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RESUMO

Introdugédo: O objetivo foi avaliar a movimentacao dentaria induzida em ratos
Wistar submetidos a administragdo de Carbonato de Litio (CL). Métodos: Os
ratos (n=192) foram divididos nos grupos: L- administragao diaria de 60mg/kg
de CL, sem movimentacao dentaria e eutanasiados apos 33, 37, 44 e 51 dias;
LM- administracdo de CL por 30 dias e durante os dias subsequentes, 3, 7, 14
e 21 de movimentagdo dentaria com 30g/F; SM- solugdo salina e
movimentagédo dentaria. Foram mensurados a taxa de movimentagao dentaria,
o0 numero de osteoclastos e os niveis séricos de litio, fosfato (PO4), AST,
fosfatase alcalina (ALP) e creatinina e foram aplicados os testes estatisticos
ANOVA, Kruskal-Wallis, Games-Howell e Dunn (p<0,05). Resutados: A taxa
de movimentagéo foi menor no LM aos 44 dias. O Litio e o AST foram maiores
no L e LM. O contrario foi observado para PO4. A AST foi maior no LM em
relagdo ao L. Maior ALP foi verificado no L. A creatinina foi menor no LM.
Conclusoes: O CL inibiu a movimentacédo dentaria aos 14 dias. Os pacientes
que usam CL devem ser monitorados durante o tratamento ortoddntico.

Palavras-chave: Carbonato de Litio; Movimentagdo Dentaria;
Osteoclastos; Fosfatase Alcalina; Aspartato Aminotransferases; Creatinina.
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INTRODUCAO E REVISAO DE LITERATURA

A prevaléncia do transtorno de humor bipolar (THB)1 na populagao em geral
€ estimada em 1% e o Carbonato de Litio (CL) é o farmaco de escolha utilizado
para o tratamento desse disturbio. Este farmaco também ¢é utilizado em outras
desordens psicologicas como o transtorno de hiperatividade e depresséo unipolar
em criangas, adolescentes e adultos. **

O tratamento ortoddntico fundamenta-se na premissa de que uma forca é
aplicada a um dente e transmitida para os tecidos adjacentes, acarretando em
eventos quimicos, mecanicos e celulares.®® As mudangas especificas que
ocorrem no tecido 0sseo e na raiz de um dente ortodonticamente movimentado
sao a reabsorcao do osso por osteoclastos no lado de pressdo e a deposicao
6ssea no lado de tensdo. >’ A mensuragdo da movimentacdo dentaria induzida

por meio do paquimetro digital?, a analise bioquimica do sangue® '

e a coloracgao
histoquimica pela fosfatase acida tartarato-resistente (TRAP)'"® sdo métodos
uteis para a avaliagdo da movimentacao dentaria induzida.

As alteragbes teciduais produzidas pela forga ortodontica podem ser
influenciadas por fatores locais relacionados aos dentes, e também a fatores
sistémicos relacionados ao metabolismo ésseo. Alguns farmacos utilizados pelos
pacientes durante o tratamento ortoddntico, também podem ser fator de influéncia
sobre essas alteragdes teciduais. O efeito combinado das forgas mecéanicas com a
acao dos farmacos pode ser aditiva, inibidora ou sinérgica. '*

A avaliacdo do efeito do CL no tecido ésseo tem sido realizada em
humanos e em ratos e revelou resultados conflitantes como inibicao da formacao

1718 henhuma influéncia, ' ou aumento da formacéo 6ssea .2%2"22

ou perda Ossea,
Baran et. al verificaram que o tratamento com litio inibe a sintese de ostedide,
levando uma diminuicdo da mineralizagdo 6ssea em ratas. Os resultados do
estudo de Cohen et. al ndo detectaram qualquer efeito sobre a densidade 6ssea
depois de curto ou longo prazo do tratamento com carbonato de litio'® Por outro

17

lado o estudo experimental de Clement-Lacroix et. al mostraram um efeito

anabdlico do litio na massa 6ssea em ratos. %°
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Durante a expansdo da sutura palatina mediana.foi administrado em ratos,
por meio de sonda, diariamente com litio ou de cloreto de sédio , realizado por

12 verificaram que a administracdo de uma dose diaria de Litio em ratos

Tang et a
com 4 semanas de vida, administrada por gavagem de 200 mg/kg por 3, 7 e 14
dias aumenta a neoformacao 6ssea na sutura palatina mediana, apesar de ter sido
inicialmente retardada no terceiro dia de movimentagcdo dentaria induzida
associada ao uso do CL nos ratos submetidos a expansédo rapida da maxila. No
entanto, ndo existem estudos que avaliem o efeito do uso crénico do CL na
movimentagao dentaria induzida 2.

Considerando os resultados controversos observados na literatura e a
possivel influéncia do CL sobre a movimentagdo dentaria induzida, o objetivo
deste estudo foi avaliar a movimentacao dentaria induzida em ratos submetidos ao

uso crénico do Carbonato de Litio.

MATERIAL E METODOS

Esta pesquisa foi aprovada pelo Comité de Etica no Uso de Animais
(CEUA) da Pontificia Universidade Catodlica do Parana (PUCPR), sob o numero de
registro 631/11.

Amostra

A amostra foi constituida de 192 ratos machos Wistar (Rattus norvegicus
albinus) com 9 semanas de vida, pesando aproximadamente 300 — 350 g,
provenientes do Biotério da PUCPR.

Os animais foram distribuidos aleatoriamente em 3 grupos.

- Grupo L (n=64): administracdo intraperitoneal diaria de 60mg/kg de CL em
solugéo salina (Bioarte Farmacia de manipulagdo LTDA, Piracicaba, SP, Brasil),
dose que resultou em niveis séricos de litio de 1,30 £ 0,55 mmol/L, 90 minutos
apos a administracgo.” O farmaco teve a sua pureza e potencial certificado pelo
fabricante. A aplicagao foi realizada por meio de seringas plasticas descartaveis
agulhadas U-100 Insulin % cc 0,05 m (BD ultra-fine™ BD- Becton Driver, Franklin
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Lakes). Esses animais ndo foram submetidos a movimentacédo dentaria e foram
eutanasiados apos 33, 37, 44 e 51 dias (n=16 em cada periodo) de aplicagéo do
farmaco. Um estudo prévio considerou o uso agudo de Litio equivalente a uma
dose unica e uso cronico quando o farmaco foi administrado diariamente por trés
semanas. 2> Como no presente estudo os ratos foram submetidos a administragao
de Litio por um periodo superior a trés semanas (33, 37, 44 e 51 dias) esse uso foi
considerado como crénico.

- Grupo LM (n=64): administracdo diaria prévia de CL conforme acima
descrito, o que resultou em niveis séricos de litio de 1,34 + 0,53 mmol/L. O
farmaco foi administrado por 30 dias e durante os 3, 7, 14 e 21 dias subsequentes,
correspondentes ao periodo de movimentagcdo dentaria induzida. A eutanasia
ocorreu nos dias 33, 37,44 e 51.

- Grupo SM (n=64): administracdo de solugdo salina (LBS- Laborasa
Industria Farmacéutica LTDA, Sao Paulo, SP, Brasil) em igual volume e periodo
utilizados para os grupos anteriores. A movimentagdo dentaria e a eutanasia
foram realizadas de acordo com os periodos supracitados.

Os animais foram pesados no inicio (pi) e no final (pf) do tempo
experimental com o auxilio de balanga eletrdnica de precisdo (Gehaka — BG 4001,
Sao Paulo, SP, Brasil). A variagao do peso (AP) em porcentagem foi calculada por
meio da férmula:

AP(%) = (pi/pf-1)x100

Protocolo experimental

Para a realizagcdo da movimentagcdo dentaria induzida, os animais foram
sedados com injegao intramuscular de 50 mg/kg de Tiletamina/Zolazepan (Zoletil
50 ®, Brasil industria e comércio Ltda, Jurubatuba, Sdo Paulo, SP, Brasil). O
dispositivo ortoddntico consistiu de uma mola fechada de nickel titanium (G&H®
Wire Orthodontics, Franklin) e fio de amarrilho de ago inox (Dental Morelli
Ltda,Sado Paulo, SP, Brasil) com 0,025 milimetros, para fixagdo da mola no
primeiro molar superior direito e no incisivo superior do mesmo lado, que produziu

forgca reciproca de 30g/F 2 entre esses dentes , aferido com um dinamdmetro
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(Haag-Streit AG, Koeniz, Switzerland). A extremidade do fio de amarrilho foi fixada
no incisivo superior direito com resina composta e unido ao incisivo superior
esquerdo para aumentar a estabilidade do dispositivo (4 seasons, lvoclar
Vivadent, Schaan, Liechtenstein, Luxemburgo) apds condicionamento acido
fosforico 37% (Total Etch, Ivoclar Vivadent, Schaan, Liechtenstein, Luxemburgo) e
aplicagdo de adesivo fotopolimerizavel (AdheSE, Ivoclar Vivadent, Schaan,

Liechtenstein, Luxemburgo) (Fig1).

Fig 1. Dispositivo ortoddntico instalado.

Mensuracado do movimento dentario

Utilizando um paquimetro digital (Absolute-Mitutoyo, Kawasaki-Shi, Japan) foi
mensurada a distancia entre o primeiro molar superior direito e o incisivo central
superior do mesmo lado antes da colocagdo do dispositivo ortoddntico (medida
inicial-mi) e apds a eutanasia (medida final-mf). A taxa de movimentagao dentaria
(ATM) foi calculada pela férmula:

ATM (%) = (mi/mf - 1)x100

Analise bioquimica

Os animais foram eutanasiados por overdose de solugdo anestésica (100
mg/kg) de pentobarbital sédico (Syntec, Cotia, SP, Brasil), aplicado via
intraperitoneal.

O sangue dos animais foi coletado por pungao intracardiaca no momento
da eutanasia. Foram colhidos 6 ml de sangue em tubo vacutainer com gel (BD-

Becton Driver, Franklin Lakes, Nova Jersey), descartavel sem anticoagulante.
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A analise bioquimica do sangue foi realizada em Laboratério de Analises
Clinicas LANAC (Curitiba, PR, Brasil), sendo quantificados: o nivel plasmatico de
fosfato inorganico (PO,), fosfatase alcalina (ALP), aspartato amino transferase
(AST), creatinina, calcio por meio do sistema bioquimico automatico Advia
1200/1800 (Medcorp-Siemens, Brasilia, DF, Brasil). O nivel sérico de litio foi
mensurado pelo analisador automatico Dimension RXL (Medcorp-Siemens,
Brasilia, DF, Brasil) e a albumina pelo analisador automatico Advia 1200
(Medcorp-Siemens, Brasilia, DF, Brasil). A obtengdo dos valores de calcio sérico
total corrigido (alb-adjCa) foi ajustada para albumina, calculado pela férmula:

alb-adjCa= [(40-albumina) x 0,025+total calcio]*"**

Analise histopatologica

Apds a eutanasia, a maxila de cada animal foi removida, dissecada e
seccionada na linha média. A hemi-maxila direita foi fixada em formol a 10% por
24 horas e desmineralizada com EDTA 5%, por 2 meses.

Apos a desmineralizagao, os espécimes foram processados e emblocados
em parafina, no Laboratério de Patologia Experimental da PUCPR. Foram obtidas
cinco secgoes transversais a partir do tergo cervical da raiz mésio-vestibular do
primeiro molar, cortados em micrétomo com 4 uym de espessura, com a superficie
oclusal do molar paralela ao micrétomo e com intervalo de 60 uym entre cada
seccao. Estes cortes foram corados pela técnica histoquimica TRAP. A enzima
TRAP é considerada marcador pontual de osteoclastos e pode ser utilizada para
determinar quantitativamente, a reabsorcdo dssea. ?°> A coloracdo por TRAP foi
realizada usando o kit TRAP 387 (Sigma-Aldrich Co, St Louis, MO) seguindo as
instrucdes do fabricante.

De cada secgao, foram capturadas 5 imagens da regidao mesial da raiz
mésio-vestibular do primeiro molar, compreendendo area total de 942.813,00um?
utilizando microscépio Olympus BX-50 (Olympus, Toquio, Japao) acoplado a
microcamera Dinolite® AM 423X (AmMo Eletronics Corporation, New Taipei city
241, Taiwan) em magnificagdo de 400X."" Os parametros de aquisicdo da imagem

foram fixados durante o processo de captura. A contagem do numero de
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osteoclastos foi realizada com auxilio do programa de morfometria Image Pro-Plus
4.5 (Media Cybernetics, Silver Spring, MD), onde foi criada uma grade para
contagem. Foram considerados osteoclastos as células multinucleadas, TRAP-
positivas e localizadas no ligamento periodontal adjacente ao osso alveolar (Fig 2).
Para a obtencdo do numero de osteoclastos calculou-se a média das cinco

seccoes.

Fig 2- Osteoclastos (setas brancas) - Células multinucleadas, TRAP-
positivas, localizadas no ligamento periodontal adjacente ao osso alveolar (TRAP,

magnificagéo X 400)

Analise estatistica

Na analise estatistica foi utilizado o programa SPSS 19.0 (SPSS Inc,
Chicago, lllinois). O teste de normalidade de Kolmogorov-Smirnov revelou que as
variaveis taxa de deslocamento, variagdo do peso, Calcio total corrigido, PO4, ALP
e creatinina apresentaram distribuicdo normal. Apesar das variaveis AST e
numero de osteoclastos ndo apresentarem distribuigdo normal, os valores de
média e mediana sédo proximos, indicando distribuicdo simétrica. Para as variaveis
acima se realizou o teste ANOVA a dois critérios modelo fatorial completo. Como o
Litio sérico € uma constante para o grupo SM em todos os tempos, optou-se pelo
teste nao paramétrico de Kruskal-Wallis. O teste de homogeneidade de variancias
de Levene revelou que as variaveis taxa de deslocamento, Calcio total corrigido,

PO4 sérico, ALP, creatinina, AST e numero de osteoclastos apresentaram
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variancias heterogéneas, optou-se entdo pelo teste de comparagdes multiplas
paramétricas de Games-Howell. Para o Litio sérico foi utilizado o teste de
comparagbes multiplas nédo paramétricas de Dunn. O nivel de significancia
adotado em todos os testes foi de 5% (p<0,05). Foi avaliado o poder de
reproducibilidade da contagem de osteoclastos e verificou-se que o erro de
Dahlberg foi de 0,037%, indicando que o unico avaliador reproduziu as medidas

de forma confiavel. 2% %’
RESULTADOS

A movimentacédo dentaria no Grupo LM foi menor que a do grupo SM aos
44 dias (Tabela I).

Tabela |- Taxa de movimentacdo dentaria induzida (%) no grupo Litio e
Movimentagao (LM), comparado com o grupo Solugdo Salina e Movimentagéo
(SM), nos tempos 33, 37, 44 e 51 dias

Grupo/ dias SM (Média +DP) LM (Média +DP)
33 dias 4,05+3,61A 1,76 £ 1,29 A
37 dias 523+ 3,23A 3,02+2,00 A
44 dias 6,22 £ 3,90 A 1,84 +1,49B
51 dias 6,13+ 3,53 A 3,14+ 210A

Nota: Teste de ANOVA modelo fatorial completo a dois critérios, p> 0,05; Teste
Games Howell: Letras diferentes em linha indicam diferencas estatisticamente
significantes

Maior nivel de litio sérico foi observado nos grupos L e LM. No grupo SM
observou-se maior nivel de PO, sérico. Na analise de AST foi verificado maior
nivel nos grupos L e LM quando comparados com o grupo SM. Além disso, o
grupo LM apresentou valor médio maior que o grupo L. O maior valor de ALP foi
verificado no grupo L comparado com os grupos SM e LM. A variavel creatinina
mostrou menor nivel no grupo LM em relagdo a L e SM. A variagao do peso foi

maior nos animais do grupo L e LM (Tabela Il).

Tabela Il - Médias e desvios padrao das variaveis: litio sérico, calcio total
corrigido, PO4 sérico, aspartato transaminase (AST), fosfatase alcalina sérica
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(ALP), creatinina sérica e variagcdo do peso, nos grupos Solugdo Salina e
movimento (SM), Litio (L) e Litio e Movimento (LM)

Média +DP
Grupo/ Variaveis SM L LM
Litio sérico intacto (mmol/L)"® 0,10+0,00 A 1,30+ 0,55 B 1,34+0,53 B
Ca total corrigido (mg/dL) *° 9,92+0,40 A 10,06+0,33 A 9,96+0,43 A
Po4 sérico (mg/dL)?"® 9,94+1,922 7,59+1,17 B 7,08+1,48 B
AST sérica (U/L)® 155,16+42,02 A 180,71+48,26 B 204,21+47,70 C
ALP sérica (U/L)* 120,56+43,22 A 154,63+56,44 B 127,17+45,08 AB
Creatinina sérica (mg/dL)* 0,34+0,08 A 0,31+0,05 A 0,27+0,05 B
Variagdo do peso (%) 8,0147,24 A 23,34+1159B  24,55+12,37 B

Nota: ' Teste de Kruskall- Wallis p<0,05; * Teste de ANOVA modelo fatorial
completo a dois critérios, p< 0,05;% Teste de Dunn; ® Teste de Games- Howell;
Letras diferentes em linha indicam diferengas estatisticamente significantes

O numero de osteoclastos no grupo L manteve-se constante em todos os

periodos. Nao foram observadas diferengas estatisticamente significativas entre

os grupos SM e LM em todos os periodos (Tabela Ill).

Tabela Ill - Média e desvio padrao da variavel numero de osteoclastos nos

Grupos Litio e Movimento (LM), Solugéo Salina e Movimento (SM) e Litio (L) nos

dias 33, 37,44 e 51.

Grupo/ SM L LM
Variaveis (Média +DP) (Média +DP) (Média +DP)
Osteoclastos
33 dias 1,54+0,93 A 0,23+0,25B 1,13+0,48 A
37 dias 0,93+0,95 A 0,21+0,31 A 0,61+0,40 A
44 dias 2,56+1,26 A 0,17+0,30 B 1,60+1,32 A
51 dias 1,18+0,96 A 0,16+,28 B 0,96+0,98 AB

Nota: ANOVA a dois critérios modelo fatorial completo: p< 0,05, Teste de Games-
linha indicam diferengas estatisticamente

Howell: Letras diferentes em
significativas.
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DISCUSSAO

O presente estudo experimental avaliou a movimentacao dentaria induzida
em ratos submetidos ao uso cronico do Carbonato de Litio por meio de
administracdo diaria de CL dentro de niveis terapéuticos (0,8 a 1,5 mmol/lL)
recomendados para humanos e também utilizados em ratos.'®?* Os niveis séricos
de CL alcangados nessa pesquisa foram 1,30 + 0,55 mmol/L para o grupo L e de
1,34 + 0,53 mmol/L para o grupo LM.

Este foi o primeiro estudo que avaliou o0 movimento dentario associado ao
uso crénico de CL e foi identificada a menor taxa de deslocamento dentario nos
ratos aos 14 dias de movimentacao dentaria induzida. Os 14 dias correspondem
aos animais que receberam litio por 30 dias e nos 14 dias subsequentes a
movimentagao dentaria, ou seja, eutanasiados aos 44 dias. A possivel explicacéo
para este fato foi a reducdo do numero de osteoclastos, nesse periodo, que
apesar de nao ter apresentado significancia estatistica pode ter ocasionado menor
reabsorcido 0ssea, resultando na menor taxa de deslocamento dentario observada

clinicamente. Em um estudo prévio, Spencer et al.?®

verificaram in vitro que o
cloreto de litio (LiCl) inibe a osteoclastogénese em co-culturas de osteoblastos de
ratos e células mononucleares do baco. Além disso, em um estudo anterior, foi
verificado que o litio induz a apoptose em macréfagos. 2° Os osteoclastos sdo
derivados de unidades formadoras de colbnias de granulécitos macréfagos da
medula éssea, células que se fusionam e diferenciam em osteoclastos maduros.*
Entretanto, ndo existem estudos que avaliem a apoptose induzida pelo litio em
osteoclastos. Posteriores estudos in vitro poderéo elucidar este possivel efeito do
litio nos osteoclastos. O numero de osteoclastos permaneceu constante no grupo
L, como era esperado, pois nesse grupo nao houve movimentagao dentaria.

Aos 21 dias observou-se que a taxa de deslocamento foi semelhante entre
os grupos LM e SM, sugerindo a tendéncia a semelhanga no comportamento entre
os grupos. Entretanto essa observagao foi verificada em apenas um unico
momento de ativagdo. Posteriores estudos deverdo ser conduzidos com o intuito
de verificar se apds as reativagcbdes dos dispositivos ortoddnticos essa reducao do

deslocamento dentario observada aos 14 dias pode ser acumulativa e representar
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um atraso importante na movimentagdo dentaria induzida, o que tornaria
necessaria a individualizagdo no diagnostico e no plano de tratamento ortodéntico.
Estudos bioquimicos podem ser uteis na avaliacdo da movimentacao

910 & na analise da citotoxicidade de farmacos.' O aumento

dentaria induzida
significante do Célcio e do PO, ¢é considerado como resultado da
desmineralizagdo 6ssea.’’ Entretanto, no presente estudo n&o verificamos
alteragdo no Calcio e observamos a diminuigcdo do PO, em ratos submetidos ao
uso cronico de CL, n&o indicando desmineralizagdo 6ssea. O PO, é critico para
numerosas fungodes fisiolégicas incluindo o desenvolvimento do esqueleto e o
metabolismo mineral entre outros. Esta diminuicdo dos niveis de PO4 poderia
estar relacionada com a diarréia cronica. *?A diarréia, a polidipsia e a politria t&ém
sido relatadas em associagdo ao uso desse farmaco.* Esses resultados também
foram verificados no presente estudo. A diminuicao do PO4 néo foi verificada em
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alguns estudos nos quais os niveis nao se alteraram com a administracdo do

CL, e contraria aos resultados observados por Sharman et al*’

no qual o nivel
sérico aumentou. Essas divergéncias podem estar relacionadas a diferengas na
metodologia, como estudo em animais ou em humanos, género, a realizagdo ou
nao da movimentagao dentaria induzida, tempo e dose de tratamento com o CL e
a sua forma de administragao.

A aspartato amino transferase (AST) € uma enzima liberada no soro em
resposta a danos celulares hepaticos e este aumento pode indicar a ocorréncia de
lesbes hepaticas farmaco-induzidas.®* Nesse estudo, verificou-se aumento dos
niveis de AST nos grupos tratados com CL comparados com o grupo que nao
recebeu o farmaco, indicando hepatotoxicidade, em concordancia com estudos
prévios em ratos.>"* Um resultado interessante foi que o grupo LM apresentou
maior nivel de AST quando comparado com o grupo L. Portanto possivelmente
maior dano hepatico pode estar ocorrendo nos animais nos quais 0 movimento foi
associado a terapia com CL. Desta forma, no caso de pacientes que utilizam esse
farmaco e sao tratados ortodonticamente, é recomendavel que seja realizado o
monitoramento da AST e que os beneficios dessa associagdao sejam

cuidadosamente avaliados. Estudos posteriores adicionais sao necessarios para
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avaliar este possivel efeito sinérgico da movimentagao dentaria e da terapia com o
litio.

A ALP é um marcador sistémico para a formacdo de osso e tem sido
utiizada para avaliar a formacdo O6ssea durante a movimentagdo dentaria
induzida. '°>° Nesse estudo, foi observado no grupo L maior valor de ALP quando
comparado com LM. Isso sugere que o movimento ortodéntico diminui a ALP em
pacientes que utilizam o CL. Neste mesmo sentido Milne et al,’ também
verificaram diminui¢cdo nos niveis de ALP apds a aplicagao de forgas ortodénticas,
consistente com redugédo na massa 0ssea, observada histologicamente. Durante a
movimentagdo dentaria induzida ocorre reabsor¢gdo no lado de compressao e
neoformacdo dssea no lado de tracdo.’ Possivelmente essa redugdo da massa
Ossea verificada frente a aplicacao de forcas ortodénticas, pode estar relacionada
com a reabsorcao 6ssea. O efeito do Carbonato de Litio no osso e sua biologia
ainda nao foram completamente elucidados.'®%* No presente estudo, quando os
animais foram submetidos ao uso de CL e a movimentag&o dentaria observaram-
se niveis de ALP semelhantes aos ratos do grupo SM, nao alterando neste caso a
deposicao d6ssea.

A analise quantitativa dos niveis séricos de creatinina pode ser um
indicativo de danos renais.>” No presente estudo, foram verificados em todos os
grupos niveis de creatinina abaixo do limite maximo da normalidade (0,65 mg/dL)*®
para ratos Wistar, indicando auséncia de danos renais. Diferente do presente
estudo, Allagui et al,*® verificaram aumento significativo dos niveis de creatinina
nos animais do grupo tratado com CL, indicando lesao renal, que possivelmente
possa estar associada a alta dose do medicamento administrada na racéo para se
atingir os niveis séricos terapéuticos. Lesdes renais sao frequentemente
observadas em pacientes submetidos & terapia de litio com mais de um ano. * No
presente estudo foi administrado o CL por 51 dias no periodo mais longo da
terapia. Posteriores estudos por um periodo maior de tempo poderédo avaliar o
possivel dano renal. Os pacientes que utilizam esse farmaco e sdo submetidos ao
tratamento ortodéntico devem ser monitorados em relagdo aos possiveis danos

renais.
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Os animais em tratamento com CL apresentaram maior ganho de peso, em
concordancia com os resultados de Mcknigth et al °que relatam que a associagdo
entre o litio e 0 ganho de peso pode ser devido a possuir propriedade semelhante
a insulina de aumentar a captagcdo celular da glicose, aumentar a sede,
estimulac&o direta do centro de apetite.®

Com o uso do Carbonato de Litio verificou-se menor taxa de movimentacgao
dentaria aos 14 dias (ndo sendo alterada aos 21 dias). Observou-se também que
o Carbonato de Litio ndo alterou a deposicdo Ossea quando associado a
movimentagdo dentaria, indicando que esse farmaco combinado com a
movimentagdo dentaria induzida parece nao interferir na deposicdo Ossea.
Estudos em humanos sdo necessarios a fim de monitorar os pacientes que usam
Carbonato de Litio e sdo submetidos ao tratamento ortodéntico, com relacdo a

citotoxicidade hepatica e renal, por todo periodo de tratamento ortoddntico.

CONCLUSOES
A movimentagédo dentaria induzida associada ao uso crénico do Carbonato

de Litio, em ratos Wistar resulta em:

. Menor taxa de movimentagao dentaria no periodo de 14 dias;
. Padrao de deposicado 6ssea semelhante ao controle com movimento;
. Possivel risco de dano hepatico em associagao da movimentacdo dentaria

e o uso crbénico do Carbonato de Litio.
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ABSTRACT

Introduction: The aim of this study was to assess induced tooth movement in
Wistar rats subjected to the administration of lithium carbonate (LC). Methods:
The rats (n=192) were assigned to the groups: L - daily administration of 60mg/kg
of LC, with no tooth movement and euthanized after 33, 37, 44 and 51 days; LM -
administration of LC for 30 days and during the subsequent days 3, 7, 14 and 21 of
tooth movement using 30g/F; SM - saline solution and tooth movement. The rate of
tooth movement, the number of osteoclasts and serum levels of lithium, phosphate
(POg4), AST, alkaline phosphatase (ALP) and creatinine were measured. The
ANOVA, Kruskal-Wallis, Games-Howell and Dunn (p<0.05) tests were performed.
Results: the rate of tooth movement was significantly lower in the LM group on the
44" day and tending to a lower number of osteoclasts. Lithium and AST were
higher in the L and LM groups. The opposite was observed for PO4. AST was
higher in the LM group than in the L group. A higher ALP was observed in the L
group. Creatinine was lower in the LM group. Conclusions: LC inhibited tooth
movement on the 14 day and may be related to a lower number of osteoclasts.
Patients who use LC should be monitored during orthodontic treatment.

Keywords: Lithium Carbonate; Tooth Movement; Osteoclasts, Alkaline
Phosphatase, Aspartate Aminotransferases, Creatinine.
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INTRODUCTION AND LITERATURE REVIEW

The prevalence of bipolar mood disorder (BMD)' in the general population is
estimated to be 1% and lithium carbonate (LC) is the drug of choice used in the
treatment of this disorder. This drug is also used for other psychological disorders
such as hyperactivity disorder and unipolar depression in children, adolescents and
adults.>*

Orthodontic treatment is based on the premise that a force is applied to a
tooth and transmitted to the surrounding tissues, causing chemical, mechanical
and cellular events.>® The specific changes that occur in the bone tissue and at the
root of a tooth which has undergone orthodontic treatment are bone resorption by
osteoclasts on the pressure side and bone deposition on the tension side.”® The
measurement of induced tooth movement by digital caliper'®, the biochemical

d"'? and histochemical staining by tartrate-resistant acid

analysis of bloo
phosphatase (TRAP)'*'® are useful methods for the evaluation of induced tooth
movement.

The tissue changes produced by orthodontic force can be influenced by
local factors related to the teeth, and also by systemic factors related to bone
metabolism. Some drugs used by patients during orthodontic treatment can also
influence these tissue changes. The combined effect of mechanical forces along
with the action of the drugs can be additive, inhibiting or synergistic.'®'®

Evaluation of the effect of LC on bone has been carried out in humans and
in rats and showed conflicting results such as inhibiting bone formation or loss®'®,
no influence on bone,? or increased bone formation 2?2 Baran et. al verificaram
que tratamento com litio inibe a sintese de ostedide, levando uma diminuigdo da
mineralizacdo 6ssea em rato. '’ Por outro lado o estudo experimental de Clement-
Lacroix et. al mostraram um efeito anabdlico do litio na massa dssea em ratas. 2

Os resultados do estudo de Cohen et. al ndo detectaram qualquer efeito
sobre a densidade Ossea depois de curto ou longo prazo do tratamento com
carbonato de litio'® Por outro lado o estudo " experimental de Clement-Lacroix et.

al mostraram um efeito anabdlico do litio na massa 6ssea em ratos. %°
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Durante a expansao da sutura palatina mediana.foi administrado em ratos,
por meio de sonda, diariamente com litio ou de cloreto de sédio , realizado por
Tang et al* found that the administration of a daily dose of Lithium in 4 week-old
rats, administered by gavage of 200 mg/kg for 3, 7 and 14 days, increases new
bone formation in the median palatine suture, despite having been initially delayed
on day 3 of the rats subjected to rapid maxillary expansion. However, there are no

studies that evaluate the effect of chronic use of LC in tooth movement.

Taking into consideration the controversial results found in the literature and
the possible influence of LC on induced tooth movement, this study aimed to
evaluate induced tooth movement in rats subjected to chronic use of lithium

carbonate.

MATERIAL AND METHODS

This research was approved by the Ethics Committee on the use of animals
(CEUA) of the Pontificia Universidade Catdlica do Parana (PUCPR), under the

registration number 631/11.

Animals

The sample was composed of 192 male Wistar rats (Rattus norvegicus
albinus), 9 weeks old, weighing about 300-350 g, from the PUCPR Vivarium.

The animals were randomly placed in 3 groups.

- L Group (n=64) daily intraperitoneal administration of 60mg/kg of LC in
saline solution (Bioarte Farmacia de Manipulagdo Ltda., Piracicaba, SP, Brazil), a
dose that resulted in lithium serum levels of 1.30 + 0.55 mmol/L, 90 minutes after
administration.? The purity and power of the drug were certified by the
manufacturer. The administration was performed using disposable plastic syringes
U-100 Insulin % cc 0.05 m (BD ultra-fine™ BD- Becton Driver, Franklin
Lakes).These animals were not subjected to tooth movement and were euthanized
after 33, 37, 44 and 51 days (n=16 in each period) of application of the drug. Um

estudo prévio considerou o uso agudo de Litio equivalente a uma dose unica e uso
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cronico quando o farmaco foi administrado diariamente por trés semanas. ** Como
no presente estudo os ratos foram submetidos a administragdo de Litio por um
periodo superior a trés semanas (33, 37, 44 e 51 dias) esse uso foi considerado
como croénico.

- LM group (n=64) prior daily administration of LC as described above,
resulting in serum lithium levels of 1.34 £ 0.53 mmol/L. The drug was administered
for 30 days and during the subsequent days 3, 7, 14 and 21, corresponding to the
period of induced tooth movement. The euthanasia occurred on days 33, 37, 44
and 51.

- SM group (n=64): administration of saline solution (LBS-Laborasa Industria
Farmacéutica LTDA, Sao Paulo,SP, Brazil) in an equal volume and period used for
the previous groups. Tooth movement and euthanasia were carried out in
accordance with the aforementioned periods.

The animals were weighed, at the beginning (ip) and at the end (fp) of the
experimental time, using an electronic precision balance (Gehaka-BG 4001, Sao
Paulo,SP, Brazil). The weight change (AP) was calculated in percentage, using the
formula:

AP (%) = (ip/fp-1)x100

Experimental protocol

The animals were sedated with an intramuscular injection of 50 mg/kg of
Tiletamina/Zolazepan (Zoletil® 50, Brasil industria e comércio Ltda, Jurubatuba,
Sao Paulo, SP, Brazil), for the induced tooth movement. The orthodontic device
consisted of a closed, nickel titanium spring (GH® Wire Orthodontics, Franklin) and
stainless steel tying wire (Dental Morelli Ltda, Sdo Paulo, SP, Brazil) of 0.025 mm,
to attach the spring to the first upper right molar and to the upper incisor on the
same side. This produced a 30g/F?* reciprocal force on the distal face of the upper
right incisor and on the mesial face of the upper molar on the same side, measured
using a dynamometer (Haag-Streit AG, Koeniz, Switzerland). The end of the tying
wire was attached to the upper right incisor, using composite resin (4 seasons,

Ivoclar Vivadent, Schaan, Liechtenstein, Luxembourg) after being conditioned with
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37% phosphoric acid (Total Etch, lvoclar Vivadent, Schaan, Luxembourg) and
application of light-cured adhesive (AdheSE, Ivoclar Vivadent, Schaan,

Liechtenstein , Luxembourg) (Fig 1).

Figure 1. Orthodontic device installed

Measurement of tooth movement

The distance between the first upper right molar and the upper central
incisor on the same side, prior to placement of the orthodontic device (initial
measurement - im) and after the euthanasia (final measurement - fm), was
measured using a digital caliper (Absolute-Mitutoyo, Kawasaki-Shi, Japan). The
rate of induced tooth movement (ATM) was calculated using the formula:

ATM (%) (im/fm-1) x 100

Biochemical analysis

The animals were euthanized using an overdose of anesthetic solution (100
mg/kg) of sodium pentobarbital (Syntec, Cotia, SP, Brazil), administered
intraperitoneally.

Blood samples from the animals were collected by intracardiac puncture at
the moment of euthanasia. 6 ml of blood were collected in disposable vacutainer
tubes with gel (BD-Becton Driver, Franklin Lakes, New Jersey), without
anticoagulant.

Biochemical blood analysis was performed in the Lanac clinical analyses
laboratory (Curitiba, PR, Brazil), and the following was quantified: the plasma level

of inorganic phosphate (PO,4), alkaline phosphatase (ALP), aspartate
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aminotransferase (AST), creatinine, and calcium, using the Advia 1200/1800
(Medcorp-Siemens, Brasilia, DF, Brazil) automatic biochemistry system. The
serum level of lithium was measured using the Dimension RXL (Medcorp-
Siemens, Brasilia, DF, Brazil) automatic analyzer; and, of albumin using the Advia
1200 (Medcorp-Siemens, Brasilia, DF, Brazil) automatic biochemistry analyzer.
The corrected total serum calcium values (alb-adjCa) obtained were adjusted for
albumin and calculated using the formula:
alb-adjCa = [(40-albumin) x 0.025 + total calcium]?*?*

Histopathological analysis

Following euthanasia, the maxilla of every animal was removed, dissected
and sectioned on the mid-line. The right hemi-maxilla was set in a 10% formalin
solution for 24 hours and demineralized with 5% EDTA for 2 months.

After demineralization, the specimens were processed and embedded in
paraffin in the Experimental Pathology Laboratory of PUCPR. Five cross sections,
4 um thick, were obtained from the cervical third of the mesio-buccal root of the
first molar, cut using a microtome with the occlusal surface of the molar parallel to
the microtome and a 60 ym interval between each section. These sections were
stained using the TRAP histochemistry technique. The TRAP enzyme is
considered a specific marker for osteoclasts and can be used to determine bone
resorption quantitatively.?®> TRAP staining was performed using the TRAP kit 387
(Sigma-Aldrich Co, St Louis, MO) according to the manufacturer's instructions.

In each section, 5 images of the mesial region of the mesio-buccal root of
the first molar were captured, comprising a total area of 942,813.00 um?, using a
BX-50 Olympus microscope (Olympus, Tokyo, Japan) attached to a Dinolite® AM
423X micro-camera (AmMo Electronics Corporation, New Taipei City 241, Taiwan),
at 400X magnification.” The image acquisition parameters were set during the
capture process. The number of osteoclasts were counted using the Image Pro-
Plus 4.5 morphometry program (Media Cybernetics, Silver Spring, MD), with which
a count grid was created. The multinucleated, TRAP-positive cells located in the

periodontal ligament adjacent to the alveolar bone were considered to be
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osteoclasts (Fig 2). The number of osteoclasts was obtained by calculating the

mean of the five sections.’

Fig 2- Osteoclasts (white arrows) - Multinucleated, TRAP-positive cells located in

the periodontal ligament adjacent to the alveolar bone (TRAP, 400X magnification)

Statistical analysis

The SPSS 19.0 program was used in the statistical analysis (SPSS Inc,
Chicago, lllinois). The Kolmogorov-Smirnov test of normality showed that the
variables displacement rate, weight variation, corrected total calcium, PO4, ALP
and creatinine presented normal distribution. Despite the fact that the variables
AST and number of osteoclasts did not show normal distribution, the mean and
median values were close, indicating symmetrical distribution. The two-way
ANOVA, full factorial design was performed for the variables above. Since serum
Lithium is a constant for the SM group at all times, the non-parametric Kruskal-
Wallis test was used. Levene's Test for Homogeneity of Variance showed that the
variables displacement rate, corrected total calcium, serum POy, ALP, creatinine,
AST and number of osteoclasts presented heterogeneous variances; therefore, the
parametric Games-Howell multiple comparisons test was used. For serum Lithium,
the non-parametric Dunn’s multiple comparisons test was used. The significance
level adopted for all tests was 5% (p<0.05). The reproducibility power of the count

of osteoclasts was assessed and it was observed that the Dahlberg error was
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0.037%, indicating that the single evaluator reproduced the measurements
26,27

reliably.
RESULTS

The LM group showed lower rate of movement at 44 days, when compared
with the SM group (Table ).

Table | - Rate of induced tooth movement (%) in the LM group compared
with the SM group, on days 33, 37, 44 and 51.

Group/ days SM (Mean +SD) LM (Mean £SD)
33 days 405+ 3.61A 1.76 £ 1.29 A
37 days 523+3.23A 3.02+2.00 A
44 days 6.22+3.90 A 1.84+1.49B
51 days 6.13+3.53 A 3.14+£210A

Note: Two-way ANOVA, full factorial design, p> 0.05; Games Howell Test: different
letters in the same line indicate statistically significant differences

A higher serum lithium level was observed in the L and LM groups. In the
SM group, a higher level of serum PO, was observed. The L and LM groups
showed a higher level for the AST analysis, when compared with the SM group. In
addition, the LM group showed a higher mean value than the L group. A higher
value for ALP was verified in L group, when compared with the SM and LM groups.
The creatinine variable showed a lower level in the LM group, when compared with
the L and SM groups. Weight variation was higher in animals from the L and LM
groups (Table II).

Table Il - Means and standard deviations of the variables: serum lithium,
corrected total calcium, serum POy, aspartate transaminase (AST), serum alkaline
phosphatase (ALP), serum creatinine and weight variation in the groups Saline
Solution and movement (SM), Lithium (L) and Lithium and Movement (LM).
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Mean £SD

Group/ Variables SM L LM

Intact serum lithium (mmol/L)™ 0.10+0.00 A 1.30£ 0.55 B 1.3420.53 B
Corrected total Ca (mg/dL)* 9.92+0.40 A 10.06+0.33 A 9.960.43 A
Serum PO4 (mg/dL)*” 9.94+1.92 A 7.59+1.17 B 7.08+1.48 B
Serum AST (U/L)*® 155.16+42.02 A 180.71+48.26 B 204.21+47.70 C
Serum ALP (U/L)* 120.56+43.22 A 154.63+56.44 B 127.17+45.08 AB
Serum creatinine (mg/dL)*’ 0.34%£0.08 A 0.31£0.05 A 0.27+0.05 B
Weight variation (% 8.01+7.24 A 23.34+11.59 B 24.55+12.37 B

Note: ' Kruskall-Wallis Test, p<0.05; ? two-way ANOVA full factorial design,
p<0.05;  Dunn’s Test; ® Games-Howell’s test; Different letters in the same line
indicate statistically significant differences.

The number of osteoclasts in the L group remained constant at all times. No

statistically significant differences were observed between the SM and LM groups

at any times (Table IlI).

Table lll- Means and standard deviations of the variable number of

osteoclasts in the groups lithium and movement (LM), saline solution and
movement (SM) and lithium (L) on days 33, 37, 44 and 51.

Group/ SM L LM
Variables  (Mean +SD) (Mean +SD) (Mean +SD)
Osteoclasts
33 days 1.54+0.93 A 0.23+0.25B 1.13£0.48 A
37 days 0.93+0.95 A 0.21+£0.31 A 0.61£0.40 A
44 days 2.56+£1.26 A 0.17+0.30 B 1.60£1.32 A
51 days 1.18+£0.96 A 0.16+.28 B 0.96+0.98 AB

Note: Two-way ANOVA full factorial design, p<0.05; Games-Howell's test:
Different letters in the same line indicate statistically significant differences.

DISCUSSION

This experimental study assessed induced tooth movement in rats subjected

to the chronic use of lithium carbonate by daily administration of LC within the

therapeutic levels (0.8 to 1.5 mmol/L) recommended for humans and also used in
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rats.”® %° The serum LC levels reached in this study were 1.30 + 0.55 mmol/L for
the L group and 1.34 + 0.53 mmol/L for the LM group.

This is the first study which identified a lower rate of tooth displacement in
rats subjected to chronic use of LC during the 14 days of induced tooth movement.
These 14 days correspond to the animals that received lithium for 30 days and
during the 14 days following tooth movement; i.e., euthanized on the 44" day. The
possible explanation for this fact was the reduction in the number of osteoclasts
during this period which, although not statistically significant, may have caused
less bone resorption, resulting in the lower rate of clinically observed tooth

movement. Em um estudo prévio, Spencer et al. %

verificaram in vitro que o
cloreto de litio (LiCl) inibe a osteoclastogénese em co-culturas de osteoblastos de
ratos e células mononucleares do baco. Além disso, em um estudo anterior, foi
verificado que o litio induz a apoptose em macréfagos. ?° Osteoclasts are derived
from granulocyte-macrophage colony forming units in bone marrow, cells then fuse
and differentiate into mature osteoclasts.>® Entretanto, ndo existem estudos que
avaliem a apoptose induzida pelo litio em osteoclastos. Posteriores estudos in vitro
poderao elucidar este possivel efeito do litio nos osteoclastos. The number of
osteoclasts remained constant in Group L, as was expected, because there was no
tooth movement in this group.

Within 21 days, the rate of movement was observed to be similar between
Groups LM and SM; however, this observation was verified in just one, single
moment of activation. Further studies should be conducted in order to determine
whether, after reactivation of the orthodontic devices, this reduction in the tooth
movement observed within 14 days can be cumulative and represent an important
delay in induced tooth movement. This would make individualization both in the
diagnosis and orthodontic treatment plan necessary.

Biochemical studies may be useful in assessing induced tooth movement®®
and in analyzing the cytotoxicity of drugs®. The significant increase of calcium and
PO, is considered a result of bone demineralization.?® However, in the present
study, no change was found in the calcium and there was a decrease of POy in the

rats subjected to chronic use of LC, which does not indicate bone demineralization.
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PO, is critical for many physiological functions, including skeleton development
and mineral metabolism, among others. This reduction in PO4 levels could be
related to chronic diarrhea.® Diarrhea, polydipsia and polyuria have been reported
in association with the use of this drug.®' These results were also found in this

18,20

study. This decrease in PO, was not observed in some studies in which the

levels did not change with the administration of LC, and are contrary to the results

1°° in which the serum level increased. These differences

observed by Sharman et a
may be related to differences in methodology, such as: studies in animals and
humans, gender, induced tooth movement, time and dose of treatment with the LC,
and the form of administration.

Aspartate amino transferase (AST) is an enzyme released in serum in
response to liver cell damage and this increase may indicate the occurrence of
drug-induced lesions of the liver.*? This study found an increase in AST levels in
the groups treated with LC, compared with the group that did not receive the drug,
indicating hepatotoxicity. This is in agreement with previous studies in rats.?*? An
interesting result was that Group LM showed a higher level of AST when compared
with Group L. Therefore, more liver damage possibly may have ocurred in the
animals in which movement was associated with LC therapy. Thus, for patients
using this drug and undergoing orthodontic treatment, it is recommended that AST
be monitored and that the benefits of this association be evaluated carefully.
Further studies are needed to evaluate this possible synergistic effect of tooth
movement with lithium therapy.

ALP is a systemic marker for bone formation and has been used to assess
bone formation during induced tooth movement.®*® In this study, a higher ALP
value was observed in the L group when compared with the LM group. This
suggests that tooth movement reduces ALP in patients using LC. Likewise, Milne
et al® also found a decrease in ALP levels after applying orthodontic forces,
consistent with histologically observed reduction in bone mass. During induced
tooth movement, resorption occurs on the compression side and new bone
formation on the traction side. This bone mass reduction, verified against the

application of orthodontic forces, may be related to bone resorption. The effect of
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lithium carbonate on bone and its biology has not yet been completely
elucidated.’®** In this study, when the animals were subjected to LC and tooth
movement, ALP levels similar to those of the rats in the SM group were observed,
not changing, in this case, bone deposition.

A quantitative analysis of creatinine serum levels may indicate kidney
damage.® In the present study, creatinine levels below the maximum normal limit
(0.65 mg/dL)*® for Wistar rats were found in all groups, indicating absence of
kidney damage. Differing from the present study, Allagui et al,® found significant
increase in the creatinine levels in the animals of the group treated with LC. This
indicates kidney lesions, that may be associated with the high dose of the drug
administered in the food in order to reach the therapeutic serum levels. Kidney
lesions are frequently observed in patients subjected to lithium therapy for more
than one year.** In the present study, LC was administered for 51 days, the longest
period of therapy.

The animals treated with LC showed greater weight gain, in agreement with
the results of Mcknigth et al’, in which the association between lithium and weight
gain may be due to the property, similar to that of insulin, of increasing the cellular
uptake of glucose, increasing thirst, and direct stimulation of the appetite center."

A lower rate of tooth movement after 14 days, and no alteration after
21 days were verified with the use of Lithium Carbonate. It was also observed that
Lithium Carbonate did not change bone deposition when associated with tooth
movement indicating that this drug, combined with induced tooth movement, does
not appear to interfere in bone deposition. Estudos em humanos sdo necessarios a
fim de monitorar os pacientes que usam Carbonato de Litio e s&o submetidos ao
tratamento ortoddéntico, com relacdo a citotoxicidade hepatica e renal, por todo

periodo de tratamento ortoddntico.

CONCLUSIONS
A movimentagao dentaria induzida associada ao uso crénico do Carbonato
de Litio, em ratos Wistar resulta em:

¢ Menor taxa de movimentacao dentaria no periodo de 14 dias;
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Padrao de deposicado 6ssea semelhante ao controle com movimento;
Possivel risco de dano hepatico em associagdo da movimentagéo dentaria e o

uso crénico do Carbonato de Litio.
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ANEXO A — APROVAGAO DO COMITE DE ETICA EM USO DE ANIMAIS

> — ¢ Pontificia Universidade Catélica do Parana
o % Nucleo de Bioética

Comité de Etica no Uso de Animais
PUCPR

Curitiba,11 de agosto de 2011.

PARECER DE PROTOCOLO DE PESQUISA

REGISTRO DO PROJETO: 631 — 1* versédo
TITULO DO PROJETO: Efeito do carbonato de litio no movimento dentario induzido em ratos
PESQUISADOR RESPONSAVEL: Viviane da Silva Kagy

EQUIPE DE PESQUISA:

ani: da Silva Kagy, Aline Cristina Batista Rudrigues, Elisa de Souza Camargo

INSTITUIGAO:
Pontificia Universidade Catdlica do Parana

CENTRO / CURSO:
CCBS / Mestrado em Ortodontia

ESPECIE DE ANIMAL SEXO IDADE / PESO CATEGORIA QUANTIDADE
Ratos (Ratus norvegicus) Machos 09 semanas B 75
300-350g

O colegiado do CEUA em reunido no dia 11/08/2011, avaliou o projeto e emite o seguinte
parecer: APROVADO.

Obs.: Trinta sao em i com os projetos 628 e 633 (projeto
piloto).

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEUA-
PUCPR de forma clara e sucinta, identificando a parte do protocolo a ser modificado e as suas
justificativas.

Se a pesquisa, ou parte dela for realizada em outras instituicoes, cabe ao pesquisador nao
inicia-la antes de receber a autorizagdo formal para a sua realizagao. O documento que autoriza o
inicio da pesquisa deve ser carimbado e assinado pelo responsavel da instituicio e deve ser
mantido em poder do pesquisador responsavel, podendo ser requerido por est/e, CEUA em quglquer
tempo, = AN

Lembramos ao pesquisador que é i o anual parcial e relatério
final da pesquisa a este CEUA.

Atenciosamente,

C §
Prof* lafia D Atmeida e Oliveira | -
Coordenadora Adjunta %
Comité de Etica no Uso de Animais
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ANEXO B — NORMAS PARA PUBLICAGAO- AMERICAN JOURNAL OF
ORTHODONTICS AND DENTOFACIAL ORTHOPEDICS

Information for Authors

Electronic manuscript submission and review

The American Journal of Orthodontics and Dentofacial Orthopedics uses the
Elsevier Editorial System (EES), an online manuscript submission and review
system.

To submit or review an article, please go to the AJO-DO EES website:
ees.elsevier.com/ajodo

Send other correspondence to:

Dr. Vincent G. Kokich, DDS, MSD, Editor-in-Chief

American Journal of Orthodontics and Dentofacial Orthopedics
University of Washington

Department of Orthodontics, D-569

HSC Box 357446

Seattle, WA 98195-7446

Telephone (206) 221-5413

E-mail: vgkokich@u.washington.edu

General Information

The American Journal of Orthodontics and Dentofacial Orthopedics
publishes original research, reviews, case reports, clinical material, and other
material related to orthodontics and dentofacial orthopedics.

Submitted manuscripts must be original, written in English, and not
published or under consideration elsewhere. Manuscripts will be reviewed by the
editor and consultants and are subject to editorial revision. Authors should follow
the guidelines below.

Statements and opinions expressed in the articles and communications
herein are those of the author(s) and not necessarily those of the editor(s) or
publisher, and the editor( s) and publisher disclaim any responsibility or liability for

such material. Neither the editor(s) nor the publisher guarantees, warrants, or



42

endorses any product or service advertised in this publication; neither do they
guarantee any claimmade by themanufacturer of any product or service. Each
reader must determine whether to act on the informationin this publication, and
neither the Journal nor its sponsoring organizations shall be liable for any injury

due to the publication of erroneous information.

Guidelines for Original Articles

Submit Original Articles via EES: ees.elsevier.com/ajodo.

Before you begin, please review the guidelines below. To view a 7-minute video

explaining how to prepare your article for submission, go to Video on Manuscript

Preparation.

1. Title Page. Put all information pertaining to the authors in a separate
document. Include the title of the article, full name(s) of the author(s), academic
degrees, and institutional affiliations and positions; identify the corresponding
author and include an address, telephone and fax numbers, and an e-mail
address. This information will not be available to the reviewers.

2. Abstract. Structured abstracts of 200 words or less are preferred. A
Structured abstract contains the following sections: Introduction, describing the
problem; Methods, describing how the study was performed; Results, describing
the primary results; and Conclusions, reporting what the authors conclude from the
findings and any clinical implications.

3. Manuscript. The manuscript proper should be organized in the following
sections: Introduction and literature review, Material and Methods, Results,
Discussion, Conclusions, References, and figure captions. Express measurements
in metric units, whenever practical. Refer to teeth by their full name or their FDI
tooth number. For style questions, refer to the AMA Manual of Style, 9th edition.
Cite references selectively, and number them in the order cited. Make sure that all
references have been mentioned in the text. Follow the format for references in
"Uniform Requirements for Manuscripts Submitted to Biomedical Journals" (Ann

Intern Med 1997,;126:36-47); z+http://www.icmje.org . Include the list of references
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with the manuscript proper. Submit figures and tables separately (see below); do
not embed figures in the word processing document.

4. Figures. Digital images should be in TIF or EPS format, CMYK or
grayscale, at least 5 inches wide and at least 300 pixels per inch (118 pixels per
cm).Do not embed images in a word processing program. If published, images
could be reduced to 1 column width (about 3 inches), so authors should ensure
that figures will remain legible at that scale. For best results, avoid screening,
shading, and colored backgrounds; use the simplest patterns available to indicate
differences in charts. If a figure has been previously published, the legend
(included in the manuscript proper) must give full credit to the original source, and
written permisson from the original publisher must be included. Be sure you have
mentioned each figure, in order, in the text.

5. Tables. Tables should be self-explanatory and should supplement, not
duplicate, the text. Number them with Roman numerals, in the order they are
mentioned in the text. Provide a brief title for each. If a table has been previously
published, include a footnote in the table giving full credit to the original source and
include written permission for its use from the copyright holder. Submit tables as
text-based files (Word or Excel, for example) and not as graphic elements.

6. Model release and permission forms. Photographs of identifiable persons
must be accompanied by a release signed by the person or both living parents or
the guardian of minors. lllustrations or tables that have appeared in copyrighted
material must be accompanied by written permission for their use from the
copyright owner and original author, and the legend must properly credit the
source. Permission also must be obtained to use modified tables or figures.

7. Copyright release. In accordance with the Copyright Act of 1976, which
became effective February 1, 1978, all manuscripts must be accompanied by the
following written statement, signed by all authors:

"The undersigned author(s) transfers all copyright ownership of the
manuscript [insert title of article here] to the American Association of
Orthodontists in the event the work is published. The undersigned author(s)

warrants that the article is original, does not infringe upon any copyright or other
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proprietary right of any third party, is not under consideration by another journal,
has not been previously published, and includes any product that may derive from
the published journal, whether print or electronic media. | (we) sign for and accept
responsibility for releasing this material." Scan the printed copyright release and
submit it via EES.

8. Use the International College of Medical Journal Editors Form for the
Disclosure of Conflict of Interest (ICMJE Conflict of Interest Form). If the

manuscript is accepted, the disclosed information will be published with the article.

The usual and customary listing of sources of support and institutional affiliations
on the title page is proper and does not imply a conflict of interest. Guest editorials,
Letters, and Review articles may be rejected if a conflict of interest exists.

9. Institutional Review Board approval. For those articles that report on the
results of experiments of treatments where patients or animals have been used as
the sample, Institutional Review Board (IRB) approval is mandatory. No
experimental studies will be sent out for review without an IRB approval
accompanying the manuscript submission.

10. Systematic Reviews and Meta-Analyses must be accompanied by the
current PRISMA checklist and flow diagram (go to Video on CONSORT and
PRISMA). For complete instructions, see our Guidelines for Systematic Reviews

and Meta-Analyses.

11. Randomized Clinical Trials must be accompanied by the current
CONSORYT statement, checklist, and flow diagram (go to Video on CONSORT and
PRISMA). For complete instructions, see our Guidelines for Randomized Clinical
Trials.

Other Articles

Follow the guidelines above, with the following exceptions, and submit via
EES.

Case Reports will be evaluated for completeness and quality of records, quality of

treatment, uniqueness of the case, and quality of the manuscript. A high quality
manuscript must include the following sections: introduction; diagnosis; etiology;

treatment objectives, treatment alternatives, treatment progress, and treatment
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results; and discussion. The submitted figures must include extraoral and intraoral
photographs and dental casts, panoramic radiographs, cephalometric radiographs,
and tracings from both pretreatment and posttreatment, and progress or retention
figures as appropriate. Complete Case Report Guidelines can be downloaded from

Case Report Guidelines.

Techno Bytes items report on emerging technological developments and
products for use by orthodontists.

Miscellaneous Submissions

Letters to the Editor and their responses appear in the Readers' Forum
section and are encouraged to stimulate healthy discourse between authors and
our readers. Letters to the Editor must refer to an article that was published within
the previous six (6) months and must be less than 500 words including references.
Send letters or questions directly to the editor, via e-mail:

vgkokich@u.washington.edu. Submit a signed copyright release with the letter.

Brief, substantiated commentary on subjects of interest to the orthodontic
profession is published occasionally as a Special Article. Submit Guest Editorials
and Special Articles via the Web site.

Books and monographs (domestic and foreign) will be reviewed, depending
upon their interest and value to subscribers. Send books to the Editor in Chief, Dr.
Vincent G. Kokich, Department of Orthodontics, University of Washington D-569,
HSC Box 357446, Seattle, WA98195-7446. They will not be returned.

Checklist for authors

o Title page, including full name, academic degrees, and institutional affiliation
and position of each author, and author to whom correspondence and
reprint requests are to be sent, including address, business and home
phone numbers, fax numbers, and e-mail address

o Abstract

e Article proper, including references and figure legends

e Figures, in TIF or EPS format

e Tables

e Copyright release statement, signed by all authors
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ANEXO C - LISTA DE ABREVIATURAS E SIGLAS

AP
ATM
ALP
AST
Calcio Total
CEUA
CL

L

LM
POy
SM
THB
TRAP

Variacéo do peso

Variacdo da Taxa de Movimentagcao Dentaria Induzida
Fosfatase Alcalina sérica

Aspartato Amino Transferase

Calcio total sérico corrigido

Comité de Etica em Uso de Animais
Carbonato de Litio

Grupo Litio

Grupo Litio e Movimento Ortoddntico
Fosfato inorganico

Grupo Solugao e Movimento Ortoddntico
Transtorno de Humor Bipolar

Fosfatase Acida Tartarato-Resistente
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