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RESUMO

Introdugao: Avaliar o efeito da isotretinoina no deslocamento dentario e nos tecidos
relacionados ao movimento dentario induzido (MDI) em ratos. Métodos: Foram
utilizados 163 ratos Wistar, divididos aleatoriamente em quatro grupos: O (n=40),
oleo vegetal; | (n=40), 7,5 mg/kg de isotretinoina; OM (n=44), 6leo vegetal e MDI e
IM (n=39), 7,5 mg/kg de isotretinoina e MDI. Apos o 30° dia de aplicagdo das
solugdes, instalou-se o dispositivo ortodontico que movimentou o primeiro molar
superior direito para mesial (30 cN) em OM e IM. Os animais foram mortos 2, 7, 14 e
21 dias apos a colocagéo dos dispositivos. Os animais dos grupos O e | ndo foram
submetidos ao MDI, mas foram mortos nos mesmos intervalos de tempo. Avaliou-se
o deslocamento dentario, a neoformagdo de colageno tipo | pela coloragéo
picrosirius, a reabsorcido Ossea e radicular por meio da coloragao fosfatase acida
tartarato—resistente, a presenca de areas hialinas pela coloragdo hematoxilina e
eosina, e o trabeculado 6sseo por micro-tomografia computadorizada. Os dados
foram analisados pelos testes estatisticos ANOVA, Games-Howell, Mann-Whitney,
Kruskal-Wallis e Dunn, ao nivel de significancia de 5%. Resultados: Nao houve
diferengca no deslocamento dentario nos grupos OM e IM em todos os periodos
testados (P >0,05). Nao houve diferenga no numero de osteoclastos, presenga de
areas hialinas, volume trabecular, espessura trabecular, separacédo trabecular e
numero trabecular entre os grupos O, I, OM e IM em todos os periodos testados (P
>0,05). Observou-se menor porcentagem de colageno tipo | em IM comparado a OM
no 7° dia (P <0,05). Observou-se menor frequéncia de areas de reabsorgao radicular
no grupo IM no 2° e no 21° dia comparado ao OM (P <0,05). Conclusoées: O uso da
isotretinoina 7,5 mg/kg n&o interferiu no deslocamento dentario, no processo da
neoformacéo do colageno, na reabsorgao 6ssea, na presenga de areas hialinas e na
microarquitetura 6ssea. Diminuiu a presenga de reabsor¢cdo radicular em ratos

submetidos ao MDI.

Palavras-chave: Isotretinoina; Técnicas de movimentacdo dentaria; Remodelacao

ossea



INTRODUGAO

A acne € a doenca de pele que mais acomete os adolescentes, sendo que
sua prevaléncia é de 80 a 90%." Um estudo realizado com individuos Americanos
mostrou que 12,1% dos adolescentes com 17 anos de idade apresentam acne
severa.? A isotretinoina ou acido 13-cis-retindico é o farmaco de escolha para o
tratamento desta doenca e sua utilizacdo € expressiva entre os adolescentes e
adultos jovens."*®

A isotretinoina € derivada da vitamina A e comegou a ser comercializada em
1982.3 O alto consumo da isotretinoina pode causar muitos efeitos colaterais,
semelhantes aos da hipervitaminose A.°° Estudos revelam que a vitamina A

antagoniza a agdo da vitamina D,"%"?

pois ambas necessitam da mesma proteina
ligante, os receptores X-retindicos, para realizar sua atividade de transcriggo. '?
Sendo assim, altas doses de vitamina A podem causar efeitos colaterais sobre os

o0ssos.” %12

O movimento dentario induzido (MDI) ocorre pela aplicagdo de forgas
biomecanicas sobre os dentes. Essa agado gera um processo biolégico multiplo,
caracterizado por reagdes sequenciais em duas regides do tecido periodontal: a area
de compress3o e a area de tensdo.”® Nas modificagdes teciduais induzidas, ocorre
remodelacdo tecidual por ativacdo da reabsorcdo Ossea alveolar na area de
compressdo e consequente aposicdo Ossea na area de tensdo.'*' A presenca
sistémica de alguns farmacos pode alterar as reagdes bioldgicas relacionadas ao
MDI.

Efeitos colaterais causados pela isotretinoina sobre o tecido ésseo tém sido

6,11,16

relatados, como a reducdo da densidade mineral Ossea, a calcificacdo dos

tenddes e ligamentos,® o aumento da reabsorgdo éssea, do nimero e tamanho dos

1718 Estudos

osteoclastos, e alteracbes na diferenciacdo dos osteoblastos.
mostraram que nao houve diferengca na densidade mineral 6ssea em pacientes
tratados com isotretinoina 1mg/Kg/dia.’®?® O tempo de tratamento e a dose de

isotretinoina utilizada parecem influenciar na sua acéo sobre o tecido 6sseo.”?"?

Outros autores encontraram aceleragao do processo de reparo 6sseo alveolar
apos a extragdo dentaria em ratos.?*** Foi avaliado o uso da isotretinoina sobre o

MDI,® entretanto ndo avaliou-se reabsorcdo radicular e area hialina como no



presente estudo. Algumas evidéncias mostram que a presencga da isotretinoina pode
alterar o metabolismo 0sseo; entretanto, faltam estudos conclusivos sobre sua
atuagao no MDI. Dessa forma, o presente estudo avaliou o deslocamento dentario, a
neoformacédo do colageno, a reabsorgdo Ossea e radicular, a presenga de areas
hialinas e a microarquitetura 6ssea em ratos submetidos ao MDI e uso da
isotretinoina. Nao foram encontrados estudos que avaliaram os mesmos aspectos

considerados no presente estudo.

Diante das alteragbes que a isotretinoina pode causar no tecido ésseo, e
considerando o uso expressivo desse medicamento principalmente entre os
adolescentes e adultos jovens, que representam a maioria dos pacientes que
realizam tratamento ortoddntico, faz-se necessaria a investigagdo da possibilidade

de acao da isotretinoina sobre o movimento dentario induzido.

MATERIAL E METODOS

Amostra

Esta pesquisa teve a aprovagdo da Comissdo de Etica no Uso de Animais
(CEUA) da Pontificia Universidade Catolica do Parana (PUCPR) e registrada sob
parecer n° 935 (Anexo |, pagina 47).

Foram utilizados 163 ratos machos da linhagem Wistar (Rattus norvegicus
albinus) com 6 a 8 semanas de vida, pesando aproximadamente 200g, provenientes
e mantidos pelo Biotério da PUCPR.

Os animais foram mantidos em temperatura controlada entre 19°C e 22°C e
fotoperiodo de 12 horas claro e 12 horas escuro. Foram fornecidos agua e ragéo
triturada ad libitum. 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 eletrénica de precisdo (Gehaka — BG 4001, S&o Paulo, Brasil).

Dividiu-se os animais aleatoriamente em quatro grupos: O (n=40), dleo
vegetal; | (n=40), isotretinoina; OM (n=44), oleo vegetal e MDI; e IM (n=39),
isotretinoina e MDI. Nos grupos O e OM, os animais receberam 0,5 ml de dleo
vegetal por gavagem, uma vez ao dia. Nos grupos | e IM foram realizadas
aplicagdes de 7,5mg/kg de isotretinoina uma vez ao dia.



O dleo vegetal e a isotretinoina foram obtidos no Laboratorio Farmacéutico da
PUCPR, Curitiba, Brasil. A isotretinoina foi obtida na forma farmacéutica de po,
mediante apresentacdo de receita controlada e especial para o medicamento. O pé
da isotretinoina foi armazenado em embalagem escura e refrigerada, e cada
suspensao foi preparada imediatamente antes da administracdo, em funcdo da alta
sensibilidade do medicamento a luz e ao calor.

No momento da administragcdo da isotretinoina, nos grupos | e IM, o p6 do
medicamento era diluido em 6leo vegetal de acordo com o peso do animal, com
auxilio de seringa dosadora de 10 ml, até alcangar a dosagem de 7,5 mg/Kg. O
frasco dessa solugédo era agitado e a solugdo era imediatamente administrada por
gavagem. A dosagem e a via de administrac&o da isotretinoina foram escolhidas de
acordo com os estudos de Ferguson et al,?' Bergoli et al** e Oliveira et al.®

Experimento

As administragdes das solugbes foram feitas em todos os grupos durante 30
dias, de acordo com o estudo de Ribeiro et al.?® No 30° dia, os animais dos grupos
OM e IM foram sedados com Tiletamina e Zolazepan (Zoletil, Virbac Brasil Industria
e Comeércio LTDA, Jurubatuba, Brasil) 50 mg/kg, via intraperitoneal. Instalou-se o
dispositivo ortoddntico para induzir o MDI de acordo 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) posicionado na regido mais cervical do dente, e
ligado aos incisivos centrais superiores (também na regido mais cervical),
provocando o movimento mesial do primeiro molar (Figs 1 e 2, Anexo Il, pagina 48).
A forga reciproca produzida pela mola fechada era de 30 cN, padronizada através de
um tensiométro (Haag - Streit AG, Koeniz, Suiga). Para garantir maior estabilidade
da mola, os incisivos inferiores foram desgastados e os incisivos superiores unidos
com resina composta Charisma (Heraeus, Hanau, Alemanha). Apés a instalagéo, a
mola nao era reativada; no entanto, seu posicionamento foi conferido diariamente.

A administracdo das solugdes continuou e os animais foram mortos por
overdose anestésica (Ketamina 270mg/kg e Xilazina 30mg/kg, via intraperitoneal),
no 32° 37° 44° e 51° dias, correspondentes ao 2°, 7°, 14°, e 21° de MDI, ou seja,
apos a colocagédo dos dispositivos. Os animais dos grupos O e |, os quais ndo foram
submetidos ao MDI, foram mortos nos mesmos intervalos de tempo.



Deslocamento dentario

O deslocamento dentario mensurado em milimetros (Deslocamento dentario =
medida final - medida inicial) foi aferido com paquimetro digital (Absolute; Mitutoyo,
Kawasaki-Shi, Jap&o), posicionado entre a regido mais cervical e central da face
palatina do incisivo central e a regido mais cervical e central da superficie mesial do
primeiro molar, ambos superiores e do lado direito, nos animais dos grupos OM e
M.

Processamento laboratorial

A hemimaxila direita de cada animal foi removida, dissecada, fixada em formol
a 10% durante 24 horas, e descalcificada em EDTA 5% por trés meses. Os
especimes foram processados e emblocados em parafina no Laboratério de
Patologia Experimental da PUCPR. Foram obtidas 15 secg¢des transversais a partir
do terco cervical em diregcdo 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 seccdo. As secgbes foram coradas pelas técnicas histoquimicas
Picrosirius (5 secgdes), Fosfatase Acida Tartarato-Resistente - TRAP (5 secgdes) e
Hematoxilina e Eosina - HE (5 seccdes).

Para avaliar e comparar a microarquitetura do osso trabecular, o fémur
esquerdo dos animais foi removido, dissecado e congelado a temperatura de -20°C
e posteriormente avaliado por meio de micro-tomografia computadorizada, de
acordo com o estudo de Frigotto et al.?’

Analise histolégica

Determinou-se a neoformacdo do colageno por meio de microscopia de
polarizagao, através do método histoquimico Picrosirius. A analise foi realizada por
um unico examinador. O osso adjacente ao ligamento periodontal (LP), na porgao
distal da raiz mésio-vestibular foi selecionado para analise, pois durante o MDI, o
tecido 6sseo é depositado na cortical alveolar na area de tragdo.”®> Também foi
observado o estiramento das fibras do LP para selecionar esta area. Capturou-se
uma imagem de cada secgao transversal com um microscopio de luz Olympus BX-
50 (Olympus, Toquio, Japao) e lente polarizada Olympus U-Pot (Olympus, Téquio,
Japao) acoplado a microcamera Dinolite® AM4023X (AmMo Eletronics Corporation,

New Taipei city 241, Taiwan), em magnificacdo de 200X. Com o auxilio do programa



de morfometria Image Pro-Plus 4.5.029 (Media Cybernetics, Inc., Silver Spring, MD),
foi quantificada a porcentagem de colageno maduro e imaturo por meio da diferenca
de cores. Para isso, aplicou-se uma imagem-mascara (Fig 3), utilizada para avaliar o
colageno tipo Il ou imaturo, de coloragdo esverdeada e com fibras mais

desorganizadas e menos espessas, e colageno tipo | ou maduro, de coloragéo
29,30

avermelhada e com fibras mais organizadas e mais espessas.

Fig 3. Aplicacdo da mascara para quantificagdo de colageno tipo Il (esverdeado) e tipo |

(avermelhado), indicados pelas setas pretas. (Coloragdo de Picrosirius, magnificacdo 200x).

A coloragao histoquimica TRAP foi realizada com o kit TRAP 387A (Sigma-
Aldrich Co, St. Louis, MO), seguindo as instru¢des do fabricante, para
identificar osteoclastos, bem como cementoclastos, determinando assim a
reabsorcao Ossea e do cemento, respectivamente. Para cada uma das 5 secgdes,
capturou-se imagens de todo o ligamento periodontal da raiz mésio-vestibular do
primeiro molar, utilizando o0 mesmo microscépio de luz e microcAmera em
magnificagado de 40x e 400x. Os pardmetros de aquisigdo 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 4.5.029, onde foi criada uma grade para contagem. A contagem foi



realizada por um unico examinador em dois tempos, com intervalo minimo de trés
semanas entre elas. A calibracdo do examinador foi avaliada pelo teste intra-
examinador. Foram considerados osteoclastos as células multinucleadas, TRAP-
positivas e localizadas no ligamento periodontal adjacente ao osso alveolar.®’ Nas
imagens com magnificacdo de 40x foi mensurada a area do LP, utilizando-se a
ferramenta "Create polygon feature". Para a obtencdo do numero de
osteoclastos/micrometros quadrados do LP, dividiu-se o numero de osteoclastos
pela area do ligamento periodontal. Nas imagens com magnificacdo de 400x foi
observada a presenga de areas de reabsor¢do radicular, sendo
considerados cementoclastos as células TRAP positivas, multinucleadas em contato
ou proximas as superficies radiculares.®!

A presenga de areas hialinas foi avaliada ao longo de todo o ligamento
periodontal da raiz mésio-vestibular do primeiro molar superior, utilizando o mesmo
microscopio de luz e microcdmera em magnificagdo de 40x, pelo método de
coloracdo HE. As areas hialinas foram definidas como alteragées degenerativas do
ligamento periodontal, homogéneas e livre de células.®' A area hialina foi mensurada
com auxilio do programa Image Pro-Plus 4.5.029, utilizando-se a ferramenta "Create
polygon feature", sendo quantificada entdo a porcentagem de area hialina por
micrémetros quadrados do LP.

A porcentagem meédia de colageno tipo |, do numero de
osteoclastos/micrometro quadrado do LP e do numero de
cementoclastos/micrémetro quadrado do LP foram obtidos pela média das cinco

seccgoes.

Analise micro-tomografica

A epifise distal do fémur foi analisada, de acordo com o trabalho de Frigotto et
al.?’ Foi utilizada micro-tomografia computadorizada (Bruker SkyScan 1172, Bruker,
Bélgica, 2010), com voltagem de 100 kV, corrente de 100 pA, e filtro de 0.5 mm de
aluminio. As amostras foram mantidas em um porta-amostras cilindrico, que permitiu
correto alinhamento axial e estabilidade das mesmas durante a captura da imagem.
Foram obtidos 200 cortes com resolucéo de 12,8 pm/pixel, na area central da epifise
distal de cada fémur, através de rotagdo de 180° e incrementos de 0,4°. Em seguida
os dados brutos foram reconstruidos através do software NRecon 1.6.9.3 (Bruker
SkyScan 1172, Bruker, Bélgica). O volume de interesse (VOI) para analise foi



10

selecionado e binarizado. O osso cortical foi excluido. A analise tridimensional foi
efetuada por meio do software CT Analyser 1.14.4.1 (Bruker SkyScan 1172, Bruker,
Bélgica), no qual foram calculados indices morfométricos incluindo: volume
trabecular (BV/TV), que corresponde ao volume ocupado pelo osso trabecular,
mineralizado ou nao (BV), expresso como porcentagem do volume ocupado pela
medula e trabéculas osseas (TV); espessura trabecular (Tb.Th), que determina a
espessura das trabéculas 0sseas; separagéao trabecular (Tb.Sp), que corresponde a
distancia entre os pontos medios das trabéculas 6sseas; e numero trabecular (Tb.N),
que corresponde ao nimero de trabéculas por milimetro de tecido.**® Devido ao
alto custo para a realizagdo da micro-tomografia em todas as amostras do estudo,
foram selecionados o 7° e 21° dias de observacédo que correspondem as alteragdes
teciduais e 6sseas mais significativas ocorridas durante o MDI, e a fase final do MDI,

respectivamente.’°

Analise estatistica

A analise estatistica foi realizada utilizando o SPSS 23.0 for Windows (SPSS,
Inc., Chicago, Ill) e Statistica 7 (Statsoft, Inc., Tulsa, OK).

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

Para as variaveis continuas, quando os testes acusaram distribuicdo normal e
heterogeneidade de varidncias das variaveis segundo grupo e tempo, utilizou-se
ANOVA seguida do teste de comparagdes multiplas Games-Howell para variéncias
heterogéneas.

Para as variaveis continuas, quando os testes n&o acusaram distribuicdo
normal, foram utilizados os testes de Mann-Whitney e Kruskal-Wallis, seguidos pelo
teste de comparacdes multiplas nao paramétricas de Dunn. Para as variaveis com
escala categérica dicotébmica, a analise de independéncia segundo grupo, tempo e
interagdo grupo e tempo foi realizada empregando o teste Qui-quadrado. Quando
houve dependéncia entre as variaveis (P <0,05), foi aplicado o teste z de diferenga
entre duas proporgdes.
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A poténcia observada foi utilizada para calcular o poder dos testes com base
no tamanho da amostra para aceitar a hipétese da diferenga entre os valores médios
das variaveis dependentes de acordo com grupo e tempo.

RESULTADOS

No teste intra-examinador, o poder de reproducibilidade da contagem de
osteoclastos e cementoclastos foi avaliado. O erro maximo de Dahlberg foi de
0,6947%, menor que 1%, e o coeficiente de confiabilidade foi maior que 99%,
indicando que o examinador reproduziu as medidas de forma confiavel.**3° O Teste ¢
de Student revelou n&o haver erro sistematico na contagem, ao nivel de significancia
de 5%.

Deslocamento dentario

N&o foi observada diferenga estatisticamente significante (P >0,05) no
deslocamento dentario quando se avaliou a interagdo grupo x tempo na comparagéo
entre os grupos OM e IM (Tabela I).

Tabela I. Médias e desvios padrao (DP) do deslocamento dentario (mm) nos grupos 6leo vegetal e
movimento dentario induzido (OM) e isotretinoina e movimento dentario induzido (IM)

Grupo/ OoM M . Poténcia
Valor p b d

Tempo (n) (Média + DP) (n) (Média + DP) observada

2 dias 10 0,84 + 0,56 10 1,11 £ 0,67

7 dias 10 1,58 + 0,58 10 0,90 + 0,44 0.0586 07572

14 dias 10 1,48 + 0,63 10 1,28 + 0,76 ' :

21 dias 14 0,93 + 0,67 10 1,05 + 0,56

*Nivel de significancia para o teste ANOVA a dois critérios: Valor P <0,05

Neoformacao de colageno

Quando comparados os grupos sem MDI entre si, observou-se menor
porcentagem de colageno tipo | em | comparado a O no 21° dia (P <0,05). Na
comparacgao entre os grupos com MDI entre si, observou-se menor porcentagem de

colageno tipo | em IM comparado a OM no 7° dia (P <0,05) (Tabela II).

Reabsorgao 6ssea
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Nao houve diferenga estatisticamente significante (P >0,05) na reabsorgao

0ssea quando se avaliou a interagao grupo x tempo (Tabela Il; Fig 4).

Fig 4. Fotomicrografia do ligamento periodontal (LP) com areas de reabsorgao éssea e presenca de
osteoclastos, indicados pelas setas pretas, nos grupos OM (A) e IM (B), no 2° dia apds instalagdo do

dispositivo ortoddntico. OA, osso alveolar. (Coloragdo TRAP, magnificacdo 400x).

Tabela Il. Médias e desvios padrao (DP) da porcentagem de colageno tipo | e do numero de
osteoclastos por ym? de ligamento periodontal (LP) nos grupos 6leo vegetal (O), isotretinoina (1),
oleo vegetal e movimento dentario induzido (OM) e isotretinoina e movimento dentario induzido (IM)

Comparacgoes - Teste
de Games-Howell

Grupo/ 0] I OM IM OX| OMXIM  peténcia
Variaveis (Média £ DP) (Média + DP) (Média = DP) (Média + DP)  (p)* (p)* observada
% colageno tipo |

2 dias 95,93 £ 3,29 91,33 +6,63 94,84 +£4,59 89,29 £ 10,49 0,8420  0,9556

7 dias 97,02 +2,61 93,38 +5,48 96,74 +1,13 90,35+6,72 0,8382  0,0047* 0,9934
14 dias 94,77 +2,35 91,83 £6,75 96,25 +£2,22 96,82 +2,52 0,9866 1,0000

21 dias 97,74+ 1,20 92,01 £4,84 96,39 + 3,57 94,17 +593 0,0111*  0,9984

N° de Osteoclastos
por um? de LP

2 dias 7,81+1,96 818+599 19,99+377 19,60+596 09999  0,9999
7 dias 6,52+269 522+183 1149+563 13,60+398 09919 09995 09988
14 dias 777+235 836+364 926+494 989+540 09999  0,9999
21 dias 6,20+243 573+161 834+444 747+261 09999  0,9999

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

Reabsorg¢ao radicular

Houve diferenga estatisticamente significante (P <0,05) na reabsorgao
radicular no 2°, 7° e 21° dias entre os grupos OM e IM quando comparada a
interagao grupo x tempo (Tabela lll; Fig 5).
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No 2° e no 21° dias a média do numero de cementoclastos foi menor no grupo
IM comparado ao grupo OM. No 7° dia o nimero de cementoclastos foi maior no

grupo IM comparado ao grupo OM.

Fig 5. Fotomicrografia do ligamento periodontal (LP) com areas de reabsorgéo radicular e presenca
de cementoclastos, indicados pelas setas pretas, no grupo OM no 21° dia apds instalagdo do
dispositivo ortoddntico. OA, osso alveolar; DE, dentina e CE, cemento. (Coloracdo TRAP,
magnificagéo 40x (A) e 400x (B)).

Tabela lll. Médias (10°) e desvios padréo (DP 10°) do nimero de cementoclastos por um? de
ligamento periodontal (LP) nos grupos 6leo vegetal (O), isotretinoina (1), 6leo vegetal e movimento
dentario induzido (OM) e isotretinoina e movimento dentario induzido (IM)

Comparacdes - Método
Pairwise de Dunn

Grupo/ (0] I OM IM OoX1 OM X IM
Variaveis (Média £ DP) (Média + DP) (Média + DP) (Média + DP) (p)* (p)*

N° de Cementoclastos
por um? de LP

2 dias 1,311,111 1,556+0,25 1,53+1,68 0,00 +0,00 0,3849 0,0074*
7 dias 0,56 +1,04 0,89+1,05 0,00+£0,00 1,86+1,74 0,4206 0,0030*
14 dias 0,77+0,88 0,00+0,00 218+275 2,06+3,63 0,0969 0,3983
21 dias 1,68+0,39 1,48+027 4,162,775 1,32+1,61 0,6479 0,0048*

* Nivel de significancia para o teste de Dunn: P <0,05

Area hialina

Nao houve diferenga estatisticamente significante quando comparada a
interagcao grupo x tempo (P >0,05), havendo presenga de area hialina nos grupos
OM nos 2° 7° e 14° dias, e IM nos 2° 14° e 21° dias. A média do valor da

porcentagem de area hialina por micrémetros quadrados do ligamento periodontal foi
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de 2,62 em IM e de 2,92 em OM. Nao foram observadas areas hialinas nos grupos
Oel.

Devido ao pequeno numero de valores encontrados, utilizou-se a analise de
frequéncias, sendo consideradas a presenga ou auséncia das areas hialinas (Tabela
IV; Fig 6).

Fig 6. Fotomicrografia do ligamento periodontal (LP) com presenga de area hialina (AH), indicada

pelas setas pretas, no grupo OM no 7° dia apds instalagdo do dispositivo ortoddntico. OA, osso

alveolar; DE, dentina e CE, cemento. (Coloragdo HE, magnificagdo 40x (A) e 400x (B)).

Tabela IV. Frequéncia da presencga de area hialina (%) nos grupos 6leo
vegetal e movimento dentario induzido (OM) e isotretinoina e movimento
dentario induzido (IM)

Grupo/ OM IM
Variaveis (n) (%) (n) (%)
Area hialina

2 dias 10 10,0, 10 10,0,
7 dias 10 20,0, 10 0,0.
14 dias 10 10,0, 10 10,0,
21 dias 14 0,0, 10 10,0,

*Nivel de significancia para o Teste Qui-Quadrado: letras iguais indicam semelhanga
estatistica na comparacéao dois a dois

Micro-tomografia computadorizada
Nao foi observada diferenga estatisticamente significante (P >0,05) quando se
avaliou volume trabecular, espessura trabecular, separacdo trabecular, e numero

trabecular na interagao entre grupo x tempo (Tabela V; Fig 7).
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Fig 7. Imagens representativas da reconstru¢ao tridimensional do osso trabecular do fémur dos ratos:
(A) grupo oleo vegetal e movimento dentario induzido (OM), e (B) grupo isotretinoina e movimento
dentario induzido (IM) no 7° dia.

Tabela V. Médias e desvios padrao (DP) das variaveis: volume trabecular (BV/TV %), espessura
trabecular (Tb.Th mm), separagéo trabecular (Tb.Sp mm) e ndmero trabecular (Tb.N 1/mm), nos
grupos oleo vegetal (O), isotretinoina (l), 6leo vegetal e movimento dentario induzido (OM) e
isotretinoina e movimento dentario induzido (IM)

Comparagoes - Método
Pairwise de Dunn

Grupo/ o) | oM IM OX | OM X IM
Variaveis  (Média + DP) (Média + DP) (Média + DP) (Média +DP)  (p)* ()"
BV/TV

7 dias 0,78 £ 0,11 0,69 +£0,10 0,64 £ 0,20 0,71+£0,12 0,3415 0,7781
21 dias 0,81+£0,04 088+007 073+007 077£0,12 04149 0,6208
Tb.Th

7 dias 0,87 £ 0,21 0,66 £ 0,12 0,65+0,19 0,84 £ 0,15 0,1710 0,2491
21 dias 0,80£0,12 099+022 068013 082£020 03758 0,2920
Tb.Sp

7 dias 024+0,14 030£012 039027 035£0,18 04717 0,8879
21 dias 0,19£0,06 012+005 025:006 025+0,16  0,3867 0,6961
Tb.N

7 dias 093+£0,18 105+015 098+013 085012  0,4063 0,2837
21 dias 1,03+£0,16  093+0,16 1,09£0,14 097+022 04625 0,3002

* Nivel de significancia para o teste de Dunn: P <0,05

DISCUSSAO

No presente estudo, foram avaliados o deslocamento dentario, a remodelagao
Ossea e os tecidos dentarios apos a realizacdo do MDI em molares de ratos
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submetidos ao uso da isotretinoina, e verificou-se que este farmaco exerceu pouca
influéncia sobre as estruturas analisadas.

Os resultados do presente estudo mostraram que o medicamento utilizado
nao afetou o deslocamento dos dentes que foram submetidos ao MDI. O valor de P
foi limitrofe quando se comparou os grupos OM e IM ao longo dos periodos de
avaliacdo. Embora o tamanho da amostra utilizada possa interferir no valor de P, o
resultado encontrado em relagdo ao deslocamento dentario é compativel com os
valores encontrados no numero de osteoclastos, uma vez que nao foi encontrada
diferenca na reabsorgdo dssea no presente estudo. Nishio et al®® também nao
encontraram diferenga no deslocamento dentario em ratos submetidos ao uso da
isotretinoina; entretanto, os autores realizaram extracdo dentaria, o que dificulta a

comparagdo com o presente estudo. Por outro lado, Rohde et al'

relataram que a
vitamina A tem efeito direto sobre os ossos, causando desmineralizagdo ou
reabsorgdo, dado também encontrado no estudo de Conaway et al.*

No presente estudo houve presenga de reabsor¢do radicular nos grupos
submetidos ao MDI. Nao foram encontrados estudos que relacionassem o uso da
isotretinoina e a reabsorgdo dentaria radicular. No 2° dia observou-se agao restritiva
da reabsorgao radicular no grupo IM comparado ao grupo OM, sendo que a média
do numero de cementoclastos foi menor no grupo IM. No 7° dia entretanto, o grupo
IM apresentou maior reabsorgao radicular comparado ao grupo OM. Esse fato pode
ter ocorrido pelo tempo de exposicdo ao medicamento ter sido maior do que no 2°
dia, associado ao pico de células clasticas, que ocorre geralmente do 3° ao 5° dia

1."®* No final do periodo de observagao, no 21° dia, o grupo IM

apoés o inicio do MD
voltou a apresentar diminuigdo na reabsorgéo radicular na comparagdo com o grupo
OM, indicando que houve uma acao restritiva da isotretinoina no final do MDI,
quando o processo de remodelagdo Ossea ja esta finalizado." Esse achado pode
ser positivo para pacientes que utilizam isotretinoina e realizam o tratamento
ortodontico.

O colageno tipo |, sintetizado e secretado pelos osteoblastos, compde cerca
de 95% da matriz orgénica do osso. Durante a reabsorgdo Ossea, este colageno é
degradado, e no processo de reparo das fibras imaturas, o colageno tipo Ill é
depositado.?**® A neoformagdo do colageno se inicia entre os 5 e 7 dias, com pico
entre 5 e 10 dias, e se completa até 14 e 21 dias." No presente estudo, foi possivel

verificar que a isotretinoina diminuiu a quantidade das fibras colagenas tipo |
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presentes na matriz 6ssea neoformada aos 7 dias, ao comparar os grupos IM e OM.
Entretanto, quando avaliou-se aos 14 e 21 dias, os grupos se equivalem, indicando a
recuperacao do processo de maturagdo do colageno, nao interferindo, portanto, na
fase final do MDI. Os dados do presente estudo diferem do estudo de Nishio et al®
em que foi avaliado o MDI em ratos tratados com isotretinoina apds realizar extragao
dentaria, e os resultados mostraram que houve aceleragdo no reparo gengival apos
7 dias. Bergoli et al** também concluiram que houve aceleragdo no reparo dsseo
apods a realizagao de extragcao dentaria em ratos.

No presente estudo, a isotretinoina retardou a fase inicial da neoformagao
0ssea, que se normalizou ao longo do processo. Esse resultado corrobora com o
estudo de Frankel et al® no qual concluiram que a vitamina A atua diretamente sobre
a cartilagem embriogénica e 0sso, 0 que causa interferéncia na formagédo de
colageno, evitando a diferenciagdo normal de osteoblastos e aumentando o numero
de osteoclastos, retardando dessa forma o processo de neoformacio 6ssea. Tanaka
et al' também mostraram que a vitamina A influencia na diferenciagdo dos
osteoblastos e na formacao Ossea.

Os resultados do presente estudo mostraram que a administracdo de
isotretinoina 7,5mg/kg associada ou ndo ao MDI n&o influenciou no processo de
reabsorcao 0ssea, uma vez que a quantidade de osteoclastos ndo sofreu nenhuma
alteracdo significativa. Em contrapartida, Lind et al® constataram que grandes
quantidades da vitamina A administrada em ratos levaram a reabsor¢do mineral
acelerada do osso cortical e trabecular como resultado do aumento da atividade
osteoclastica. De modo semelhante, Scheven e Hamilton concluiram que a
isotretinoina antagoniza a capacidade da vitamina D em manter normais os niveis
séricos de calcio, o que estimula a formacédo de osteoclastos e suprime a atividade
osteoblastica, podendo contribuir para acelerar a reabsor¢ao 6ssea nos casos de
doses excessivas de isotretinoina. A dose empregada no presente estudo e o tempo
de aplicacdo do medicamento podem ter influenciado na inalteragdo do numero de
osteoclastos, uma vez que a dose empregada ndo foi excessiva.??*%° Por outro

lado, os resultados do presente estudo corroboram com os estudos de Tekin et al™

|,20

e
DiGiovanna et a uma vez que nao foi encontrada diferenga significante na
densidade mineral 6ssea em pacientes tratados com um unico ciclo, de 4 a 6 meses,

de isotretinoina, e com dosagens padr&o de aproximadamente 1mg/Kg/dia.
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No presente trabalho foi administrada a dose de 7,5mg/kg, utilizada por um
periodo variavel de 32 a 51 dias, de acordo com o periodo de observacao. Esta dose
em ratos, produz niveis séricos da medicagdao comparaveis aqueles em humanos
que utilizam como terapia padrdo a isotretinoina a 1mg/kg/dia.?"?** Como
tratamento padrdo de afecgbes cutaneas em humanos, a isotretinoina € usada em
dose que varia de 0,5 a 2mg/Kg de peso por dia, durante um periodo de 5 meses,
totalizando, ao final do tratamento, aproximadamente 120mg/Kg de peso.'®'®?° Os
efeitos colaterais da isotretinoina sdo dependentes da dose e da duragdo do
tratamento, estando diretamente relacionados ao uso de doses elevadas por
periodos de tempo prolongados.’?"?2

Observou-se no presente estudo, presenga de areas hialinas nos grupos
submetidos ao MDI, independente da solugdo administrada, no entanto nédo houve
diferenca entre os mesmos. O 7° dia foi 0 que apresentou maior area hialina, embora
a forga aplicada de 30cN seja considerada leve, ideal para produzir MDI em ratos
sem causar efeitos indesejézveis.26 As diferentes for¢as aplicadas para a realizacao
do MDI em ratos dificultam a comparagao dos resultados entre os estudos, Nishio et
al®>, Gameiro et al*” e Hauber et al*® utilizaram 50 cN. No trabalho de Hamaya et al,*
em que avaliou-se o MDI sem administragao de farmacos e utilizou-se 10 g de forga,
apdés o 7° dia as areas hialinas diminuiram. Geralmente, quando ha presenca de
areas hialinas, sua manifestacdo ocorre de 1 a 2 dias apds o inicio do MDI e desde
que a forga aplicada ndo seja reativada, essas areas tendem a sofrer reparagéo
tecidual apds o 7° dia.™ No presente estudo, apesar do 7° dia ter apresentado maior
quantidade de area hialina, sua frequéncia observada, considerando os grupos e
tempos avaliados, foi baixa.

Para avaliar as possiveis mudangas ocasionadas pela isotretinoina na
microarquitetura do osso trabecular, foi realizada micro-tomografia nos fémures dos
ratos estudados. O fémur foi analisado para avaliar uma possivel agao sistémica do

127 O uso da isotretinoina ndo

farmaco nos ossos, como no estudo de Frigotto et a
demonstrou efeitos relevantes sobre o osso trabecular no presente estudo. O
aumento na separagdo das trabéculas (Tb.Sp) é indicativo de diminuigcdo da

32.33 antretanto

qualidade Ossea, e sugere possivel desequilibrio no turnover ésseo,
os resultados do presente estudo ndo apresentaram diferengas nos aspectos
avaliados. O presente resultado difere do estudo de Johansson e Melhus," que

realizaram micro-tomografia computadorizada e concluiram que a isotretinoina além
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de causar diretamente reabsorgcdo 0ssea, pode levar indiretamente a diminuicdo da
densidade éssea pela interferéncia da agao da vitamina D.

Os retindides atuam como importantes agentes moduladores no osso.%"
Nishio et al®® nao encontraram alteracdes significativas na micro-tomografia do
trabeculado 6sseo apos a utilizagdo de isotretinoina em ratos, resultado também
encontrado no presente estudo. Por outro lado, o estudo de Lind et al® mostrou, por
meio de micro-tomografia computadorizada, significante redugdo na densidade

6ssea na calvaria de ratos. Tanaka el al'’

avaliaram fémures de ratos por meio de
micro-tomografia computadorizada e concluiram que a vitamina A atua na
osteoblastogénese e na formagéo dssea.

Os possiveis efeitos colaterais associados com o crescente numero de
adolescentes e adultos jovens que fazem uso da isotretinoina, levam alguns estudos
a questionarem o real papel da vitamina A e sua administragdo excessiva em
humanos.'®% Vale ressaltar que é durante a adolescéncia e a fase de adulto jovem
que o 0sso mineral € ativamente adquirido e o seu armazenamento maximizado,
sendo também esta, a média de idade dos pacientes que mais frequentemente
fazem uso da isotretinoina no tratamento de acne severa’® e também que sdo
submetidos ao tratamento ortoddntico.?

No presente estudo, os efeitos da isotretinoina no MDI ndo mostraram
alteracdes significativas no deslocamento dentario, na remodelagdo 6ssea e na
microarquitetura do osso trabecular em ratos. As divergéncias entre dose utilizada
do medicamento, tempo de aplicagdo do medicamento e forca empregada para a
realizagao do MDI dificultam a comparacao dos resultados do presente estudo com
os demais estudos encontrados. S&o necessarias maiores investigacdes com
aplicacdo de doses maiores, tempo prolongado e maior forga empregada no MDI
para verificar os efeitos colaterais da isotretinoina sobre o 0sso, uma vez que nao
existe um consenso na literatura. Dentro do modelo animal utilizado no presente
estudo, observou-se que a medicagdo, nas condigdes empregadas, pode ser

utilizada durante o tratamento ortodéntico com segurancga.
CONCLUSOES

O uso de isotretinoina 7,5mg/kg durante o movimento dentario induzido em

ratos nao interferiu no deslocamento dentario, no processo de neoformacdo e
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reabsorcao éssea, na presenca de areas hialinas e na microarquitetura dssea, e

diminuiu a presenca de reabsorc¢éo radicular.
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ABSTRACT

Introduction: To evaluate the effect of isotretinoin on tooth displacement and on
tissues related to induced tooth movement (ITM) in rats. Methods: Wistar rats were
randomly divided into four groups: O (n = 40), vegetable oil; | (n = 40), 7.5 mg/kg
isotretinoin; OM (n = 44), vegetable oil and ITM; and IM (n = 39), 7.5 mg/kg
isotretinoin and ITM. After the 30th day of application of the solutions, an orthodontic
appliance was installed that moved the first right upper molar mesially (30 cN) in OM
and IM groups. The animals were euthanized 2, 7, 14 or 21 days after placement of
the devices. The animals in groups O and | did not undergo ITM, but were
euthanized at the same time points. The animals were examined for tooth
displacement, neoformation of type | collagen by picrosirius staining, bone and root
resorption by tartrate-resistant acid phosphatase staining, presence of hyaline areas
by hematoxylin and eosin staining, and trabecular bone modeling by microcomputed
tomography. The data were analyzed by ANOVA, Games-Howell, Mann-Whitney,
Kruskal-Wallis, and Dunn test, at a significance level of 5%. Results: There was no
difference in tooth displacement in the OM and IM groups across the periods tested
(P> 0.05). There was no difference in the number of osteoclasts, presence of hyaline
areas, trabecular volume, trabecular thickness, trabecular separation, and trabecular
number among groups O, I, OM, and IM across the periods tested (P> 0.05). A lower
percentage of type | collagen was observed in the IM group than in the OM group at
day 7 (P <0.05). A lower frequency of areas of root resorption was observed in the IM
group on the second and 21st days than in the OM group (P <0.05). Conclusions:
Isotretinoin at 7.5 mg/kg did not interfere tooth movement, collagen neoformation,
bone resorption, hyaline areas, or bone microarchitecture. It did, however, decrease

root resorption in rats subjected to ITM.

Keywords: Isotretinoin; Tooth movement techniques; Bone remodeling
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INTRODUCTION

Acne is the most common skin disease among adolescents, with a prevalence
of 80-90%." A study on American individuals showed that 12.1% of 17-year-olds
have severe acne.? Isotretinoin, or 13-cis-retinoic acid, is the drug of choice for the
treatment of this disease, and its use is significant among adolescents and young
adults."*®
Isotretinoin is derived from vitamin A, and was first marketed in 1982.% A high
intake of isotretinoin can cause many side effects, similar to those of
hypervitaminosis A.%® Studies have shown that vitamin A antagonizes the actions of
vitamin D,”®'? because both require the same binding proteins, the X-retinoic
receptors, to perform their transcription activity.'” Consequently, high doses of
vitamin A may cause side effects on bone.” %2

Induced tooth movement (ITM) is caused by biomechanical forces on the
teeth. This action generates a complex biological process, characterized by
sequential reactions in two regions of the periodontal tissue, the area of compression
and the area of tension." Tissue remodeling is induced by activation of alveolar bone
resorption in the compression area and the resulting bone apposition in the tension
area."'® Several drugs, on entering the systemic circulation, can alter the biological
reactions related to ITM.

Several side effects of isotretinoin on bone tissue have been reported,

61116 calcification of tendons and

including reduction of bone mineral density,
ligaments,” increased bone resorption, increased number and size of osteoclasts,
and changes in the differentiation of osteoblasts.”'®* Two studies found no
differences in bone mineral density in patients treated with isotretinoin at 1
mg/kg/day,’®?° thus the treatment time and dose of isotretinoin used seem to
influence its effects on bone tissue.”?"%2

Other authors found acceleration of the alveolar bone repair process after
tooth extraction in rats.?*** Although the use of isotretinoin for ITM has been
studied,?® until the present study, its effects on root resorption and hyaline areas
have not been evaluated. Some evidence shows that the presence of isotretinoin
may alter bone metabolism; however, definitive studies of its effects in ITM are
lacking. Thus, the present study evaluated tooth displacement, collagen

neoformation, bone and root resorption, the presence of hyaline areas, and bone
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microarchitecture in rats exposed to ITM and isotretinoin. No studies were found in
the literature that evaluated the aspects considered in the present study.

In view of the changes that isotretinoin can cause in bone tissue, and
considering the widespread use of this drug among adolescents and young adults,
who represent most of the patients who undergo orthodontic treatment, it is
necessary to investigate the possibility of isotretinoin action on induced tooth

movement.

MATERIAL AND METHODS

Subjects

This research was approved by the Pontifical Catholic University of Parana
(PUCPR) Ethics Committee on Animal Use (CEUA), and registered under opinion
No. 935 (Supplementary materials |, page 47).

A total of 163 male Wistar rats (Rattus norvegicus albinus) weighing
approximately 200 g, 6 to 8 weeks old, were collected and maintained in the PUCPR
vivarium.

The animals were maintained at a controlled temperature between 19°C and
22°C, with a photoperiod of 12 hours light and 12 hours dark. Water and rat chow
were supplied ad libitum. To determine the correct drug dosages, the animals were
weighed at the beginning of the experiment, and then weekly until the day of
euthanasia, using a precision electronic scale (Gehaka - BG 4001, Sao Paulo,
Brazil).

The animals were randomly divided into four groups: O (n = 40), vegetable oil;
| (n = 40), isotretinoin; OM (n = 44), vegetable oil and ITM; and IM (n = 39),
isotretinoin and ITM. In groups O and OM, the animals received 0.5 ml of vegetable
oil by gavage, once a day. In groups | and IM, applications of 7.5 mg/kg of
isotretinoin were performed once daily.

Vegetable oil and isotretinoin were obtained from the Pharmaceutical
Laboratory of PUCPR, Curitiba, Brazil. Isotretinoin was obtained in the form of a
pharmaceutical powder, upon presentation of a special prescription for the drug.
Isotretinoin powder was stored in a dark refrigerated package, and each suspension
was prepared immediately prior to administration, because of the high sensitivity of
the medication to light and heat.
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At the time of administration of isotretinoin, for groups | and IM, the powder
containing the drug was diluted in vegetable oil according to the weight of the animal,
using a 10 ml syringe, until the dosage reached 7.5 mg/kg. The vial containing this
solution was stirred, and the solution was immediately administered by gavage. The
dosage and route of administration of isotretinoin were chosen according to the

studies of Ferguson et al,* Bergoli et al,* and Oliveira et al.?®

Experiment

The solutions were administered to all groups for 30 days, in accordance with
the study by Ribeiro et al.?® On the 30th day, the animals in the OM and IM groups
were sedated with Tiletamine and Zolazepan (Zoletil, Virbac Brasil Industria e
Comércio LTDA, Jurubatuba, Brazil) at a dosage of 50 mg/kg intraperitoneally. An
orthodontic device was installed to induce ITM, matching the model used by Ribeiro
et al,?® which consisted of a closed nickel-titanium spring (G & H Wire, Franklin, IN),
fixed to the first right maxillary molar (Morelli, Sdo Paulo, Brazil), positioned in the
most cervical region of the tooth, and connected to the maxillary central incisors (also
in the most cervical region), causing mesial movement of the first molar (Figs. 1 and
2, Supplementary materials Il, page 48). The reciprocal force produced by the closed
spring was 30 cN, standardized using a tensiometer (Haag-Streit AG, Koeniz,
Switzerland). To ensure greater spring stability, the mandibular incisors were
abraded, and the maxillary incisors joined with the composite resin Charisma
(Heraeus, Hanau, Germany). After the installation, the spring was not reactivated,;
however, its positioning was checked daily.

Administration of the solutions continued until the animals were euthanized by
anesthetic overdose (Ketamine at 270 mg/kg and Xylazine at 30 mg/kg,
intraperitoneally) on day 32, 37, 44, or 51, corresponding to the second, seventh,
14“", and 21st day after ITM, that is, after the placement of the devices. The animals
in groups O and |, which did not undergo ITM, were euthanized at the same time
points.

Dental displacement

Tooth displacement was measured in millimeters in the animals of the OM and
IM groups, with a digital caliper (Absolute; Mitutoyo, Kawasaki-Shi, Japan),
positioned between the most cervical and central point on the palatal face of the
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central incisor and the most cervical point in the middle of the mesial surface of the

first molar, both in the right maxillary quadrant.

Laboratory processing

The right hemimaxilla of each animal was removed, dissected, fixed in 10%
formaldehyde for 24 hours, and decalcified in 5% ethylenediaminetetraacetic acid for
three months. The specimens were processed and embedded in paraffin in the
Laboratory of Experimental Pathology of PUCPR. Fifteen cross sections were
obtained from the cervical third, in the apical direction of the mesiobuccal root of the
first maxillary molar, cut using a microtome into sections with 4 ym thickness, with a
60-uym interval between sections. The sections were stained using the following
histochemical techniques: Picrosirius (5 sections), tartrate-resistant acid phosphatase
(TRAP; 5 sections), and hematoxylin and eosin (HE; 5 sections).

To examine the microarchitecture of trabecular bone, the left femurs of the
animals were removed, dissected, and frozen at -20°C; they were then evaluated by
computerized microtomography, as described in the study by Frigotto et al.’

Histological analysis

The neoformation of collagen was determined by polarization microscopy,
using the Picrosirius histochemical method. The analysis was performed by a single
examiner. The bone adjacent to the periodontal ligament (LP) in the distal portion of
the mesiobuccal root was selected for analysis, because during ITM, bone tissue is
deposited in the alveolar cortex in the traction area.?® Another reason for selecting
this area was that it allowed observation of the stretching of the fibers of the LP. An
image was taken of each cross-section with an Olympus BX-50 light microscope
(Olympus, Tokyo, Japan) and Olympus U-Pot polarized lens (Olympus, Tokyo,
Japan) coupled to a Dino-Lite® AM4023X digital eyepiece (AmMo Electronics
Corporation, New Taipei city 241, Taiwan), with a magnification of 200x. With the aid
of the Image Pro-Plus 4.5.029 morphometry program (Media Cybernetics, Inc., Silver
Spring, MD), the percentage of mature and immature collagen was quantified on the
basis of color differences. For this purpose, mask-filtered images (Fig 3) were used to
evaluate type Ill (immature) collagen, with a greenish color and thinner, more
disorganized fibers, and type | (mature) collagen, with a reddish color and thicker,

more organized fibers.?*°
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Fig 3. Application of the mask-filtered for the quantification of collagen type Il (greenish) and type |

(reddish), indicated by the black arrows (Picrosirius, magnification 200x).

Histochemical TRAP staining was performed with the TRAP 387A kit (Sigma-
Aldrich Co, St. Louis, MO), following the manufacturer's instructions, to identify
osteoclasts as well as cementoclasts, thus determining resorption of bone and
cementum, respectively. For each of the 5 sections, images of the entire LP of the
mesiobuccal root of the first molar were captured using the same light microscope
and microcamera, with magnifications 40x and 400x. The image acquisition
parameters were fixed during the capture process. In the images with magnification
400x%, the number of osteoclasts was counted with the aid of the program Image Pro-
Plus 4.5.029, in which a grid for counting was created. The counting was performed
by a single examiner in two periods, with a minimum interval of three weeks between
them. The reliability of the examiner was assessed using an intra-examiner test.
Multinucleated TRAP-positive cells located in the LP adjacent to the alveolar bone
were considered osteoclasts.®’ In the 40x magnification images, the LP area was
measured using the "Create polygon feature" tool. To obtain the number of
osteoclasts per square micron of the LP, the number of osteoclasts was divided by
the area of the LP. In the images with magnification 400%, areas of root resorption



32

were noted. Multinucleated TRAP-positive cells in contact with or close to the root
surfaces were considered to be cementoclasts.*’

The presence of hyaline areas was evaluated with the HE staining method,
throughout the LP of the mesiobuccal root of the first maxillary molar, using the same
light microscope and microcamera, at a magnification of 40x. Hyaline areas were
defined as areas of degeneration in the LP that were homogeneous and free of
cells.®’ Hyaline areas were measured using the Image Pro-Plus 4.5.029 program,
using the "Create polygon feature" tool, and then quantified as the percentage of
hyaline area per square micron of LP.

The mean percentage of type | collagen, the number of osteoclasts per square
micron of the LP, and the number of cementoclasts per square micron of the LP were
obtained by averaging over the five sections used for each analysis.

Microtomographic analysis

The distal epiphysis of the femur was analyzed using the method described by
Frigotto et al.?’ A computerized microtomograph (Bruker SkyScan 1172, Bruker,
Belgium, 2010) was used, with a voltage of 100 kV, a current of 100 pA, and a filter
of 0.5 mm thick aluminum. The samples were placed in a cylindrical sample holder,
which maintained correct axial alignment and stability of the samples during image
capture. Twelve slices, with a resolution of 12.8 um/pixel, were obtained in the
central area of the distal epiphysis of each femur, by 180° rotation in 0.4° increments.
The raw data were then reconstructed using the software NRecon 1.6.9.3 (Bruker
SkyScan 1172, Bruker, Belgium). A volume of interest was selected for analysis and
digitized. Cortical bone was excluded. A three-dimensional analysis was performed
using CT Analyzer 1.14.4.1 software (Bruker SkyScan 1172, Bruker, Belgium), in
which morphometric indices were calculated, including: trabecular volume (BV/TV),
which corresponds to the volume occupied by trabecular, mineralized bone (BV),
expressed as a percentage of the volume occupied by the bone marrow and
trabeculae (TV); trabecular thickness (Tb.Th), which measures the thickness of bone
trabeculae; (Tb.Sp), which corresponds to the distance between the midpoints of the
trabeculae; and the trabecular number (Tb.N), which corresponds to the number of
trabeculae per millimeter of tissue.**® Due to the high cost of performing the
microtomography in all study samples, the seventh and 21st observation days,
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corresponding to the most significant tissue and bone changes during ITM and the

final ITM phase, respectively, were selected.™®

Statistical analysis

Statistical analysis was performed using SPSS 23.0 for Windows (SPSS, Inc.,
Chicago, Ill) and Statistica 7 (Statsoft, Inc., Tulsa, OK).

The normality and homogeneity of variance between treatments (group x time)
were determined using the Kolmogorov-Smirnov and Shapiro-Wilk tests, and the
Levene test, respectively, at a significance level of 5%.

For continuous variables, when the tests were consistent with normal
distribution and heterogeneity of variance of the variables across groups and times,
we used analysis of variance (ANOVA), followed by the Games-Howell multiple
comparison test for heterogeneous variances.

For continuous variables, when the tests did not show a normal distribution,
the Mann-Whitney and Kruskal-Wallis tests were used, followed by Dunn's multiple
nonparametric comparison test. For variables with dichotomous categorical scales,
analyses of independence according to group, time, and group and time interaction
were performed using the chi-square test. When there was dependence between the
variables (P <0.05), the Z-test for difference between two proportions was applied.

The observed power was used to calculate the power of the tests based on
the sample size for the hypothesis of a difference between the mean values of the
dependent variables as a function of group and time.

RESULTS

In the intra-examiner test, the reproducibility of osteoclast and cementoclast
counts was evaluated. Dahlberg's maximum error was 0.6947%, less than 1%, and
the reliability coefficient was greater than 99%, indicating that the examiner
reproduced the measurements reliably.>** Student's t-test showed no systematic
difference in the scores at a significance level of 5%.

Dental displacement
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There were no statistically significant differences (P >0.05) in tooth
displacement, according to the group x time interaction evaluated in the ANOVA
comparing the OM and IM groups (Table I).

Table I. Mean and standard deviation (SD) of the tooth displacement (mm) in the groups vegetable
oil and induced tooth movement (OM) and isotretinoin and induced tooth movement (IM)

Group/ OoM IM
P* value Power test
Time point (n) (Mean £ SD) (n) (Mean £ SD)
2 days 10 0.84 + 0.56 10 1.11 £ 0.67
7 days 10 1.58 + 0.58 10 0.90+£0.44 0.0586 0.7572
14 days 10 1.48 £ 0.63 10 1.28+0.76 ' '
21 days 14 0.93 £ 0.67 10 1.05 + 0.56

*Analysis of variance (ANOVA) significance level: P <0.05

Collagen neoformation

When comparing the groups without ITM, a lower percentage of type |
collagen was observed in | compared to O at day 21 (P <0.05). In the comparison
between the groups with ITM, a lower percentage of type | collagen was observed in
MI compared to OM at day 7 (P <0.05) (Table II).

Bone resorption

There were no statistically significant differences (P >0.05) in bone resorption

when the group x time interaction was assessed (Table I, Fig 4).

Fig 4. Photomicrography of the periodontal ligament (LP) with areas of bone resorption and presence
of osteoclasts, indicated by the black arrows, in the groups OM (A) and IM (B), on the 2nd day after
orthodontic device installation. OA, alveolar bone. (TRAP, magnification 400x).
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Table Il. Mean and standard deviation (SD) of the percentage of collagen type | and number of
osteoclasts per square micron (um) of periodontal ligament (LP) in the vegetable oil (O),
isotretinoin (1), vegetable oil and induced tooth movement (OM) and isotretinoin and induced tooth
movement (IM)

Comparison Games-

Howell test
Group/ o) | oM IM OXI  OMXIM  power
Variable (Mean £ SD) (Mean + SD) (Mean + SD) (Mean + SD)  (P)* (P)* test
Collagen type |
2 days 95.93 £3.29 91.33 +6.63 94.84 £ 4.59 89.29 + 10.49 0.842 0.9556
7 days 97.02+2.61 93.38+5.48 96.74 +1.13 90.35+6.72 0.8382  0.0047* 0.9934
14 days 94.77 £2.35 91.83+£6.75 96.25 +2.22 96.82 £+ 2.52 0.9866 0.9999
21 days 97.74 £ 1.20 92.01 +4.84 96.39 + 3.57 94.17 £+5.93 0.0111* 0.9984
Osteoclasts per
um? of LP
2 days 7.81+1.96 8.18+599 19.99+3.77 19.60+5.96 0.9999 0.9999
7 days 652260 522¢1.83 11.49+563 13.60+3.98 09919 09995 09988
14 days 777+235 836+£3.64 9261494 9.89+540 0.9999 0.9999
21 days 6.29+243 573+161 834444 7471261 0.9999 0.9999

*Significance level to Games-Howell test: P <0.05

Root resorption

There was a statistically significant difference (P <0.05) in root resorption at
the second, seventh, and 21st days between the OM and IM groups, based on the
group x time interaction (Table Ill, Fig 5).

On the second and 21st days, the mean number of cementoclasts was lower
in the IM group compared to the OM group. On the seventh day, the number of
cementoclasts was higher in the IM group compared to the OM group.

Fig 5. Photomicrography of the periodontal ligament (LP) with areas of root resorption and presence
of cementoclasts, indicated by the black arrows, in the OM group on the 21st day after installation of
the orthodontic device. OA, alveolar bone; DE, dentin and CE, cement. (TRAP, magnification 40x (A)
and 400x (B)).
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Table Ill. Means (10°) and standard deviations (SD) of the number of cementoclasts per square
micron (um) of periodontal ligament (LP) in the vegetable oil (O), isotretinoin (l), vegetable oil and
induced tooth movement (OM) and isotretinoin and induced tooth movement (IM)
Comparison Dunn
Pairwise Method

Groups/ (0] | OoM IM OoXl OM X IM
Variables (Mean + SD) (Mean + SD) (Mean + SD) (Mean + SD)  (P)* (P)*
Cementoclasts per

pm? of LP

2 days 1.31+£1.11 1.55+0.25 1.53+1.68 0.00 £ 0.00 0.3848 0.0074*
7 days 0.56+£1.04 0.89+1.05 0.00 + 000 1.86+1.74 0.4205 0.0030*
14 days 0.77+£0.88 0.00+0.00 218+2.75 2.06+3.63 0.0969 0.3982
21 days 1.68+0.39 1.48+0.27 416 +£2.75 1.32 +1.61 0.6478 0.0048*

*Significance level to Dunn test: P <0.05

Hyaline area

There were no statistically significant differences, based on the group x time
interaction (P >0.05), in the presence of hyaline areas in the OM group at 2, 7, and
14 days, and in the IM group at 2, 14, and 21 days. The mean value of the
percentage of hyaline area per square micron of the LP was 2.62 in the MI group and
2.92 in the OM group. No hyaline areas were observed in groups O and I.

Due to the small number of values found, the frequency analysis was used,

considering the presence or absence of hyaline areas (Table IV, Fig 6).
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Fig 6. Photomicrogra presece of hyaline area (AH),
indicated by the black arrows, in the OM group on the 7th day after orthodontic device installation. OA,

alveolar bone; DE, dentin and CE, cement. (HE, magnification 40x (A) and 400x (B)).
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Table IV. Frequency of the presence of hyaline area (%) in the vegetable oil
and induced tooth movement (OM) and isotretinoin and induced tooth
movement (IM)

Group/ OM IM
Variables (n) (%) (n) (%)
Hyaline area

2 days 10 10.0, 10 10.0,
7 days 10 20.0, 10 0.0,
14 days 10 10.0, 10 10.0,
21 days 14 0.0, 10 10.0,

*Significance level to Chi-Square test: similar letters indicate statistical similarity in the
two-to-two comparison

Computed tomography
No statistically significant differences (P >0.05) were observed in trabecular
volume, trabecular thickness, trabecular separation, or trabecular number, based on

the group x time interactions (Table V, Fig 7).

Fig 7. Representative images of the three-dimensional reconstruction of the trabecular bone of the
femur of the rats: (A) vegetable oil group and induced tooth movement (OM), and (B) isotretinoin

group and induced tooth movement (IM) on the 7th day.
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Table V. Mean and standard deviation (SD) of the variables: trabecular volume (BV /TV %),
trabecular thickness (Tb.Th mm), trabecular separation (Tb.Sp mm) and trabecular number (Tb.N
1/ mm), in the vegetable oil (O), isotretinoin (I), vegetable oil and induced tooth movement (OM)
and isotretinoin and induced tooth movement (IM)

Comparison Dunn Pairwise

Method
Group/ 0] I OoM IM OoXl OM X IM
Variables (Mean £ SD) (Mean = SD) (Mean + SD) (Mean * SD) (P)* (P)*
BV/TV
7 days 0.78 £ 0.11 0.69+£0.10 0.64 £ 0.20 0.71+£0.12 0.3415 0.7780
21 days 0.81 £ 0.04 0.88 £ 0.07 0.73+£0.07 0.77£0.12 0.4149 0.6208
Tbh.Th
7 days 0.87 £0.21 0.66 £0.12 0.65+0.19 0.84 £0.15 0.1710 0.2491
21 days 0.80 £0.12 0.99 +0.22 0.68 £0.13 0.82 £0.20 0.3757 0.2919
Tb.Sp
7 days 0.24 £0.14 0.30+£0.12 0.39+0.27 0.35+0.18 0.4717 0.8879
21 days 0.19 £ 0.06 0.12 £ 0.05 0.25+0.06 0.25+0.16 0.3867 0.6960
Tb.N
7 days 0.93+0.18 1.05+0.15 0.98 £ 013 0.85+0.12 0.4063 0.2837
21 days 1.03+0.16 0.93+0.16 1.09+0.14 0.97 £0.22 0.4624 0.3002

*Significance level to Dunn test: P <0.05

DISCUSSION

In the present study, tooth displacement, bone remodeling, and dental tissues
were evaluated after ITM of the molars of rats that were administered isotretinoin,
and it was verified that this drug exerted little influence on the analyzed structures.

The results of the present study showed that the medication used did not
affect the displacement of the teeth in rats that underwent ITM. The P value was
borderline when the OM and MI groups were compared across the evaluation
periods. Although the size of the sample used may interfere with the value of P, the
result found for the tooth displacement is compatible with the values found for the
number of osteoclasts, since no difference was found in bone resorption in the
present study. Nishio et al®® also found no difference in tooth displacement in rats
administered isotretinoin; however, the authors performed tooth extraction, which
makes it difficult to compare their findings with the present study. In contrast, Rohde
et al'? reported that vitamin A has a direct effect on bones, causing demineralization

or resorption, which were also found in the study by Conaway et al.*®
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In the present study, there was root resorption in the groups subjected to ITM.
No studies were found that examined correlations between the use of isotretinoin and
root resorption. On the second day, an inhibitory effect on root resorption was
observed in the IM group compared to the OM group, and the mean number of
cementoclasts was lower in the IM group. On the seventh day, however, the IM
group presented greater root resorption compared to the OM group. This may have
occurred because the time of exposure to the drug was greater than on day 2,
associated with the peak in clastic cells, which usually occurs from the third to fifth
day after the onset of ITM."® At the end of the observation period, on the 21st day,
the IM group showed a decrease in root resorption compared to the OM group,
indicating that there was a restrictive effect of isotretinoin at the end of the ITM, when
the bone remodeling process was complete.”® This finding may be positive for
patients who use isotretinoin and undergo orthodontic treatment.

Type | collagen, synthesized and secreted by osteoblasts, makes up about
95% of the organic bone matrix. During bone resorption, this collagen is degraded,
and in the process of repairing immature fibers, type Ill collagen is deposited.?**°
Collagen neoformation begins between 5 and 7 days after ITM is initiated, with a
peak between 5 and 10 days, and is complete at 14 and 21 days." In the present
study, it was possible to verify that isotretinoin decreased the amount of type |
collagen fibers present in the newly formed bone matrix at 7 days, when comparing
the IM and OM groups. However, when evaluated at 14 and 21 days, the groups
were equivalent, indicating the recovery of the collagen maturation process, therefore
showing no interference in the final phase of ITM. The findings of the present study

|,23

differ from the study by Nishio et al,”" in which ITM was evaluated in isotretinoin-

treated rats after dental extraction, and the results showed that there was an

I** also concluded that there

acceleration in gingival repair after 7 days. Bergoli et a
was an acceleration in bone repair after dental extraction in rats.

In the present study, isotretinoin delayed the initial phase of bone
neoformation, which then normalized throughout the process. This result
corroborates the study by Frankel et al, in which they concluded that vitamin A acts
directly on embryogenic cartilage and bone, causing interference with the formation
of collagen, consequently hindering the normal differentiation of osteoblasts and

increasing the number of osteoclasts; this delays the process of new bone formation.
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I'” also showed that vitamin A influences the differentiation of osteoblasts

Tanaka et a
and bone formation.

The results of the present study showed that the administration of isotretinoin
at a dosage of 7.5 mg/kg, whether associated with ITM or not, did not influence the
process of bone resorption, since the number of osteoclasts did not change
significantly. In contrast, Lind et al® found that large amounts of vitamin A
administered to rats led to accelerated mineral absorption by cortical and trabecular
bone as a result of increased osteoclastic activity. Similarly, Scheven and Hamilton'®
concluded that isotretinoin antagonizes the ability of vitamin D to maintain normal
serum calcium levels, which stimulates the formation of osteoclasts and suppresses
osteoblastic activity, and may contribute to accelerated bone resorption in cases of
excessive isotretinoin doses. The dose used in the present study and the time of
application of the drug may have influenced the osteoclast numbers, once the dose
used was not excessive.?"**?* However, the results of the present study corroborate
the studies of Tekin et al'® and DiGiovanna et al*® in that no significant difference was
found in bone mineral density in patients treated with a single cycle of 4 to 6 months
of isotretinoin, with standard dosages of approximately 1 mg/kg/day.

In the present study, a dose of 7.5 mg/kg, used for a variable period of 32 to
51 days, was administered, depending on the observation period. This dose in rats
produces serum levels of the drug comparable to those in humans who use
isotretinoin at 1 mg/kg/day as a standard therapy.?'?*? As a standard treatment for
cutaneous conditions in humans, isotretinoin is used in doses that vary from 0.5 to 2
mg/kg of body weight per day for a period of 5 months, totaling approximately 120
mg/kg of body weight at the end of the treatment.'®'®?® The side effects of
isotretinoin are dose- and duration-dependent, being directly related to the use of
high doses for prolonged periods of time.”!??

In the present study, hyaline areas were observed in the groups subjected to
ITM, independent of the administered solution; however, there was no difference
between them. The greatest hyaline area was observed on the seventh day, although
the applied force of 30 cN is considered mild, ideal for producing ITM in rats without
causing undesirable effects.?® Differences in the forces used for ITM in rats make it

1,22 Gameiro et al,*” and

|,14

difficult to compare results between the studies by Nishio et a

|’38

Hauber et al,”™ who used 50 cN. In the study by Hamaya et al, ™ in which ITM was

evaluated without administration of drugs and 10 g of force was used, hyaline areas
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decreased after the 7th day. Generally, when hyaline areas are present, their
manifestation occurs 1-2 days after the onset of ITM, and so long as the applied
force is not reactivated, these areas tend to undergo tissue repair after the seventh
day.14 In the present study, despite the fact that a highest amount of hyaline area
was observed on the seventh day, the observed frequency of occurrence,
considering the groups and times evaluated, was low.

To evaluate the possible changes caused by isotretinoin in the
microarchitecture of the trabecular bone, microtomography was performed in the
femurs of the rats studied. The femurs were analyzed to evaluate a possible systemic
action of the drug in the bones, as observed in the study by Frigotto et al.?’
Isotretinoin did not produce relevant effects on trabecular bone in the present study.
The increase in trabecular separation (Tb.Sp) is indicative of a decrease in bone
quality, and suggests a possible imbalance in bone turnover.*** However, the
present study did not find differences in the evaluated aspects. The present result
differs from the findings by Johansson and Melhus,"" who performed computerized
microtomography and concluded that isotretinoin, besides directly causing bone
resorption, may indirectly cause a decrease in bone density due to interference with
vitamin D actions.

Retinoids act as important modulating agents in bone.®'” Nishio et al*® did not
find significant changes in microtomography of bone trabeculation after the use of
isotretinoin in rats, a result also found in the present study. However, the study by
Lind et al® showed, through computerized microtomography, a significant reduction in

bone density in the calvaria of rats. Tanaka et al'’

evaluated rat femurs by means of
computerized microtomography, and concluded that vitamin A acts on
osteoblastogenesis and bone formation.

The possible side effects associated with the increasing number of
adolescents and young adults who use isotretinoin led some studies to question the
true role of vitamin A and its excessive administration in humans.'®* It is noteworthy
that it is during adolescence and the young adult phase that bone mineralization is
actively acquired and its stored was maximized, this being also the average age of
the patients who most frequently use isotretinoin in the treatment of severe acne,’
and also those who are most often subjected to orthodontic treatment.?

In the present study, the effects of isotretinoin on ITM did not include

significant changes in tooth displacement, bone remodeling, or microarchitecture of
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trabecular bone in rats. Differences in dosage of the drug, the time of application of
the drug, and the force used to perform ITM makes its difficult to compare the results
of the present study with the other studies found. Further investigations with larger
doses, longer times, and higher forces are required in ITM to verify the side effects of
isotretinoin on the bone, since there is no consensus in the literature. Within the
animal model used in the present study, it was observed that the medication, under

the conditions employed, can be used during orthodontic treatment with safety.

CONCLUSIONS

The use of isotretinoin at a dosage of 7.5 mg/kg during ITM in rats did not
affect tooth displacement, collagen neoformation, bone resorption, presence of

hyaline areas, or bone microarchitecture, and reduced root resorption.
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z, Pontificia Universidade Catolica do Parana
@@’ @ Pré-Renroria ¢a Pesquisa @ Phe-Graduagad
e Coemitd de Etica em Pesqusa

CRUPO MARISTA

Curitiba, 11 de Dezembro de 2014.
PARECER DE PROTOCOLO DE PESQUISA

REGISTRO DO PROJETO: 0935 — 2* Versdo
TITULO DO PROJETO: Influéncia do uso da isotretinoina no movimento ortoddntico em ratos wistar,

PESQUISADOR RESPONSAVEL: Ariane Ximenes Gracianc Pama

EQUIPE DE PESQUISA: Arane Ximenes Graciano Parra, Elisa Souza Camargo, Ana Marla Trindade

Gregio.

INSTITUICAO:
Pontificia Universidade Catolica do Parand

ESCOLA / CURSO:
Escola de Sadde e Biociéncas - Doutorado g et
| ESPECIE DE ANIMAL SEXO | IDADE/PESO | CATEGORIA QUANTIDADE

Raltus nenegicus M 6 a B samanas Cf Mediato 170
’ 200-25%09 l {Liberados em 11.12.2014)

O colegiado do CEUA em reuniao no dia 11.12.2014, avaliou o projeto & emite o seguinte parecer:
APROVADO.

Se houver mudanga do profocolo ¢ pesquisador deve enviar um relalério ao CEUA-PUCPR
dascrevendo de forma clara & sucinta, a parte do protocolo a ser modificado e as suas justificativas.

Se a pesquisa, ou parte dela for realzada em outras instituiches, cabe ao pesquisador n@o inicia-la
antes de receber a auterizacdo formal para a sua realzagdo. O documento que autoriza o inicio da pesquisa
deve ser carimbado e assinado pelo responsével da instituicéo e deve ser mantido em poder do pesquisador
responsavel, pedendo ser requerido por este CEUA em qualquer tempo,

Lembramos ao pesquisador que & cbrigatério encaminhar o relatdrio anual parcial e relatério final da
pesquisa a este CEUA,

Atenciosaments,

Prof. Dra. Marta ne Fischer
Coordenadora - Comité de Etica no Uso de Animais.
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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) Padronizagdo, com tensiémetro, da forca de 30cN empregada na mola

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

incisivos superiores.
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