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NAYARA, Anitelli Artero. Avaliacdo do efeito analgésico e anti-inflamatério da
hesperidina metil chalcona em modelo de artrite induzido por diéxido de titanio
em camundongos. 2018. 56 f. Dissertagdo ( Mestrado em Ciéncias da Saude) —
Universidade Estadual de Londrina, Londrina. 2018.

RESUMO

Doengas auto-imunes,inflamatérias e infecciosas podem levar a destruicdo das
superficies 6sseas que compdem as principais articulagdes, levando a artrite. Assim,
muitos pacientes correm o risco de ter que substituir as articulagdes, através do
procedimento de artroplastia (substituicido de tecido por préteses), o que pode
desencadear uma resposta inflamatéria cronica.O dioxido de titanio (TiOy) é
destaque entre os biomateriais utilizados para a confecgcdao de proteses.
Infelizmente, os biomateriais utilizados podem desencadear uma resposta imune no
tecido periprotético, levando a faléncia da artroplastia. Os flavonoides pertencem a
uma grande classe de compostos polifenolicos naturais. A estrutura polifendlica
confere atividades antioxidantes e anti-inflamatoérias. Dentreeles, a hesperidina metil
chalcona (HMC) demonstrou efeitos analgésicos, anti-inflamatorios e antioxidantes
na artrite crénica induzida por TiO,. Os camundongos foram tratados com HMC (10,
30, 100 e 300 mg/ Kg, intraperitoneal [i.p.]), a partir de 24 h apds injegao intra-
articular de 3 mg/ articulacdo de TiO, para induzir artrite crénica. Aqui,
demonstramos que HMC inibiu a hiperalgesia e o edema articular induzido por TiOg,
o recrutamento de leucécitos, o estresse oxidativo (gp91°"*, reducéo de NBT, GSH
e TBARS), a degradacéo de proteoglicanos da patela e modulou a expressédo de
MRNA de RANKL e OPG na artrite crénica. Estes efeitos foram alcancados sem
induzir danos renais (niveis plasmaticos de uréia e creatinina),hepaticos (niveis
plasmaticos de aspartato aminotransferase (AST) e alanina aminotransferase
(ALT)),ou gastricos (atividade mieloperoxidase). Assim, o tratamento com HMC é
uma abordagem farmacoldgica concebivel para a resposta inflamatoria asséptica
desencadeada por prétese acompanhada de erosdo da cartilagem. Esses resultados
demonstram o potencial terapéutico da HMC na redugao da dor e dano inflamatério
associado ao modelo de artrite induzida por TiO,.

Palavras-chave: Inflamacao. Hesperidina metil chalcona. Dioxido de titanio.
Préteses. Artrite.



NAYARA, Anitelli Artero. Evaluation of the analgesic and anti-inflammatory effect
of methyl chalcone hesperidin in titanium dioxide induced arthritis model in
mice. 2018. 56 pp. Dissertation (Master in Health Sciences) — Universidade Estadual
de Londrina, Londrina. 2018.

ABSTRACT

Inflammatory, autoimmune, and infectious diseases can lead to destruction of bone
surfaces that make up the major joints, leading to arthritis. Thus, many patients are at
risk of having to replace the joints, through the procedure of arthroplasty (tissue
replacement by prostheses), which can trigger a chronic inflammatory response.
Among the biomaterials used for prostheses, titanium dioxide (TiO;) has been
highlighted. However, adverse responses to the biomaterials used in the composition
of orthopedic prostheses can generate stimulation of cells in the peri-prosthetic tissue
through particles that result from the wear of the prosthesis, causing an aseptic
inflammatory response. Flavonoids belong to a large class of natural polyphenolic
compounds and are recognized as having anti-inflammatory and antioxidant
activities. Among them, hesperidin-methyl-chalcone (HMC) demonstrated antioxidant
effects in in vitro studies and decreased NFkB expression. The mechanical
hyperalgesia and edema were evaluated by a digital analgesimeter and pachymeter,
respectively. Total leukocytes were counted in the Neubauer chamber and slides
were made for the differential polymorphonuclear and mononuclear counts.
Colorimetric assays were used to evaluate myeloperoxidase activity (MPO), oxidative
stress (GSH, lipoperoxidation, and superoxide anion production), and toxicity. The
mRNA expression was determined by RT-gPCR for the gp91°"®, Rankl and Opg
genes. The toxicity of HMC treatment in inducing gastric and renal damage was
assessed by the activity of MPO in the stomach, Ast, Alt, urea and creatinine. On the
first day after intra-articular stimulation with TiO2(3 mg/10uL/joint), the animals were
treated with HMC (10, 30, 100 and 300mg/ Kg intraperitoneally [ip]). Mechanical
hyperalgesia and edema were measured 1, 3, 5, 7, and 24 h after treatment, and
every two days until the 30" day. The dose of 100 mg/Kg inhibited mechanical
hyperalgesia, edema, migration of total leukocytes (polymorphonuclear and
mononuclear), degradation of proteoglycans, oxidative stress (gp91°"* mRNA
expression, superoxide anion production and lipoperoxidation) and modulated the
Rankl/Opg system. These results demonstrate the therapeutic potential of flavonoid
HMC in reducing pain and inflammatory damage associated with TiO»-induced
arthritis model.

Key-words: Inflammation. Hesperedin methyl chalcone. Titanium dioxide.
Prosthesis. Arthritis
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1-  INTRODUCAO

1.1- Inflamacéo

A inflamacdo € uma resposta fisioldégica protetora do organismo,a partir da
ativacdo do sistema imune em resposta a uma variedade de estimulos, incluindo
lesBes teciduais e infecgbes (1), (2).0 romano Aulus Cornelius Celsus no século | d.C.
foi o primeiro a descrever o0s quatro principais sinais de inflamacdo: rubor
(vermelhid&o), tumor (inchaco), calor e dor (3). O quinto sinal foi adicionado por Rudolf
Virchow, conhecido como perda de funcdo (functio laesa)(4).A resposta inflamatéria
controlada € um evento favoravel (na protecéo contra infecgdes, por exemplo), porém
guando exacerbada pode tornar-se prejudicial ao organismo. Sendo assim, o estado
inflamatorio patoldégico € assumido como tendo uma contraparte fisioldgica (5). As
consequéncias associadas a inflamacao tais como recrutamento de leucdcitos, edema
e dor sdo importantes para protecdo dos tecidos, porém a inflamacdo excessiva e
continua leva a dano tecidual, dor crénica e disfuncdo orgénica. Sendo assim, o
conhecimento dos mecanismos de inflamagcdo é primordial para tratar doencas
inflamatdrias, promover a protecédo do hospedeiro e a homeostase (6).

Quando a inflamacdo aguda € bem sucedida na eliminacdo do patégeno, a
reacdo diminui. Porém, se a resposta ndo conseguir eliminar os invasores, ele pode
avancar para uma fase cronica. A inflamagéo crénica € uma inflamacdo de duracéo
prolongada (semanas ou meses) em que a inflamacéo, lesdo tecidual e tentativas de
reparo coexistem em diferentes combinag¢des. Pode seguir a partir da inflamacao
aguda ou pode comecar de forma insidiosa, como uma resposta de baixo grau sem
gualguer manifestagé@o de reagdo aguda cronologicamente anterior (7).

Geralmente, o processo inflamatério se inicia ap6s o reconhecimento de
DAMPs (Padrdes Moleculares Associados a Danos), ou PAMPs (Padrdes Moleculares
Associados a Patogenos) por PRRs (Receptores de Reconhecimento de Padrdes)
(como TLR, NLR e RLR, por exemplo) presentes em células residentes,
principalmente macréfagos e mastocitos. Esse reconhecimento tem como resultado
final a ativacdo do NF-kB, e consequente producao de citocinas pré-inflamatérias, tais
como IL-1B, TNF-a e IL-6 (5, 8). As aminas vasoativas, (mediadores como serotonia e
histamina), sao responsaveis pela elevacao do calibre do leito vascular e consequente
aumento no fluxo sanguineo local. Logo apés, ocorre aumento na permeabilidade
vascular e extravasamento de liquidos ricos em proteinas que colaboram para
formacdo do edema. Em consequéncia, ocorre a lentificagdo do fluxo sanguineo

(estase). A evolucdo do processo de estase modifica as condicdes hemodinamicas e



promovem a marginacdo leucocitéria, em especial de neutrofilos (4),(9),(10). O
recrutamento de neutréfilos e a atividade das células durante a inflamacdo séo
importantes para a resposta do hospedeiro contra infec¢des e reparacdo tecidual (6).
A resolucdo natural da inflamacéo abrange processos bioguimicos ativos e altamente
regulados, evento que possibilita o retorno do tecido a homeostase (11). A
transformacdo do padrdo de mediadores lipidicos pro-inflamatérios para anti-
inflamatérios, como por exemplo as lipoxinas (pertencentes a classe de mediadores
lipidicos pré-resolucao), é crucial para a transicdo do processo inflamatério para a
resolucdo. As lipoxinas inibem o recrutamento de neutréfilos e estimulam o
recrutamento de macrofagos nao flogisticos para o foco inflamatério, que atuam na
eliminacé@o dos corpos apoptéticos e dao inicio ao remodelamento tecidual, o que leva
ao retorno da homeostase (12), (13).

Dentre os mediadores inflamatérios, existem aqueles que séo
produzidos por células e aqueles que sédo produzidos a partir de elementos presentes
no plasma. Os mediadores derivados da atividade celular sdo:serotonina, histamina,
citocinas, quimiocinas, 6xido nitrico (NO), espécies reativas de oxigénio (EROs) e
mediadores lipidicos (prostandides, leucotrienos, fator de ativacdo plaquetarea e
lipoxinas)(6).Aqueles derivados de componentes presentes no plasma incluem
bradicinina, membros do sistema complemento e da cascata de coagulagéo (4).

1.2- Dor inflamatoéria

A dor € um sintoma presente na maioria das doengas inflamatorias, podendo
até mesmo levar ao desenvolvimento da depresséo ou perda da fung¢éo de tecidos ou
orgdos afetados. Segundo a Associagéo Internacional para o Estudo da Dor, a dor €
uma experiéncia emocional e sensorial desagradavel que esta relacionada a lesbes
potenciais ou reais. A dor crénica pode ser classificada como localizada, regional ou
generalizada, e sua alta prevaléncia na populacao geral parece aumentar com a idade
(15). A dor inflamatéria, por exemplo, se origina quando ocorre interacdo entre o tecido
lesado e o0s neurdnios sensoriais periféricos (por exemplo, na dor aguda ou
articular)(16),(17).De fato, a dor € um importante mecanismo adaptativo de alerta para
o individuo sobre um risco potencial a integridade de seu organismo (18). Porém, esta
pode exceder o seu papel de alertar o individuo e tornar-se crénica (19), levando a
reducdo da qualidade de vida do paciente.

A nocicepgao da dor inclui os mecanismos pelos quais os estimulos nocivos

sdo detectados pelo sistema nervoso periférico, codificados, transferidos e
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inconscientemente tratados pelo sistema nervoso. A deteccdo é realizada por
transdutores moleculares especificos sustentados por neurdnios nociceptivos, cujos
corpos celulares estdo agrupados na raiz dorsal ou nos ganglios trigeminais (21). Os
nociceptores sao conhecidos como um subconjunto de neurbnios sensoriais que
medeiam a dor e inervam densamente os tecidos periféricos, incluindo as articulacdes,
a pele, o trato gastrointestinal e as vias respiratérias. Existem varios subconjuntos de
nociceptores que podem responder a estimulos nocivos mecanicos, térmicos ou
quimicos. Devido a capacidade do sistema nervoso para disseminar sinais dentro de
milissegundos, 0s nociceptores estéo situados idealmente para serem 0s primeiros a
responderem a patégenos e lesées nos tecidos (22).

O estresse oxidativo € um desequilibrio entre a producao de radicais livres e
metabolitos reativos, os chamados oxidantes ou espécies reativas de oxigénio (EROS),
e sua eliminacéo é realizada através de mecanismos de prote¢cdo conhecidos como
antioxidantes (23). As EROs sdo geradas durante o processo de fagocitose pelos
neutrofilos e macréfagos.Esse processo ocorre quando ha a ativacdo da NADPH
oxidase, que ao reduzir o O, d& origem O?", e entdo, levando a geracdo de outras
EROs pela dismutacdo esponténea, através da reacdo com espécies reativas de
nitrogénio (ERNSs) ou por meio da reacdo com enzimas presentes nos neutrofilos, (por
exemplo, mieloperoxidase [MPO]).As EROs também s&o produzidas no local da
inflamacdo, o que contribui para a manifestacdo da dor por interagirem diretamente

com neurdnios nociceptores (24).

1.3- Modelo de Artrite Crdnica Induzido por TiO-

Diversas condicbes de origem inflamatéria, auto-imune, infecciosa ou
traumatica podem causar destruicdo das superficies Osseas que compdem as
principais articulac6es responsaveis pelos movimentos de grande amplitude do corpo,
levando a artrite. Seguindo este raciocinio, é de se esperar que muitos pacientes no
mundo necessitem de procedimentos que realizem a substituicdo total ou parcial da
articulagdo (25).

Devido ao avanco tecnoldgico, foi possivel a realizagcdo de intervencdes
médicas para possibilitar uma melhora na qualidade de vida de pacientes afetados

com diversas doencas; dentre elas o uso de préteses para substituir completamente
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ou parcialmente algum componente do corpo. Em relacdo as articulacoes,
encontramos um procedimento conhecido como artroplastia — substituicdo total ou
parcial da articulacdo por préteses (26), necessaria quando ocorre destruicdo nas
articulacbes acometidas. As condi¢des clinicas que conduzem a artroplastia incluem
osteoartrite, artrite inflamatéria (como artrite reumatdide), osteonecrose, displasia
articular, artrite pos-trauméatica e tumores(27). Sendo assim, é necessario que 0s
materiais protéticos suportem as forcas aplicadas na prétese(28).Quando um implante
€ colocado em um ambiente fisioldgico, os ions metalicos séo liberados, exercendo
efeitos locais e sistémicos que podem vir a se tornar nocivos (29).Um exemplo de
efeito nocivo, derivado deste procedimento ocorre no ambiente pro-inflamatério, onde
essas particulas metélicas estimulam a osteoclastogénese - que ocorre em resposta a
liberacdo de RANKL (membro da superfamilia do ligante do fator de necrose tumoral —
TNF),bem como pronunciada ativagdo de osteoclastos. Em conjunto, estes fatores
promovem a reabsorcdo 6ssea e consequente progressao do processo de ostedlise
(25), (30), (31). Com relagéo a reabsorcdo Ossea, ela é realizada através de uma
sequéncia de eventos que se resume em: migracdo de osteoclastos para o local de
reabsorcao, seguida da sua ligacdo as superficies dsseas, da polarizacdo e formacao
de um vacuolo extracelular selado, na qual os prétons (ions H) e as enzimas
(principalmente a catepsina K) sdo secretados pelos osteoclastos para dissolver o
mineral ésseo e degradar a matriz orgénica de colageno (32). Deste modo, a ostedlise
pode interferir na artroplastia e de fato é a causade 10-15% de falha nas substituicbes
articulares, sendo entédo a ostedlise a maior causa de insucesso (33). A incidéncia de
osteodlise pode chegar a alcancar até 40%, segundo estudos prévios (33), (34).

Um aspecto critico de respostas adversas aos biomateriais usados nha
construcdo de componentes protéticos ortopédicos € a estimulacdo de células no
tecido periprotético por particulas resultantes do desgaste das préteses, o que leva a
uma resposta inflamatéria asséptica. O tecido periprotético serve como uma interface
entre a protese e 0 0sso e contém células da linhagem mondécito/macroéfago (31), (25).
Assim, pequenas particulas sdo rapidamente fagocitadas por células residentes da
membrana periprotética. Substancias como plasticos e metais sdo resistentes a
destruicdo enzimatica, e essas particulas provenientes do desgaste das proteses
perturbam a funcdo biologica de degradacdo da fagocitose, que é responsavel por
ingerir os restos celulares e outros detritos dos tecidos (35).Estudos in vitro indicaram
gue uma forte ativacao de osteoclastos, macréfagos, mondcitos e células dendriticas
sdo observadas apoés a incubacao com restos de desgaste (25).

O dioxido de titanio (TiO2) € um p6 branco inodoro (36), comumente usado em

uma diversidade de produtos como pinturas, revestimentos, ceramicas, protetores
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solares e também como aditivos em produtos farmacéuticos, corantes
alimentares(37)e por fim em proteses (39). O TiO; é altamente insolavel, termicamente
estavel e ndo inflamavel. Devido ao seu excelente desempenho 6ptico e propriedades
elétricas, o TiO2 possui uma ampla gama de aplicacbes. Considerado fisiologicamente
inerte, também representa pouco risco para os seres humanos (40).

Por outro lado, pesquisadores demonstraram os efeitos pré-inflamatérios de
nanoparticulas (NPs) de TiO; in vitro em células pulmonares e in vivo apds instilacdo
pulmonar, revelando que as NP de TiO, também podem penetrar nos tecidos humanos
através da ingestdo ou por vias dermais (41), (42). Wang e colaboradores(43)
mostraram que TiO. pode ser transportado para outros tecidos e 6rgaos apoés a
absorcao pelo trato gastrointestinal como figado, baco, rins e tecidos pulmonares.

Com relagdo aos estudos feitos com sensibilidade ao metal, a ativagdo do
sistema imune apés a implantacdo foi observada em resposta ao préprio implante
metdlico ou a detritos particularmente gerados pelo implante (44). Gongalves e
Girard,mostraram que as NP de TiO, sédo capazes de atrair e consequentemente gerar
influxo de neutrofilos, assim como levar a producéo local de diversos mediadores pro-
inflamatorios, incluindo diversas quimiocinas, como a MIP-13, no modelo in vivo de
bolsa de ar murino (36). Reforcando estes dados, a administracdo de NP de TiO;
induziu inflamacdo crénica com consequente aumento dose-dependente da
concentragcdo de citocinas do padrdo Thl, quimiocinas e aumento dos niveis de
proteinas inflamatorias como MIP e MCP, associado a formacao de granuloma (45). A
exposi¢cdo as NP de TiO; pode instigar o aumento da formacédo de espécies reativas
de oxigénio (EROs). O excesso de estresse oxidativo pode atacar macromoléculas
como proteinas, lipidios e &acidos nucléicos, conduzindo uma interferéncia nos
caminhos de transducao de sinal e modulagéo de fatores de transcri¢cdo (por exemplo,
fator nuclear kB e proteina ativadora-1) (37). A comprovacao de que as NP de TiO de
fato geram artrite, ocorreu em um caso clinico mostrado por Dorner e
colaboradores(44) em 2006, onde uma paciente sem histérico de artrite familiar
desenvolveu artrite relacionada a uma prétese de TiO; e vanadio.

De acordo com os dados acima, as NP de TiO, podem levar a inducédo de
estresse oxidativo, citotoxidade, influxo de neutréfilos, inflamacgéo crbnica, necrose e
formacao de artrite. Recentemente em nosso laboratério foi padronizado o modelo de
artrite induzido por TiO., que mostrou induzir hiperalgesia articular, edema, estresse
oxidativo, liberacdo de citocinas pré-inflamatérios — como TNFa, IL-1B, e IL-6 — e
ativacdo da via de sinalizagcdo RANKL/OPG. Neste caso, pode ocorrer a destruicdo da

cartilagem e o aumento na reabsorgdo 0ssea, levando a destruicéo articular (46).
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Portanto, a artrite crénica induzida por TiO, é um modelo promissor para a
medicina, proporcionando a compreensdo dos mecanismos celulares e moleculares
relacionado ao processo inflamatério asséptico mediado por particulas liberadas no

espaco periprotético.

1.4- Hesperidina metil chalcona

Em 1930 foi isolada uma substéncia da laranja, que acreditavam ser uma
classe nova de vitaminas (vitamina P). Mais tarde, ficou claro que aquela substancia
(rutina) era na verdade um flavonoide. Hoje em dia ja sdo mais de 4000 variedades de
flavonoides identificados (47). Os flavonoides sdo amplamente encontrados na
natureza e pertencem ao maior grupo de produtos naturais jA conhecidos. Além de
seus papéis nas plantas, os flavonoides sdo componentes importantes na dieta
humana, sendo encontrados em frutas, vegetais, sementes, nozes, graos, especiarias
e bebidas como vinho ou cerveja (48). Diferente de outros flavonoides, que séo
encontrados em uma ampla gama de alimentos, a sua subclasse conhecida como
flavanonas, esta presente em nossa dieta quase que exclusivamente em frutas citricas
e em algumas ervas aromaticas como a horteld. As frutas citricas ou sucos citricos séo
produtos consumidos no mundo todo, contendo uma grande quantidade de flavanonas
(49).

O sistema imunolégico pode ser modificado tanto por dieta quanto por agentes
farmacoldgicos, poluentes ambientais e produtos quimicos que ocorrem naturalmente.
Certos componentes pertencentes aos flavonoides afetam significativamente a funcao
do sistema imunolégico e células inflamatérias(50). A solubilidade pode desempenhar
um papel importante na eficacia terapéutica dos flavonoides. A baixa solubilidade dos
flavondides em agua muitas vezes apresenta um problema para suas aplicacdes
medicinais. Assim, o desenvolvimento de flavonoides semi-sintéticos, sollveis em
agua, por exemplo, se tornou necessario (51).

Dentre os flavonoides, encontra-se a hesperidina metil chalcona (HMC). A
Hesperidina foi descoberta pela primeira vez em 1827, por Lebreton, mas ndo em um
estado puro e tem estado em continua investigacdo desde entdo (59). A HMC
(C29H36015) € um composto derivado da hesperidina, metilado e de alta solubilidade e
foi descrita como efetiva no tratamento de doencas vasculares quando aliada a outros
compostos, tais como a vitamina C e extrato de Ruscus aculeatus(52). Garg e
colaboradores demonstraram em 2001 que a Hesperidina possui atividade semelhante

a vitamina e pbéde diminuir a permeabilidade capilar (Vitamina P), vazamento e
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fragilidade. Também demonstrou propriedades antioxidantes, antiinflamatérios,
anticancerigenas e antialérgicas (61). Devido a essas propriedades e sua significante
atividade in vivo, os flavonoides tém sido considerados como promissores candidatos
a uma nova categoria de drogas anti-inflamatérias.

A aplicacéao tépica desta molécula (HMC) em camundongos sem pelo, promove efeitos
protetores contra radiacdo UVB, que incluem reduzir o edema da pele, migracao de
neutrofilos, produgéo de citocinas (TNFa, IL-13, IL-6 e IL-10), e estresse oxidativo (55).
Também mostrou propriedades anticancerigenas e antialérgicas(56). A HMC
desempenha um papel importante na protecdo de DNA, proteinas e tecidos contra
danos causados por fatores intrinsecos (como oncogénese) e extrinsecos (como
radiacdo, inflamacado e toxinas) (54). Sieve em 1952 demonstrou em um experimento
com camundongos machos e fémeas que a hesperidina na forma fosforilada (PH) ndo
apresentou toxicidade, tanto para o organismo quanto para os tecidos, sendo
facilmente assimilada (60). Devido as caracteristicas relacionadas aos mecanismos de
acao aqui apresentados, e devido ao fato de que ndo existem dados na literatura que
demonstrem os efeitos da HMC no processo inflamatério induzido por TiO,, avaliar os
efeitos da HMC no modelo de artrite induzida por TiO. foi o objetivo do presente

trabalho.
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2- OBJETIVOS

2.1- Objetivo geral:

Analisar o efeito analgésico e anti-inflamatério da Hesperidina metil chalcona

(HMC) em modelo de artrite induzido por TiO-.

2.2-  Obijetivos especificos:

¢ Analisar o efeito da HMC na hiperalgesia mecéanica e edema induzidos por
TiO2 em modelo de artrite cronica;

e Avaliar o efeito da HMC no recrutamento de leucécitos para a cavidade
articular do joelho induzido por TiO2> em modelo de artrite cronica;

¢ Investigar o efeito da HMC no ensaio quantitativo de proteoglicanos;

o Avaliar o efeito da HMC no estresse oxidativo induzido por TiO, em modelo
de artrite crbnica;

e Analisar o efeito do tratamento crénico com HMC em modelo de artrite
cronica induzido por TiOg;

e Investigar o efeito da HMC no sistema RANKL/OPG em modelo de artrite

cronica induzido por TiOa.
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3- MATERIAIS E METODOS

Na primeira parte dos experimentos, os animais (n = 6 por grupo de
experimento) foram submetidos a uma curva de dose-resposta do tratamento com
HMC. Os animais foram estimulados com inje¢ao intra-articular (i.a) com 3 mg de TiO;
(suspenso em 10 pL de solucédo salina estéril 0,9%) por joelho de acordo com
padronizacdo de Borghi e colaboradores(46). A hiperalgesia mecénica e edema foram
avaliados 24 h apdés injecdo de TiO, para avaliar a inducdo do modelo de artrite.
Posteriormente, ap6s 24 h, os animais foram tratados com HMC (10, 30, 100 e 300
mg/Kg via i.p) e a hiperalgesia mecanica e o edema foi avaliado a partirde 1, 3,5, 7 e
24 horas ap6és o tratamento com HMC no primeiro dia (46). Depois disso, a
hiperalgesia mecénica e o edema foram avaliados a cada 2 dias ap6s o tratamento
com HMC até o 30° dia. Imediatamente apds as medidas no 30° dia, os animais foram
anestesiados e eutanasiados, e lavou-se as cavidades articulares do joelho. Essas
amostras foram colhidas para a avaliagdo da migracéo de leucécitos. A dose de HMC
de 100 mg/Kg foi escolhida com base nos resultados de recrutamento de leucdcitos e
hiperalgesia mecanica. As amostras de estdmago e sangue foram coletadas para
avaliar a atividade da mieloperoxidase do estbmago (MPO) e o sangue foi coletado
para a dosagem de aspartato aminotransferase (AST), alanina aminotransferase (ALT)
e uréia e creatinina. A articulagéo do joelho foi colhida para avaliar o estresse oxidativo
(anion superoxido), niveis de recuacdo de nitroblue tetrazolium (NBT), peroxidacao
lipidica (TBARS), glutationa reduzida (GSH), expressdo de mRNA de gp91P"* [RT-
gPCR]) e via de sinalizagdo RANKL/OPG (RT-gPCR). As patelas foram coletadas para

avaliacdo quantitativa de proteoglicanos.

3.2- Animais

Foram utilizados camundongos da raca Swiss machos pesando entre 20-25 g
do biotério da Universidade Estadual de Londrina, Parand, Brasil. Os animais foram
alojados em gaiolas de plastico padrdo com agua e comida ad libitum, ciclo claro/
escuro de 12/12h e temperatura controlada (21°C). Os animais foram mantidos no
biotério do Departamento de Patologia da Universidade Estadual de Londrina por pelo
menos dois dias antes dos experimentos.Os métodos de manipulacao e cuidado dos
animais estavam de acordo com as diretrizes da Associacéo Internacional de Estudos
sobre Dor (IASP) e foram aprovados pelo Comité de Pesquisa e Etica da Universidade
Estadual de Londrina (n° 20466.2015.58). Todos os experimentos foram realizados

duas vezes, o que foi essencial para demonstrar a reprodutibilidade e replicabilidade
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dos dados.

3.3- Compostos do teste

Os compostos utilizados neste estudo foram solucdo salina (NaCl 0,9%,
Frenesius Kabi Brasil Ltda, Aquiraz, CE, Brasil), sal dissodico do &cido
etilenodiaminotetracético (EDTA, Synth, Diadema, SP, Brasil) e hesperidina metil
chalcona (Santa Cruz Biotechnology, Santa Cruz, CA, USA). O dioxido de titanio foi
adquirido da Synth (Diadema, SP, Brasil) e o tamanho da particula foi <1 ym com uma
média de 862,2 nm, conforme determinado pela analise de distribuicdo de tamanho
(Malvern Instruments Ltd, UK). Imediatamente antes das inje¢des, o TiO, foi suspenso
em solugao salina estéril (10 uL) e a hesperidina metil chalcona foi diluida em solucéo
salina estérii. A HMC (10, 30, 100 e 300 mg/kg) e a solu¢cdo salina foram

administradas por via intra-peritoneal (i.p) num volume de 200 yL por animal.

3.4- Segéao Experimental

Avaliacéo da Hiperalgesia Mecéanica Articular: A hiperalgesia mecanica articular da
articulagcdo femorotibial foi avaliada como ja descrito pela literatura(57).
Resumidamente, em uma sala silenciosa, os animais foram colocados individualmente
em gaiolas de acrilico (12 x 10 x 17 cm) com um piso de grade de arame, 15 a 30
minutos antes do teste de adaptacdo ambiental. A aplicacdo de forca foi realizada
apenas quando os animais estavam com as quatro patas na grade, ndo exibiam
movimentos exploratorios ou defecagéo, e ndo estavam descansando sobre as patas.
Um teste eletrdnico de medicdo de presséo constituido por um transdutor de forca de
mao equipado com uma ponta de polipropileno (Anestesidmetro eletrénico von Frey;
Insight, Ribeirdo Preto, SP) foi utilizado para avaliar a nocicepcao articular mecanica.
Para este modelo, uma ponta grande (4,15 mm?) foi adaptada a sonda. Uma forca
perpendicular crescente foi aplicada na area central da superficie plantar da pata
traseira para induzir um movimento de flexdo da articulacdo femorotibial seguida de
retirada da pata. Um espelho inclinado abaixo da grade forneceu uma visdo clara da
pata traseira. O aparelho eletrdnico de medi¢do de presséo registrou automaticamente

a intensidade da forca aplicada quando a pata foi retirada. O teste foi repetido até as
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medidas consistentes subsequentes (isto é, a varia¢cdo entre essas medidas foi inferior

a 1 g). O limiar mecéanico induzido pela flexao foi expresso em gramas(g).

Avaliacdo do edema articular: O edema articular da articulagcdo femorotibial foi
avaliado através de medicdes dos didmetros transversais utilizando um calibre
(Digmatic Caliper, Mitutoyo Corporation, Kanagawa, Japéo). Os valores de espessura
da articulacdo femorotibial foram expressos como a diferenca entre os diametros

medidos antes (valor basal) e ap6s a injecao intra-articular TiO, em milimetros (mm).

Avaliacdo da migracao de leucécitos: As contagens total e diferencial de leucdcitos
recrutados para 0 espaco intra-articular foram determinadas como descrito nha
literatura (27).Resumidamente, as cavidades da articulacdodo joelho foram lavadas
com solucdo salina contendo acido etilenodiaminotetracético (EDTA), que foi
recuperada para avaliar a contagem de células total e diferencial. As contagens de
células totais foram realizadas na camara de Neubauer utilizando a solu¢éo Turk e as
contagens de células diferenciais (100 células porcampo) foram coradas com o kit
panoptic (Laborclin, Pinhais, PR, Brasil) sob microscopia Optica (Olympus CX31RTSF,
Toéquio, Japao). Os resultados foram expressos como leucécitos totais, células

polimorfonucleares e mononucleares (células x 10%joelho).

Ensaio de Toxicidade no estébmago (mieloperoxidase): Realizado através da
atividade de mieloperoxidase (MPO), usando um ensaio colorimétrico, considerando-
se um marcador confiavel da migracao de neutrdéfilos para os tecidos. As amostras do
estbmago foram coletadas em tampdo K2HPO4 50 mM (pH 6,0) contendo 0,5% de
brometo de hexadecil trimetilaménio (HTAB) e mantidos a -86°C até o uso. As
amostras congeladas foram homogeneizadas usando um tecido turrax (Tissue-Tearor
985370, BioSpec Products, Bartlesville, OK, EUA), centrifugado (2 min, 16,000g, 4°C)
e 0 sobrenadante resultante foianalisado usando um espectrofotdmetro (Multiskan GO
Microplate  Spectrophotometer, = ThermoScientific, Vantaa, Finlandia) para
determinacdo da atividade MPO a 450 nm. A atividade MPO das amostras foi
comparada a uma curva padrao de neutréfilos. Em resumo, 15 yL de amostra foram
misturados com 200 uL de tampao de fosfato 50 mM (pH 6,0), contendo 0,167 mg / mL
de dicloridrato de O-dianisidina e 0,0005% de peréxido de hidrogénio. Os resultados

foram apresentados como atividade MPO (nimero de neutréfilos X 10%/mg de tecido).

Ensaio de Toxicidade hepética e renal: O sangue foi colhido em microtubos
contendo 50 uL de EDTA anticoagulante (5.000 Ul / mL) e centrifugados (200 g, 10
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min, 4°C) e o plasma foi separado. Para determinar as atividades enziméticas de AST
e ALT como indicadores de hepatotoxicidade e niveis de ureia e creatinina como
indicadores de nefrotoxicidade, as amostras de plasma foram processadas de acordo
com as instrucdes do fabricante (Labtest Diagnédstico S. A., Brasil). Os resultados

foram apresentados como U/mL (AST e ALT) ou mg/dL (ureia e creatinina) do plasma.

Ensaio da Glutationa Reduzida (GSH): Amostras de articulacdo foram coletadas e
imediatamente homogeneizadas com Tissue-Tearor (Biospec®) em tampéao EDTA (4
mL, 0,02 M). Homogenato (2,5 mL) foi tratado com 2 mL de H,O Milli Q com 0,5 mL
acido tricloroacético 50%. Apds 15 min, o homogenato foi centrifugado (1500 g, 15
min, 4°C), e 1 mL do sobrenadante foi adicionado 2 mL de solugédo contendo 0,4 M
Tris (pH 8,9) e 50 pL de DTNB. Apés 5 min, foi feita a leitura (Multiskan GO
Espectrofotbmetro de microplaca, ThermoScientific, Vantaa, Finland) em 412 nm.
Resultados foram apresentados como nmol de GSH por mg de proteina (61).

Reducao de nitrogénio do tetrazolium: A producdo de anion superéxido foi
determinada pela reducdo do corante redox Nitroblue tetrazolium (NBT) . O tecido
congelado da articulagdo do joelho de camundongos foi homogeneizado com 500 uL
de solucdo salina com ultra-turrax (Tissue-Tearor 985370, BioSpec Products,
Bartlesville, OK , EUA), centrifugados (10 min, 3.300g, 4°C) e 50 pL do
homogeneizado foi colocado em placa de 96 pogos, seguido da adigdo de 100 uL de
solucéo nitro-azul de tetrazdlio (1 mg/ mL) (NBT , Sigma) e mantida a 37°C em banho
guente durante 5 minutos. O sobrenadante foi removido e o formatano precipitado foi
entao solubilizado e adicionando 120 yL de KOH 2 M e 120 pL de dimeltisulfoxido
(DMSO). A densidade optica foi medida usando um leitor de espectrofotdmetro de 96
microplacas (Multiskan GO Microplate Spectrophotometer, Thermoscientific, Vantaa,
Finlandia) a 600 nm. Os niveis de reducdo de NBT foram corrigidos pela concentragéo
total de proteina e os resultados foram apresentados como redugéo de NBT (OD / mg

de proteina).

Avaliacdo da peroxidacao lipidica: A peroxidacao lipidica da articulacdo do joelho foi
avaliada pelos niveis de substancias reativas ao &cido tiobarbitdrico (TBARS) . Para
este ensaio, adicionou-se 10% de TCA ao homogeneizado e centrifugou-se a mistura
(3 min, 1000 g, 4 ° C) para precipitar as proteinas. O sobrenadante livre de proteina foi
entdo separado e misturado com TBA (0,67%). A mistura foi mantida em banho-maria
(15 min, 100 ° C). O malondialdeido (MDA), um produto intermediario da peroxidacao

lipidica, foi determinado pela diferenca entre a absorvancia a 535 e 572 nm usando um
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leitor de espectrofotbmetro de microplacas. Os TBARS foram corrigidos pela
concentracdo total de proteina e os resultados foram apresentados como TBARS

(Mumol de MDA / mg de proteina).

Determinacdo guantitativa de proteoglicanos: As concentracdes de proteoglicanos
foram determinadas de acordo com HOHMANN e colaboradores (58).
Resumidamente, a patela foi cuidadosamente coletada de camundongos e fixada com
formaldeido (4%) durante a noite usando um agitador. Posteriormente, a patela foi
transferida para uma solucdo de acido formico (5%) e incubada durante 4 h usando
um agitador para descalcificagdo. Cada amostra de patela foi entdo colocada em 100
ML de tampéo de digestdo de papaina constituido por uma suspensao de papaina (5
mg / mL) em PBS isento de célcio e magnésio, com cisteina 5 mM e EDTA 10 mM, pH
7,4. As amostras foram seladas e incubadas em um recipiente humidificado a 60 ° C
durante 16 h. Depois de atingir a temperatura ambiente, as amostras foram
centrifugadas durante 10 min a 1000 x g para coletar as goticulas de condensacao.
Em seguida, colocou-se 50 uL dos sobrenadantes e de solu¢des de sulfato de
condroitina em série (curva padrdo, 50-1000 mg / mL) em placas de 96 pocos. A
solugdo padréo de sulfato de condroitina também foi incubada com tampéo de
digestao com papaina. Em seguida, foram adicionados 300 pL de uma solug¢ao de azul
1,9 dimetilmetileno (DMMB; 50 mg / |, Polysciences, Inc.) a cada pogo e o contetdo de
proteoglicano foi determinado por leitura de espectrofotbmetro a 525 nm
(Espectrofotbmetro de microplacas Multiskan GO, ThermoScientific , Vantaa,
Finlandia). O sal de sddio de condroitina 6-sulfato da cartilagem de tubardo, um teor
de glucosaminoglicano (GAG) foi calculado a partir da curva padrdo. A solugdo de
DMMB foi preparada dissolvendo 50 mg de DMMB em 5 ml de etanol e diluindo para
um volume de 1000 mL com 0,2% (p / v) de sal de sédio de acido férmico (tampéo de
formiato de sédio, HCOONa), pH 3,5. Todos os reagentes foram adquiridos de Sigma-
Aldritch, e os resultados foram apresentados como proteoglicano por miligrama (mg)

de tecido.

RT-gPCR: As amostras da articulacdo do joelho foram homogeneizadas no reagente
de TRIzol, e o ARN total foi extraido usando o Sistema de Isolamento de RNA Total
SV (Promega). A pureza do ARN total foi medida usando um espectrofotdmetro
(Espectrofotdmetro de microplacas Multiskan GO, Thermoscientific, Vantaa, Finlandia)
e a razdo de absorcdo de comprimento de onda (260/280) foi entre 1,8 e 2,0 para
todas as preparacdes. A transcricdo reversa do ARN total para o cDNA e o qPCR

foram realizadas usando o sistema RT-gPCR de Etapa GoTag® (Promega) e primers
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especificos (gp91phox, RANKL e OPG). A reacdo qPCR foi realizada no sistema de
PCR em tempo real StepOnePlusTM (Applied Biosystems®). A expressao relativa do
gene foi medida utilizando o método comparativo 2- (AACq). Os iniciadores utilizados
foram: gp91phox, sentido: 5'-AGCTATGAGGTGG TGATGTTAGTGG-3', anti-sentido:
5'-CACAATATTTGTACCAGACAGACTTGAG-3; RANKL, sentido: 5'-
CAGAAGATGGCACTCACTGCA-3', anti-sentido: 5'-CACCATCGCTT TCTCTGCTCT-
3"  OPG, sentido: b5-GGAACCCCAGAGCGAAATACA-3', anti-sentido: 5'-
CCTGAAGAATGCCTCCTCACA-3'. A expressao do mRNA de Gapdh foi utilizada
como gene de referéncia e os resultados foram expressos como expressao de mRNA

(normalizada para Gapdh ).
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4- ARTIGO PARA PUBLICACAO (FOOD AND FUNCTION )

O presente trabalho foi realizado no Laboratério de Dor, Inflamagcdo Neuropatia E
Cancer, da Universidade Estadual de Londrina, seguindo as normas da revista Food

and Function.
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ABSTRACT

Anrthritis is induced by inflammatory, autoimmune, and infectious diseases leading to
bone surfaced struction at major joints. Arthroplasty is an orthopedic procedure
forreplacing a dysfunctional joint with an orthopedic prosthesis restoring joint function.
Titanium dioxide (TiOz) is highlight among the biomaterials used for designing
prostheses. Unfortunately, biomaterials used might trigger an immune response in the
periprosthetic tissue leading arthroplasty failure. Flavonoids belong to a large class of
natural polyphenolic compounds. The polyphenolic structure confers antioxidant and
anti-inflammatory activities. Among them, hesperidin methyl chalcone (HMC)
demonstrated analgesic, anti-inflammatory, and antioxidant effects inhibited TiO>-
induced chronic arthritis. Mice were treated with HMC (10, 30, 100 e 300 mg/kg,
intraperitoneal [i.p.]) , treatment starting 24 h after intra-articular injection of 3 mg/joint
of TiOz to induce chronic arthritis. Herein, we demonstrated that HMC treated inhibited
TiO2-induced articular mechanical hyperalgesia and edema, leukocyte recruitment,
oxidative stress (gp91P"°%, Reduced glutathione (GSH),NBT reduction, TBARS), patella
proteoglycan degradation, and modulates the mRNA expression of RANKL and OPG in
chronic arthritis. These effects were achieved without induced renal (urea and creatinine
plasma levels), hepatic (AST/ ALT) and gastric damage (myeloperoxidase activity).
Thus, HMC treatment is a conceivable pharmacological approach to prosthesis-trigger
and aseptic inflammatory response accompanied to cartilage erosion. These results
demonstrate the therapeutic potential of flavonoid HMC in reducing pain and
inflammatory damage associated with TiO2-induced arthritis model.

Key-words:Inflammation, Hesperedin methyl chalcone, titanium dioxide, prosthesis,

arthritis.
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1- Introduction

Arthritis is induced by inflammatory, autoimmune, and infectious diseases
leading to bone surfaces destruction at major joints. Arthroplasty is a surgical procedure
that performs totally or partial a dysfunctional joint replaces to prosthesis.!lt is expected
that many patients’ suffering from osteoarthritis, inflammatory arthritis (such as
rheumatoid arthritis(AR), post-traumatic arthritis and tumors?might need performing
joint replacement.® Thus, arthroplasty is an important procedure for terminals stages of
arthritis.* Despite arthroplasty importance, about 10-15% of joint replacement failure
and might reach up to 40% according to previous studies.>® Arthroplasty failure can be
caused by infection and aseptic loosening.” Regarding on aseptic loosening, debris
released by prosthesis biomaterials inducing osteolysis causing arthroplasty failure.”8°
The periprosthetic tissue is an interface between the prosthesis and bone containing cells
from the monocyte/ macrophage lineage.!®® Wear debris released from prostheses
activated immune cells in periprosthetic tissue leading to an aseptic inflammatory
response. Wear debris are rapidly phagocytosed by resident cells producing receptor
activator of nuclear factor kappa-B ligand (RANKL),%tumor necrosis factor (TNF)a,
interleukin (IL)-1B, 1L-6' and reactive oxygen species (ROS).*21® Osteoclast activation
and differentiation are induced by this microenvironment activate inducing bone
resorption in periprosthetic tissue.®** This scenario of bone resorption culminates with
prosthesis rejection requiring a surgery revision.®®

Titanium dioxide (TiO>) is a white powder® commonly used in several products
such as additives in pharmaceuticals, dyes, and orthopedic prostheses.!” Despite the
variety of applicability of TiO», such as sunscreen, nanoparticles (NPs) penetrated the
stratum corneum of the skin causing damage.!® In agreement, TiO2-induced reactive
oxygen species (ROS) and cytotoxicin human epiderm cells.® Moreover, TiO; induced
a leukocyte recruitment in mice lungs with MIP-1a, KC, TNFo and IL-B%. In addition,
TiO»2-induced a prolonged and immediate reactive oxygen species (ROS) in microglia in
vitro.?!Regarding on role of TiOzin prostheses, Borghi et al in 201722 showed that intra-
articular injection of TiO2 NPs induced chronic arthritis inducing neutrophil influx,
oxidative stress, cytokine production. This scenario induces cartilage damage and bone
resorption.

Flavonoids possess significant in vivo activity and are being considered

promising candidates for a new category of anti-inflammatory drugs.? In fact, the
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flavonoid hesperidin methyl chalcone (HMC) is used to treat vascular diseases
combined with vitamin C and extract of Ruscusaculeatus.?* In addition, HMC inhibits
MSU-induced experimental gout inhibiting oxidative stress, TNF-a, IL-1B, IL-6
production, and NFkB activation (Ruiz-Miyazawa, submitted). Considering, the
importance of arthroplasty procedure to improving patients’ life quality, HMC could be
a conceivable approach to inhibit prosthesis-related joint inflammation. Thus, we
evaluated the effectand mechanisms of HMC treatment in the pathogenesis of TiO-

induced chronic arthritis.

2- Materials and methods

General experimental procedures

In the first series of experiments, mice (n = 6 per group per experiment) were
submitted to a dose-response experiment of hesperidin methyl chalcone (HMC)
treatment. Mice were stimulated with an intra-articular (i.a.) injection with 3 mg of TiO:
(suspended in 10 pL of sterile saline solution 0.9%NaCl) per knee joint.2? Mechanical
hyperalgesia and edema were evaluated 24 h after i.a. administration of TiO, to assess
the arthritis model induction. Subsequently, after 24h, mice were treated with HMC (10,
30, 100 or 300 mg/kg, intraperitoneal [i.p.]) and mechanical hyperalgesia and edema
were evaluated 1, 3, 5, 7, and 24h hours after HMC treatment in the first day. After that,
mechanical hyperalgesia and edema were evaluated every other day 1h after HMC
treatment until the 30" day. Immediately after the measurements on the 30" day, mice
were anesthetized and euthanized, and washes knee joint cavities samples were
harvested for leukocytes migration evaluation. The 100 mg/kg dose of HMC was
chosen based on the results mechanical hyperalgesia. Blood and stomach samples were
harvested to evaluate plasmatic levels of AST, ALT, urea, creatinine and the stomach
for myeloperoxidase (MPQO) activity. The knee joint was harvested to evaluate oxidative
stress  (gp91P"* mRNA expression [RT-gPCR], superoxide anion [nitroblue
tetrazoliumreduction levels],reduced glutathione [GSH] and lipid peroxidation
[TBARS] and mRNA expression for RANKL and OPG (RT-gPCR). Also on
the30™"day, patella samples were harvested for quantification of proteoglycan levels by

colorimetric assay.
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Animals. Male Swiss mice weighing between 20-25 g from the Londrina State
University, Londrina, Parana, Brazil, were used in this study. Mice were housed
in standard clear plastic cages with water and food ad libitum, light/dark cycle of
12/12h and controlled temperature (21°C). Mice were maintained in the
vivarium of the Department of Pathology of Londrina State University for at
least two days before experiments. Mice were used only once and were
acclimatized to the testing room at least 1 hour before the experiments, which
were conducted during the light cycle. Animal care and handling procedures
were in accordance with the International Association for Study of Pain (IASP)
guidelines and approved by the Londrina State University Ethics Committee on
Animal Research and Welfare (process number 20466.2015.58). All efforts were

made to minimize the number of animals used and their suffering.

Test compounds. The compounds used in this study were saline solution (NaCl
0.9%;  Frenesius  Kabi  Brasil Ltda, Aquiraz, CE, Brazil),
Ethylenediaminetetraacetic acid disodium salt (EDTA; Synth, Diadema, SP,
Brazil) and hesperidin methyl chalcone (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Titanium dioxide was purchased from Synth (Diadema, SP, Brazil)
and particle size was < 1um with an average of 862,2 nm as determined by size
distribution analysis (Malvern Instruments Ltd, UK). Immediately before the
injections, TiO2 was suspended in sterile saline (10 uL) and hesperidin methyl
chalcone was diluted in sterile saline solution. Hesperidin methyl chalcone (10,

30, 100 or 300mg/kg) and saline were administrated by i.p.in a volume of 200
pL.

Evaluation of articular mechanical hyperalgesia. The articular mechanical
hyperalgesia of the femorotibial joint was evaluated as previously described.?
Briefly, in a quiet room, mice were placed individually in acrylic cages (12 x 10
x 17 cm) with a wire grid floor 15-30 minutes before the test for environmental
adaption. Force application was performed only when animals were quiet, did
not display exploratory movements or defecation and were not resting on the
paws. An electronic pressure-meter test consisting of a hand-held force

transducer fitted with a polypropylene tip (electronic von Frey Anesthesiometer;
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Insight, RibeirdoPreto, SP, Brazil) was used to evaluate mechanical articular
nociception. For this model, a large tip (4.15 mm?) was adapted to the probe. An
increasing perpendicular force was applied to the central area of the plantar
surface of the hind paw to induce a flexion movement of the femorotibial joint
followed by paw withdrawal. A tilted mirror below the grid provided a clear
view of the hind paw. The electronic pressure-meter apparatus automatically
recorded the intensity of the force applied when the paw was withdrawn. The
test was repeated until the subsequent consistent measurements (i.e. the variation
among these measurements was less than 1g) were obtained. The flexion-elicited

mechanical threshold was expressed in grams (g).%

Articular edema measurements. Articular edema of the femorotibial joint was
assessed through measurements of the transverse diameters using a caliper
(Digmatic Caliper, Mitutoyo Corporation, Kanagawa, Japan). Thickness values
of the femorotibial joint were expressed as the difference between the diameters
measured before (basal value) and after TiO. intra-articular injection in

millimeters (mm).%

Leukocyte migration evaluation. The total and differential counts of recruited
leukocytes to the intra-articular space were determined as previously
described.?” Briefly, knee joint cavities were washed with saline containing
Ethylenediaminetetraacetic acid (EDTA), which was recovered to evaluate total
and differential cell counts. Total cell counts were performed in Neubauer
chamber using Turk solution, and differential cell counts (100 cells per slide)
were performed in slices stained with the panoptic kit (Laborclin, Pinhais, PR,
Brazil) under a light microscope (Olympus CX31RTSF, Tokyo, Japan). Results
were expressed as total leukocytes, polymorphonuclear, and mononuclear cells

(cells x 10%/ knee joint).

Stomach Toxicity Assay (Myeloperoxidase). Trough of Myeloperoxidase
(MPO) activity was determined the stomach toxicity assay using a colorimetric
assay, considering it is a reliable marker for neutrophil migration to the
tissues.?®?° Samples of the stomach were collected in 50 mM K;HPO, buffer

(pH 6.0) containing 0.5% hexadecyl trimethylammonium bromide (HTAB) and
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kept at -86°C until use. Frozen samples were homogenized using a tissue turrax
(Tissue-Tearor 985370, BioSpec Products, Bartlesville, OK, USA), centrifuged
(2 min, 16,000g, 4°C) and the resulting supernatant assayed using a
spectrophotometer (Multiskan GO Microplate Spectrophotometer, Thermo
Scientific, Vantaa, Finland) for MPO activity determination at 450 nm. The
MPO activity of samples was compared to a standard curve of neutrophils.
Briefly, 15 pL of sample was mixed with 200 uL of 50 mM phosphate buffer
(pH 6.0), containing 0.167 mg/mL O-dianisidinedihydrochloride and 0.0005%
hydrogen peroxide. The results were presented as MPO activity (number of

neutrophils X 10°/ mg of tissue).

Liver and Kidney Toxicity Assays. Blood was harvested into microtubes
containing 50 pL of the anticoagulant EDTA (5,000 IU/mL) and centrifuged
(200 g, 10 min, 4 °C), and the plasma was separated. In other to determine
enzymatic activities of AST and ALT as indicators of hepatotoxicity, and urea
and creatinine levels as indicators of nephrotoxicity, plasma samples were
processed according to the manufacturer’s instructions (Labtest Diagnostico S.
A., Brazil). Results were presented as U/mL (AST and ALT) or mg/dL (urea and

creatinine) of plasma.

Reduced glutathione (GSH) levels measurement: Sample of knee joint was
collected and maintained at -80 °C for at least 48 h, and afterwards was
homogenized with 200 uL of 0.02 M EDTA. The homogenate was mixed with
25 pL of trichloroacetic acid 50% and was homogenized three times over 15
min. The mixture was centrifuged (15 min x 1500 g x 4 °C). The supernatant
was added to 200 uL of 0.2 M TRIS buffer, pH 8.2, and 10 uL of 0.01M DTNB.
After 5 min, the absorbance was measured at 412 nm (Multiskan GO, Thermo
Scientific) against a blank reagent with no supernatant. A standard GSH curve

was formed. The results are expressed as GSH per mg of protein (61).

Nitrobluetetrazolium reduction. The superoxide anion production was
determined by the reduction of the redox dye Nitroblue tetrazolium (NBT).*°

Knee joint frozen tissue from mice were homogenized with 500 pL of saline



30

using an ultra-turrax (Tissue-Tearor 985370, BioSpec Products, Bartlesville,
OK, USA), centrifuged (10 min, 3,300 g, 4 °C) and 50 pL of the homogenate
was placed in 96-well plate, followed by the addition of 100 pL of nitro blue
tetrazolium solution (1 mg/mL) (NBT, Sigma) and maintained at 37°C in a
warm bath for 5 minutes. The supernatant was removed, and the formazan
precipitated was then solubilized by adding 120 pL of 2 M KOH and 120 pL of
dimeltisulfoxide (DMSO). The optical density was measured using a microplate
spectrophotometer reader (Multiskan GO Microplate Spectrophotometer,
Thermoscientific, Vantaa, Finland) at 600 nm. The NBT reduction levels were
corrected per the total protein concentration and the results were presented as
NBT reduction (OD/mg of protein).

10- Lipid peroxidation. Tissue lipid peroxidation was assessed by the levels of
thiobarbituric acid reactive substances (TBARS).3! For this assay, TCA 10%
was added to the homogenate and the mixture was centrifuged (3 min, 1000 g,
4°C) to precipitate proteins. The protein-free supernatant was then separated and
mixed with TBA (0.67%). The mixture was kept in a water bath (15 min,
100°C). Malondialdehyde (MDA), an intermediate product of lipid peroxidation,
was determined by the difference between absorbance at 535 and 572 nm using
a microplate spectrophotometer reader. The TBARS were corrected per the total
protein concentration and results were presented as TBARS (umol of MDA/mg

of protein).3!

11- Proteoglycan assays. Proteoglycan concentrations were determined as
previously described®, the patella was carefully collected from mice and fixed
with formaldehyde (4%) overnight using a shaker. Subsequently, the patella was
transferred into a solution of formic acid (5%) and incubated for 4 h using a
shaker for decalcification. Each patella sample was then placed into 100 ul of
papain digestion buffer consisting of a papain suspension (5 mg/mL) in calcium
and magnesium-free PBS with 5 mM cysteine and 10 mM EDTA, pH 7.4. The
samples were sealed and incubated in a humidified container in a 60°C for 16 h.
After reaching room temperature, samples were centrifuged for 10 min at 1,000
X g to collect the condensation droplets. Next, 50 ul of the supernatants and of

serial chondroitin sulfate solutions (standard curve; 50-1000 mg/mL) was placed
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into 96-well plates. The chondroitin sulfate standard solution was also incubated
with papain digestion buffer. Then, 300 pL of a 1,9-dimethylmethyleneblue
(DMMB; 50 mg/l, Polysciences, Inc.) solution was added to each well, and
proteoglycan contents were determined by spectrophotometer reading at 525 nm
(Multiskan GO Microplate Spectrophotometer, ThermoScientific, Vantaa,
Finland). The chondroitin 6-sulfate sodium salt from shark cartilage, a
glucosaminoglycan (GAG) content was calculated from the standard curve. The
DMMB solution was prepared by dissolving 50 mg of DMMB in 5 ml ethanol
and diluting to a volume of 1000 mL with 0.2% (w/v) the sodium salt of formic
acid (sodium formate buffer, HCOONa), pH 3.5. The results were presented as

proteoglycan in microgram.

12- RT-gPCR. Samples were homogenized in TRIzol reagent, and total RNA was
extracted by using the SV Total RNA Isolation System (Promega). The purity of
total RNA was measured using a spectrophotometer (Multiskan GO Microplate
Spectrophotometer, Thermoscientific, Vantaa, Finland) and the wavelength
absorption ratio (260/280) was between 1.8 and 2.0 for all preparations. Reverse
transcription of total RNA to cDNA and gPCR were carried out using GoTaq®
2-Step RT-gPCR System (Promega) and specific primers (gp91°"%, RANKL,
and OPG). gPCR reaction was performed in StepOnePlus™ Real-Time PCR
System (Applied Biosystems®). The relative gene expression was measured

using the comparative 2449 method. The primers used were: gp91phox, sense:

5-AGCTATGAGGTGGTGATGTTAGTGG-3’, antisense: 5-
CACAATATTTGTACCAGACAGACTTGAG-3"; RANKL, sense: 5'-
CAGAAGATGGCACTCACTGCA-3, antisense: 5-
CACCATCGCTTTCTCTGCTCT-3'; OPG, sense: 5-
GGAACCCCAGAGCGAAATACA-3, antisense: 5-
CCTGAAGAATGCCTCCTCACA-3". GAPDH sense: 5-
CATACCAGGAAATGAGCTTG-3', antisense: 5-

ATGACATCAAGAAGGTGGTG, the expression of GAPDH mRNA was used
as a reference gene, and the results were expressed as mMRNA expression
(normalized to GAPDH).
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13- Statistical analysis. Results are presented as means + SEM of measurements
made on six mice in each group per experiment and are representative of two
separate experiments. Two-way repeated measures analysis of variance
(ANOVA) followed by Tukey’s post hoc was used to compare all groups and
doses at all times when responses were measured at different times after the
stimulus injection. Differences between responses were evaluated by one-way
ANOVA followed by Tukey’s post hoc for data of single time point. Statistical

differences were considered significant when P < 0.05.

3- Results

Hesperidin  methyl chalcone (HMC) inhibits TiO2-induced mechanical
hyperalgesia and edema. Mice were treated with HMC (10, 30, 100 or 300 mg/kg,
intraperitoneally[i.p]), starting 24 h after the intra-articular (i.a.) injection of 3 mg/joint
of TiO2. HMC was administrated daily for 30 days, 1 h before the measurements of
articular mechanical hyperalgesia and edema. The saline group did not present articular
mechanical hyperalgesia (Figure 1A) and edema (Figure 1B). The i.a. injection of TiO>
induced articular mechanical hyperalgesia (Figure 1A) and edema (Figure 1B) from 1-
24 h on the first day and subsequently from the 2" to 30" day. The doses of 30 and 100
mg/kg of HMC inhibited TiO2-induced articular mechanical hyperalgesia 1 and 3 h in
the first day and subsequently until the30™ day. In addition, the dose of 100 mg/kg of
HMC was statistically different from the other doses. According to the results of
mechanical hyperalgesia, the dose of 100 mg/kg of HMC was chosen to perform the
next experiments. The dose of 100mg/kg of HMC inhibited TiO-induced articular
edema after 3 days of the treatment until to 30" day.
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Figure 1. Hesperidin-methyl-chalcone (HMC) inhibits mechanical hyperalgesia and edema in
the titanium dioxide (TiO-) induced arthritis model. Mice were treated 30 days daily with HMC
(10, 30, 100 and 300 mg/kg, intraperitoneal [i.p.]) starting 24 h after intra-articular (i.a.)
injection of TiO> (3 mg/joint). Mechanical hyperalgesia (Panel A) and edema (Panel B) were
evaluated 1, 3, 5 and 7 h after HMC treatment, and every other day until the end of the 30" day.
The results were presented as a mean * standard error of the mean (SEM) of 6 mice per
experimental group, were performed 2 times separately. * p <0.05 compared to the saline group,
# p <0.05 compared to the TiO2 group, **p<0.05 compared to the TiO, groups and doses of 10
and 300mg/Kg HMC, ## p<0.05 compared TiO2 groups and all other doses of HMC. (Two-way
ANOVA followed by Tukey's post-test).

HMC inhibits TiOz-induced recruitment of leukocytes. Mice were treated with HMC
(100 mg/kg, i.p.) starting 24 h after i.a. injection of 3 mg/joint of TiO2. Mice were
treated daily during 30 days. 30 days after TiO injection, the knee joint wash was
harvested for counts of total leukocytes (Figure 2A), polymorphonuclear (Figure 2B),
and mononuclear (Figure 2C). HMC at the dose of 100 mg/kg inhibited TiO-induced
recruitment of total leukocytes, polymorphonuclear (Figure 2B) and mononuclear

(Figure 2C) recruitment to the knee joint.
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Figure 2. HMC inhibitsthe recruitment of total, polymorphonuclear, and mononuclear
leukocytes in the TiO2-induced arthritis model. The animals were treated 30 days daily with
HMC (100 mg/kg, i.p) after 24 h after the injection of TiO, (3 mg/joint). Recruitment of Total
leukocytes (Panel A), polymorphonuclear (Panel B) and mononuclear (Panel C) was evaluated
in the joint wash 30 days after the injection of TiO,. The results were presented as mean + SEM
of 6 mice per experimental group, were performed 2 times separately. * p <0.05 compared to the
saline group, # p <0.05 compared to the TiO2 group (One-way ANOVA followed by Tukey

post-test).
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HMC does not induce kidney, liver or stomach damage. Mice were treated daily
during 30 days with the dose of 100 mg/Kg of HMC by i.p. route starting 24 h after the
I.a. injection of 3 mg/joint of TiO2. Stomach and plasma samples were harvested to
determine myeloperoxidase (MPO) activity in stomach samples and the plasma
concentration of aspartate aminotransferase (AST), alanine aminotransferase (ALT),
urea and creatinine (Figure 3) as previously described (HOHMMAM et al., 2013,
HICKEY et al. 2001). Indomethacin-treated mice (2.5 mg/kg, i.p., diluted in tris/HCI
buffer, for 7 days) were used as positive control for stomach injury. Acetaminophen-
treated mice were used as positive control for liver injury (650 mg/kg, orally, diluted in
sterile saline, 200 mg/mL, once). Diclofenac-treated mice (200 mg/kg, orally, diluted in
sterile saline, once) were used as positive control for kidney injury. The treatment with
the dose of 100 mg/kg of HMC did not alter gastric MPO activity (Figure 3A), plasma
concentration of AST (Figure 3B) and ALT (Figure 3C), urea (Figure 3D), and
creatinine (Figure 3E).
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Figure 3. The daily treatment with HMC does not induce liver, renal and gastric damage. The
animals were treated 30 days daily with HMC (100 mg/kg, i.p.) during 30 days, or indomethacin
(2.5 mg/kg, i.p., diluted in tris/HCI buffer) during 7 days; or acetaminophen (650 mg/kg, ip,
diluted in saline, 200 mg/mL); or diclofenac (200 mg/kg, p.o., diluted in saline) were
administrated only once. (A) MPO activity in the stomach; (B) AST and (C) ALT plasmatic
levels; (D) urea and (E) creatinine plasmatic levels were determined. The results were presented
as mean + SEM of 6 mice per experimental group, were performed 2 times separately. * p <0.05
compared to the saline group. (One-way ANOVA followed by Tukey's post-test).

HMC inhibits TiO2-induced oxidative stress. Mice were treated daily during 30 days
with the dose of 100 mg/kg of HMC by i.p route starting 24 h after the i.a. injection of 3
mg/joint of TiO>. Joint was harvested 30 days after stimulus for determination of GSH
(4A), gp91P"™ (Figure 4B), superoxide anion production (NBT reduction) (Figure
4C),and lipid peroxidation (TBARS) (Figure 4D). TiOz increased expression of gp91°"™
(Figure 4B), a NOX2 subunit involved in superoxide anion production.®® The treatment
with HMC inhibited TiOz-increased gp91P"™ expression (Figure 4B). In agreement,
HMC treatment inhibited TiO2-induced GSH production (Figure 4A), superoxide anion
production (Figure 4C) and lipid peroxidation (Figure 4D).
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Figure 4. HMC inhibits oxidative stress in the TiO2-induced arthritis model. The animals were
treated 30 days daily with HMC (100 mg/kg, i.p.) starting24 h after i.a. injection of TiO; (3
mg/joint). On the 30"day, the joint was harvested for presence of GSH’s level (Panel A),
expression of mMRNA for gp91°"* (Panel B), production of superoxide anion (NBT reduction)
(Panel C) and lipid peroxidation (TBARS) (Panel D). The results were presented as a mean *
SEM of 6 mice per experimental group, were performed 2 times separately. * p <0.05
compared to the saline group, # p <0.05 compared to the TiO, group (One-way ANOVA
followed by Tukey's post-test).

HMC inhibits TiO2-induced cartilage erosion in the knee joint.To determine the
intensity of TiO.- induced proteoglycan degradation in the knee joint, mice were treated
with 100mg/kg of HMC i.p. route starting 24 h after i.a. injection of 3 mg/joint of TiOo.
Mice were treated daily for 30 days.On the 30"day, patella was harvested to quantify
proteoglycan levels. TiO» decreased proteoglycan levels in patella after stimulus
injection. The treatment with 100 mg/kg of HMC inhibited TiO.-decreased
proteoglycan levels (Figure 5).
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Figure 5. HMC inhibits the degradation of proteoglycans in the TiO2-induced
arthritis model. The animals were treated daily with HMC (100 mg/kg, i.p) for 30
days starting 24 h after i.a. injection of TiO2 (3 mg/joint). On the 30th day, the
patella was harvested for evaluation of proteoglycan levels. The results were
presented as mean = SEM of 6 mice per experimental group, were performed 2
times separately. * p <0.05 compared to saline group, #p <0.05 compared to TiO2
(One-way ANOVA followed by Tukey's post-test).

HMC modulates RANKL/OPG system in Tioz-induced chronic arthritis. Mice were
treated daily during 30 days with the dose of 100 mg/kg of HMC by i.p. route starting
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24 h after the i.a. injection of 3 mg/joint of TiO,. Joint samples were harvested 30 days
after stimulus for determination of RANKL and OPG mRNA expression by RT-gPCR
(Figure 6). Stimulus with TiO. increased RANKL expression (Figure 6A) and HMC
treatment inhibitedTiO,-increasedRANKL expression (Figure 6A). TiO2did not altered
OPG expression. On the other hand, HMC induced OPG expression (Figure 5B) in

TiO2-induced chronic arthritis.
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Figure 6. HMC modulates the RANKL/OPG system in chronic TiOz-induced arthritis. The
animals were treated 30 days daily HMC (100 mg/kg, i.p) starting24 h afteri.a. injection with
TiO. (3mg/joint). The joint was harvestedon the 30" day to determine the mRNA expression
ofRANKL (Panel A) and OPG (Panel B). The results were presented as a mean + SEM of 6
mice per experimental group, were performed 2 times separately. * p <0.05 compared to the
saline group, # p <0.05 compared to the TiO, group. (One-way ANOVA followedbyTukey's
post-test).

4- Discussion

Arthroplasty is a surgical procedure to replace totally or partially a dysfunctional
joint. This procedure is important to give back patients’ life quality, soften the pain and
reestablishing joint function. Titanium dioxide (TiO2) is highlighted among the
biomaterials used for designing prostheses. Despite arthroplasty importance, this

procedure might failure in 15% of the cases reaching up to 40% according to previous
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studies.>® In that case, prostheses-induced an aseptic inflammation inducing bone
resorption through the immune system senses TiO. wear-released inducing arthroplasty
failure.® Herein, we demonstrated that hesperidin methyl chalcone (HMC) inhibited
TiO2-induced chronic arthritis in mice by inhibiting articular mechanical hyperalgesia
and edema, leukocyte recruitment (polymorphonuclear and mononuclear), oxidative
stress (gp91P">mRNA expression, reduced glutathione (GSH), NBT reduction, and
lipid peroxidation [TBARS]), restoring proteoglycan depletion of the patella, and
modulating the system RANKL/OPG. The treatment with HMC did not induce renal,
hepatic and gastric damage in 30 days of treatment.

An aseptic loosening causes arthroplasty failure reducing patients’ life quality
given back pain and edema. TiOznanoparticles (NPs) induces inflammation with
leukocytes recruitment. In fact, TiO> NPs pulmonary instillation-increased the
recruitment of leukocytes to mice lungs.?° Increased leukocyte recruitment, in especial
neutrophils, is related to chronic arthritis severity, increasing pain and edema, and tissue
local damage.®* Rheumatoid arthritis, for example, is characterized as a debilitating
autoimmune disease, containing chronic inflammation of the joints, which present
increased synovial fluid volume, large cell infiltrates of various cell types (such as
neutrophils, macrophages and dendritic cells) in the synovial, high levels of pro-
inflammatory cytokines and eventual erosion and remodeling of cartilage and bone.
TiOz-induced chronic increasing articular mechanical hyperalgesia, edema, and
leukocytes recruitment.?? Of note, about 80% of TiO.-induced leukocyte recruitment are
neutrophils. Herein, HMC treatment inhibited TiO2-induced articular mechanical
hyperalgesia, edema, and leukocyte recruitment (polymorphonuclear and mononuclear).
In agreement, HMC inhibited zymosan- and MSU-induced articular mechanical
hyperalgesia, edema and leukocyte recruitment (Oliveira-Rasquel, et al, under
preparation; Ruiz-Miyazawa et al., in progress). Interestingly, mice with neutrophils
depletion by monoclonal antibody were resistant to arthritogenic serum K/BxN-induced
arthritis. *® Neutrophil survivor (i.e. inhibition of neutrophil apoptosis) is increased in
arthritis through Foxo3asuppression of Fasl gene expression.3” Neutrophil recruitment is
related to increased mechanical hyperalgesia®® and edema® by increasing IL-1p and

PGE,%, which result in neuronal sensitization.*

In chronic arthritis, oxidative stress is increased playing an important role.**2

The presence of neutrophils has been linked with tissue destruction in rheumatoid
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arthritis through the release of various pro-inflammatory mediators such as oxygen
reactive species (ROS).*® TiOz-increased oxidative stress in chronic arthritis increasing
superoxide anion production, lipid peroxidation and decreasing endogenous antioxidant
GSH??, activated-neutrophils produced ROS and hypochlorous acid in joint3* that are
correlated with synovial inflammation and tissue joint damage.** Indeed,
myeloperoxidase is increased in the arthritic synovial fluid of patients with carbonylated
proteins increased.*® Activated neutrophils exposed to TiO2 NPs produced increased
140% NADPH oxidase production of superoxide production. ¢ Thus, TiOz-induced

oxidative stress in chronic arthritis through increasing neutrophils recruitment.?>4’

Polyphenolic structure of flavonoids confers antioxidant effect by scavenging
ROS through electrons donation.?® Herein, HMC daily treatment inhibited TiO,-
increased gp91P"™* (NADPH oxidase subunit), superoxide producing, reduced
glutathione (GSH) and lipid peroxidation in chronic arthritis. In agreement, HMC
inhibited oxidative stress in UVB-induced oxidative stress inhibiting superoxide anion
production.”® In addition, the analgesic effect of HMC seems to be related to its
antioxidant effect since ROS-induced pain.?®4%% In fact, HMC inhibited mechanical
hyperalgesia inhibiting oxidative stress in zymosan- and MSU-induced arthritis
(OLIVEIRA et al., 2017 under preparation; Ruiz-Miyazawa et al., 2017 in
progress).Cartilage and bone resorption are features in chronic arthritis contributing to
joint dysfunctional and pain.>! Joint cartilage is composed of cells embedded in a
fibrous matrix of collagen with concentrated water proteoglycan gel,%? and its integrity
is essential to biomechanical properties of joint.>® Cartilage explants of patients with
chronic arthritis showed degenerating regions with lower antioxidant capacity and
stronger staining of nitrotyrosine compared to intact regions from the same explant >4,
Oxidative stress induced cartilage damage® inhibiting matrix formation and inducing
extracellular matrix degradation.®® In fact, cartilage degradation and oxidative stress are
increased in antigen induced-arthritis in Nrf-2 KO mice.>® Thus, high levels of ROS
inhibited chondrocyte-produced proteoglycan.>” Of note, TiO2-decreased proteoglycan
levels with cartilage damage in chronic arthritis.??> Polyphenolic compounds such as
quercetin (flavonoid) and curcumin (curcuminoid) inhibited TiO2-depleted proteoglycan
in chronic arthritis inhibiting cartilage damage.?>** For instance, HMC inhibited TiO.-

depleted proteoglycan in chronic arthritis.



41

Regarding on bone resorption, inflammatory milieu activated osteoclast®!°
inducing osteoclastogenesis in a dependent® and independent-manner** of RANKL. In
fact, RANKL/RANK signaling induced osteoclast progenitor differentiated to a
multinucleated activated osteoclast. *® In agreement, RANK KO mice showed less bone
resorption and osteoclast activation.? In addition, the ratio between RANKL and OPG
is an important determinant of bone mass.>® In fact, OPG is a negative regulator of bone
resorption binding to RANKL inhibiting the signaling pathway RANKL/RANK.>®
TiO2-induced osteoclast activation with increased levels of RANKL mRNA expression;
whereas HMC inhibited TiO2-increased RANKL mRNA expression. In accordance, the
conjugate of hesperetin-7-O-glucuronide (a maincirculating metabolite of hesperidin)
decreased RANKL mRNA expression in osteoblasts from rats calvaria.®® Also, HMC
treatment increased OPG mRNA expression. Thus, HMC treatment might improve bone

mass in TiO2-induced chronic arthritis.

5- Conclusion

In conclusion, hesperidin methyl chalcone (HMC) presented analgesic, anti-
inflammatory and antioxidant effect in TiO2-induced chronic arthritis. HMC treatment
inhibited articular mechanical hyperalgesia and edema, leukocyte recruitment, oxidative
stress, proteoglycan depletion, and modulated RANKL/OPG system in TiO-induced
chronic arthritis. In addition, HMC prolonged treatment did not induce renal, hepatic or
gastric damage. Therefore, suggeting that HMC treatment might be a conceivable

therapeutic approach in prostheses wear released-induced chronic arthritis.
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5- CONCLUSAO

Em conclusdo, a hesperidina metil chalcona (HMC) apresentou efeito
analgésico, anti-inflamatério e antioxidante em artrite crénica induzida por TiO2. O
tratamento HMC inibiu hiperalgesia e edema articular, recrutamento de leucdcitos,
estresse oxidativo, deplecdo de proteoglicanos e sistema RANKL/ OPG modulado em
artrite crénica induzida por TiO2. Além disso, o tratamento prolongado com HMC nao
induziu danos renais ou gastricos Portanto, o tratamento com HMC pode ser uma
abordagem terapéutica concebivel em portadores de préteses para artrite crbnica

induzida por liberacéo.
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