltrate which was formed in the giu surface of fine texture (HE;
magnification x100). (B) Detail of the inflammatainyfiltrate with fibroblasts and giant
cells (HE; magnification x400). (C) Scanning etent microscopy exhibiting surface
with a more regular structure when compared to rfeighC (magnification x70). (D)

Lateral view of the disk showing the rough surféa@ow) (magnification x150).

Figure 3. Represent the effects of curcumin at 20 and 5&gnow histological analysis
for fine (left panel) and medium textures (rightpB. Number of giant cells in fine (A),
and medium texture implants (B). Number of vesselBne (C), and medium texture

implants (D). Number of fibroblasts in fine (E),camedium texture implants (F). Data
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was expressed as mean = S.E.M.p&P.05 and (**)p<0.01 when compared to control

(vehicle group).

Figure 4. Represent the effects of curcumin treatment aardd 50mg/kg in the total
thickness of fine texture (A), and medium textuBg. (Data was expressed as mean *

S.E.M. (*) p<0.05 when compared to control (vehicle group).

Figure 5. Represent the effects of curcumin treatment ata@@ 50 mg/kg in the
oxidative stress parameters. NO levels in fine @jd medium texture implants (B);
TBARS in fine (C), and medium texture implants (Djata was expressed as mean +

S.E.M. (*) p<0.01 and (**)p<0.001 when compared to control (vehicle group).
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Figure 1.
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