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RESUMO
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O clareamento dental € um procedimento estético que usualmente é realizado através de produtos
contendo o peroxido de carbamida, que possui potencial efeito deletério mediado pela formagéo do
peréxido de hidrogénio. O améalgama dental ainda tem sido amplamente utilizado para restauracdes em
dentes posteriores, apesar das controvérsias devido ao seu conteddo de mercurio. O peréxido de
hidrogénio gerado através dos agentes clareadores tem sido considerado por aumentar a liberacéo de
ions metalicos quando em contato com as restauragdes de amalgama, porém existem poucos estudos a
respeito dos efeitos toxicos sinergisticos destes produtos. O objetivo do presente estudo foi investigar os
possiveis efeitos do perdxido de carbamida in vivo apds a administragcao oral, e in vitro, assim como dos
metais presentes no amalgama dental. Os parametros estudados para a caracterizacdo da toxicidade
foram a atividade da &-aminolevulinato desidratase (5 - ALA-D) hepatica, os niveis de substancias
reativas com o acido 2-tiobarbiturico (TBARS) no figado, cérebro, rim e na polpa dental de ratos, além do
efeito tdpico sobre a mucosa do palato, a qual foi investigada por estudo histoldgico. In vivo, a exposigdo
ao peroxido de carbamida ndo modificou os niveis de TBARS no figado ou na polpa dental, e também
ndo alterou a atividade da & - ALA-D hepatica. Entretanto, apenas o perdxido de carbamida a 35%
provocou um aumento na espessura do epitélio, o qual foi associado com um aumento no numero de
camadas celulares epiteliais, € um aumento na dimensao da camada celular epitelial basal. O peréxido
de carbamida produziu um aumento significativo na produgdo de TBARS in vitro quando testado em
concentragbes extremamente altas no figado, no cérebro e polpa dental. CuSO, e SnCl, produziram um
decréscimo significativo nos niveis de TBARS no figado quando testados em concentragées de 100 and
200 pM. Por outro lado no cérebro, 100 yM CuSO, causou um aumento na producdo de TBARS. Na
polpa dental, 100 and 200 yuM HgCl, causaram um aumento na produgéo dos niveis TBARS. Quando os
metais constituintes do amalgama e o perdxido de carbamida dissolvido em carbopol foram incubados
concomitantemente, carbopol e 200 yM SnCl, diminuiram significativamente a produgdo de TBARS no
cérebro. Carbopol, o veiculo em gel, causou um decréscimo na producdo de TBARS em todos os tecidos.
Concluindo, o peréxido de carbamida, o CuSO, e o HgCl, demonstraram capacidade pré-oxidativa sobre
os tecidos. Portanto, é necessaria uma atengéo especial quando o clareamento é realizado em dentes
com restauragcdes de amalgama, pois o tecido pulpar pode ser subjugado pela atividade toxica
concomitante destas substancias.

Palavras-chave: peréxido de carbamida, peréxido de hidrogénio, clareamento dental, 3-ALA-D, TBARS.



ABSTRACT

Tooth bleaching is an aesthetic procedure that is usually carried out with products containing carbamide
peroxide, which has a potential deleterious effect mediated by hydrogen peroxide formation. Dental
amalgam has still been widely used for posterior teeth restorations, despite its mercury content. There is
concern that hydrogen peroxide generated from bleaching agents can cause enhanced metal ion release
from dental amalgam restorations when in contact, but there are few studies about the synergistic
systemic toxic effects of these products. The aim of the present study was to investigate the possible toxic
effects of carbamide peroxide in vivo after oral administration, and in vitro, as dental amalgam metals
toxicity. The parameters studied for characterization of toxicity were hepatic &-aminolevulinate
dehydratase (8 - ALA-D) activity, 2-thiobarbituric acid—reactive substance (TBARS) levels in liver, brain,
kidney and dental pulp of rats, and in addition the topic effect over palatal mucosa, which was investigated
by histological study. In vivo, exposure to carbamide peroxide did not change TBARS levels in liver and
dental pulps, or liver 8 - ALA-D activity. However, only the 35% carbamide peroxide treatment provoked
an increase in the epithelium thickness, which was associated with an elevation in the number of
epithelium cell layers, and an elevation in epithelium basal cell layer dimension. Carbamide peroxide
produced a significant increase in TBARS production in vitro when tested at extremely high concentrations
in liver, brain and dental pulp. CuSO, and SnCl, produced a significant decrease in liver TBARS levels
when tested at concentrations of 100 and 200 uM. Otherwise in brain, 100 uM CuSO, caused an increase
in TBARS production. In dental pulp, 100 and 200 yM HgCl, caused an increase in TBARS levels
production. When amalgam metals constituents and carbamide peroxide dissolved in carbopol were
incubated together, carbopol and 200 pM SnCl, significantly decreased brain TBARS production.
Carbopol, the gel vehicle, caused a decreased TBARS production in all tissues. In conclusion, carbamide
peroxide, CuSO, and HgCl, were found to have some pro-oxidant activity over tissues. Therefore, care is
needed when bleaching treatment is performed in amalgam restored teeth, because pulp tissue may be
overwhelmed by the concomitant toxic activity of these substances.

Key-words: carbamide peroxide, hydrogen peroxide, dental bleaching, 5-ALA-D, TBARS.
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INTRODUCAO

Na estética, contexto mais atual da Odontologia, verifica-se a grande demanda
de pacientes interessados em clarear e remover pigmentagdes dentarias, objetivando a
obtencdo de um sorriso com dentes saudaveis e brancos. Este anseio faz com que
pacientes e cirurgides-dentistas utilizem técnicas e produtos que clareiem os dentes,
especialmente os dentes vitais (HAYWOOD & HEYMANN, 1989). A preocupagao com
a técnica de clareamento dental ministrada pelo paciente relaciona-se ao fato de a
substancia branqueadora ficar em constante contato com os tecidos duros e moles da
boca, possibilitando também a ingestao acidental do produto (CHRISTENSEN, 1989).

Além do risco imposto pelos clareadores dentais, por tratarem-se de substancias
que induzem um processo de oxidacdo nos tecidos orais, ainda devem ser
consideradas as restauragdes de amalgama dental que também podem ser submetidas
a acao destes agentes (ROTSTEIN et al., 2000). Este material vem sendo utilizado ha
mais de 150 anos na odontologia restauradora, apesar das controvérsias existentes
quanto a sua seguranga devido a presenga do mercurio em sua COMPOSIGAo
(CLARKSON et al., 2003).

Poucas pesquisas existem para assegurar a utilizagdo, dosagens e indicagao
precisa destes componentes, baseadas na mensuracdo dos efeitos dos clareadores
dentais a curto e longo prazos, assim como no potencial sinergistico destes agentes
com os demais componentes presentes na cavidade oral.

Estes questionamentos, portanto, motivam o presente estudo, visando pesquisar

os efeitos, riscos e indicacdes existentes para a técnica de clareamento de dentes.
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1 REVISAO BIBLIOGRAFICA

1.1 - CLAREAMENTO DENTAL

Na historia da humanidade, os dentes sdo e continuardo sendo sinal de saude e
beleza. E inquestionavel o fato de que a estética dental é uma das areas que mais vem
sendo difundida, apesar de os profissionais da area odontolégica ha muito tempo
estarem cientes da sua importancia (POZZOBON, 1998). Em consequéncia, a area dos
materiais odontolégicos foi submetida a um grande avango tecnoldgico, com o
surgimento e a consagragao de novas técnicas conservadoras, visando promover um
sorriso harmdnico, como é o caso das técnicas de clareamento dental. Estas técnicas
tém o objetivo de devolver o aspecto natural tanto a dentes vitais quanto a dentes nao-
vitais que por algum motivo tiveram sua cor alterada, o que constitui um aspecto
negativo sobre a estética do sorriso (BARATIERI et al., 1993).

O clareamento dental tem sido relatado na literatura ha mais de um século, e ha
a possibilidade de se optar por varias técnicas de tratamento, de acordo com o
diagnodstico previamente estabelecido. As técnicas denominadas convencionais ou “in
office” sdo aquelas realizadas somente no consultério e geralmente utilizam como
agente clareador o peroxido de hidrogénio em concentracbes de 30 a 35%. Estas
substancias possuem as mais variadas apresentagdes comerciais, quer sob a forma
liquida, quer sob a forma de po6 e liquido que, ao serem misturados formam um gel com
dupla presa. A ativacdo pode ser realizada por reagao quimica ou por fotoativagao,
através do uso de uma lampada fotopolimerizadora comum, o que confere a técnica
praticidade e facilidade de execu¢ao (HAYWOOD, 1992).

Para o clareamento realizado pelo proprio paciente, sob a supervisao direta do
cirurgido-dentista, denominada “técnica caseira supervisionada” ou “técnica da
moldeira”, o agente clareador utilizado € o peréxido de carbamida em concentragdes
que variam de 10 a 22%, sendo que o mais utilizado e de facil acesso € o peroxido de
carbamida na concentragéo de 10% (HAYWOOD & HEYMANN, 1989).
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O mecanismo basico de agdao dos agentes clareadores € 0 mesmo, ou seja,
ocorre através de uma reacado de oxidagao que atua diretamente sobre os pigmentos
das estruturas dentais, fracionando-os e, como consequéncia, levando a obtencédo do
clareamento (GOLDSTEIN, 1989).

No contexto histérico, a literatura cita que em 1988, apds a verificagao de que
alteragbes de cor principalmente na regidao antero-superior constituiam um problema
estético, foi descrita a sequéncia clinica de uma técnica de clareamento para dentes
vitais. Nesta técnica, o agente clareador utilizado era o peréxido de hidrogénio 35%
associado ao uso complementar de uma “l@Gmpada clareadora”. Além do resultado
estético satisfatorio obtido, com esta técnica um grande numero de dentes poderia ser
clareado simultaneamente (SWIFT, 1988).

Em 1989 o perdxido de hidrogénio a 35% ¢é considerado o agente clareador de
referéncia, e por sua capacidade de penetragao tanto em esmalte quanto em dentina,
passa a ser utilizado na técnica convencional com ativagao por luz e calor (GOLDSTEIN
et al., 1989). Nesta técnica convencional, realizada exclusivamente em consultério, o
agente clareador é mais concentrado, sendo portanto utilizado geralmente em solugdes
ou preferencialmente na forma de gel. A apresentagao em gel passou a ser utilizada por
tornar mais facil o controle de aplicacdo, limitando-o somente as areas dentais
desejadas (BARATIERI et al., 1993).

Em 1989 também foi publicada uma nova opg¢ao de técnica para clareamento de
dentes vitais que foi denominada de “Nightguard Vital Bleaching”. Nesta técnica a
inovacao esta no uso de uma placa protetora de silicone macia e flexivel, dentro da qual
um agente clareador a base de peroxido de carbamida 10% é utilizado durante o
periodo de sono noturno (HAYWOOD & HEYMANN, 1989). O peréxido de carbamida
10%, entretanto, apresenta algumas caracteristicas préprias tais como o fato de ser
muito instavel em contato com tecidos ou saliva e se dissociar em perdxido de
hidrogénio (H2O2) (de 3 a 5%) e uréia (de 7 a 10%). Na sequéncia, o peroxido de
hidrogénio é degradado em oxigénio e agua, enquanto a uréia degrada-se em amoénia e
dioxido de carbono. Foi acrescentado a formulacdo dos perdxidos de carbamida um
polimero denominado carbopol, o que torna o agente clareador mais espesso, melhora
sua aderéncia aos tecidos (HAYWOOD & HEYMANN, 1991), além de prolongar a
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liberacdo de oxigénio em trés a quatro vezes, atingindo periodos de uma a trés horas
de acao dependendo da concentragao e das condigdes ambientais (SOUZA, 1993). No
decorrer deste periodo de tratamento noturno, alguma quantidade de gel podera ser
liberada da moldeira, podendo ser ingerida, absorvida ou expectorada, o que pode
gerar uma situagcdo de risco para o paciente, dependendo da quantidade ou
concentracao administrada (CHRISTENSEN, 1989).

O estudo dos efeitos do peroxido de hidrogénio sobre os tecidos orais ja vem
sendo desenvolvido ha bastante tempo, devido ao seu amplo emprego desde os
primérdios da odontologia (DESESSO et al., 2000). Em 1961, uma investigagao sobre a
acao do peroxido de hidrogénio sobre os tecidos da mucosa oral revelou um aumento
nos indices mitéticos apos a exposicao destes tecidos durante 30 dias a uma solugao a
30%. Além disso, o peroxido de hidrogénio também prolongou o periodo mitético,
especialmente a préfase (GARGIULO et al., 1961).

No estudo onde foi empregado o tratamento com uso tépico da solugdo de
peréxido de hidrogénio 1% em gengiva de caes, foi constatada a ocorréncia de
alteragdes histolégicas danosas, que variaram de presenga de vacuolos nas células do
tecido epitelial e marcado edema no tecido conjuntivo, até completa destruicdo da
camada coérnea do tecido epitelial, além da presengca de neutrdfilos, linfocitos e
plasmacitos no tecido conjuntivo (MARTIN et al., 1968).

O estudo onde foi utilizado um tratamento com peréxido de hidrogénio 30% por
duas vezes na semana, durante 22 semanas, demonstrou efeito sobre o epitélio de
revestimento da cavidade bucal de hamsters. A substancia provocou hiperceratose e
hiperplasia do tecido epitelial em 19 semanas. Nao foi observado o desenvolvimento de
carcinomas, entretanto, em 4 animais foi observada a presenga de displasia epitelial.
Com esses resultados, os autores concluiram que o perdxido de hidrogénio é uma
substancia capaz de induzir alteracbes patoldgicas, freqlientemente associadas com
lesbes cancerigenas (WEITZMAN et al., 1986).

Em investigacdo sobre a agdo dos agentes clareadores, foi verificado que
produtos contendo peréxido de hidrogénio 25-35% ou perdxido de carbamida 10%
provocam lesdes nos tecidos gengivais e mucosa bucal, que se traduzem em

inflamacgdes crdnicas ou lesdes erosivas, muito freqientemente localizadas nas papilas
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interdentarias. Estas, ao serem analisadas microscopicamente mostraram areas de
necrose por coagulacdo, formagdo de abscessos, separagao dos tecido epitelial e
conjuntivo, alem de perda das fibrilas colagenas. Verificou-se também que a aplicagéo
de peroxido de hidrogénio a 30% sobre o epitélio gengival humano causa hiperplasia no
tecido epitelial e aumento da atividade mitética (LARSON, 1990).

A analise morfolégica das mucosas tratadas em um trabalho experimental
multiplo com peroxido de carbamida 10% evidenciou um aumento da espessura do
epitélio e da camada de ceratina, além do aparecimento de células epiteliais da camada
espinhosa com inclusdes claras em seu citoplasma. Por outro lado, o tecido conjuntivo
nao mostrou evidéncia de reacao do tipo inflamatdria (SOUZA, 1993).

Estudos utilizando peroxido de carbamida 10% em cultura de fibroblastos
gengivais humanos concluiram que in vitro esse agente é toxico, pois inibiu
severamente as fungdes celulares. Entretanto, revelam que in vivo existem enzimas que
quebram o peroxido de hidrogénio liberado por esses produtos, protegendo, assim, os
tecidos da cavidade bucal e seus componentes celulares (TIPTON et al., 1995). Estes
mesmos pesquisadores também investigaram o papel da saliva e seus componentes
(lactoperoxidase e mucina salivar) na modulagao da toxicidade de agentes clareadores,
em fibroblastos gengivais humanos, in vitro. Como resultados, deduziram que a
toxicidade dos agentes clareadores é decorrente da presenga de peroxido de
hidrogénio em sua composi¢cdo, e que as enzimas presentes na saliva e/ou tecidos
bucais desempenham um papel fundamental na protecao da mucosa.

Em um estudo onde foi pesquisado o efeito do perdxido de carbamida 10% sobre
a proliferagdo celular da mucosa lingual de ratos Wistar, através da expresséao
imunohistoquimica do antigeno nuclear de proliferacéo celular (PCNA), foi observado
que o uso tépico do mesmo também induz ao aumento do indice de proliferacdo da
mucosa bucal (ALBUQUERQUE et al., 1998).

Os efeitos dos agentes clareadores sobre as estruturas dentarias ndo sdo muito
claros, e muitas controvérsias existem. Alguns investigadores nao indicam grandes
alteracbes nas superficies dentarias quando estas estruturas sao clareadas com
peréxido de carbamida (COBANKARA et al., 2004). Entretanto, varios estudos tém

demonstrado alteragdes estruturais na superficie do esmalte (KAO et al.,, 1991;
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ZALKIND et al., 1996; AKAL et al., 2001; RODRIGUES et al., 2005), dentina (ZALKIND
et al., 1996; RODRIGUES et al., 2005) e restauragdes (BAILEY & SWIFT JR., 1992;
HUMMERT et al., 1993; ROBERTELLO et al., 1999; ROTSTEIN et al., 2000; ATTIN et
al., 2004; YALCIN & GURGAN, 2005), quando submetidas aos clareadores dentais. O
clareamento dental também provocou diminuicdo da dureza superficial do esmalte
(AKAL et al.,, 2001; RODRIGUES et al.,, 2005), e diminuicdo da resisténcia de
adesividade entre esmalte e resinas compostas (DISHMAN et al., 1994; ATTIN, et al.,
2004).

A acado dos agentes clareadores sobre restauragbes de amalgama foi relatada
em uma revisao sobre o efeito destes sobre os diversos materiais restauradores. Alguns
estudos laboratoriais registraram aumento na liberagdo de vapores de mercurio quando
restauragcées de amalgama foram expostas a agao do peroxido de carbamida 10% por
8 horas, durante 14 a 28 dias. Entretanto, essa liberagcdo de vapores variou de acordo
com o tipo de amalgama e tipo de agente clareador utilizado (SWIFT & PERDIGAO,
1998). A participagado do peroxido de carbamida no aumento da liberagdo do mercurio
de restauragdes de amalgama in vitro também foi documentada por ROTSTEIN et al.,
2000. Este aumento foi observado tanto superficialmente como no liquido circundante
no qual foi armazenado, e a presenca de um biofilme nao impediu a liberacdo de
grandes quantidades de mercurio destas restauragcbes (HUMMERT et al.,, 1993;
ROTSTEIN et al., 1997; STEINBERG et al., 2003).

1.2 — FORMACAO DE RADICAIS LIVRES

Radicais livres s&o espécies quimicas capazes de existéncia independente e que
contém um ou mais elétrons nao-pareados em sua orbita de valéncia (HALLIWELL &
GUTTERIDGE, 1998). O oxigénio molecular em seu estado fundamental possui
reatividade muito baixa e dois elétrons nao-pareados, isto é, com spins paralelos
(PRYOR, 1986). A reducdo do dioxigénio pode, entrentanto, ocorrer através de

reducdes univalentes sequenciais, de forma a evitar a restrigdo associada ao Principio
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de Exclusao de Pauli, de acordo com as seguintes reagdes (constituindo as chamadas
formas intermediarias da reducgao parcial do oxigénio) (TRAVACIO & LLESUY, 1996):

0, +e - 0, (1)

0, + e + 2H" — H0, (2)
H,0, + & + H" — H,0 + HO' (3)
HO + e + H — HO (4)

Estas formas intermediarias caracterizam-se pela acentuada reatividade e sao
distintas do oxigénio no seu estado fundamental (PRYOR, 1986).

No processo respiratorio tem-se a formacao de espécies intermediarias instaveis
de oxigénio, as chamadas Espécies Reativas de Oxigénio (ERO) (em maior ou menor
escala). As EROs sdo compostos que em sua maioria apresentam um tempo de vida
incrivelmente fulgaz, da ordem de milésimos a bilionésimos de segundo. Entretanto,
apesar da breve existéncia, possuem um certo instante de vida livre, no qual procuram
adquirir estabilidade, reagindo com a matéria circundante (SIGNORINI & SIGNORINI,
1995).

No processo de transformacgdes quimicas, grande parte do oxigénio molecular é
reduzido a agua através das transferéncias de elétrons da cadeia respiratoria. Estima-
se que em torno de 98% do oxigénio consumido em organismos aerébicos é reduzido
de forma tetravalente até H,O (CHANCE et al., 1979), através da reagao da citocromo c
oxidase mitocondrial, sem a a concomitante geragao de ERO, permitindo que a principal
via de transferéncia de elétrons e de energia para a sintese de adenosina trifosfato
celular (ATP) participe apenas particularmente da citotoxicidade decorrente dessas
formas deletérias (FRIDOVICH, 1979). Mesmo assim, o principal sitio de formagao
endégena do anion superoxido estaria localizado na cadeia respiratéria (BOVERIS &
CHANCE, 1973), correspondendo a cerca de 2% do oxigénio consumido (CHANCE et
al., 1979; BOVERIS & CADENAS, 1982). A produgdo de anion superoxido é
diretamente proporcional ao volume de oxigénio consumido ao nivel mitocondrial
(BOVERIS & CHANCE, 1973; JONES, 1985; DE GROOT & LITTANER, 1989). O
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superoéxido formado entdo reage com o peréxido de hidrogénio na reagdao de Haber-
Weiss, Oz + H,O, 2 O, + OH™ + OH, produzindo radical hidroxil (OH ). Esta reagao
ocorre de maneira lenta em pH fisiolégico (HALLIWELL & GUTTERIDGE, 1998).

O peroxido de hidrogénio, gerado essencialmente em mitocdndrias e
peroxissomos, € uma molécula que a rigor ndo pode ser considerado um radical livre,
pois nao possui elétrons ndo pareados, apesar de sua atividade oxidante e elevada
capacidade de difusdo. Por esta caracteristica de instabilidade, o peroxido de
hidrogénio é de facil decomposicao, liberando agua e oxigénio (2H,0O, - 2H,0 + Oy)
(HALLIWELL & GUTTERIDGE, 1998). Apés atravessar as membranas celulares
também podera reagir com ferro e cobre presentes, formando radicais hidroxil (OH"),
que sdo radicais livres. Este fendmeno é denominado Reacdo de Fenton (H,O, + Fe?*
> Fe(lll) + OH + OH * ou H,0, + Cu* > Cu* + OH ), e tem grande significado
bioldgico devido a sua elevada reatividade e toxicidade (PRYOR, 1986; FRIDOVICH,
1986).

O radical hidroxil reage muito rapidamente com quase todo o tipo de molécula
encontrada no interior das células, como agucares, aminoacidos, fosfolipidios, bases do
acido desoxirribonucléico (DNA) e acidos orgéanicos. Entre os radicais livres, é
considerado o mais reativo. Esta sequéncia de eventos é que da origem as reagdes em
cadeia com os constituintes celulares, oxidando residuos de aminoacidos produzindo
bases de Schiff, podendo levar também a uma alteragdo quimica das bases puricas e
pirimidicas quebrando a fita de DNA, além de danos a proteinas e a outras moléculas
organicas (HALLIWELL & GUTTERIDGE, 1998).

A peroxidacgao lipidica € uma das principais consequéncias da acao dos radicais
livres nas células. O dano causado por ela se manifesta pelas mudancgas nas
propriedades das membranas, como permeabilidade, viscosidade, modificagdo na
interacdo lipidio-proteina e perda da atividade enzimatica ligada a membrana ou soluvel
no sistema (IVANOV, 1985).

Além da geracédo natural das ERO como consequéncia da cadeia respiratéria,
existem algumas condicbes favorecedoras da formacdo das mesmas, tais como
exposicao prolongada a radiagao solar, tabagismo, agao de certos farmacos, entre eles
o gel de clareamento dental (DAHLSTROM et al., 1997; VAN OIJEN et al., 1998).
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Conforme previamente citado, o processo do clareamento dental ocorre devido a
degradacao do peroxido de carbamida em perdxido de hidrogénio como substancia
ativa. Este, por ultimo, ira se degradar até a obtencdo do clareamento dental, que
ocorre através de uma reagao de oxidagado. A taxa da reagado da degragédo do perdxido
de hidrogénio é dependente da concentracéo de perdxido de hidrogénio na cavidade
oral e dos niveis de peroxidase salivar. O uso de uma baixa concentracado de perdxido
de hidrogénio no clareamento dental requer um aumento no tempo de exposigao
(SULIEMAN et al., 2004). Quanto mais tempo levar para eliminar o peroxido de
hidrogénio, maior o tempo de exposigcdo as espécies reativas de oxigénio (SINENSKY
et al., 1995).

Como a substéancia clareadora permanece em contato com os dentes durante o
periodo do tratamento, o perdoxido de hidrogénio pode penetrar no esmalte e na dentina
e se difundir através destes tecidos atingindo as estruturas mais vulneraveis como os
prolongamentos odontoblasticos e a polpa dental (SEALE et al., 1981; GOLDSTEIN et
al., 1989), assim como as enzimas pulpares (BOWLES & THOMPSON, 1986).

No estudo in vitro de SINENSKY et al., 1995, foi comprovado que o peréxido de
carbamida é capaz de reduzir os niveis intracelulares de glutationa reduzida. Em
concentragcbes aumentadas, foi capaz de induzir a liberagdo da enzima lactato
desidrogenase, o que indica seu poder no dano a integridade da membrana plasmatica

celular, ja que esta € uma enzima intracelular.

1.3 - DELTA AMINOLEVULINATO DESIDRATASE

Como o gel utilizado na técnica do clareamento caseiro pode ser parcialmente
ingerido pelo paciente, e o figado €& o principal 6rgdao responsavel pela
biotransformacgao, podem ser observados neste 6rgao, mas nao exclusivamente, varios
efeitos téxicos associados ao tratamento clareador (COMPORTI, 1989). E de interesse
especial neste estudo a enzima hepatica delta-aminolevulinato desidratase (3-ALA-D),
(E. C.: 4.2.1.24) a qual € uma importante metaloproteina que participa do processo de

sintese dos compostos tetrapirrélicos.
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1.3.1 - Historico e fungéo:

A enzima citoplasmatica delta-aminolevulinato desidratase, também conhecida
como porfobilinogénio sintase ou 5-aminolevulinato hidroliase foi isolada na década de
50 (DRESEL & FALK, 1953; GIBSON et al.,, 1955). Esta enzima catalisa o segundo
passo da via de biossintese dos compostos tetrapirrélicos (CASTELFRANCO & BATLE,
1983). A reacéo envolve a condensacgéo assimétrica de duas moléculas do acido delta-
aminolevulinico (ALA), com perda de duas moléculas de agua, para formar o composto
monopirrélico porfobilinogénio (GIBSON et al., 1955; SHEMIM et al., 1976; JAFFE et al.,
1992, JAFFE, 1995).

A reacéo catalisada pela 6-ALA-D faz parte da rota biossintética dos compostos
tetrapirrolicos (corrinas, bilinas, clorofilas e hemes). A grande importéncia destes
compostos reside no desempenho de papéis metabdlicos importantes, principalmente
como grupo prostético de proteinas. Sdo compostos nitrogenados contendo quatro
pirréis substituintes, covalentemente ligados formando um anel, freqlientemente
complexado com um atomo de metal no centro (WARREN et al., 1998; JAFFE, 2000). O
grupo heme (ferroprotoporfirina) integra a estrutura das proteinas que desempenham
importantes fungées como: transporte e armazenamento de oxigénio (hemoglobina e
mioglobina), transporte de elétrons (citrocromo a, b e c), reacbes de hidroxilagao de
xenobidticos e esterdides (citocromo P450) e reacdes de oxi-redugdo (catalases,
peroxidases e triptofano pirrolase) (TIMBRELL, 1991).

1.3.2 — Caracteristicas estruturais:

Todas as enzimas 36-ALA-D isoladas até o momento requerem um ion metalico
bivalente para estarem ativas, sendo em sua maioria inibidas por acido etileno di-amino
tetra-acético (EDTA). Apesar do alto grau de similaridade entre os genes da 5-ALA-D
provenientes de diversos organismos, a enzima requer metais diferentes para sua
ativagdo de acordo com a fonte. A 3-ALA-D proveniente de animais, leveduras e de

algumas bactérias € uma enzima dependente de zinco (CHEN & NEILANDS, 1973;
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FINELLI et al., 1974), tendo sido demonstrado o envolvimento de residuos de cisteina
na unido deste metal (DENT et al.,, 1990; MITCHELL & JAFFE, 1993; SPENCER &
JORDAN, 1994).

A 3-ALA-D, independente de sua fonte, € uma enzima de natureza sulfidrilica
(SHEMIN, 1976; TSUKAMOTO et al.,, 1979; BEVAN et al.,, 1980), sendo, portanto,
inibida por agentes bloqueadores de grupos sulfidrilicos, tais como N-etilmaleimida,
iodoacetato (BATLLE et al., 1967; CHAUDHRY et al., 1976; TIGIER et al., 1970;
WILSON et al., 1972; BARNARD et al., 1977; SHIBATA & OCHIAI, 1977; TAMAI et al.,
1979; RODRIGUES, 1987), paracloromercuriobenzoato, monoiodoacetamida e acido
5,5 — ditio-bis(2-nitrobenzdéico) (DTNB) (BARREIRO, 1867; BATTLE et al., 1967), e por
metais pesados que possuam alta afinidade por grupamentos sulfidrilicos, tais como o
chumbo, o cobre e o mercurio (GIBSON et al., 1955; WILSON et al., 1972; FINELLI et
al., 1975; SHIBATA & OCHAI, 1977; TAMAI et al., 1979; NELSON et al., 1981;
GOERING & FOWLER, 1984, 1985; GOERING et al., 1986; RODRIGUES et al., 1989,
1996; BORRALHO et al., 1990; ROCHA et al., 1993, 1995; EMANUELLI et al., 1996). O
efeito do chumbo como inibidor da 5-ALA-D parece estar relacionado com a substituicéo
do zinco pelo chumbo (GOERING, 1993) e com alteragdes no pH 6timo da enzima
(WIGFIELD & FARRANT, 1979). Outros dados demonstraram que a &-ALA-D é a
principal proteina que liga o chumbo em eritrocitos humanos e ndo a hemoglobina como
se postulava anteriormente (BERGDAHL et al., 1997).

1.3.3 — Importéancia toxicoldgica:

Devido a sua natureza tidlica, a enzima &-ALA-D pode ser inibida por uma
variedade de metais pesados e ndo metais que possuam a propriedade quimica de
oxidar grupamentos —SH. Sabe-se que o progndéstico de pacientes que sofreram
intoxicagcao por chumbo pode ser avaliado de acordo com a inbicdo da 6-ALA-D de
eritrocitos e seu indice de reativagdo por ditiotreitol (DTT) (BONSIGNORE, 1966;
NAKAO et al., 1968; HERNEBERG et al., 1970; MITCHELL et al., 1977; MEREDITH et
al., 1979).
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A inibicao da 3-ALA-D pode prejudicar a rota biossintética do heme, resultando
em consequéncias patologicas (SASSA et al., 1989; GOERING, 1993). Além da
producao insuficiente de heme, a inibicdo da 3-ALA-D pode resultar no acumulo do
subtrato ALA no sangue, com consequente aumento na excregao urinaria do mesmo. O
acumulo de ALA pode estar relacionado com a superprodugao de espécies reativas de
oxigénio (MONTEIRO et al., 1989; PEREIRA et al., 1992; BECHARA et al., 1993).
Numerosas observagdes clinicas tém associado o acumulo de ALA com a patogénese
das porfirias agudas (KAPPAS et al., 1995). As porfirias podem resultar de uma
desordem autossémica recessiva, ou podem ser adquiridas como ocorre em casos de
intoxicagdo por chumbo. A porfiria por deficiéncia de 5-ALA-D é caracterizada por
disfuncdes neuroviscerais, neuropatias e acumulo excessivo do precursor porfirinico, o
ALA (GRANICK, 1978).

Pesquisas demonstram que, em ratos, a oxidacao aerébica do ALA promove um
aumento anormal no tamanho de mitocondrias (HERMES-LIMA et al.,, 1990). Em
estudos feitos com equinos e roedores, o excesso de ALA induz a liberagao do ion ferro
da ferritina in vitro, iniciando um processo de peroxidagao lipidica no bago e no figado
destes animais (OTEIZA et al., 1994). Isto pode estar associado com o fato de que
pacientes com porfiria intermitente aguda e que, por consequiéncia, possuem elevadas
concentragbes de ALA no sangue, apresentam altos niveis eritroctocitarios de
superoéxido dismutase (SOD) e glutationa peroxidase (GPx).

O ALA gerado no figado e medula Ossea pode atravessar a barreira
hematoencefalica, sendo distribuido pelo sistema nervoso central, além de outros
orgaos (McGILLION et al., 1974; 1975). Em nivel neuroquimico, 1 yM de ALA é capaz
de inibir a liberagdo do neurotransmissor acido-y-aminolevulinico (GABA), assim como a
sua ligacdo nos receptores localizados nas membranas sinapticas (BRENNAN &
CANTRILL, 1979; BRENNAN et al., 1980).

Estudos realizados por EMANUELLI et al. (2000) demonstraram que a
administracao intraestriatal de ALA induz convulsdes e assimetria corporal. O ALA
também demonstrou poder inibitério sobre a atividade da Na® K* ATPase de cérebro e
eritrécitos de coelhos (BECKER et al., 1971), além de diminuir a velocidade de

conducado de impulsos nervosos motores em camundongos (CUTLER et al.,, 1979).
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Assim, o aumento na concentragao de ALA, devido a inibicdo da enzima 6-ALA-D pode
acarretar em consequéncias patoldgicas inespecificas, uma vez que a produgao
exagerada de espécies reativas de oxigénio pode atuar nos mais diferentes 6rgaos e

compartimentos celulares dos organismos nos quais sao gerados.

1.4 AMALGAMA DENTARIO

O amalgama dentario tem sido utilizado por mais de 150 anos e consiste de uma
liga de aproximadamente 50% de mercurio combinado com outros metais como prata,
estanho, cobre, zinco e paladio. Desde sua introducdo, tem sido fonte de controvérsia
pelos consagrados riscos gerados pela presengca do mercurio (CLARKSON et al.,
2003). Assim como o mercurio, cada um de seus outros componentes metalicos
também pode ser toxico, dependendo da forma em que se encontram (ROTSTEIN,
1996).

A toxicologia dos metais sempre esteve associada aos eventos a curto prazo.
Atualmente, observam-se ocorréncias toxicolégicas a médio e a longo prazo, cujas
manifestacdes estdo associadas a quantidade de metal necessaria para que células e
orgaos manifestem efeitos toxicoldgicos. A toxicologia visa determinar as doses e os
niveis teciduais e celulares de metal capazes de causar efeitos especificos. Embora a
maioria dos metais afetem multiplos 6rgaos ou sistemas, efeitos exclusivos sobre um
determinado tecido ou 6rgdo podem ser induzidos por um metal especificamente. A
interacao do elemento toxico com metais essenciais, a formacao de complexos metal-
proteina, a idade e o estagio de desenvolvimento do organismo exposto, a forma
quimica ou especiacdo do metal, os habitos de vida e o estado imune do hospedeiro
sdo alguns dos principais fatores que influenciam a toxicidade dos metais
(NORDBERG, 1978; GOYER, 1996; FURST, 1998).

A presenca do mercurio na composicdao do amalgama dentario expdem os
profissionais assim como os pacientes aos efeitos danosos deste metal (WHO, 1991;
CLARKSON, 1997; KOSTYNIAK, 1998). Trata-se de um elemento toxico, ndo essencial
e de efeito acumulativo (CLARKSON, 1972; 1997). O mercurio pode sofrer varias
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transformacdes metabdlicas. No organismo humano, a oxidagdo do vapor de mercurio
inalado ocorre em parte nos eritrocitos, e apos difusdo, em outros tecidos. Esta
oxidacao ocorre sob influéncia da enzima catalase (MAGOS et al., 1978).

Por ser o mercurio elementar a forma mais volatil, a via respiratéria € a mais
importante quanto a sua captagao, chegando a retencdo do mesmo a 80% do vapor
inalado (WHO, 1991). O metal nesta forma é completamente absorvido pelas
membranas alveolares, devido as suas caracteristicas de alta difusibilidade e
solubilidade em lipidios (CLARKSON, 1972; WHO, 1991). Apos absorvido, parte é
oxidado a cation bivalente, enquanto o restante permanece na corrente sanguinea e
atravessa as barreiras hematoencefalica e placentaria (CLARKSON, 1972). Apesar de a
absorgao gastrointestinal do mercurio metalico liquido em ratos ser muito pequena
(0,01%), em humanos foi verificada a presenca de mercurio no sangue apds a ingestao
acidental de varios gramas deste composto (WHO, 1991).

Como citado anteriormente, os niveis teciduais de mercurio dependem da forma
quimica a qual o individuo foi exposto. A deposi¢cdo do vapor de mercurio inalado sofre
processo de oxidagao, porém devido a sua lipossolubilidade, uma parte do vapor de
mercurio atravessa as membranas muito mais prontamente que o mercurio bivalente,
onde uma quantidade significativa de vapor entra no cérebro antes de ser oxidado
(WHO, 1991). Estudos realizados em camundongos e macacos demonstram que
quantidades significativas de mercurio sdo transportadas para o cérebro apds a
exposi¢cao ao vapor de mercurio elementar, chegando os niveis cerebrais de mercurio a
serem dez vezes maiores que apds a exposigao intravenosa a doses equivalentes de
mercurio mercurico (WHO, 1991). Apos a exposigao cronica ao vapor de mercurio, 0s
efeitos téxicos mais acentuados s&o os neuroldgicos (FRIBERG & VOSTAL, 1972).

O rim é o principal 6rgao de depdsito de mercurio, tanto apds a administragao de
vapor de mercurio metalico, quanto apdés a administragdo de sais inorganicos de
mercurio, onde 50-90% da carga corporal do metal esta contida neste 6rgao (WHO,
1991). O mercurio encontra-se principalmente no cortex renal e nas células dos tubulos
proximais (CLARKSON, 1972; ZALUPS & BARFUSS, 1990; ZALUPS, 1991). A principal
fracdo do mercurio ligado a proteinas renais, estda combinada com metalotioneinas.

Estas proteinas possuem baixo peso molecular e sdo ricas em cisteina. Esta ultima
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caracteristica lhes confere alta afinidade por metais, reduzindo assim a toxicidade
intracelular destes (CLARKSON, 1972; ONOSAKA & CHERIAN, 1981; GOERING &
FOWLER, 1985; QUIG, 1998; ASCHNER, 2001; SHANKER, 2001; PEIXOTO et al.,
2003).

A toxicidade do mercurio poderia ser explicada, em grande parte, pela sua
afinidade por grupos sulfidrilas (-SH) (VALLEE & ULMER, 1972; OEHME, 1978;
GOYER, 1996). No interior das células, o metal pode ligar-se a uma variedade de
sistemas enzimaticos, interferindo assim no metabolismo e funcionamento celulares
(SALGADO et al., 1987; WHO, 1991). Com menor afinidade, o mercurio também pode
se combinar com outros ligantes de importancia fisiolégica, como grupamentos fosfatos,
carboxilas, amidas e aminas (WHO, 1991). Mesmo em baixas concentragdes, o
mercurio pode inibir ou inativar diversas enzimas, podendo ser citadas aqui a Na*,K"-
ATPase (CLARKSON, 1972), Ca®*-ATPase (FREITAS et al., 1996), aspartato
aminotransferase, alfa-hidroxibutirato desidrogenase, lactato desidrogenase, ornitina
carbamiltransferase (HILL & SOARES, 1984) e 6-ALA-D (ROCHA et al., 1993; 1995;
PEIXOTO, 2000). Até o momento nédo foi verificado in vivo o alvo responsavel pela
iniciacdo da toxicidade deste metal, pois devido a natureza ubiqua dos grupamentos
sulfidrila nas proteinas, as associacbes do mercurio com estas biomoléculas sao
inespecificas (ROTSTEIN, 1971; WHO, 1991; CLARKSON, 1997).

Outros mecanismos possiveis de toxicidade estao relacionados a reagao in vitro
do mercurio com moléculas de DNA e acido ribonucléico (RNA) (EICHHORN & CLARK,
1963; GRUENWEDEL & DAVIDSON, 1996). O metal, além de induzir a quebras no
DNA (CANTONI et al.,, 1982; 1984a, b; CHRISTIE et al.,, 1984; 1986), inibe os
mecanismos de reparo (CANTONI & COSTA, 1983) e a sintese proteica (BAER, 1998).
O mercurio também provoca peroxidacdo lipidica e perda da viabilidade celular
(STACEY & KLAASSEN, 1981; STACEY & KAPPUS, 1982). O rim, além de ser o 6rgao
que sofre grande acumulo de mercurio, sofre reagdo auto-imune com consequente
formagao de anticorpos contra o tecido gromelular (WHO, 1991). O mercurio divalente
também pode atravessar a membrana das células nervosas através de canais de sodio
e calcio, podendo causar despolarizacido irreversivel e, consequentemente, sérias
disfungdes neuronais (MIYAMOTO, 1983).
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Por ser a liberagdo do vapor de mercurio dependente do numero e area
superficial das restauragdes de amalgama, contato oclusal, e outros fatores como
mudancgas de temperatura, bruxismo, escovac¢ao dentaria ou mastigagao, torna-se dificil
determinar uma dose média diaria de mercurio liberada (WAHL, 2001). Além disso, a
quantidade de mercurio liberada pelas restauragdes decresce com o passar do tempo
(BERDOUSES et al., 1995).

No trabalho de LOBNER & ASRARI (2003) foi comprovado que o amalgama
dentario é toxico em cultura de células neuronais pela liberacdo de zinco. Estes autores
sugerem a realizagdo de outros experimentos com o intuito de medir a concentragao da
liberacdo de cada metal do amalgama dentario e as possiveis consequéncias destes.

Os resultados deste estudo poderdo vir a colaborar no entendimento dos efeitos
téxicos locais e sistémicos provenientes da interacdo destes agentes de clareamento

com os metais existentes no amalgama dental.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

O propésito principal desta pesquisa € avaliar o possivel efeito téxico do perdxido
de carbamida e componentes do amalgama dental sobre os tecidos hepatico, cerebral,
renal, pulpar e palatal de ratos, assim como verificar uma possivel acdo destas

substancias na atividade da 3-ALA-D hepatica.

2.2 OBJETIVOS ESPECIFICOS

2.2.1 Avaliar in vitro os efeitos do dano oxidativo do perdoxido de carbamida sobre os

tecidos hepatico, cerebral, renal e pulpar, através da determinacdo de TBARS.

2.2.2 Avaliar in vitro por intermédio da determinacdo de TBARS, a acdo do gel de
peréxido de carbamida associado ao mercurio (HgCly), cobre (CuSQO,), zinco (ZnCly),
prata (AgNO3) e estanho (SnSQO,4), metais componentes da liga do amalgama dental,
assim como a agao isolada destes ultimos sobre os tecidos hepatico, cerebral, renal e
pulpar.

2.2.3 Avaliar in vivo as doses e concentragdes de perdxido de carbamida utilizadas para
o tratamento proposto, considerando sua possivel toxicidade hepatica, por

determinacao da atividade da 3-ALA-D.

2.2.4 Avaliar in vivo a intensidade do dano oxidativo hepatico e pulpar em animais
submetidos ao peroxido de carbamida no tratamento proposto nas concentracdes

usadas, por intermédio da determinacao de TBARS.
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2.2.5 Avaliar in vivo o possivel dano tecidual ocasionado pelo contato do gel de
clareamento através da avaliagao histopatolégica da mucosa do palato dos animais

submetidos ao tratamento proposto.
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Summary

Objectives: Dental bleaching is a treatment that commonly uses carbamide peroxide
(CP) as active ingredient and has been administered at high concentrations. The aim of
the present study was to investigate the possible toxic effects of CP in vitro and in vivo
after oral administration.

Methods: Twenty-five Wistar rats were exposed to 35%, 24% CP and 1% carbopol gel
via oral topic application for twenty-five days. The parameters studied for
characterization of CP toxicity in vitro and in vivo were d-aminolevulinate dehydratase (6
- ALA-D) activity and 2-thiobarbituric acid—reactive substance (TBARS) levels. The topic
effect over palatal mucosa was also investigated by histological study.

Results: CP produced a statistically significant increase in TBARS production in vitro
when tested at extremely high concentrations 73 and 100 mM (in liver) and 187 mM (in
dental pulp). In vivo, exposure to CP did not change TBARS levels in liver and dental
pulp, or & - ALA-D activity in liver. However, only the 35% CP treatment provoked an
increase in the epithelium thickness, which was associated with an elevation in the
number of epithelium cell layers. 35% CP also caused an elevation in epithelium basal
cell layer dimension and an elevation in the number of mast cells.

Conclusions: In our study, CP was found to have some pro-oxidant activity in vitro, but
not in vivo. The in vivo treatment did not cause systemic toxic effects, but topically 35%

CP showed a cell proliferating activity.
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1. Introduction

Teeth whiteners are substances which are currently used by dentists for
bleaching teeth and are available in a variety of commercial preparations at different
concentrations of carbamide peroxide (CP) as 10, 16, or 35%. CP decomposes into
urea, ammonia, carbon dioxide, and hydrogen peroxide (HP) — its main active
ingredient.”? Carbopol is a water-soluble resin added to prolong the release of active
peroxide and to improve shelf life.> When is used for home bleaching, drops of tooth
whitener are placed in a tray, which is worn overnight or up to 8 hours. Under clinical
conditions, some tooth whitener may be swallowed, absorbed, or expectorated.
Consequently, it has been recommended that home bleaching treatment cannot be
continued for more than six weeks.*

HP, as a potential toxic reactive oxygen specimen, is mobile and can diffuse
through the soft tissue to react with vulnerable parts of a cell. The slow breakdown of
hydrogen peroxide in an environment containing ferric and ferrous ions will produce
strongly reactive intermediary ions and oxygen, both probably contributing to the
bleaching process.’

It is not known if exposure to HP can overwhelm human oral mucosal antioxidant
defenses, but it is suggested by previous observations that short-term HP application
produces increased mitotic activity and hyperplasia.6 Ingestion of large doses of
commercial preparations of teeth whiteners may be acutely toxic and even fatal to
female laboratory rats.” HP was considered to induce pathologic changes frequently
associated with neoplasic lesions.® Other published studies have indicated that HP can
injure dental pulp® and its enzymes.” Additionally, HP can cause gingival
inflammation,"” severe edema of the tongue and frenulum' and depress the
microcirculation.™

The effects of bleaching agents on tooth structure are not clear and some
controversy exists. Some investigators have indicated no major changes in teeth surface
when teeth are bleached with CP. * However, several studies have demonstrated some
structural alterations on the surface of enamel,’'® restorations,’®?' dentin,’® and

consequently penetrate enamel and dentine.® %2
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d-Aminolevulinate dehydratase (6-ALA-D) [EC 4.2.1.24] is an essencial enzyme in
most organisms, catalyzing the condensation of two molecules of 5-aminolevulinic acid
(ALA) to form the monopyrrole porphobilinogen.?® §-ALA-D inhibition may impair heme
biosynthesis and can result in accumulation of ALA, which has some pro-oxidant
activity.?*

Literature data have proposed that the concentrations of CP and HP should be
increased in order to reduce the treatment period.>® Nevertheless, little is known about
the systemic toxic effects of these compounds. Since the use of these over-the-counter
products are increasing and that they can be occasionally swallowed by the patient or
may remain in contact with the tissues for 3 to 8 hours, it becomes important to
investigate the toxicity of high doses of CP in animal models. Here we used the activity
of & - ALA-D, an enzyme that is sensitive to pro-oxidant situations,?® 2’ the thiobarbituric

reactive substances, and histomorphometric quantifications as end points of toxicity.
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2. Materials and Methods

2.1 Chemicals

The three prepared gels employed in the treatment of this study contain 24%,
35% CP and carbopol 1% (vehicle). CP was obtained from a heated mixture of HP
(40%) and triturated urea (60%) under a 100°C water bath until CP crystals were
obtained. After that, CP was mixed with 1% carbopol gel according to the group
concentration and conditioned in a syringe. HP was obtained from Alfa Quimica (Brazil),
urea and 1% carbopol gel from Galena (Sao Paulo, Brazil). 2-Thiobarbituric acid and 5-
aminolevulinic acid were obtained from Sigma (St. Louis, MO, USA). Phosphoric acid
was obtained from Nuclear. Acetic acid was obtained from Merck (Darmstadt,
Germany). Trichloroacetic acid was obtained from Nuclear (Brazil), formalin from Belga

Quimica (Santa Maria, RS, Brazil), and mercuric chloride from Reagen (Brazil).

2.2 In vitro assay

In vitro TBARS assays were conducted using teeth pulps and liver tissues
homogenates. CP concentrations of 36, 73 and 110 mM were used for liver
homogenates and concentrations of 62, 125 and 187 mM were used when teeth pulp

homogenates and CP were incubated together.

2.3 Treatment and tissue preparation

Twenty five Wistar adult rats (aged 2 — 3 months and weighing about 220g) were
purchased from the General Animal House of the Federal University of Santa Maria and
transfered to our own breeding colony. They were maintained at controlled room
temperature (20-25°C) under natural lighting conditions, with water and food (Nuvital-
PR, Brazil). This experiment was conducted with the acceptance of the Santa Maria
University Committee of Ethic for Animals.

Animals were placed randomly in control or experimental groups. Water and food
were removed for 8 h after the administration of tooth whitener or carbopol gel. All
groups were submitted to a gel application every day, at the same hour, and it was given

a 200 pl dose of the gel directly in mouth by means of a syringe. One group of seven
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animals was given 24% CP gel, the second group containing eleven animals was
submitted to 35% CP gel, and the last group of seven animals was administered 1%
carbopol gel. The treatment lasted 25 days.

At the end of the treatment period (24 h after the last administration) seven
animals of each group were anesthetized with ether and killed by decapitation. A group
of four animals, which were administered 35% CP peroxide gel, was killed fifteen days
after the end of the treatment. Teeth and liver were quickly removed and placed on ice.
Liver was homogeneized in 10 volumes of 150 mM saline, containing 10 mM Tris-HCI
(pH 7.0) with 10 up-and-down strokes at approximately 1200 rev/min in a Teflon-glass
homogenizer. The liver homogenate was centrifuged at 800 X g using a refrigerated
centrifuge for 10 minutes to give a supernatant fraction that was used in the enzyme and
2-thiobarbituric acid-reactive substance assays (TBARS). The pulp tissues of both
central upper incisors were entirely used. The teeth were carefully opened with a
diamond bur and each one was used in one tube. So, the pulp TBARS assay was done
in duplicate.

Four animals were selected from control, 24% and 35% CP treatment for
histological examinations. This part of the study included the four animal 35% CP
treated group killed fifteen days after the end of the treatment. Palatal tissues of the
animals were carefully removed with a scalpel blade, and were stored in individual vials

containing 10% formalin until the inclusion in paraffin.

2.4 Enzyme assays

8-ALA-D activity was assayed by the method of Sassa®® by measuring the rate of
product (porphobilinogen) formation except that 84 mM potassium phosphate buffer, pH
6.4, and 2.4 mM ALA were used.? ° All experiments were carried out after 10 min of
pre-incubation. The reaction was started 10 min after the addition of the enzyme
preparation by adding the substrate. Incubations were carried out for 1 h at 39 °C for the
liver enzyme. The reaction product was determined using modified Ehrlich's reagent at
555 nm, with a molar absorption coefficient of 6.1x10* M for the Ehrlich-PBG salt. -
ALA-D requires sulfhydryl compounds such as dithiothreitol (DTT) for maximal activity. ®

For this reason, DTT was used in this study to activate the enzyme.
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Lipid peroxidation products were evaluated as TBARS, and levels were
determined according to Ohkawa et al.>’ Briefly, the reaction mixture contained 200 pl
8.1% SDS, 200 pl low-speed supernatant fraction (S1), or entirely dental rat pulp, 500 pl
1.267 mol/l acetic acid, 270 mmol/l HCI, pH 3.5, and 500 ul 0.8% TBA. TBARS were
quantified by adding S1 directly to the above reaction medium. Samples were incubated
at 100 °C for 60 min and then centrifuged at 1000xg for 15 min at 4 °C. The amount of
TBARS produced was measured at 532 nm, using MDA to construct standard curves.

2.5 Histomorphometric analysis

A total of sixteen biopsy specimens were obtained from the treated animals.
Immediately following excision, specimens were fixed and after 12 h were routinely
processed and embedded in paraffin wax; sixteen 4-5 um thick deparaffinized sections
were stained with Toluidine blue (Merck, Darmstadt, Germany) according to Enerback,*
for routine light microscopic examination. All specimens were analyzed for epithelium
thickness, keratin thickness, number of cell layers, mast cell number per field and first

basal cell layer thickness (original magnification 400X).

2.6 Statistical analysis
The results are expressed as mean followed by standard error variation (S.E.).
Data were analyzed by one-way ANOVA, followed by Duncan test. Differences among

groups were considered to be significant when p < 0.05.
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3. Results

3.1 Effect of carbamide peroxide in TBARS in vitro

Liver homogenates were incubated with gel carbopol (control group) and
concentrations of 36, 73 and 110 mM CP. 73 and 110 mM CP caused a significant
increase in TBARS production (p < 0,05; Fig. 1-A). However, only the highest
concentration of CP used (187 mM) caused a significant increase in TBARS production

in pulp tissue (p < 0,05; Fig. 1-B).

3.2 Effect of carbamide peroxide in liver 8-ALA-D activity and TBARS in vivo

CP treatment did not change 8-ALA-D activity in liver both in the presence and
absence of DTT (Fig. 2). The treatment for 25 days with CP did not modify hepatic
TBARS production and TBARS content of pulp (Fig. 3A-B).

3.3 Topic effect of carbamide peroxide on rat palatal mucosa

These results show that there was a significant elevation in epithelium thickness
only in the group of animals that were killed 15 days after the last administration of 35%
CP treatment (p < 0,05). This group also revealed a significant elevation in the number
of epithelial cell layers when compared to control group (p < 0,05). Keratin thickness
was ot affected by carbopol or CP gel (p > 0,05). The group of animals submitted to
35%CP exhibited a significant elevation in the number of mast cells per field and a

significant elevation in basal cell layer thickness in comparison to control (p < 0,05).
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4. Discussion

Bleaching is an oxidation reaction whereby the substance to be bleached donates
electrons to the bleaching agent, and it can be performed by any oxidizing agent. The at
home-procedure employs CP as a vehicle for the delivery of HP, the product of its
degradation (for instance, 10 % CP in the presence of water releases 3.5% HP).** A low
concentration of HP requires an increase in exposure time, because the rate of the
reaction 2H,0, - 2H,0 + O, is dependent on the HP concentration and the levels of
salivary peroxidase.

Superoxide (0%), a free radical intermediate, is unstable and then reacts with HP
in the Haber-Weiss Reaction, 0% + H,0, > O, + OH + OH, producing the hydroxyl
(OH) radical. This reaction occurs slowly at physiologic pH. Tolerability of side effects
experienced when using tooth whitening products are believed to be dependent upon
peroxide concentration versus contact time.?®

A study of the 10% and 16% CP gel effect on enamel surfaces showed that both
treatments provoked enamel prism markings with exaggerated prism peripheries and
mild to moderate prism core loss, but more prominent with 16% gel,34 which is in
accordance with other studies that showed enamel surface alteration after CP
treatment."” *> Anyway, it is important to consider the clinical significance of these
enamel modifications because microscopically, bleaching generally results in less
mineral loss than cola beverages consumption®® and it is insignificant compared with
mineral loss caused by microabrasion or adesive techniques.®

In an in vitro study using extracted human teeth, it was verified that pulp chamber
penetration of CP exist, and the amount is proportional to the concentration of the

bleaching agent.>®

Other study concluded that thinner layers of tooth structure may
permit increased hydrogen peroxide penetration; and the longer the solution is in contact
with the enamel surface, the deeper the penetration and the greater the quantity of
solution to penetrate.®® In the present study, CP influenced rat dental pulp only under in
vitro experiments and only under at significant high concentrations (Fig. 2).

The tooth permeability to these agents may explain side-effects, such as tooth

sensitivity, that results in a reversible pulpitis because of chemical irritation produced by
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hydrogen peroxide.® However one possible mechanism by which the pulp may protect
itself from HP is through enzymatic breakdown of the molecule by pulp peroxidase (EC
1.11.1.7)* and catalase (EC 1.11.1.6).*" Nevertheless, in contrast to other enzymes,
peroxidases can be inhibited by their substrate HP.*? Under in vitro situations, the toxic
potency of bleaching materials could be reduced by treatment with peroxidase.*?
Catalase transforms two molecules of HP into two molecules of H,O and 0,.*
Additionally, it was demonstrated that pulp cells are capable of producing an enzyme
called haeme-oxygenase-1, which is an important defensive enzyme under conditions of
oxidative stress. This is specially found in odontoblasts and endothelial cells, subjacent
to the areas of bleached enamel.*> The 24 and 35% CP can be considered an elevated
concentration treatment but it is not possible to measure the exact concentration in pulp
tissue. We suggest that the passage from enamel to pulp may result in a diminished HP
concentration.*

Liver is the main body detoxifying organ and 3-ALAD is an important liver enzyme
and catalyzes the second step in the heme biosynthetic pathway.?® This enzyme is very
sensitive to pro-oxidant agents or situations.** There are no previous studies that
investigate a possible action of CP on this enzyme. Our data indicated that carbopol gel
or CP gel did not change 3-ALA-D activity (Fig. 2) or liver TBARS levels (Fig. 3A-B).

HP is a substance that can be neutralized by a diversity of conditions. HP
degradation may occur clinically from oral bacterial catalase,*” and also, some of the
peroxides normally present in mouth may react with salivary peroxidase. All body cells
contain these antioxidant enzymes, but the highest levels are found in the duodenum,
liver, spleen, kidney, blood and mucous membranes.** Probably, in our study, CP was
neutralized partially or totally by salivary peroxidases, gastric and gut catalase*® and gut
glutathione peroxidase (EC 1.11.1.9).492

In fact, CP was not a potential systemic toxic substance. However, it was
topically toxic, which is certainly related to the fact that gel adhere to the oral mucosa
resulting in local high concentrations of CP.

In practice, bleaching agents may come into direct contact with gingival
epithelium and there are reports of clinical ulcerations caused by these agents,*® which

may have a latent period before coming apparent.®* Fibroblasts are the predominant
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cells in healthy gingival connective tissue and they play a major role in its maintenance.
In vitro studies show toxic effects of peroxides to human fibroblasts. HP proved to cause
loss of maturation, nuclear hyperchromatism, nuclear crowding and cell death of oral
epithelial cells in vitro.>*® Furthermore, HP is capable of altering the human oral
epithelial cell cycle and morphology.®’*® Local side effects on oral soft tissues caused by
peroxides released into the oral cavity from bleaching systems may include gum burning
or erosions of the gingival and tooth sensitivity.®  *3

In our study, macroscopic evaluation of rat palatal portions did not show any
visual alterations. Otherwise, after the histological process and analysis, we observed an
elevation in basal first cell layer thickness after 35% CP treatment for twenty five days,
which is in accordance with previous report.® An increase in epithelium thickness may be
attributed to an enlargement in cell dimension, an augmented space between them or by
an elevation in cell layer number, signs that can be related to a toxic substance. Also,
we can consider that the topic application of 35% CP caused an elevation in the
epithelium thickness which can be correlated to an elevation in CP gel. This fact is
related to occurrence of cell proliferation induction as reported in previous studies® and

this probability may be justified by and elevation in cell mitosis activity.®
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5. Conclusion

The results of the present study indicate that CP can be toxic when tested at
elevated concentrations. In fact, we could not find systemic toxicity after exposure to
high concentration for 25 days. Although there are defensive mechanisms against
irritation caused by bleaching agents the data obtained in this study reinforce the need
for caution in the use of dental bleaching, because topically microscopic alterations were

observed.



48

References

[1] Stephan RM. The effect of urea in counteracting the influence of carbohydrates on
the pH of dentin plaques. Journal of Dental Research 1943;22:63-71.

[2] Stindt DJ, Quenette L. An overview of Gly-oxide liquid in control and prevention of
dental disease. Compendium of Continuing Education in Dentistry 1989;10:514-520.

[3] Haywood VB, Heymann HO. Nightguard vital bleaching: how safe is it? Quintessence
Inernational 1991;22:515-23.

[4] Haywood VB, Heymann HO. Nightguard vital bleaching. Quintessence International
1989;20:173 — 176.

[5] Halliwell B, Gutteridge MC. Oxygen toxicity, oxygen radicals, transition metals and
disease. Biochemistry Journal 1984;219:1-14.

[6] Gargiulo AW, Wentz FM, Orban B. Mitotic activity of human oral epithelium exposed
to 30 percent hydrogen peroxide. Oral Surgery Oral Medicine Oral Pathology 1961;
14:474 — 92.

[7] Cherry DV, Bowers DEJr, Thomas L, Redmond A. Acute toxicological effects of
ingested tooth whiteners in female rats. Journal of Dental Research 1993;72:1298 —
1303.

[8] Weitzman SA, Weitberg AB, Stossel TP, Schwartz j, Shklar, G. Effects of hydrogen
peroxide on oral carcinogenesis in hamsters. Journal of Periodontology 1986;57:685 —
688.

[9] Seale NS, Mcintosh JE, Taylor AN. Pulpal reaction to bleaching of teeth in dogs.
Journal of Dental Research 1981;60:948 — 53.

[10] Bowles WH, Thompson, LR. Vital bleaching: the effects of heat and hydrogen
peroxide on pulpal enzymes. Journal of Endododontics 1986;12:108 — 12.

[11] Martin JH, Bishop JG, Guentherman RH, Dorman HL. Cellular response of gingival
to prolonged application of dilute hydrogen peroxide. Journal of Periodontology
1968;39:208 — 210.

[12] Dorman HL, Bishop, JD. Production of experimental edema in dog tongue with
dilute hydrogen peroxide. Oral Surgery 1970;29:38 — 43.



49

[13] Edwall L, Olgart L, Haegerstam G. Influence of vasodilator substances on pulpal
blood flow in the cat. Acta Odontologica Scandinavia 1973;31:289 — 296.

[14] Joiner A, Thakker G, Cooper Y. Evaluation of a 6% hydrogen peroxide tooth
whitening gel on enamel and dentin microhardness in vitro. Journal of Dentistry
2004;32:27-34.

[15] Efeoglu N, Wood D, Efeoglu C. Microcomputerised tomography evaluation of 10%
carbamide peroxide applied to enamel. Journal of Dentistry 2005;33:561-567.

[16] Novais RCP, Toledo OA. Estudo in vitro das alteragbes do esmalte dentario
submetido a agdo de um agente clareador. Jornal Brasileiro de Clinica Odontoldgica
Integrada 2000;4:48 — 50.

[17] McCracken MS, Haywood VB. Demineralization effect of 10 percent carbamide
peroxide. Journal of Dentistry 1996;24(6):395-398.

[18] Tam LE, Lim M, Khanna S. Effect of direct peroxide bleach application to bovine
dentin on flexural strength and modulus in vitro. Journal of Dentistry 2005;33:451-458.
[19] Robertello FJ, Dishman MV, Sarrett DC, Epperly AC. Effect of home bleaching
products on mercury release from an admixed amalgam. American Journal of Dentistry
1999;12:227-30.

[20] Hummert TW, Osborne JW, Norling BK, Cardens HL. Mercury in solution following
exposure of various amalgams to carbamide peroxide. American Journal of Dentistry
1993;6:305-9.

[21] Rotstein I, Dogan H, Avron Y, Shemesh H, Steinberg D. Mercury release from
dental amalgam after treatment with 10% carbamide peroxide in vitro. Oral Surgery Oral
Medicine Oral Pathoogyl 2000;89:216-9.

[22] Hegedus C, Bistey T, Flora-Nagy E, Keszthelyi G, Jenei A. An atomic force
microscopic study on the effect of bleaching agents on enamel surface. Journal of
Dentistry 1999;27:509-515.

[23] Sassa, S. ALA-D porhyria. Seminars in Liver Disease 1998;18:95-101.

[24] Bechara EJD et al. A free radical hypothesis of lead poisoning and inborn
porphyrias associated with 5-aminolevulinic acid overload. Quimica Nova 1993;16:385-
392.



50

[25] Sulieman M, Addy M, MacDonald E, Rees JS. The effect of hydrogen peroxide
concentration on the outcome of tooth whitening: an in vitro study. Journal of Dentistry
2004;32:295-299.

[26] Folmer V, Soares JCM, Rocha, JBT. Oxidative stress in mice is dependent on the
free glucose content of the diet. International Journal of Biochemistry & Cell Biology
2002;34:1279-1285.

[27] Gongalves TL et al. Involvement of oxidative stress in the pre-malignant and
malignant states of cervical cancer in women. Clinical Biochemistry 2005;38:1071-1075.
[28] Sassa S. Delta-aminolevulinic acid dehydratase assay. Enzyme 1982;28:133—-145.
[29] Emanuelli T et al. Effect of mercuric chloride intoxication and dimercaprol treatment
on d-aminolevulinic acid dehydratase from brain, liver and kidney of adult mice.
Pharmacology & Toxicology 1996;79:136—143.

[30] Rocha JBT, Pereira ME, Emanuelli T, Christofari RS, Souza DO. Effect of treatment
with mercury chloride and lead acetate during the second stage of rapid postnatal brain
growth on delta-aminolevulinic acid dehydratase (ALA-D) activity in brain, liver kidney
and blood of suckling rats. Toxicology 1995;100:27-37.

[31] Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by
thiobarbituric acid reaction. Annals of Biochemistry 1979;95:351-358.

[32] Enerback L. Mast cells in rat gastrointestinal mucosa. 2. Dye-binding and
metachromatic properties. Acta Pathologica et Microbiologica Scandinavia 1966;66:303-
312.

[33] Osol A, Pratt R, Altschule MD. The United States dispensatory and physician’s
pharmacology. 26" ed. Hydrogen peroxide solution. Philadelphia: Lippincott Co,
1967:583.

[34] Flaitz CM, Hicks MJ. Effects of carbamide peroxide whitening agents on enamel
surfaces and caries-like lesion formation: An SEM and polarized light microscopic in
vitro study. Journal of Dentistry for Children 1996;63:249-256.

[35] Hosoya N, Honda K, Lino F, Arai T. Changes in enamel surface roughness and
adhesion of Streptococcus mutans to enamel after vital bleaching. Journal of Dentistry
2003;31:543-548.



51

[36] McCracken MS, Haywood VB. Effects of 10% carbamide peroxide on subsurface
hardness on enamel. Quintessence International 1995;26:21-4.

[37] Wandera A, Feigal RJ, Douglas WH, Pintado MR. Home-use tooth bleaching
agents: an in vitro study on quantitative effects on enamel, dentin and cementum.
Quintessence International 1994;25:541-6.

[38] Sulieman M, Addy M, Macdonald E, Rees JS. The bleaching depth of 35%
hydrogen peroxide based in-office product: a study in vitro. Journal of Dentistry
2005;33:33-40.

[39] Seale NS, Wilson CFG. Pulpal response to bleaching of teeth in dogs. Pediatric
Dentistry 1985;7:209-14.

[40] Bowles WH, Burns JRH. Catalase/peroxidase activity in dental pulp. Journal of
Endodontics 1992;18:527-9.

[41] Esposito P, Varvara G, Murmura G, Terlizzi A, Caputi S. Ability of healthy and
inflamed human dental pulp to reduce hydrogen peroxide. European Journal of Oral
Science 2003;111:454-456.

[42] Bayton KJ, Bewtra JK, Biswars N, Taylor KE. Inactivation of horseradish peroxidase
by phenol and hydrogen peroxide: a kinetic investigation. Biochimica et Biophysica Acta
1994;1206:272-8.

[43] Tipton DA, Braxton SD, Dabbous MK. Role of saliva and salivary components as
modulators of bleaching agents toxicity to human fibroblasts in vitro. Journal of
Periodontology 1995;66:766-74.

[44] Boveris A, Oshino, N, Chance, B. The cellular production of hydrogen peroxide.
Biochemistry Journal 1972;128:617-630.

[45] Anderson DG, Chiego DJJr, Glickman GN, McCaluley LK. A clinical assessment of
the effects of 10% carbamide peroxide gel on human pulp tissue. Journal of
Endododontics 1999;25:247-50.

[46] Nogueira CW, Santos FW, Soares FA, Rocha JBT. 2,3-Dimercaptopropanol, 2,3-
dimercaptopropane-1-sulfonic acid, and meso-2,3-dimercaptosuccinic acid inhibit &-
aminolevulinate dehydratase from human erythrocytes in vitro. Environmental Research
2004;94:254-261.



52

[47] Ryan CS, Kleinberg |. Bacteria in human mouths involved in the production and
utilization of hydrogen peroxide. Archives of Oral Biology 1995;8:753-63.

[48] Ruh J et al. Effects of hydrogen peroxide scavenger catalase on villous
microcirculation in the rat small intestine in a model of inflammatory bowel disease.
Microvascular Research 2000;59:329-337.

[49] Humberston CL, Dean BS, Krenzelok, EP. Ingestion of 35% hydrogen peroxide.
Journal of Toxicology Clinical Toxicology 1990;28:95-100.

[50] Drewa JE, Arthur JR, Farguharson AJ, Russel R, Morrice PC, Duthie GG. Salicylic
acid modulates oxidative stress and glutathione peroxidase activity in the rat colon.
Biochemical Pharmacology 2005;70:888—-893.

[51] Chu F-F, Esworthy RS, Doroshow JH. Role of Se-dependent glutathione peroxides
in gastrointestinal inflammation and cancer. Free Radical in Biology and Medicine
2004;36:1481-1495.

[52] Watanabe T et al. Dysfunction of antioxidative enzymes in the
trinitrobenzenesulfonic acid-induced colitis rat. Pathophysiology 1998;5:191-198.

[53] Rees TD, Orth CF. Oral ulcerations with use of hydrogen peroxide. Journal of
Periodontology 1986;57:689 — 92.

[54] Jonas S, Riley P, Wilson R. Hydrogen peroxide cytotoxicity. Low-temperature
enhancement by ascorbate or reduced lipoate. Biochemistry Journal 1989;264:651-655.
[55] Powell V, Bales D. Tooth bleaching: it's effect on oral tissues. Journal of American
Dental Association 1991;122:50-4.

[56] Tipton DA, Braxton SD, Dabbous MK. Effects of a bleaching agent on human
gingival fibroblasts. Journal of Periodontology 1995;66:7-13.

[57] Oda D, Nguyen MP, Royack GA, Tong DC. H,O; oxidative damage in cultured oral
epithelial cells: the effect of short-term vitamin C exposure. Anticancer Research
2001;21(4A):19-24.

[58] Orban B. Action of oxygen on chemically inflamed tissue. Journal of American
Dental Association 1942;29:2018-2025.

[59] Rotstein R. In vitro determination and quantification of 30% hydrogen peroxide
penetration through dentin and cementum during bleaching. Oral Surgery Oral Medicine
Oral Pathology 1991;72:602-606.



53

[60] Barnard GF, Stoh R, Hohberger LH, Shemin D. Mechanism of porphobilinogen
synthase. Possible role of essential thiol groups. Journal of Biology Chemistry
1977;252:8965-8974.



54

Figures
800
700 - b b 0 Control (n = 5)
o |
7 600 036 mM CP (n = 5)
2 500 -
(@)
:( 400 A @73 mMCP (n=5)
3 d
= 300 - T
5 L m 110 mM CP (n = 5)
€ 200 |
100 A
0
Liver TBARS in vitro
A
Fig.1-A. Hepatic TBARS levels after incubation with CP and carbopol gel (control group)
in vitro.
400
350 - b O Control (n = 5)
8 300 -
? @62 mM CP (n = 5)
2 250 |
2 m125mMCP (n=5
< 200 H
= a
= 150 - m187mMCP (n=5
2 T
€ 100 - T
50 -
0
B Pulp TBARS in vitro

Fig. 1-B. Pulp TBARS levels after incubation with CP and carbopol gel (control group) in
vitro.

a, b Different letters indicate significant difference from control.
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35% CP and 1% carbopol gel (control group).



57

Tables

Table 1 — Palatal epithelium tissue quantifications from animals submitted to the
treatment with CP and 1% carbopol gel for 25 days (Values are expressed as means
followed by standard error variation).

* significantly different from control

35% CP - 15
24% CP (n=4) 35%CP (n=4) days after
treatment (n = 4)

Control (1%
carbopol; n=4)

Epitelium thickness (um
P (km) 83.74 (12.51) 94.48 (16.53) 81.17 (7.23) 146.38 (6.82)*

Keratin thickness (um)

15.44 (3.55) 20.44 (4.05) 43.51 (18,67) 35.89 (6.84)
Number of cell layers *
12.13 (1.44) 14.28 (1.81) 12.36 (0.97) 20.73 (0.88)
Number of mast cells per "
field 1.91 (0.15) 3.16 (0.44) 3,99 (1.06) 3.24 (0.15)
ie
Basal cell layer thickness
8.54 (0.18) 9.29 (0.17) 15.41 (1.09)* 8.91 (0.16)

(um)
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Abstract

Dental bleaching, an aesthetic modern procedure, is usually carried out with
products containing carbamide peroxide (CP) as active ingredient which when in
contact, affect metal content from amalgam restorations. The aim of the present study
was to investigate the possible toxic effects of dental amalgam metals and CP in vitro.
The parameter studied for characterization of CP and metal constituents of dental
amalgam — mercury [Hg(ll)], copper [Cu(ll)], zinc [Zn(Il)], tin [Sn(ll)] and silver [Ag(l)] -
toxicity in vitro was 2-thiobarbituric acid—reactive substance (TBARS) levels in rat liver,
brain, kidney, and dental pulp. CuSO,4 and SnCl, produced a significant decrease in liver
TBARS levels when tested at concentrations of 100 and 200 pyM. In brain, 100 uM
CuSOq4 caused an increase in TBARS production. In dental pulp, 100 and 200 uM HgCl,
caused an increase in TBARS production. Carbopol gel caused a decrease in TBARS
production in all tissues. CP induced an increase in TBARS levels in brain, but did not
change TBARS levels in liver and kidney. When amalgam metals constituents and CP
dissolved in carbopol were incubated together, carbopol and 200 yM SnCl; significantly
decreased brain TBARS production. CP was found to have some pro-oxidant activity,
because provoked an elevation in TBARS production when compared to the

homogenate control levels.
Keywords: carbamide peroxide, carbopol, TBARS, dental amalgam.
Abreviations: Ag, Silver; CP, Carbamide Peroxide; Cu, Copper; Fe, Iron; Hg, Mercury;

Hg®, Elemental mercury vapor; H,O,, Hydrogen Peroxide; Pd, Palladium; ROS, Reactive

Oxygen Species; Sn, Tin; TBARS, 2-thiobarbituric acid-reactive substances; Zn, zinc.
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1. Introduction

Tooth bleaching is a dental technique which has been currently used by dentists
for correcting certain tooth discolorations, and a variety of commercial preparations
containing carbamide peroxide (CP) in concentrations ranging from 3-50% are available
(Haywood and Heymann, 1991). CP is a substance which decomposes into hydrogen
peroxide (H20>), its main active ingredient, urea, ammonia and carbon dioxide (Adept,
1991).

The potential deleterious effect of CP may be mediated by H,O, formation, a toxic
specimen that can diffuse and react with vulnerable parts of the cells. It contributes to
bleaching process via formation of strongly reactive intermediary ions and oxygen,
particularly in the presence of ferric and ferrous ions (Halliwell and Gutteridge, 1984).
Clinically, H,0O, is known to induce the formation of neoplasic lesions (Weitzman et al.,
1986) and short-term H,O, application can increase mitotic activity and hyperplasia
(Gargiulo et al., 1961). H,O, can also injure dental pulp (Seale et al., 1981) and its
enzymes (Bowles and Thompson, 1986). Additionally, H»O, can cause gingival
inflammation (Martin et al., 1968), severe edema of the tongue and frenulum (Dorman
and Bishop, 1970) and depress the microcirculation (Edwall et al., 1973). Studies on
systemically toxicity proved that the ingestion of large doses of commercial preparations
of teeth whiteners may be acutely toxic and even fatal to female laboratory rats (Cherry
et al., 1993).

Other studies demonstrated that CP, the main component of commercially
prepared gels, can cause tooth morphologic structural alterations in vitro (Novais and
Toledo, 2000), may penetrate through the tooth (Seale et al., 1981; Goldstein et al.,
1989), and consequently alter enamel Ca/P ratio (Rotstein et al., 1996). In line with this,
bleaching can diminish enamel hardness (Akal et al., 2001).

During nightguard bleaching treatment, some tooth whitener is released from the
stent and may be swallowed, absorved or expectorated (Haywood and Heymann, 1989)
and even when the product is applied on anterior teeth, excessive gel may inadvertently

come into contact with amalgam of posterior teeth restorations (Rotstein et al., 2000).
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Dental amalgams are inexpensive restorations that have been in use for over 150
years, and are thought to be more durable and easier to use than other types of fillings.
Amalgams consists mainly of 45-50 % mercury (Hg), 25-30 % silver (Ag), 15-30 % tin
(Sn), 2-30 % copper (Cu), but sometimes other metals such as zinc (Zn) and palladium
(Pd) are added (Phillips, 1986). Consequently, amalgams are potential sources of Hg
and a hazard for human health (Siblerud, 1990; Siblerud and Kienholz, 1994; Clarkson
et al., 2003). In vivo studies have shown that brain, blood and urinary mercury
concentrations correlate with the number of amalgam surfaces present (Fredin, 1987;
Kingman et al.,, 1998). After amalgam removal, temporary elevations in blood
concentrations were also observed (Molin et al., 1990).

Clinically, during corrosion, dental restorations release metals for short-term
(days) and long-term (months) periods which are delivered to the oral environment
(Brune, 1986; Wataha et al., 1991). In addition, external factors can influence Hg
release from amalgam restorations like bruxism (Ilsacsson et al., 1997), occlusal
contacts, temperature variation (Bjorkman and Lin, 1992), teeth brushing (Wahl, 2001),
laser treatment (Pioch and Mathias, 1998) and chewing gum (Sallsten et al., 1996). Of
particular importance, CP and H,O, can increase Hg and Ag levels on amalgam
surfaces (Rotstein et al., 1997) and also their release to the phosphate buffer solution
(Hummert et al., 1993; Rotstein et al., 2000; Steinberg et al., 2003).

Nowadays, literature data proposes an increase in whitening agents
concentration, so the treatment period can be reduced (Sulieman et al., 2004), but it still
usually requires multiple applications, what can represent a continuous source of
oxidative damage to organism tissues. Nevertheless, little is known about the systemic
toxic effects of these compounds, or their synergistic effect when in contact with
amalgam metal ions. Since the use of these over-the-counter products are increasing
over time, due to the availability to the consumer for use without the supervision of a
dental professional, and that they can be occasionally swallowed by the patient or may
remain in contact with restorations and tissue for hours, it becomes important to
investigate their toxicity them in animal models. In our study we used the 2-thiobarbituric
acid-reactive substances (TBARS) quantifications from pulp, liver, brain and kidney as

end points of toxicity.
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2. Materials and Methods

2.1 Chemicals

The CP prepared gels employed contained CP and carbopol 1% (vehicle). CP
was obtained from a heated mixture of H,O, (40%) and triturated urea (60%) under a
100°C water bath until CP crystals were obtained. After that, CP was mixed with 1%
carbopol gel. H,O, was obtained from Alfa Quimica (Brazil), urea and 1% carbopol gel
from Galena (S&o Paulo, Brazil). 2-Thiobarbituric acid was obtained from Sigma (St.
Louis, MO, USA). Phosphoric acid was obtained from Nuclear. Acetic acid was obtained
from Merck (Darmstadt, Germany). Trichloroacetic acid was obtained from Nuclear
(Brazil). HgCl,, CuSO4, 2ZnCl;, SnCl, and AgNOs; where obtained from
Sigma (St. Louis, MO, USA) and Merck (Darmstadt, Germany) and were dissolved in

deionized water. Liver bovine catalase was obtained from Sigma (St. Louis, MO, USA).

2.3 Tissue preparation

Animals were anesthetized with ether and killed by decapitation. The pulps of
incisors were used. Liver, brain and kidney were quickly removed and placed on ice.
Tissues were homogeneized in 10 volumes and of 150 mM saline, containing 10 mM
Tris-HCI (pH 7.0) with 10 up-and-down strokes at approximately 1200 rev/min in a
Teflon-glass homogenizer. The homogenate was centrifuged at 800 X g using a
refrigerated centrifuge for 10 minutes to give a supernatant fraction that was used in the
enzyme and 2-thiobarbituric acid-reactive substance assays (TBARS). Metals dissolved
in deionized water and CP gel were incubated alone or together with tissues

homogenates.

2.4 TBARS reaction

Lipid peroxidation products were evaluated as TBARS, and levels were
determined according to Ohkawa et al., 1979. Briefly, the reaction mixture contained
200 ul 8.1% SDS, 200 pl low-speed supernatant fraction (S4), 500 ul 1.267 mol/l acetic
acid, 270 mmol/l HCI, pH 3.5, and 500 0.8% TBA. TBARS were quantified by adding S+

directly to the above reaction medium. Samples were incubated at 37°C for 120
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minutes, then 10 ul of catalase was added and after 20 min tubes were put in a water
bath at 100 °C for 60 min. Then they were centrifuged at 1000xg for 15 min at 4 °C. The
amount of TBARS produced was measured at 532 nm, using MDA to construct standard

curves.

2.5 Statistical analysis
The results are expressed as mean followed by standard error (S.E.). Data were
analyzed by one-way ANOVA, followed by Duncan test. Differences between groups

were considered to be significant when p < 0.05.
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3. Results

3.1 Effect of HgCl,, CuSQOq4, ZnCl;, SnCl, and AgNOs in hepatic, cerebral, renal, and
dental pulp TBARS levels

CuSO4 and SnCl, caused a significant decrease in hepatic TBARS when tested at
100 and 200 yM compared to control (p < 0,05; Figure 1). HgCl, and ZnCl, provoked an
increase in hepatic TBARS but it was not statistically different from control. In brain,
CuSOq4 (100 uM) caused a significant increase in TBARS production (p < 0,05; Figure
2). In dental pulps, HgCl, caused a significant increase in TBARS production (p < 0,05;
Figure 4).

3.2 Effect of carbopol gel and CP in liver, brain and kidney TBARS

Statistical analysis indicated that carbopol gel caused a significant decrease in
TBARS production of about 65 (liver), 30 (brain), and 40 (kidney) % when compared to
control (p < 0,05; N = 4; Figure 5). In brain, CP caused a small but significant increase in
TBARS production that varied from 15-30 % (p < 0,05; Figure 6A-B). In liver and kidney,
CP did not stimulate TBARS production (p > 0,05; Figure 6A-C).

3.3 Effect of combined incubation with carbopol, CP and metal ions in hepatic,
cerebral and renal TBARS levels

Hepatic TBARS levels were increased by Zn?* and simultaneous incubation with
CP did not change the Zn effect on TBARS production (p > 0,05; Figure 7A). In brain,
SnCl, caused a significant decrease in TBARS production and this effect was abolished
by simultaneous incubation with CP. Simultaneous incubation of kidney homogenates to

metals and CP did not cause any significant effect (p > 0,05; Figure 7C).
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4. Discussion

Bleaching treatment is guided by an oxidation reaction which depends on the
active agent concentration. This process commonly uses H,O,, either directly or via its
generation by CP degradation (Haywood and Heymann, 1989) that enhances ROS
production in oral environment. H,O, can be potentially toxic to the cells via its
breakdown to the highly reactive hydroxyl radical, which is short-lived reactive (Ward,
1975; DeSesso, 1979), but can potentially react with cellular nucleophiles such as DNA,
causing DNA strand toxicity and rapid cell death (DeSesso, 1979; Fantel, 1996; Wells et
al.,, 1997). As shown in the well-characterized Fenton reaction (Equation 1), this
reduction requires the presence of unchelated ferrous iron:

Fe** + H" + H,0, » Fe** + ‘OH + H,0 [1]

In a recent in vitro study from our laboratory, we showed that CP increased dental
pulp TBARS production only when tested at high concentrations (187 mM) (Neisse et al.
submitted). As there is no prediction of pulp chamber CP concentration after bleaching
procedure, the mechanism by which the pulp may protect itself from HP is through
enzymatic breakdown of the molecule by pulp peroxidase and catalase (Bowles and
Burns, 1992; Esposito et al., 2003).

Dental set amalgam is a dynamic material, which undergoes many changes
related to the nature of the amalgam matrix and corrosive environment of the mouth
(Hanson and Pleva, 1991).

Hg, the major component of dental amalgam, is thought to generate reactive
oxygen species in vivo and in vitro (Stohs and Bagchi, 1995). Investigation about
metallic ions penetration from restorations into teeth have showed that marked Hg, Cu
and Zn effused from amalgam restorations into enamel and dentin in vitro (Séremark et
al., 1968). Additionally, from amalgam components, mercury can have its release
amplified by exposure to agents as CP, which in turns becomes available to the
surrounding tissues (Rotstein et al., 2000) and can penetrate into pulp (Akyls and
Caglar, 2002). In the present study, we observed that only HgCl, stimulated dental pulp
TBARS production. A number of studies demonstrate the ability of Hg to interact with

soluble and protein bound —SH groups, and may exert toxic effect on transport system
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(Moschén et al., 2001). This interaction can produce reactive oxygen species (ROS)
such as superoxide anion, H»O,, hydroxyl-radical which can induce oxidative injury to
tissues via diverse mechanisms (e.g. lipid peroxidation, DNA damage, alterations of
calcium homeostasis) (Stohs and Bagchi, 1995). Another previous research has shown
that inorganic mercury in neuronal cell bodies result in axonal shrinkage (Pamphlett and
Png, 1998). The results of these studies have interesting implications for the practice of
dentistry since it is likely that both the A-delta and unmyelinated c-fibers found in pulp
tissue are susceptible to toxic damage from Hg (Hahn et al., 1990).

Amalgam restorations are important source of Hg in saliva, which possesses
antioxidant activity exerted by different compounds as antioxidant enzymes and
reducing compounds (Moore et al., 1994). Anyway, a study in vivo confirmed that the
release of Hg from dental amalgam in female rats decreased the salivary total
antioxidant activity, which may be associated with a lessened resistance to further
oxidative injury (Pizzichini et al., 2002). Absorption of amalgam Hg by the oral mucosa,
respiratory and gastrointestinal tract may be toxic to body tissues (Berglund, 1995). It
can cause a variety of systemic adverse effects when elemental mercury vapor (Hg°) is
released from dental amalgam and is inhaled (Vimy and Lorschneider, 1990), absorbed
by lung, gastrointestinal and oral tissues (Hahn et al., 1989), and retained mainly in the
kidney and liver (Hahn et al., 1989; 1990) and central nervous system (Nylander et al.,
1987; Weiner and Nylander, 1993), by retrograde axon transport in primary sensory
neurons (Arvidson and Arvidsson, 1990).

Hg from amalgam may cause neurological disorders (Clarkson, 1989), and has
previously been shown to be a potent inhibitor of enzymes, especially those containing
sulfhydryl groups (Edstrom and Mattson, 1976). Otherwise, in an in vitro study
investigating the neurotoxicity of dental amalgam, it was demonstrated that amalgam
toxicity was not mediated by release of Hg, since 200 yM Sn caused 15% cell death. Zn
was the primary toxic substance released and there was enough Zn in the amalgam to
be responsible for the toxicity to nerve cells in culture (Lobner and Asrari, 2003). It has
been considered that different elements have different labilities and Zn is considered to
be relatively labile compared with other dental amalgam metals, which is not

proportional to its mass composition (Wataha and Lockwood, 1998). Only CuSO,
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caused a significant increase in brain TBARS production, which returned to control
values when brain homogenates were incubated with CP and carbopol. When brain
homogenates were incubated with carbopol and SnCl, there was a significant decrease
in TBARS production.

Hg causes oxidative damage to the kidney, inhibiting the antioxidant role of GSH
and forming a reactive Hg-thiol complex, which can interact with H,O, to promote the
oxidation of bio-molecules (Miller and Woods, 1993). The most common effect of
inorganic Hg is nephrotoxicity (Klassen, 1990). In our study, we did not observed an
elevation in kidney TBARS production when tissue homogenates were incubated with
metals alone or with CP.

In our study CuSO4 and SnCl, caused a decrease in liver TBARS. Our data
indicated that this effect was not observed when liver homogenates were incubated with
CP in the presence of amalgam metals. A previous in vitro study also investigated the
effect of HgCl, on hepatic and renal TBARS production, but only when homogenates
were incubated with extremely high concentrations (400 uM) a significant elevation in
TBARS production was observed (Perottoni et al, 2004). When CuSO4 was incubated
with brain homogenates, there was a different response of increase formation of TBARS
products. Previous studies indicate that generally, toxicities produced by the transition
metals involve hepatotoxicity, neurotoxicity, and nephrotoxicity. Specific differences in
the toxicities of metal ions may be related to differences in solubilities, absorbability,
transport, chemical reactivity, and the complexes that are formed within the organism.
These specific differences are also related to the target organ, as nature of cell
membranous composition, or specific cell membranous fraction (Stohs and Bagchi,
1995). In line with this, there is ample evidence that metal ions are required for hydroxyl
radical formation, but these ions may be bound at specific sites that are not readily
accessible to some scavengers and chelators (Halliwell and Gutteridge, 1990).

When ions are incubated with a biological system, very often the sensitization
effect of these ions occurs inside the biological entity. In order for this effect to be
expressed, it is essential to transport the metal ion or its complex into the cell. Ligands of

these metal ions may impede or facilitate the transport of these ions or their compounds
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through the cell membrane (Sturm et al., 2006). Therefore these chelates may enhance
or not the effect of amalgam metal ions.

In our study, the effects exerted by metal ions when incubated solely with tissue
homogenates were reduced when carbopol gel was incubated together. Carbopols,
which are very high molecular weight polymers of acrylic acid, have been shown to be
highly sensitive to ions (Kelly et al., 2004). Adhesion capacity of this substance to
mucosa is due to the ability of functional groups (COOH) to form hydrogen bridges to
interpenetrate the mucus layer (Tang et al.,, 2005). The pH value of the dissolution
medium determines the percentage of ionised carbopol acidic groups at the external
layers of the gel matrix (Bonacucina et al., 2004). Carbopol acidic nature when gel is
dissociated may exert a chelating function and explain the reduced effect of metal ions

when incubated together in this in vitro study.
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5. Conclusion

Results from our study indicate that CP can be toxic since it provoked a
significant increase of TBARS when incubated with brain homogenates.

From metals investigated, CuSO4 caused an increase in brain TBARS levels and
HgCl, provoked an elevation in pulp TBARS what has important implication for dental
practice.

Consequently, additional care is needed when bleaching treatment is performed
in amalgam restored teeth because this treatment can be a pulp toxicity inducer since
there is a possibility of Hg pulp concentrations rising which was demonstrated to be a

pro-oxidant situation.
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Fig. 1. Hepatic TBARS levels after incubation with amalgam metals constituents (F = 12,593; p = 0,000).

* Sifnificant different from control.
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Fig. 2. Brain TBARS levels after incubation with amalgam metal constituents (F = 2,691; p = 0,020).

* Sifnificant different from control.
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Fig. 3. Kidney TBARS levels after incubation with amalgam metal constituents (F = 1,281; p = 0,281).

* Sifnificant different from control.
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Fig. 5A-C. TBARS levels in some rat tissues after incubation of homogenates and with carbopol and CP.
Liver (N = 4; F = 9,705; p = 0,002), brain (N = 4; F = 0,785; p = 0,525) and kidney (N = 4; F = 2,872; p =

0,103).

* Sifnificant different from control.
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Fig. 6A-C. TBARS levels in some rat tissues after incubation of homogenates with carbopol and CP. Liver
(N =4;F=0,057; p=0,945), brain (N =4; F =5,291; p = 0,014) and kidney (N = 4; F = 0,087; p = 0,917).
* Sifnificant different from control.
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Fig. 7-A. Liver TBARS levels after incubation with carbamide peroxide dissolved in carbopol gel and
dental amalgam components. (N = 3; F = 0,950; p = 0,521).
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Fig. 7-B. Brain TBARS levels after incubation with carbamide peroxide dissolved in carbopol gel and
dental amalgam components (N = 3; F = 3,684; p = 0,000).
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Fig. 7-C. Kidney TBARS levels after incubation with carbamide peroxide dissolved in carbopol gel and
dental amalgam components (N = 3; F = 1,548; p = 0,138).
* Sifnificant different from control.
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4 CONCLUSOES

Os resultados obtidos nestre trabalho permitem concluir que:

- A administragao oral de peréxido de carbamida 24 e 35% ou gel carbopol por 25 dias
nao causa um aumento nos niveis de producdo de TBARS nos tecidos hepatico e

pulpar de ratos in vivo.

- A enzima 3-ALA-D hepatica de ratos ndo apresenta sensibilidade aos componentes
do gel de clareamento dental (carbopol e peroxido de carbamida) nas concentragdes

utilizadas, ou aos seus produtos de degradacéo in vivo.

- A avaliagao histolégica do epitélio do palato dos ratos submetidos ao tratamento in
vivo demonstra que o peréxido de carbamida 35% causa um aumento na sua
espessura, aumento na dimensao (altura) das células basais, e aumento do numero de

camadas de células deste epitélio.

- O peroxido de carbamida causa um aumento nos niveis de TBARS in vitro apenas
quando incubado em concentragdes altas nos tecidos hepatico e pulpar. No tecido
cerebral, o poder indutor no aumento dos niveis de TBARS é acentuado, pois
concentragdes mais baixas deste composto ja possuem efeito indutor neste parametro

de toxicidade.

- O gel carbopol causa uma diminuigdo nos niveis de TBARS dos tecidos hepatico,
cerebral e renal quando comparado com os niveis produzidos pelo controle, onde

somente o tecido foi utilizado in vitro.

- O efeito dos metais que constituem o amalgama dental sobre os niveis de TBARS in

vitro nos tecidos é bastante diversificado: no tecido hepatico o CuSO4 e o SnCl, causam
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uma diminuicdo na produgdao de TBARS nas concentragdes estudadas, apesar de no

cérebro, CuSQO4 causar um aumento nos niveis TBARS.

- SnCl, causa uma diminuigdo na producdo de TBARS no cérebro quando incubado

juntamente com o peréxido de carbamida in vitro.

- O tecido pulpar dental é suscetivel a acdo do HgCl, nas concentracbes estudadas,
pois esta substancia causa um aumento nos niveis de TBARS, o que salienta a atengao
necessaria no procedimento de clareamento quando dentes restaurados com

amalgama estido presentes na cavidade bucal.
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Il = Objetivos:

Primdrio:

O propdsilo principal daste projeto & avaliar o passivel efefto Mxico do perdsido de
carbamida e dos componentes do amalgama denfal, assim como warificar um a
poasival agdo do perdxido de carbamida ne atividade de enzima ALA-D en
diferentes tecidos de ralos.

Secundérios;  1)Avaliar o dano oxidelive dessas substancias no fecido hapdtico
renal e pulpar de ralos;
2) Avaliar a atividade da enzima ALA-D hepdlica;
3} Avaliar microscopicaments & agdo desess substéncias nocivas no
fecido pulpar.

Il — Suméario:

O presente projeto visa & acompanhar o possivel efeite 1dxico do perdxido de
carbamida e dos componentss do smdlgama dental sobve os tecidos pulpar,
heepdlico & renal da ratos, assim come varificar um & possivel agdo do perdxido de
carbamida na atividade da ALA-D hepdtica,

Amostra: amosire saré composta por ratos Wistar machos provensenles do Biotéria:
Cenfral da LIFSM - numers apraximado de 50 animais

Critéripe de Inclusdo & Exclusdgo:

1} Mstodologia: adequada — os estudos serdo tanto in vilro quanta in vivo, onde
sardo invesligados 0s efeilos do perdxido de carbamida & de componentas da
amdlgama sobre oa tecidoa hepaticos, renals e pulpares dos ratos,

Metodos Estatisticos: adequado — oe resuliados obtidos serdo comparados par
andlise de varidncia da uma via se esles moslraremn distribuicio normal, com
analise de covariancia quande for spropriado. Caso o F seja significativa (p <
0.05) sard aplicedo o leste de Duncan coma cantraste
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	* Sifnificant different from control.
	4 CONCLUSÕES
	 Os resultados obtidos nestre trabalho permitem concluir que:
	 - O gel carbopol causa uma diminuição nos níveis de TBARS dos tecidos hepático, cerebral e renal quando comparado com os níveis produzidos pelo controle, onde somente o tecido foi utilizado in vitro.
	- SnCl2 causa uma diminuição na produção de TBARS no cérebro quando incubado juntamente com o peróxido de carbamida in vitro.
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