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RESUMO

Introducdo: Avaliar a taxa de deslocamento dentario e as alteracdes teciduais
decorrentes do uso cronico de fluoxetina no movimento ortoddontico em ratos.
Métodos: Utilizaram-se 192 ratos Wistar, divididos em quatro grupos: S (n=48) -
solucéo salina a 0,9%; F (n=48) - 20mg/kg de fluoxetina; SM (n=48) - solugéo salina
a 0,9% e movimento ortodontico e FM (n=48) - 20mg/kg de fluoxetina e movimento
ortodéntico. Apos o 30° dia de aplicacdo das solucdes, instalou-se dispositivo
ortodéntico que movimentou o primeiro molar superior direito para mesial (25cN) em
SM e FM. Os animais foram sacrificados 2, 7, 14 e 28 dias apds a colocagcdo dos
dispositivos. Os animais dos grupos S e F ndo foram submetidos a movimentacéo
ortodontica, mas foram mortos nos mesmos intervalos de tempo. Avaliou-se a taxa
de deslocamento dentario em modelos de gesso, neoformacédo de colageno tipo |
pelo método Picrosirius, reabsorcio Ossea e radicular por Fosfatase Acida
Tartarato—Resistente e presenca de areas hialinas por Hematoxilina e Eosina.
Resultados: A acado da fluoxetina ndo influenciou a taxa de deslocamento dentario,
a porcentagem de colageno tipo I, o nUmero de osteoclastos e a presenca de areas
hialinas (p>0,05). Observou-se maior frequéncia de areas de reabsorc¢ao radicular no
grupo FM no 2° dia comparado ao SM (p<0,05). Conclusdes: O uso crbnico de
fluoxetina 20mg/kg né&o interferiu no movimento dentario, na neoformacdo e
reabsorcdo Ossea e na presenca de areas hialinas. Aumentou a presenca de

reabsorcéo radicular.

Palavras-chave: Fluoxetina; Movimentac&o dentaria; Reabsor¢éo da Raiz
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INTRODUCAO

Cerca de 350 milhdes de pessoas no mundo sofrem de transtornos
depressivos.! A prevaléncia dessa doenca é de 4,45% na populacdo norte-
americana.? Dentre os farmacos antidepressivos, a fluoxetina, popularizada nos
Estados Unidos sob o nome de Prozac®, tornou-se um dos medicamentos mais
consumidos a partir de 2004.% Pertencente a classe dos inibidores seletivos da
recaptacédo da serotonina (ISRS), representam um grande avanco terapéutico sobre
os antidepressivos triciclicos, pela sua baixa toxicidade e boa tolerabilidade.*

Os ISRS inibem a recaptacédo da serotonina (5-HT) para dentro do neurdénio
pré-sinaptico no sistema nervoso central através do bloqueio do seu transportador
(5-HTT). Assim, em curto prazo, a administragéo de ISRS, como a fluoxetina, resulta
em niveis sistémicos de serotonina elevados no espaco interneuronal, aliviando os
sintomas dos transtornos mentais como depressao, ansiedade, esquizofrenia,
transtornos alimentares, obsessivo-compulsivo, enxaqueca e sindrome do panico.>®

A serotonina faz parte de um grupo de neurotransmissores que regulam
importantes vias do metabolismo 6sseo.>”® Estudos prévios identificaram a
presenca de receptores 5-HT e de transportadores (5-HTT) em ostedcitos,
osteoblastos e osteoclastos.”’® A funcdo destes receptores e transportadores
serotoninérgicos nas células 6sseas ndo esta bem estabelecida, mas sabe-se que
est4 associada & formacéo e remodelacédo 6ssea.”®

Estudos in vitro, ao analisar a influéncia da fluoxetina em células 6sseas,
observaram efeitos positivos na reducdo da diferenciacdo de osteoclastos’ e
aumento da proliferacdo de osteoblastos.’?> No entanto, muitos estudos in vivo
indicam efeitos negativos dos ISRS na qualidade e quantidade 6ssea, ocasionando

maiores riscos de fraturas e osteoporose.®***1°

A movimentacdo dentaria € um processo bioldgico Osseo-dependente e
ativado por forcas biomecéanicas que provocam alteracbes no tecido periodontal,
gerando reabsorcao 0ssea alveolar, mediada por osteoclastos no lado de presséao, e
consequente aposicdo 6ssea mediada por osteoblastos no lado de tracéo.!” Embora
exista influéncia da fluoxetina no metabolismo ésseo e na producdo de mediadores
inflamatorios, existem poucos estudos encontrados na literatura cientifica que
avaliaram o uso cronico de fluoxetina 10mg/kg/dia e o0 seu impacto sobre o
movimento ortoddntico.'®!® Até o momento, ndo ha estudos que avaliaram as altas

doses de fluoxetina (20mg/kg/dia)?°, associada ao movimento ortoddntico.
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Neste estudo, testou-se a hipotese de que a utilizagdo da fluoxetina pode
interferir no movimento ortodéntico quanto a taxa de deslocamento dentério,
neoformacdo e reabsorcdo Ossea, presenca de reabsorcao radicular e areas de

hialinizag&o.

MATERIAL E METODOS

Amostra

Esta pesquisa teve a aprovacdo do Comité de Etica no Uso de Animais
(CEUA) da Pontificia Universidade Catolica do Parana (PUCPR) e registrada sob
parecer n°® 795 (Anexo |, pagina 38).

Utilizaram-se 192 ratos machos da linhagem Wistar (Rattus norvegicus
albinus) com 7 a 8 semanas de vida, pesando aproximadamente 170g, provenientes
e mantidos pelo Biotério da PUCPR.

Com o objetivo de ajustar a dosagem do farmaco, os animais foram pesados
no inicio do experimento e semanalmente até o dia da eutanasia por meio de uma
balanca eletronica de precisao (Gehaka — BG 4001).

Dividiu-se os animais aleatoriamente em quatro grupos (Quadro |, pagina 6):
S (n=48) - solucdo salina sem movimento ortodéntico; F (n=48) - fluoxetina sem
movimento ortoddntico; SM (n=48) - solucdo salina com movimento ortodontico e FM
(n=48) - fluoxetina com movimento ortodontico. Nos grupos S e SM, 0s animais
receberam 1 ml de solucdo salina 0,9% via intramuscular (musculo quadriceps),
diariamente. Nos grupos F e FM foram realizadas aplicacdes diarias de fluoxetina
[20 mg/ml], na dosagem de 20 mg/Kg, diluida em propilenoglicol 53,3%, cloreto de
sédio 0,9% e benzoato de sédio 0,1% (Laboratério Farmacéutico da PUCPR,
Curitiba, Brasil), via intramuscular. A dosagem e a via de administracao da fluoxetina
foram escolhidas de acordo com estudo de Mattioli et al.,** sendo compativel com

altas dosagens de prescricdo clinica em humanos.?

Experimento

As administracdes das solugbes foram feitas em todos os grupos durante 30
dias para caracterizar o seu uso crénico. No 30° dia, os animais dos grupos SM e
FM foram sedados com Tiletamina/Zolazepan (Zoletil, Virbac Brasil Industria e
Comeércio LTDA, Jurubatuba, S&o Paulo, Brasil) 50 mg/kg, via intraperitoneal.

Instalou-se o dispositivo ortoddntico para induzir a movimentagéo dentaria de acordo
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com o modelo utilizado por Ribeiro et al.,** consistindo de uma mola fechada de
niquel-titanio (G&H Wire, Franklin, IN), fixada no primeiro molar superior direito com
fio de amarrilho inox 0,025” (Morelli, Sdo Paulo, Brasil) e ligado aos incisivos centrais
superiores, provocando o movimento mesial do primeiro molar (Fig 1 e 2, pagina 39).
A forca reciproca produzida pela mola era de 25cN,* padronizada através de um
tensiométro (Haag - Streit AG, Koeniz, Suica). Para garantir maior estabilidade da
mola, os incisivos inferiores foram desgastados e 0s incisivos superiores unidos com
resina composta Charisma (Heraeus, Hanau, Alemanha) apds o condicionamento
com &cido fosférico 37% (Condac 37; FGM, Joinville, SC, Brasil) e sistema adesivo
(Adpter Single Bond; 3M ESPE, St Paul, Minn). Apos a instalacdo, a mola ndo era
reativada, no entanto, seu posicionamento foi conferido diariamente.

A administragdo das solugdes continuou e os animais foram sacrificados por
overdose anestésica (Ketamina/270mg/kg e Xilazina 30mg/kg), via intraperitoneal,
em 2, 7, 14 e 28 dias ap0s a colocacéo dos dispositivos. Os animais dos grupos S e
F, os quais ndo foram submetidos a movimentacao ortoddntica, foram eutanasiados

nos mesmos intervalos de tempo.

Quadro I. Distribuicdo da amostra

192 ratos Wistar

S (n=48) F (n=48) SM (n=48) FM (n=48)
Grupos (1ml solugéo salina (Fluoxetina 20mg/kg) | (1ml solugéo salina | (Fluoxetina 20mg/kg
0,9%) 0,9% e movimento e movimento
dentério) dentério)

Subgrupos/| 32, 37, 44 e 58 dias 32,37,44 e 58 dias | 32,37, 44 e 58 dias | 32, 37, 44 e 58 dias
Eutanasia | (n=12 por subgrupo) (n=12 por subgrupo) | (n=12 por subgrupo) | (n=12 por subgrupo)

Taxa de deslocamento dentario

Os animais dos grupos SM e FM foram moldados com silicona de
condensacdo a base de polidimetilsiloxano (Coltoflax - Vigodent Coltene SA
Industria e Comércio, Rio de Janeiro, Brasil) antes da instalacdo dos dispositivos
ortodonticos e apos a eutanasia (Fig 3, pagina 40). Os moldes das arcadas dentéarias
superiores foram vazados com gesso ortodontico (PASOM, Séao Paulo, Brasil). O
deslocamento dentario (Taxa de deslocamento dentario = medida final - medida
inicial) foi aferido com paquimetro digital (Absolute; Mitutoyo, Kawasaki-Shi, Jap&o)
da face palatina do incisivo central a superficie mesial do primeiro molar, ambos

superiores e do lado direito, nos modelos de gesso (Fig 4, pagina 40).
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Processamento laboratorial

As hemimaxilas direitas foram dissecadas e encaminhadas para o Laboratoério
de Patologia Experimental da PUCPR para o processamento das laminas
histologicas. Foram obtidas 15 seccdes transversais a partir do tergo cervical em
direcdo apical da raiz mésio-vestibular do primeiro molar superior, cortados em
micrétomo com 4 um de espessura e com intervalo de 60 um entre cada seccao. As
seccBes foram coradas pelas técnicas Picrosirius, Fosfatase Acida Tartarato-

Resistente (TRAP) e Hematoxilina e Eosina (HE).

Analise histoldgica

Determinou-se a neoformacao éssea por meio de microscopia de polarizacao
Picrosirius. O osso adjacente ao ligamento periodontal (LP) na por¢éo distal da raiz
mésio-vestibular foi selecionado para andlise, pois durante o movimento ortodoéntico,
tecido 6sseo é depositado na cortical alveolar no lado de tragdo.?* Capturou-se uma
imagem de cada seccéo transversal utilizando um microscépio de luz Olympus BX-
50 (Olympus, Toquio, Japéo) e lente polarizada Olympus U-Pot (Olympus, Toquio,
Japéao) acoplado a microcamera Dinolite® AM 423X (AmMo Eletronics Corporation,
New Taipei city 241, Taiwan) em magnificacdo de 200X. Com o auxilio do programa
de morfometria Image Pro-Plus 4.5 (Media Cybernetics, Silver Spring, MD), avaliou-
se a porcentagem da area de colageno maduro e imaturo. A coloracdo esverdeada,
com fibras menos organizadas e menos espessas indica presenca de colageno tipo
Il (imaturo), enquanto que a coloracdo avermelhada refere-se a presenca de
colageno tipo | (maduro), mais organizado e com fibras mais espessas.*

A coloracdo histoquimica TRAP foi realizada com o kit TRAP 387A (Sigma-
Aldrich Co, St. Louis, MO) seguindo as instrucbes do fabricante para
identificar osteoclastos, bem como cementoclastos, determinando  assim a
reabsorcdo 6ssea e do cemento, respectivamente. Para cada uma das 5 seccoes,
capturou-se imagens de todo o ligamento periodontal da raiz mésio-vestibular do
primeiro molar, utilizando o mesmo microscopio de luz e microcamera em
magnificacdo de 40x e 400x. Os parametros de aquisicdo da imagem foram fixados
durante o processo de captura. Nas imagens com magnificacdo de 400x,
a contagem do numero de osteoclastos foi realizada com auxilio do programa Image
Pro-Plus 4.5, onde foi criada uma grade para contagem. Foram considerados
osteoclastos as células multinucleadas, TRAP-positivas e localizadas no ligamento

periodontal adjacente ao osso alveolar.?® Nas imagens com magnificacao de 40x foi
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mensurada a area do ligamento periodontal, utilizando-se a ferramenta "Create
polygon feature”. Para a obtencdo do numero de osteoclastos/micrémetros
quadrados do LP, dividiu-se o numero de osteoclastos pela area do ligamento
periodontal. Nas imagens com magnificacdo de 400x foi observada a presenca de
areas de reabsorc¢do radicular, sendo considerados cementoclastos, células TRAP
positivas, multinucleadas em contato ou préximas as superficies radiculares.?’

A presenca de areas de hialinizacdo foi avaliada ao longo do ligamento
periodontal da raiz mésio-vestibular do primeiro molar superior utilizando o0 mesmo
microscépio de luz e microcamera em magnificacdo de 40x, pelo método de
coloracdo HE. As areas de hialinizagdo foram definidas como alteracbes
degenerativas do ligamento periodontal, homogéneas e livre de células.?®?°

A porcentagem média de coldgeno tipo | e numero de
osteoclastos/micrometro quadrado do LP foram obtidos pela média das cinco
seccles. A presenca ou auséncia de areas hialinas e de reabsorcdo radicular foi

expressa em porcentagem.

Analise Estatistica

A andlise estatistica foi realizada utilizando o SPSS 22.0 for Windows (SPSS,
Inc., Chicago, Ill) e Statistica 7 (Statsoft, Inc., Tulsa, OK). (Anexo lll, pagina 41)

O poder de reproducibilidade da contagem de osteoclastos, mensuragcao da
area do ligamento periodontal e hialina foi avaliado e o erro maximo de Dahlberg foi
de 5,94% para a variavel osteoclastos, indicando que o examinador reproduziu as
medidas de forma confiavel.3**! O Teste t de Student revelou ndo haver erro
sistemético na contagem, ao nivel de significancia de 5%.

A verificagcdo de normalidade e de homogeneidade de variancias entre
tratamentos (grupo x tempo) foi realizada por meio do teste de normalidade de
Kolmogorov-Smirnov e do teste de homogeneidade de variancias de Levene,
respectivamente, ambos ao nivel de significancia de 5%.

Para as variaveis continuas, quando os testes acusaram distribuicdo normal,
ou distribuicdo simétrica e heterogeneidade de variancias das variaveis segundo
grupo e tempo, utilizou-se ANOVA seguida do teste de comparagbes mudltiplas
Games-Howell para variancias heterogéneas.

Para as variaveis com escala categorica dicotbmica a analise de

independéncia segundo grupo, tempo e interacdo grupo e tempo foi realizada
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empregando o teste Qui-quadrado. Quando houve dependéncia entre as variaveis
(p<0,05), foi aplicado o teste de diferenca entre duas proporcoes.

A poténcia observada foi utilizada para calcular o poder dos testes com base
no tamanho da amostra para aceitar a hipotese da diferenca entre os valores médios

das variaveis dependentes de acordo com grupo e tempo.

RESULTADOS

Taxa de deslocamento dentario

N&o foi observada diferenca (p>0,05) avaliando a interacdo grupo X tempo
guando comparados os grupos SM e FM (Tabela I, pagina 9), sendo o poder do
teste de 99,45% obtido a partir do quadro de ANOVA.

Tabela |. Médias e desvios padrédo na taxa de deslocamento dentario (mm) nos grupos solugéo
salina e movimento dentario (SM) e fluoxetina e movimento dentario (FM)

Comparacdes - Teste
de Games-Howell

Grupo/ SM FM SM X FM Poténcia
Tempo () (Média+DP) (n)  (Média+ DP) () observada
2dias 12 0,36 £ 0,2 10 04+0,2 0,9999

7dias 11 0,5+ 0,29 7 0,85+ 0,12 0,0526 0.9945
l4dias 9 0,6 0,28 7 0,7+0,38 0,9986

28dias 9 1,06 + 0,54 9 0,95 £ 0,59 0,9999

* Nivel de significancia para o teste de Games-Howell: p<0,05

Neoformac&o Ossea

Quando comparada a interacdo grupo x tempo, nao foi observada diferenca
estatisticamente significante (p>0,05). (Tabela Il, pagina 10). O poder do teste foi de
99,99%.
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Fig 5. Fotomicrografia de lamina com coloracdo Picrosirius (magnificacdo 200x), do lado distal do
ligamento periodontal da raiz mésio-vestibular do primeiro molar superior direito. Grupos S (A), F (B)
com predominancia de colageno tipo | e SM (C) e FM (D) observamos substituicdo de colageno tipo |

por lll, no 2° dia ap6s instala¢éo do dispositivo ortodéntico.

Reabsorcdo Ossea
N&o houve diferenca estatisticamente significante (p>0,05) na interagdo grupo
gina 10). O poder do teste foi de 99,99%.

(s

X tempo (Tabela Il, pa
Tgkk ] '%-’
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Fig 6. Fotomicrografia de lamina com coloracdo TRAP (magnificacdo 400x), grupo SM (A) e grupo FM

(B), no 28° dia apos instalacdo do dispositivo ortodéntico. OA, osso alveolar; LP, ligamento

periodontal; DE, dentina e setas amarelas indicando células TRAP positivas (osteoclastos).
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Tabela ll. Médias e desvios padrédo do niumero de osteoclastos por um? de LP e porcentagem do colageno tipo | nos grupos
solucdo salina (S), fluoxetina (F), solugéo salina e movimento dentario (SM) e fluoxetina e movimento dentario (FM)

Comparacdes - Teste de Games-Howell

Grupo/ S F SM FM SXF SM X FM Poténcia
Variaveis (Média + DP) (Média + DP) (Média + DP) (Média + DP) (p) (p) observada
% colageno tipo |

2 dias 94,18 + 2,77 92,79+5,1 64,24 + 19,07 71,96 + 14,39 0,9999 0,9986

7 dias 92,38 + 3,99 93,53 + 3,58 98,57 + 0,37 98,65 + 0,76 1,0000 1,0000 0,9999
14 dias 95,53+25 92,86 + 3,58 97,91 +1,03 97,51 +1,97 0,8323 1,0000

28 dias 30,86+11,11 216+11,84 20,75 + 8,69 7,82+5,72 0,8693 0,0922

N° de osteoclastos
por ym?de LP

2 dias 0,09 + 0,04 0,06 + 0,02 0,17 £ 0,08 0,17 £ 0,06 0,6327 1,0000
7 dias 0,10 +0,03 0,10+ 0,03 0,11 +0,03 0,11 +£0,06 1,0000 1,0000 0,9999
14 dias 0,11+ 0,04 0,16 + 0,09 0,11+0,05 0,15+ 0,05 0,8505 0,9461
28 dias 0,12 +0,05 0,17 £ 0,05 0,07 +£0,03 0,16 £ 0,08 0,4292 0,2996

* Nivel de significancia para o teste de Games-Howell: p<0,05

Reabsorc¢éo radicular

Verificou-se presenca de reabsorgcdo radicular em todos o0s tempos nos
grupos que receberam movimentagdo ortoddntica, exceto no grupo SM no 2° dia
(Tabela 1ll, pagina 12; Fig 7, pagina 11). Houve diferenca estatisticamente
significante no 2° dia quando comparada a interacdo grupo x tempo (p<0,05),
havendo presenca de reabsorcéo radicular apenas no grupo FM. N&o foram
observadas areas de reabsorcao radicular nos grupos S e F.

Fig 7. Fotomicrografia de lamina com coloragdo TRAP, grupo FM no 2° dia apds instalacdo do
dispositivo ortodéntico. Magnificagdo 40x. OA, osso alveolar; LP, ligamento periodontal; DE, dentina;

CE, cemento e setas amarelas indicando &reas de reabsor¢éo radicular.

Area Hialina
N&o houve diferenca estatisticamente significante quando comparada a

interacdo grupo x tempo (p>0,05), havendo presenca de area hialina apenas nos
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grupos SM e FM nos 2° e 7° dias (Tabela Ill, pagina 12; Fig 8, pagina 11). Nao

foram observadas areas de hialinizacdo nos grupos S e F.

10 pm -
}—4‘

OA

DE

= LP

Fig 8. Fotomicrografia de lamina com coloragdo HE (magnificacdo 40x), grupo FM no 2° dia apds
instalacdo do dispositivo ortoddntico. OA, osso alveolar; LP, ligamento periodontal; DE, dentina e AH,
area de hialinizacao.

Tabela lll. Frequéncia das variaveis reabsorgéo radicular e area hialina (%) nos grupos solugéo salina e
movimento dentario (SM) e fluoxetina e movimento dentério (FM)

Grupo/ SM EM Teste de diferenca entre duas proporgoes
Variaveis (n) (%) (n) (%) SM X FM (p)
Reabsorc¢éo radicular
2 dias 12 0,0 10 50,0 0,0053
7 dias 11 36,4 7 57,1 0,3889
14 dias 9 44,4 7 14,3 0,1975
28 dias 9 44,4 9 22,2 0,3177
Area hialina
2 dias 12 25,0 10 30,0 0,7932
7 dias 11 9,1 7 28,6 0,2794
14 dias 9 0,0 7 0,0 1,0000
28 dias 9 0,0 9 0,0 1,0000

*Nivel de significancia para o Teste de diferenca entre duas proporcdes: p<0,05
DISCUSSAO

Dentre os farmacos mais utilizados no tratamento dos transtornos mentais,
esta a fluoxetina, principalmente em adultos mais jovens.* Utilizou-se a dose de
20mg/kg/dia em ratos Wistar de 7-8 semanas de vida por resultar em niveis séricos
compativeis com os mais altos encontrados em adolescentes e adultos tratados com
40 a 80mg/dia.***?* Evidéncias crescentes apontam o uso da fluoxetina em
concentracbes que vao de 5mg a 20mg/kg, por gavagem, aplicadas via
intramuscular ou intraperitoneal e em periodos que vao de 4 a 24 semanas e suas

alteracées sobre o desenvolvimento de tecidos mineralizados em ratos.*®
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Na literatura cientifica ainda ndo ha relato de estudos que avaliaram o
deslocamento dentario em associacdo com o uso da fluoxetina 20mg/kg/dia em
ratos. Os resultados do presente estudo (Tabela [) demonstraram que o
medicamento utilizado n&o afetou a taxa de movimento ortodontico em concordancia
com o estudo de Frigotto et al’® e Rafiei et al*®, nos quais utilizaram fluoxetina
10mg/kg.

O colageno tipo I, sintetizado e secretado pelos osteoblastos, compde cerca
de 95% da matriz organica do 0sso.** Durante a reabsorcdo 6ssea, este colageno é
degradado, e no processo de reparo das fibras imaturas, o colageno tipo Ill é

depositado. Warden et al®%*

ao avaliarem o efeito da fluoxetina 20mg/kg no
metabolismo 0sseo observaram reducdo da atividade osteoblastica e menor
formacao Ossea, além de menor densidade mineral 6ssea por meio de microscopia
de fluorescéncia e andlise histomorfométrica em diversos sitios esqueléticos. Bonnet

et al'®

, através de meétodo imunoenzimatico — ELISA, observaram que doses de
10mg/kg de fluoxetina diminuem os niveis de osteocalcina, um marcador de
formacao 6ssea. Contudo, o efeito da fluoxetina no osso pode ser influenciado pela
genética, uma vez que existem relatos de diferentes respostas desses animais as
vias de atuacdo desses antidepressivos.** Nossos resultados (Tabela Il) corroboram
com os de Westbroek et al*®, que também ndo verificaram alteracdes na deposicdo
de matriz 6ssea no fémur de ratos Sprague-Dawley aplicando fluoxetina 5mg/kg por
gavagem, e com os de Frigotto et al'® e Rafiei et al'®, que aplicaram fluoxetina
10mg/kg via intraperitoneal. Dessa forma, podemos sugerir que a fluoxetina néo
influenciou no processo de deposicdo de fibras colagenas no tecido ésseo.

O metabolismo 06sseo, sob efeito da fluoxetina, ndo foi completamente
elucidado.”®**? A maioria das evidéncias in vivo, indicam que a fluoxetina pode
promover efeitos negativos no 0sso pelo aumento do nimero de osteoclastos®>¢,
diminuicdo da densidade mineral 6ssea levando ao aumento do risco de

fraturas® 141

e também menor volume 6sseo trabecular e menor espessura das
trabéculas, indicativo de baixa qualidade 6ssea.'® Existe relato na literatura de que a
administracdo desse farmaco € dose-dependente, ou seja doses menores produzem
efeitos negativos de menor intensidade porém, o tempo méaximo de aplicagdo
utilizado foi de 4 semanas.® Contrastando com esses resultados, efeitos positivos

1** como aumento do volume 6sseo trabecular e

foram observados por Battaglino et a
maior formacédo 6ssea em ratos sob o uso cronico de fluoxetina 10mg/kg, porém

apo0s a ovarectomia a fluoxetina ndo protegeu contra a perda éssea. Para Mortazavi
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et al**, efeitos positivos foram vistos em calvéarias de ratos em que a administracdo
de fluoxetina 15mg/kg provocou aumento do volume ésseo trabecular. Branco-de-

Almeida et al®

, ao induzirem doenca periodontal em ratos tratados com fluoxetina
20mg/kg observaram na andlise por PCR que a fluoxetina suprimiu respostas pro-
inflamatorias e protegeu contra a reabsorcao 6ssea.

No presente estudo, observou-se que a administracdo de fluoxetina 20mg/kg
associada ou ndo ao movimento ortoddntico ndo influenciou no processo de
reabsorcdo Ossea (Tabela IlI). Estas alteragcbes sugerem que a fluoxetina néo
influenciou na atividade osteoclastica, em concordancia com Westbroek et al."* Em
estudo associando fluoxetina 10mg/kg e movimento ortodontico, Frigotto et al*®, ndo
observaram alteracfes significantes no processo de reabsorcdo 0ssea e também
nao verificaram alteragdes na microarquitetura do osso trabecular. Tantos resultados
conflitantes podem ser explicados em parte pelo fato de existirem outros

mecanismos de bloqueio para 5-HTT,3¢%8

ou acumulacédo elevada de fluoxetina na
medula 6ssea e sua interferéncia a longo prazo, diferencas genéticas e o tipo de
osso estudado.™

Observou-se, no presente estudo, presenca de areas hialinas nos 2° e 7° dias
de movimentacdo ortoddntica, independente da solucdo administrada, no entanto
nao houve diferenca estatisticamente significante entres estes grupos (Tabela III).
Conforme o trabalho de Hamaya et al,* que avaliaram o movimento ortodéntico sem
administracdo de farmacos, ap6s o 7° dia as areas hialinas também diminuiram.
Normalmente, quando ha presenca de areas hialinas, a manifestacdo ocorre de 1 a
2 dias apds o inicio da movimentacao ortodbntica e desde que a forca aplicada nao
seja reativada, a tendéncia € de reparacao tecidual na regido e tendem a cessar
apos o 7° dia.*

Reabsorcéo radicular foi observada nos grupos SM e FM em todos os
intervalos de tempo, exceto no 2° dia para SM (Tabela Ill). Esta alteracdo é
comumente presente durante o tratamento ortodontico e esta associada a aplicacéo
de forcas de alta magnitude.?® Em nosso estudo observou-se maior presenca de
areas de reabsorcao radicular no grupo FM no 2° dia de movimento ortodontico,

possivelmente causada pela fluoxetina. Rafiei et al'®

, observaram menor presenca
de areas de reabsorcédo radicular externa no grupo controle que recebeu fluoxetina
10mg/kg, no entanto, a forca aplicada foi de 50g/f, a administracdo da fluoxetina era

apenas 5 dias na semana e nao foi considerada estaticamente significante.
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N&o foram observadas areas de hialinizacdo e de reabsorcéo radicular nos
grupos S e F, 0 que era esperado, visto que os grupos ndo foram submetidos a
aplicacao de forcas para que ocorressem esses eventos. Apenas a administracao da
fluoxetina ndo foi capaz de causar areas hialinas e de reabsorc¢éo radicular.

O efeito da fluoxetina sobre o metabolismo 6sseo ainda € controverso, no
entanto, evidéncias crescentes sugerem o aumento do risco de fraturas 6sseas em
pacientes que tomam ISRS.® Diferencas nas concentracdes das dosagens, via e
tempo de administragdo do farmaco, linhagem, idade, peso e fatores genéticos dos
animais e diferentes metodologias podem ser uma das explicagcbes para estas
divergéncias nos resultados da literatura. Também no presente estudo algumas
limitacbes puderam ser observadas como a perda de peso e morte dos animais que
eram tratados com fluoxetina e dificuldades técnicas relacionadas a manutencéo da
estabilidade dos dispositivos ortodonticos, o que levou a perda de alguns animais da
amostra.

Mais investigacfes sdo necessarias para compreender 0s mecanismos de
acdo exatos da serotonina e dos ISRS, pois estes podem produzir efeitos
antagonicos e parecem atuar por vias distintas, entretanto, no presente estudo foi
observado que a fluoxetina 20mg/kg associada ao tratamento ortodéntico pode levar
ao aumento do processo de reabsorcdo radicular. Dessa forma, podemos inferir que
ao aplicar uma mecanica ortoddntica em individuos que fazem o uso deste farmaco

deve-se ter cuidado, pois pode oferecer riscos a integridade das raizes dos dentes.

CONCLUSOES

O uso cronico de fluoxetina 20mg/kg néo interferiu no movimento dentario, na
neoformacédo e reabsorcdo 0ssea e na presenca de areas hialinas. Causou maior

frequéncia de reabsorcao radicular no inicio da movimentag&o ortodontica.

Agradecemos a CAPES (Coordenagdao de Aperfeicoamento de Ensino
Superior), pela concesséao de bolsa de estudo ao pesquisador, a qual contribuiu para
a realizacao deste trabalho.
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ABSTRACT

Introduction: To evaluate the rate of orthodontic tooth movement and the tissue
changes caused by chronic use of fluoxetine in rats. Methods: We divided 192
Wistar rats in groups: S (n = 48), 0.9% saline solution; F (n = 48), 20 mg/kg of
fluoxetine; SM (n = 48), 0.9% saline solution with orthodontic movement; and FM (n =
48), 20 mg/kg of fluoxetine with orthodontic movement. After 30 days of daily saline
or fluoxetine administration, an orthodontic device (25cN) was used to displace the
first molar mesially in groups SM and the FM. The animals were killed 2, 7, 14 and 28
days after placement of the orthodontic appliances. The animals in groups S and F
were killed at the same time. We evaluated the tooth movement rate in gypsum
castings, the collagen neoformation rate by polarization microscopy, bone and root
resorption using tartrate-resistant acid phosphatase, and presence of hyalinized
areas by hematoxylin—eosin staining. Results: We found that fluoxetine did not affect
the tooth displacement rate, the percentage of type | collagen, the number of
osteoclasts, and the presence of hyalinized areas (P>0.05). However, we did see a
higher frequency of root resorption areas in the FM group than in the SM group on
the second day (P<0.05). Conclusions: Chronic use of fluoxetine 20 mg/kg does not
affect tooth movement, collagen neoformation, bone resorption, or the presence of

hyalinized areas. However, it does increase root resorption.



© 00 N OO O b W N P

W W W W W W NN N DN DN DN DD DNDNDNDMNDNP PP PR PR PR
o A WO N P O © 00N OO O A W N P O O OO NO O A W NN O

23

INTRODUCTION

About 350 million people worldwide suffer from depressive disorders,® with a
prevalence of 4.45% in the North American population alone.” In terms of treatment,
the antidepressant fluoxetine, popularized in the United States under the name of
Prozac®, became one of the most consumed drugs from 2004 onward.? Belonging to
the class of selective serotonin reuptake inhibitors (SSRIs), fluoxetine represents a
major therapeutic advance over tricyclic antidepressants, due to its low toxicity and
good tolerability.*

SSRIs inhibit the reuptake of serotonin (5-HT) by the presynaptic neuron in the
central nervous system by blocking its transporter (5-HTT). Thus, in the short-term,
SSRIs, such as fluoxetine, result in high systemic levels of serotonin in the
interneuronal space, which relieves the symptoms of mental disorders, including
depression, anxiety, schizophrenia, eating disorders, obsessive-compulsive disorder,
migraine, and panic disorder.>®

Serotonin is also one of a group of neurotransmitters that regulate important
pathways of bone metabolism.>”® Previous studies have identified the presence of
serotonin receptors and 5-HTT in osteocytes, osteoblasts, and osteoclasts.®'® The
function of these receptors and serotonin transporters in bone cells is not well
established, but it is known to be associated with bone formation and
remodeling.”®**

Using in vitro studies, to analyze the influence of fluoxetine on bone cells, it
was observed that fluoxetine positively affects bone quality and quantity by reducing
osteoclast differentiation’ and increasing osteoblast proliferation.** However, many in
vivo studies have indicated adverse effects of SSRIs on bone quality and quantity,
causing higher risk of both fractures and osteoporosis.®1%31¢

The tooth movement is a bone-dependent biological and biomechanical
process enabled by causing changes in the periodontal tissue, which involve alveolar
bone resorption mediated by osteoclasts on the pressure side, and subsequent bone
apposition mediated by osteoblasts on the side where the traction is applied.*’
Although there is some evidence of fluoxetine’s influence on bone metabolism and
the production of inflammatory mediators, there are few studies in the scientific
literature that evaluated the chronic use of fluoxetine 10mg/kg/day and its impact on
tooth movement.*®*® Until now, we have found no studies evaluating high doses of

fluoxetine (20mg/kg/day)? associate the orthodontic movement.
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We tested the hypothesis that the use of fluoxetine can interfere with
orthodontic tooth movement and the rates of bone resorption and formation, as well

as the presence of areas of root resorption and hyalinization.

MATERIAL AND METHODS

Sample

This research was approved by the Ethics Committee on Animal Use (CEUA)
and registered under protocol number 795. We used 192 Wistar rats (Rattus
norvegicus albinos) aged 7 to 8 weeks, weighing approximately 170 g, and housed at
the university’s animal facility. In order to adjust the drug dose, the animals were
weighed at the beginning of the experiment, and weekly thereafter (until euthanasia)
using an electronic precision scale (Gehaka-BG 4001, Sao Paulo, Brazil).

Animals were randomly divided into 4 groups: S (n = 48), saline solution
without orthodontic movement; F (n = 48): fluoxetine without orthodontic movement;
SM (n = 48), saline solution with orthodontic movement; and FM (n = 48), fluoxetine
with orthodontic movement. In the S and the SM groups, the animals received 1 ml of
0.9% saline solution intramuscularly (quadriceps) daily, and in the F and the FM
groups, daily intramuscular applications of fluoxetine at a dose of 20 mg/kg diluted in
53.3% propylene glycol, 0.9% sodium chloride, and 0.1% sodium benzoate
(Pharmaceutical Laboratory of PUCPR, Curitiba, Brazil). The dosage and route of
fluoxetine administration were chosen according the guidelines, set forth by Mattioli

,! as being compatible with the high dosages in human clinical prescriptions.?

eta
Experiment

The solutions were administered daily in all groups for 30 days, in order to
characterize chronic use. On the 30th day, the animals in the SM and the FM groups
were sedated with an intraperitoneal injection of 50 mg/kg of tiletamine/zolazepam
(Zoletil®; Virbac Brasil Industria e Comeércio Ltda., Jurubatuba, Sdo Paulo, Brazil).
We then installed a device for inducing orthodontic tooth movement, according to the

model used by Ribeiro et al.,?

consisting of a closed-spring nickel-titanium (G&H
Wire, Franklin, IN) attached to the first upper right molar with a 0.010” stainless steel
ligature wire (Morelli, S&o Paulo, Brazil) and connected to the upper central incisors,
causing the molar mesial movement. Mutual force produced by the spring was 25

cN,?® standardized through a tensiometer (Haag-Streit AG, Koeniz, Switzerland). To
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ensure greater spring stability, the lower incisors were worn down and the upper
incisors bonded together with the composite resin Charisma (Heraeus, Hanau,
Germany) after conditioning with 37% phosphoric acid (Condac 37; FGM, Joinville,
Brazil) and adhesive system (Adpter Single Bond; 3M ESPE, St Paul, Minn). After
installation, the spring was not reactivated; however, its position was checked daily.
The administration of solutions continued until the animals were euthanized by
intraperitoneal injection of ketamine 270 mg/kg and xylazine 30 mg/kg, 2, 7, 14 and
28 days after placement of the orthodontic appliances. The animals belonging to
groups S and F were sacrificed after 32, 37, 44 and 58 days of the start of drug

administration.

Tooth movement rate analysis

The upper dental arches of the animals in the SM and the FM groups were
molded with condensation silicone (Coltoflax—Vigodent; COLTENE SA Industria e
Comeércio, Rio de Janeiro, Brazil), both before installation of the orthodontic devices
and after euthanasia. The molds of the upper dental arches were poured with
orthodontic plaster (PASOM, Sé&o Paulo, Brazil). The tooth displacement (final
measure minus initial measure) was measured using a digital caliper (Absolute;
Mitutoyo, Kawasaki-Shi, Japan), from the palatal face of the central incisor to the
mesial surface of the first molar, both on the upper and the right side in the gypsum

castings.

Laboratory processing

The right maxillaries were dissected and forwarded to the Experimental
Pathology Laboratory of the PUCPR for processing of the histological slides. We
obtained 15 cross-sections from the cervical third in the apical direction of the
mesiobuccal maxillary first molar root, which were cut into 4 um thick, with intervals
of 60 um between each section. The sections were stained using picrosirius red,

tartrate-resistant acid phosphatase (TRAP), and hematoxylin-eosin (HE).

Histological analysis

Bone formation was determined using picrosirius red polarization microscopy.
The adjacent bone to the periodontal ligament (PDL) in the distal portion of the
mesiobuccal root was selected for analysis, because during orthodontic movement,

bone is deposited in the alveolar cortical on the traction side.?* An image of each
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cross section was captured using an Olympus BX-50 light microscope (Olympus,
Tokyo, Japan), and an Olympus U-Pot polarized lens (Olympus) coupled to a
Dinolite® AM 423X micro-camera (AmMo Electronics Corporation, New Taipei City,
Taiwan) at 200X magnification. With the help of the morphometry program in the
Image Pro-Plus 4.5 software (Media Cybernetics Inc., Silver Spring, MD), we
evaluated the percentage of mature and immature collagen areas. Green less
organized and thinner fibers indicated the presence of collagen type Il (immature),
while red referred to the presence of type | collagen (mature), with more organized
and thicker fibers.?®

The TRAP staining was performed using the TRAP 387A kit (Sigma-Aldrich
Co., St. Louis, MO) following the manufacturer's instructions for identifying
osteoclasts and cementoclasts, thus determining bone and cementum resorption,
respectively. For each of the 5 sections, we captured images from around the
periodontal ligament of the mesiobuccal root of the first molar, using the same
microscope and micro-camera as above with a magnification of 40x and 400x. The
image acquisition parameters were set during the capture process. For the images
with 400x magnification, the osteoclast number count was performed using the
Image Pro-Plus 4.5 program, which created a grid to score. The osteoclasts were
considered as multinuclear TRAP-positive cells, located in the periodontal ligament
adjacent to the alveolar bone.?® In the images with a magnification of 40x, we
measured the area of the periodontal ligament, using the "create polygon feature”
tool. To obtain the number of osteoclasts per square micrometers PDL, we divided
the number of osteoclasts by the periodontal ligament area. For the images with
magnifications of 400x, we observed the presence of root resorption areas
considering to be cementoclasts, TRAP-positive multinucleated cells in contact or
close-to radicular surfaces.?’

The presence of hyalinization areas was evaluated along the periodontal
ligament of the mesiobuccal maxillary first molar root, using the same microscope
and miniature camera at 40x magnification and the HE staining method. Areas of
hyalinization were defined as degenerative changes in the periodontal ligament,
homogeneous and free of cells.?®%

The mean percentage of type | collagen and the number of osteoclasts per
square micrometer PDL were obtained by averaging the 5 sections. The presence or

absence of hyalinized areas and root resorption was expressed as a percentage.
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Statistical analysis

Statistical analysis was performed using the SPSS 22.0 for Windows (SPSS,
Inc., Chicago, Ill) and Statistica 7 (Statsoft, Inc., Tulsa, Okla).

We assessed the power reproducibility of the osteoclast counts, the
measurements of the periodontal ligament, and the hyalinized area. The maximum
error Dahlberg was 5.94% for the osteoclasts variable, indicating that the reproduced
examiner measures were compatible.3>3! The Student t test revealed no systematic
error in the counts, at a significance level of 5%.

Verification of normality and homogeneity of variance between the treatments
(group x time) was performed using the Kolmogorov-Smirnov normality test and the
Levene variance homogeneity test, respectively, both of which showed significance
levels of 5%.

For continuous variables, when the tests have accrued normal distribution, or
for symmetrical distribution and heterogeneity of variances of variables by group and
time, we used analysis of variance (ANOVA) followed by the Games-Howell multiple
comparisons test for heterogeneous variances. For variables with dichotomous
categorical scales, a second group consisting of independence of analysis, time and
group interaction, and time was performed using the chi-square test. When there was
dependence between variables (P < 0.05), the difference test was applied between
the 2 proportions.

The observed power was used to calculate the power of tests based on the
sample size to accept the possibility of the difference between the average values of
the dependent variables, according to group and time.

RESULTS

Tooth movement rate analysis

In comparing the SM and the FM groups, there was no statistically significant
difference (P > 0.05) found when evaluating the interaction group x time (Table I).
The power of 99.45% was obtained from the test-frame ANOVA.
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Table I. Means and standard deviations of the tooth displacement rate (mm) in saline with tooth
movement group (SM) and fluoxetine with tooth movement group (FM)

Comparisons -
Games-Howell Test
Group/ SM FM SMXFM Power test
Time (n) (mean = SD) (n) (mean = SD) (p)

2 days 12 0.36 +0.2 10 0.4+0.2 0.9999

7 days 11 0.5+0.29 7 0.85+0.12 0.0526 0.9945
14 days 9 0.6 +0.28 7 0.7+0.38 0.9986

28 days 9 1.06 + 0.54 9 0.95 + 0.59 0.9999

* Significance level for Games-Howell test: p <0.05

Neoformation of Bone

When we compared the interaction group x time, we found no statistically

Fig 1. Photomicrography of picrosirius red stain (200x magnification), showing the distal side of the
periodontal ligament of the mesiobuccal root of the maxillary right first molar. In groups S (A) and F
(B), we observed a predominance of type | collagen (mature); in groups SM (C) and FM (D), we
observed replacement of collagen type | (mature) for collagen Ill (immature), on the second day after

installation of the orthodontic appliance.

Bone Resorption
There was no statistically significant difference (P > 0.05) in the interaction

group x time (Table Il; Fig 2). The power of the test was 99.99%.
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Fig 2. Photomicrography with tartrate-resistent acid phosphatase (TRAP) staining (400x
magnification), in the SM group (A) and the FM group (B), on day 28 after installation of the

orthodontic appliance. AB, alveolar bone; PDL, periodontal ligament; DE, dentin. The yellow arrows

indicate TRAP-positive cells (osteoclasts).

Table Il. Means and standard deviations of number of osteoclasts/um? and percentage of type | collagen in the saline (S), fluoxetine (F),
saline with tooth movement (SM) and fluoxetine with tooth movement (FM) groups

Comparisons - Games-Howell Test

Group/ S F SM FM SXF SM X FM
Variables (mean + SD) (mean + SD) (mean + SD) (mean + SD) (p) (p) Power test
% collagen type |
2 days 94.18 £ 2.77 92.79+5.1 64.24 +19.07 71.96 £ 14.39 0.9999 0.9986
7 days 92.38 £3.99 93.53 +3.58 98.57 £ 0.37 98.65 + 0.76 1.0000 1.0000 0.9999
14 days 95.53+25 92.86 + 3.58 97.91+1.03 97.51+£1.97 0.8323 1.0000
28 days 30.86 £11.11 21.6+11.84 20.75 £ 8.69 7.82+572 0.8693 0.0922

N° osteoclasts by

um?2 of PDL

2 days 0.09 £ 0.04 0.06 +0.02 0.17 +£0.08 0.17 £ 0.06 0.6327 1.0000
7 days 0.10 +0.03 0.10 +£0.03 0.11 +0.03 0.11 +0.06 1.0000 1.0000 0.9999
14 days 0.11 £0.04 0.16 £ 0.09 0.11 £ 0.05 0.15 £ 0.05 0.8505 0.9461
28 days 0.12 +0.05 0.17 +£0.05 0.07 £0.03 0.16 £ 0.08 0.43 0.30

* Significance level for Games-Howell test: p <0.05

Root Resorption

Root resorption was observed at all times in the groups receiving orthodontic
movement, except in the SM group on day 2 (Table Ill; Fig 3). There was a
statistically significant difference between groups SM and FM on day 2 (P < 0.05),
with root resorption present only in the FM group. There were no areas of root
resorption in the S and the F groups.
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Fig 3. Photomicrography with tartrate-resistent acid phosphatase (TRAP) staining, in the FM group on
day 7 after installation of the orthodontic appliance (40x magnification). AB, alveolar bone; PDL,

periodontal ligament; DE, dentin; CE, cement. The yellow arrows indicate areas of root resorption.

Hyalinized Area
The hyalinized area showed no statistically significant difference when
compared to the group x time interaction (P > 0.05); it was present only in the SM

and the FM groups on days 2 and 7 (Table Ill; Fig 4). There were no areas of

hyalinization in the S and the F groups.

Fig 4. Photomicrography with hematoxylin-eosin (HE) staining (40x magnification), for the FM group
on day 2 after installation of the orthodontic appliance. AB, alveolar bone; PDL, periodontal ligament;

DE, dentin; HA, hyalinization area.
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Table lll. Percentage of root resorption and hyalinized areas in saline with tooth movement (SM) and fluoxetine
with tooth movement (FM) groups

Group SM EM Difference between two proportions test
Variables (n) (%) (n) (%) SM X FM (p)

Root resorption

2 days 12 0.00 10 50.0 0.01

7 days 11 36.40 7 57.10 0.39

1l4days 9 44.40 7 14.30 0.20

28 days 9 44.40 9 22.20 0.32
Hyalinized area

2 days 12 25.00 10 30.00 0.79

7 days 11 9.10 7 28.60 0.28

14 days 9 0.00 7 0.00 1.00

28 days 9 0.00 9 0.00 1.00

* Significance level for the difference between two proportions test: p <0.05

DISCUSSION

Fluoxetine is among the most commonly used drugs for treatment of mental
disorders, mainly in young adults.* Thus, we used a daily dose of 20 mg/kg in rats
aged 7 to 8 weeks to produce serum levels comparable to those found in adolescent
and adult humans treated with 40 to 80 mg/day of fluoxetine.*?*?! Increasing
evidence suggests that daily use of fluoxetine at concentrations ranging from 5 to 20
mg/kg, taken orally, intramuscularly, or intraperitoneally, for periods ranging from 4 to
24 weeks, may have an effect on the development of mineralized tissues in rats.*

In the scientific literature, there are no reports of studies evaluating the
association between the use of fluoxetine 20mg/kg/day and rate of orthodontic tooth
movement in rats. Our results (Table 1) showed that the drug used did not affect

1'® and Rafiei et al*®, in

orthodontic movement rate in accordance with Frigotto et a
which they used fluoxetine 10 mg/kg/day.

Type | collagen, synthesized and secreted by osteoblasts, makes up about
95% of the organic matrix of the bone.** During bone resorption, this collagen is
degraded, and in the repair process of immature fibers, type Il collagen is deposited.

Warden et al %%

in assessing the effect of 20 mg/kg of fluoxetine on bone
metabolism through histomorphometric analysis and fluorescence microscopy at
various skeletal sites, observed reductions in osteoblastic bone formation activity and
lower bone mineral density. Bonnet et al,*® via enzyme-linked immunosorbent assay
(ELISA), observed that doses of 10 mg/kg of fluoxetine decreased the levels of

osteocalcin, a marker of bone formation. However, the effect of fluoxetine on bone
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can be influenced by genetics, since there are reports of different responses to
antidepressants in different animals.®®* Our results (Table Il) confirm those of
Westbroek et al,** who also found no changes in bone matrix deposition in the
femurs of Sprague-Dawley rats upon administration of 5 mg/kg of fluoxetine by

|8 1** who administered

gavage and with the studies of Frigotto et al™” and Rafiei et a
fluoxetine 10mg/kg intraperitoneally. Thus, we suggest that fluoxetine has no effect
on the collagen deposition process in bone tissue.

The effect of fluoxetine on bone metabolism, however, has not been
completely elucidated.”®*'? Most in vivo evidence indicates that fluoxetine can
negatively affect bone quality and quantity by increasing the number of

osteoclasts,®1>16

and by decreasing bone mineral density, leading to increased risk
of fratures.®®**** It has also been found to lower trabecular bone volume, although
trabecular thickness is less indicative of low-quality bone.*® There is a report in the
literature that the adverse effects of this drug are dose-dependent (lower doses
producing less severe adverse effects); however, the maximum time of application
used was 4 weeks.® In contrast to these results, positive effects of fluoxetine on bone
were observed by Battaglino et al,*® who found increased trabecular bone volume
and increased bone formation with the chronic use of 10 mg/kg of fluoxetine;
however, after ovariectomy, fluoxetine did not protect against bone loss. Mortazavi et
al®* saw positive effects of fluoxetine in rat skulls, indicating that fluoxetine
administration of 15 mg/kg caused increased trabecular bone volume. Branco-de-
Almeida et al,* by inducing periodontal disease in rats treated with 20 mg/kg of
fluoxetine, observed through polymerase chain reaction analysis that fluoxetine
suppressed pro-inflammatory responses and protected against bone resorption.

In the present study, we observed that 20 mg/kg of fluoxetine administration,
with or without orthodontic movement, did not influence the process of bone
resorption (Table Il). These changes suggest that fluoxetine had no effect on
osteoclast activity, in accordance with the findings of Westbroek et al.'® In a study

1*® observed

associating fluoxetine 10mg/kg and orthodontic movement, Frigotto et a
no significant changes in the bone resorption process and also found no deferences
in the microarchitecture of trabecular bone. The presence of so many conflicting
results may be explained in part by other mechanisms of blocking 5-HTT,**>® high
accumulation of fluoxetine in the bone marrow, its interference in long-term genetic

differences, and the type of bone studied.™
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We observed the presence of hyalinized areas on days 2 and 7 after induction
of orthodontic movement, independent of the administered solution; there was no
statistically significant difference between the group administered saline and that
administered fluoxetine (Table l). This is similar to the findings of Hamaya et al,*
who evaluated orthodontic tooth movement without medication, and also found that
hyalinized areas decreased after 7 days of onset of orthodontic movement. Usually,
when hyalinized areas are present, the manifestation occurs in 1 to 2 days after the
onset of orthodontic movement, and since the force applied is not reactivated, the
tissue tends to repair so that the hyalinized areas decrease after day 7.%

Root resorption was observed in the SM and the FM groups at all time points,
except on day 2, when only FM showed root resorption (Table 1ll). Root resorption is
commonly present during orthodontic treatment, and is associated with the
application of high-magnitude forces.?® In our study, there was a higher percentage of
areas with root resorption in the FM group than in the SM group on day 2 after
induction of orthodontic movement; this was possibly an effect of fluoxetine. Rafiei et
al’® observed lower areas of external root resorption in the control group that
received fluoxetine 10mg/kg, however, the force applied was 50g/f, the administration
of the drug was only 5 days a week and it was not considered statically significant.

There were no areas of hyalinization and root resorption in groups S and F,
which was expected, as the groups were not exposed to forces that cause these
events to occur, and fluoxetine administration was not able to cause hyalinization
and root resorption.

The effect of fluoxetine on bone metabolism is still controversial; however,
growing evidence suggests an increased risk of bone fractures in patients taking
SSRIs.'® Differences in dose, drug administration time, lineage, age, weight, and
genetic factors of different animals and different methodologies may be one
explanation for these differences seen in the literature. Also, there were some
limitations in this study, including weight loss and death in the animals treated with
fluoxetine, as well as technical difficulties related to maintaining the stability of the
orthodontic devices, which also led to the loss of some animals in the sample.

More research is needed to understand the exact mechanisms of action of
serotonin and SSRIs, as they may produce antagonistic effects, and seem to act
through distinct pathways. However, we observed that 20 mg/kg of fluoxetine
associated with orthodontic treatment can lead to increased root resorption

processes. Thus, we can infer that when applying orthodontic mechanics in
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individuals who use this drug, caution should be taken to minimize the risks it can

pose to the integrity of the roots of the teeth.

CONCLUSIONS

Chronic use of fluoxetine 20 mg/kg has no effect on the tooth movement rate,
in collagen neoformation, in bone resorption and the presence of hyalinized areas.
However, it does lead to a higher rate of root resorption after the onset of tooth

movement.

Acknowledgements: We thank CAPES (Higher Education Improvement
Coordination), for the scholarship provided to one of the contributing researchers in

this work.
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Anexo | - Parecer do comité de ética no uso de animais — PUCPR

== _ Pontificia Universidade Catélica do Parana

S
Mg " Nicleo de Biodtica
N

Comité de Etica no Uso de Animais

PUCPR

Curitiba, 01 de agosto de 2013.

PARECER DE PROTOCOLO DE PESQUISA

REGISTRO DO PROJETO: 795 — 1® versao
TITULO DO PROJETO: Influéncia do uso cronico de Fluoxetina no movimento ortoddntico em

ratos.

PESQUISADOR RESPONSAVEL: Gabriela Costa Marin

EQUIPE DE PESQUISA:

Gabriela Costa Marin, Elisa Souza Camargo.

INSTITUICAO:

Pontificia Universidade Catélica do Parana

ESCOLA / CURSO:

Escola de Saude e Biociéncias / Odontologia

ESPECIE DE ANIMAL

SEXO | IDADE/PESO

CATEGORIA

QUANTIDADE |

Ratos - Rattus norvegicus

Macho 7 a 8 semanas
150 a 200 kg

Cc

202

O colegiado do CEUA em reunido no dia 01/08/2013, avaliou o projeto & emite o seguinte

parecer. APROVADO.

PUCPR de forma clara e sucinta, identificando a parte do protocolo a ser modificado e as

suas justificativas.

Se houver mudanga do protocolo o pesquisador deve enviar um relatério ao CEUA-PUCPR
descrevendo de forma clara e sucinta, a parte do protocolo a ser modificado e as suas justificativas.

Se a pesquisa, ou parte dela for realizada em outras instituigdes, cabe ao pesquisador ndo
inicié-la antes de receber a autorizagéo formal para a sua realizagdo. O documento que autoriza ©
inicio da pesquisa deve ser carimbado e assinado pelo responsavel da instituicdo e deve ser
mantido em poder do pesquisador responsével, podendo ser requerido por este CEUA em qualquer

40
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Anexo Il — Metodologia complementar

Fig 1. Arcada superior do animal da amostra indicando 1°, 2° e 3° molares

superiores direitos.

Fig 2. (A) Padronizacéo, com tensidbmetro, da forca de 25cN empregada na mola

fechada. (B) Dispositivo ortodéntico instalado e reforco de resina composta nos

incisivos superiores.



o 00 W DN PP

10
11
12
13
14
15
16

42

Fig 3. (A) Procedimento de moldagem da arcada superior do animal com silicona de
condensagao, apenas para 0s grupos SM e FM que iriam ser submetidos ao
movimento ortodontico. (B) Moldagem da arcada superior indicando 1°, 2° e 3°

molares superiores direitos.

. O LN !_

‘10 22 32
'..x Glnal) o 3N

Fig 4. (A) Modelo de gesso da arcada superior do animal. (B) Mensuragdo da

distancia entre incisivo e primeiro molar superior direito com paquimetro digital.
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Anexo lll — Anélise estatistica

Tabela 1. Médias e desvios padréo na taxa de deslocamento dentario (mm)
de acordo com os grupos SM e FM independente de tempos
Comparag0es - Teste de Games-

Howell
SM x FM
Grupos (n) (Média = DP) (p)
SM 41 0,61 +0,42 02788
FM 33 0,71+0,43

* Nivel de significancia para o teste de Games-Howell: p<0,05

Tabela2. Médias e desvios padrdo na taxa de deslocamento dentario (mm) de acordo com os tempos 2, 7, 14 e 28
dias independente de grupos

Comparacgoes - Teste de Games-Howell
2 x 7 dias 2 x 14 dias 2x28dias 7x14dias 7x28dias 14 x 28 dias
Tempo  (n) (Média + DP) (Y] (P (P) () () ()
2 dias 22 0,38+0,2
7 dias 18 0,64+ 0,29
14 dias 16 0,64 + 0,32
28 dias 18 1,01+ 0,56
* Nivel de significancia para o teste de Games-Howell: p<0,05

0,0149 0,0417 0,0009 1,0000 0,0875 0,1039

Tabela 3. Médias e desvios padréo na taxa de deslocamento dentario (mm) nos grupos solugao
salina e movimento dentario (SM) e fluoxetina e movimento dentario (FM)

Comparacgoes - Teste
de Games-Howell

Grupo/ SM FM SM X FM Poténcia
Tempo (n) (Média+DP) (n) (Média+ DP) (p) observada
2 dias 12 0,36 £0,2 10 0,4+0,2 0,9999

7 dias 11 0,5+0,29 7 0,85+0,12 0,0526 0.9945
14 dias 9 0,6 +0,28 7 0,7+0,38 0,9986

28 dias 9 1,06 + 0,54 9 0,95 + 0,59 0,9999

* Nivel de significancia para o teste de Games-Howell: p<0,05

Tabela 4. Médias e desvios padrao do numero de osteoclastos por um? de LP e porcentagem do colageno tipo | de acordo com os
grupos S, F, SM e FM independente de tempos

Comparacdes - Teste de Games-Howell

Grupo/ SxF S x SM SxFM Fx SM FxFM SM x FM
Variaveis () (Média + DP) () (9] (Y] () (p) (9]
% colageno tipo |
S 48 80,83 + 26,52
F 43 74,81 + 32,27
0,7692 0,4452 0,2076 0,9596 0,6814 0,9033
SM 41 71,29 + 32,69
FM 33 65,54 + 38,47
N° de osteoclastos por
um? de LP
S 48 0,10 + 0,04
F 43 0,12 + 0,07
0,2811 0,3828 0,0014 0,9962 0,2912 0,1827
SM 41 0,12+ 0,07
FM 33 0,15+ 0,06

* Nivel de significancia para o teste de Games-Howell: p<0,05
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Tabela 5. Médias e desvios padrdo do nimero de osteoclastos por um? de LP e porcentagem do colageno tipo | de acordo com os tempos 2,
7, 14 e 28 dias independente de grupos

Comparagdes - Teste de Games-Howell

Tempo/ 2 x 7 dias 2x14dias 2 x28dias 7 x 14 dias 7 x 28 dias 14 x 28 dias
Variaveis (n) _ (Meédia + DP) (p) (p) (p) (p) (p) (p)
% colageno tipo |
2 dias 45 80,94 + 17,85
! dla,s a4 9526.£4,02 0,0000 0,0000 0,0000 0,8906 0,0000 0,0000
14 dias 37 95,83 + 3,08
28 dias 39 20,59 +12,47
N° de osteoclastos
por ym? de LP
2 dias 45 0,12 £0,07
! dla.s 44 010003 0,5002 0,9262 0,9452 0,1129 0,1129 0,9999
14 dias 37 0,13+0,06
28 dias 39 0,12 +0,07

* Nivel de significancia para o teste de Games-Howell: p<0,05

Tabela 6. Médias e desvios padrdo do numero de osteoclastos por um? de LP e porcentagem do colageno tipo | nos grupos
solugédo salina (S), fluoxetina (F), solugdo salina e movimento dentéario (SM) e fluoxetina e movimento dentario (FM)

Comparagoes - Teste de Games-Howell

Grupo/ S F SM FM SXF SM X FM Poténcia
Variaveis (Média + DP) (Média + DP) (Média + DP) (Média + DP) (p) (p) observada
% colageno tipo |
2 dias 94,18 + 2,77 92,7951 64,24 £19,07 71,96 + 14,39 0,9999 0,9986
7 dias 92,38 + 3,99 93,53 + 3,58 98,57 £ 0,37 98,65 + 0,76 1,0000 1,0000 0,9999
14 dias 95,5325 92,86 * 3,58 97,91 +1,03 97,51 +1,97 0,8323 1,0000
28 dias 30,86 +11,11 21,6+11,84 20,75 + 8,69 7,82+5,72 0,8693 0,0922
Ne° de osteoclastos
por um? de LP
2 dias 0,09 + 0,04 0,06 + 0,02 0,17 + 0,08 0,17 + 0,06 0,6327 1,0000
7 dias 0,10 £ 0,03 0,10 £ 0,03 0,11 +0,03 0,11 £ 0,06 1,0000 1,0000 0,9999
14 dias 0,11 £ 0,04 0,16 + 0,09 0,11 + 0,05 0,15 £ 0,05 0,8505 0,9461
28 dias 0,12 + 0,05 0,17 + 0,05 0,07 £ 0,03 0,16 + 0,08 0,4292 0,2996

* Nivel de significancia para o teste de Games-Howell: p<0,05

Tabela 7. Frequéncia das variaveis reabsorcao radicular e area hialina (%) nos grupos solucao salina e
movimento dentario (SM) e fluoxetina e movimento dentario (FM)

Grupo/ SM EM Teste de diferenca entre duas proporgdes
Variaveis (n) (%) (n) (%) SM X FM (p)
Reabsorc¢éo radicular
2 dias 12 0,0 10 50,0 0,0053
7 dias 11 36,4 7 57,1 0,3889
14 dias 9 44,4 7 14,3 0,1975
28 dias 9 44,4 9 22,2 0,3177
Area hialina
2 dias 12 25,0 10 30,0 0,7932
7 dias 11 9,1 7 28,6 0,2794
14 dias 9 0,0 7 0,0 1,0000
28 dias 9 0,0 9 0,0 1,0000

*Nivel de significancia para o Teste de diferenca entre duas propor¢des: p<0,05
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Anexo IV- Normas para publicacdo - American Journal of Orthodontics and

Dentofacial Orthopedics
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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:

http://ees.elsevier.com/ajodo.

Send correspondence to:

Rolf G. Behrents, Editor-in-Chief
E-mail: behrents@slu.edu

Send other correspondence to:
Chris Burke, Managing Editor
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University of Washington
Department of Orthodontics, D-569
HSC Box 357446

Seattle, WA 98195-7446
Telephone (206) 221-5413

E-mail:ckburke @aol.com

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.
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the manufacturer of any product or service. Each reader must determine whether to
act on the information in 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); http://www.icmje.org. Include the list of references 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
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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 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
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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.

Checklist for authors

e 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

e Abstract

e Atrticle proper, including references and figure legends

e Figures, in TIF or EPS format

e Tables

e Copyright release statement, signed by all authors

e Photographic consent statement(s)

e ICMJE Conflict of interest statement

e Permissions to reproduce previously published material
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