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RESUMO

Os hormbénios tireoidianos desempenham um papel critico no metabolismo ésseo.
Entretanto, dados relacionados ao efeito das alteragdes nos niveis destes
horménios na densidade mineral 6ssea mandibular e na progressao da doenca
periodontal sdo limitados. O objetivo do presente estudo foi avaliar, em ratos, a
influéncia de diferentes niveis séricos dos horménios tireoidianos: (1) na
densidade radiografica e na proporcao dos componentes cortical e medular na
mandibula em comparacao com a tibia; e (2) na taxa de perda 6ssea resultante da
periodontite induzida e na qualidade do osso alveolar, bem como no numero de
células com capacidade de reabsorcdo em sitios inflamados e nao-inflamados por
meio de andlise histolégica. Trinta e seis ratos Wistar machos foram
aleatoriamente designados para os seguintes grupos: Gi1 (n=12) — controle
saudavel; G2 (n=12) — hipotireoidismo (1 g propiltiouracil / 1 | agua); G3 (n=12) —
hipertireoidismo (800 ug T4 e 180 ug T3z / 1 | agua). Trés meses apos o inicio da
inducao das disfuncdes tireoidianas, as alteracdes nos niveis séricos de Tz e T4
total foram confirmadas por radioimunoensaio. Para indugdo da periodontite, as
ligaduras foram posicionadas em um dos primeiros molares inferiores e, apos 30
dias, os animais foram sacrificados. Radiografias digitais de uma hemimandibula e
uma tibia por animal foram realizadas imediatamente e, em seguida, as
hemimandibulas foram processadas rotineiramente para obtencdo de cortes
descalcificados seriados. Os parametros radiograficos acessados foram:
densidade da tibia e da mandibula e a propor¢cao dos componentes cortical e
medular destes ossos. Adicionalmente, os parametros histoldégicos avaliados
foram: perda dssea induzida pela periodontite, densidade do osso alveolar e
nuamero de células positivas para fosfatase acida tartarato resistente (TRAP), um
marcador fenotipico de reabsor¢cdo 6ssea. A andlise dos dados radiograficos
demonstrou que a densidade dssea (p<0,05) e a propor¢cdo de osso cortical
(p<0,01) foram influenciados na tibia quando condi¢ées hormonais distintas foram
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comparadas, com diminuicao significativa nos parametros para o hipotireoidismo.
Entretanto, na mandibula ndo houve diferencas significativas entre os grupos para
ambos parametros (p>0,05). Com relacao aos dados histologicos, nos sitios com
ligadura, o hipotireoidismo aumentou significativamente a perda éssea induzida
pela periodontite (p<0,05) e o numero de células TRAP-positivas na superficie
linear da crista 6ssea (p<0,01). Nao foram detectadas diferencas significantes
entre os grupos na densidade 6ssea alveolar (p>0,05). Portanto, dentro dos limites
do presente estudo, pode-se concluir que o0 osso mandibular parece ser menos
sensivel que a tibia a mudancas radiograficas induzidas por alteracbes nos
horménios tireoidianos. Além disso, hipotireoidismo parece aumentar a perda
Ossea relacionada a periodontite experimental, em funcao do aumento no nimero
de células com capacidade de reabsorcao éssea.

Palavras-chave: triiodotironina, tiroxina, densidade mineral 6ssea, osso alveolar,

periodontite.
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ABSTRACT

Thyroid hormones play a critical role on bone metabolism. However, data
regarding the effect of thyroid hormones alterations on mandibular bone density
and on the progression of periodontal disease are limited. The aim of the present
study was to evaluate, in rats, the influence of different serum levels of thyroid
hormones on: (1) the bone mineral density and the proportion of cortical and
cancellous components in mandibles compared to tibia by radiographic evaluation;
and (2) the rate of periodontal bone loss resulting from ligature placement and on
the quality of tooth-supporting alveolar bone, as well as on the number of resorbing
cells on inflamed and non-inflamed sites by histologic analysis. Thirty-six male
Wistar rats were randomly assigned to the following groups: G1 (n=12) — healthy
(control); G2 (n=12) — hypothyroidism (1 g propylthiouracil / 1 | drinking water); G3
(n=12) — hyperthyroidism (800 pug T4 and 180 pug Ts / 1 | drinking water). Three
months after the beggining of the induction of thyroid dysfunctions, total serum
levels of Tz and T, alterations were confirmed by radioimmunoassay. For
periodontitis induction, ligatures were randomly placed around one of the first
mandibular molars and, thirty days later, the animals were sacrificed. Digital
radiographs were immediately taken from one tibiae and one hemimandible of
each animal and, subsequently, the hemimandibles were routinely processed for
serial decalcified sections. The radiographic parameters assessed were tibiae and
mandibular bone density and the proportion of cortical and cancellous components
in both bone types were assessed. In addition, the histologic parameter analyzed
were periodontitis-related bone loss, quality of tooth-supporting alveolar bone, and
the number of tartrate-resistant acid phosphatase (TRAP)-positive cells.
Radiographic data analyses demonstrated that bone density (p<0.05) and the
proportion of cortical bone (p<0.01) were influenced in the tibiae when distinct
hormonal conditions were compared, with a significant decrease in the parameters

for hypothyroidism. However, in the mandibles, there were no significant
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differences among the groups neither for bone density nor for the proportion of
cortical/cancellous components (p>0.05). Regarding histologic data, in the ligated
sites, hypothyroidism significantly increased the bone loss resulting from ligature-
induced periodontitis (p<0.05) and the number of TRAP-positive cells on the linear
surface of bone crest (p<0.05). In addition, no significant differences were detected
regarding the alveolar bone density (p>0.05). Therefore, within the limits of the
present study it may be concluded that bone density and the proportion of
cortical/cancellous bone in the mandibles seem to be less sensitive than tibia to the
hormones’ changes. Moreover, decreased serum levels of thyroid hormones may
enhance periodontitis-related bone loss, as a function of an increased number of
resorbing cells.

Key words: triiodothyronine, thyroxine, bone mineral density, alveolar bone,

periodontitis.
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INTRODUCAO

A glandula tiredide, localizada imediatamente abaixo da laringe, bilateral e
anteriormente a traquéia, é uma das maiores glandulas endécrinas do corpo,
normalmente pesando 15 a 20 g no adulto (Guyton & Hall, 2002, Silverthorn et al.,
2003). As células da tiredide produzem e secretam uma molécula de glicoproteina
denominada tireoglobulina, a qual contém cerca de 70 aminoacidos tirosina, que
constituem os principais substratos a se combinar com o iodo para formar 2
importantes hormonios, a triiodotironina e a tiroxina, comumente denominados Tz e
T4 (Little, 2006). Os hormobnios tireoidianos afetam os processos metabdlicos do
corpo. Estes horm6nios desempenham papel critico durante a embriogénese e a
vida precoce e tém efeitos metabdlicos profundos na vida adulta, incluindo
mudangas no consumo de oxigénio e no metabolismo de proteinas, carboidratos,
lipideos e vitaminas (Oetting & Yen, 2007).

A manutencao dos niveis normais dos hormdnios tireoidianos é controlada
por um sistema de retroalimentacao negativa mediado pelo eixo hipotalamo-
hipofise-tiredide, por meio dos hormdnios de liberacao da tireotropina (TRH) e
tireoestimulante (TSH). Sob condi¢des normais, o TRH é liberado pelo hipotalamo
em resposta a estimulos externos e estimula a secrecdo de TSH pela hipdfise
anterior, que, por sua vez, estimula a liberagéo de T3 e T4 pela tiredide (Guyton &
Hall, 2002, Silverthorn et al., 2003). Contudo, drogas, idade, alteragdes sistémicas,
além de desordens das glandulas tiredide e hipofise podem afetar a secrecao de
T3 e T4 para o sangue (Little, 2006). O aumento e a diminuigdo patologicos dos
niveis séricos dos hormonios tireoidianos sdo denominados respectivamente de
hiper e hipotireoidismo.  Estas disfungbes aparecem entre as alteragbes
endocrinas mais comuns na populagdo mundial, com prevaléncia que varia entre
0,9%-15,9% para o hipotireoidismo e 0,25%-7,3% para o hipertireoidismo (Bjoro et
al., 2000, Pontes et al., 2002).

Além da sua agdo no metabolismo basal, os hormdnios tireoidianos

desempenham um papel especifico na manutencdo da integridade do esqueleto.



Em condi¢cdes normais, T3 e T4 ativam tanto a sintese quanto a degradacédo da
matriz 6ssea (Bland, 2000). Estudos histomorfométricos in vivo mostraram que em
condigbes de excesso dos horménios tireoidianos, a atividade dos osteoblastos e
osteoclastos esta aumentada com predominio da ultima. Como resultado, o
metabolismo 6sseo torna-se acelerado, favorecendo a reabsorcéo e a perda da
massa Ossea (Allain et al., 1995). Em contraste, no hipotireoidismo, ha uma
marcante diminuicdo do metabolismo 6sseo, caracterizada pela diminuicdo das
atividades osteoblastica e osteoclastica (Eriksen et al., 1985). No hipertireoidismo
nao-tratado, estes fendmenos se traduzem clinicamente em humanos pela
diminuicdo da densidade 6ssea, bem como com o aumento no risco de fraturas
em tais individuos (Jodar et al, 1997, Siddigi et al., 1998, Vestergaard &
Mosekilde, 2002). Além disso, apesar da influéncia do hipotireoidismo no tecido
0sseo ser menos estudada, esta patologia também aparece associada com maior
risco de fraturas (Vestergaard & Mosekilde, 2002).

Embora o mecanismo de acao dos hormbénios tireoidianos no tecido 6sseo
ainda nao esteja completamente elucidado, algumas evidéncias sinalizam o seu
comportamento. Estudos in vitro mostraram que estes horménios se ligam a
receptores nucleares especificos exercendo uma ac¢do direta nos osteoclastos
e/ou indireta via osteoblastos (Britto et al., 1994, Abu et al., 1997). Os hormdnios
tireoidianos também parecem regular a expressdao de uma série de genes
relacionados a atividade dos osteoblastos. Em osteoblastos de ratos, T3 induziu a
atividade de fosfatase alcalina, bem como de osteocalcina e ainda a producéo de
colageno (Rizzolli et al., 1986, Oishi et al., 1990). Adicionalmente, estes hormbnios
regulam certos fatores de crescimento e citocinas. Tz induziu a expresséo do fator
de crescimento insulinico-1 (IGF-I) e de suas proteinas de ligacao (IGFBP-2) em
culturas primarias em ratos e em linhagens de células osteoblasticas, produzindo
um aumento correspondente nos niveis de proteinas (Schimid et al., 1992). Entre
as citocinas, foi demonstrada regulacao das interleucinas (IL) -6 e -8 (Siddiqi et al.,
1998).



Observagbes clinicas e experimentais tém apontado para uma
caracteristica peculiar dos horménios tireoidianos, a promo¢do de uma resposta
heterogénea, ou seja, sitio-especifica, do esqueleto. Em uma avaliacao in vitro,
Milne et al. (1998) observaram que em osteoblastos cultivados de origem femoral,
T3 induziu a producdo de mRNA de coladgeno tipo | e de osteocalcina, mas
praticamente ndo induziu a expressao do fator de crescimento insulinico-1 (IGF-I).
Por outro lado, nos osteoblastos de origem vertebral apenas a expressao de
mMRNA da IGF-I foi marcadamente influenciada pelo tratamento com T3. Uma série
de estudos em animais confirmaram a diversidade de respostas ao horménio
tireoidiano. A administracao de altas doses de T4 por periodos de 3 a 20 semanas
resultou em diminuicao da densidade mineral no fémur, mas nao nas vértebras de
ratos. Complementarmente, a expressdo génica de marcadores osteoblasticos e
osteoclasticos foi investigada nestes animais. Aumento nos niveis de mRNA da
osteocalcina, osteopontina, fosfatase alcalina, fosfatase acida tartarato-resistente
e histona (H4) foram identificados no fémur, mas nao nas vértebras dos ratos
tratados com T4 (Ongphiphadhanakul et al., 1992, 1993, Suwanwalaikorn et al.,
1996). Finalmente, em humanos, Numbenjapon et al. (2007) mostraram por meio
de tomografia computadorizada que apenas o componente cortical, mas néao o
medular, dos 0ssos de criangas e adolescentes com hipertireoidismo nao-tratado
sofreram diminuicdo da densidade. Estes achados levantam a questao de quando
e por que alguns sitios sao afetados preferencialmente pelo hipertireoidismo. Bem
como se a diminuicdo dos niveis séricos dos horménios tireoidianos tém uma
tendéncia similar de influenciar de maneira heterogénea o tecido 6sseo e quais
mecanismos podem estar envolvidos. Com relacao as potenciais explicacées para
a resposta heterogénea do esqueleto, além da expressdo génica de fatores
relacionados a osteoblastos e osteoclastos e de fatores de crescimento serem
sitio-especificas (Suwanwalaikorn et al., 1996, Milne et al., 1998), pode ser
sugerido que uma diferente expresséo da vitamina D e dos receptores de retindide
que formam complexos com os receptores dos hormdnios tireoidanos poderiam

regular a acao diferenciada destes horménios (Williams et al., 1994, Miura et al.,



2002). Ao passo que o impacto do hipotireoidismo em diferentes ossos precisa
ainda ser caracterizado.

Como descrito, as medidas locais da densidade déssea em um sitio
esquelético ndo necessariamente refletem a densidade 6ssea em outros sitios
(Jacobs et al., 1996). A acao dos hormdnios tireoidianos, principalmente em 0ssos
longos, tem sido documentada ao longo do tempo (Milne et al, 1998,
Ongphiphadhanakul et al., 1992, 1993, Suwanwalaikorn et al., 1996, Numbenjapon
et al., 2007). Entretanto, a despeito da alta prevaléncia das disfuncoes tireoidianas
na populacdo, apenas um estudo desenvolvido por Talaeipour et al. (2005)
investigou o impacto da administracdo de altas doses de T4 na densidade de
0ssos mandibulares e maxilares e parece nao haver informacbes relativas a
influéncia do hipotireoidismo nestes sitios. A importancia da avaliacdo da
densidade do osso mandibular tem sido discutida em odontologia por diversas
raz6es: 1) como um fator indicativo da densidade éssea sistémica determinado por
radiografias intra-bucais convencionais ou panoramicas, auxiliando no diagnostico
de patologias de ordem geral (Jeffcoat, 2005, Devlin & Horner, 2008); e,
sobretudo, 2) pela hipétese da densidade Ossea sistémica e mandibular estarem
relacionadas com o progndstico de tratamentos que podem ser influenciados pela
quantidade e qualidade do osso alveolar, especialmente reabilitagdes dentais,
como proteses sobre implantes e proteses removiveis (Jaffin & Berman, 1991) ou
pela associagdo entre a densidade 0ssea e a taxa de progressao da periodontite
(Wactawski-Wende et al., 2005).

A periodontite, por sua vez, é uma doenga complexa cuja expressao
envolve interagdes do biofilme com a resposta imuno-inflamatéria do hospedeiro e
alteragbes subsequentes na homeostasia do osso e do tecido conjuntivo
(Kornman, 2008). Portanto, atualmente é reconhecido que o fendétipo da doenca
periodontal ndo resulta simplesmente do desafio microbiano traduzido por uma
resposta padrdo do hospedeiro. Fortes evidéncias destacam o papel de fatores de
risco, como o tabagismo e o diabetes, como determinantes da severidade da
doenca periodontal (Bergstrém et al., 2000, Campus et al., 2005). Além destes,



varios outros fatores parecem modificar a expressdao da doenca, como, por
exemplo, fatores genéticos, estresse e osteoporose (Kinane & Hart, 2003,
Wactawski-Wende et al., 2005, Peruzzo et al., 2007). Na presenca destes fatores
modificadores, uma resposta exagerada do hospedeiro e/ou mecanismos de
reparo prejudicados parecem levar a uma periodontite mais destrutiva (Kornman,
2008). Os hormobnios tireoidianos tém importante papel na homeostasia do
esqueleto por meio da sua acao sobre eventos moleculares como, por exemplo,
no mecanismo do sistema osteoprotegerina / ativador do receptor do fator nuclear
kB e seu ligante (OPG/RANK/RANKL) (Akalin et al., 2002) e sobre fatores
envolvidos na regulacdo 6ssea como IL-6 e IL-8 (Siddiqi et al., 1998). Em virtude
da influéncia de T3 e T4 em vias diretamente envolvidas na destruicdo periodontal,
seria plausivel a hipdtese de que alteragdes nos niveis destes horménios
poderiam influenciar a progressdo da destruicdo periodontal. Entretanto, néo
existem na literatura investigacées a respeito do impacto destas condi¢des
sistémicas na doenca periodontal.



PROPOSICAO

Avaliar a influéncia de diferentes niveis séricos dos hormonios tireoidianos:

1-Na densidade mineral 6ssea e nas proporcoes dos componentes cortical e
medular da mandibula comparativamente com a tibia, por meio de analise
radiografica.

2-Na perda 6ssea resultante da periodontite experimental, na densidade do osso
alveolar e na quantidade de células com capacidade de reabsor¢cdo 6ssea em
sitios saudaveis e com periodontite, por meio de anélise histolégica.
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Thyroid hormones may influence bone density and cortical bone thickness in

a site dependent manner. A radiografic study in rats.
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ABSTRACT

Objective: This study aimed to radiographically evaluate the influence of thyroid
hormones changes on the bone density and on the proportion of cortical and
cancellous bone in tibia and mandibles of rats.

Methods: Thirty-six male Wistar rats were randomly assigned to the following
groups: G1 (n=12) — healthy (control); G2 (n=12) — hypothyroidism; G3 (n=12) —
hyperthyroidism. Three months after the induction of thyroid dysfunctions, total
serum levels of T3 and T4 were assessed by radioimmunoassay. The animals were
sacrificed after 2 months and digital radiographs were immediately taken from one
tibiae and hemimandible in each animal, and the bone density and the proportion
of cortical/cancellous components in both bone types were assessed by means of
a software.

Results: Data analyses demonstrated that bone density (p<0.05) and the
proportion of cortical bone (p<0.01) were influenced in the tibia when distinct
hormonal conditions were compared, with a significant decrease in the parameters
for hypothyroidism. However, in the mandibles, there were no significant
differences among the groups neither for bone density nor for the proportion of
cortical bone (p>0.05).

Conclusion: Within the limits of the present study, it may be concluded that bone
density and the proportion of cortical/cancellous bone in the mandibles seems to

be less sensitive than tibia to hormones’ changes.



INTRODUCTION

The skeleton is a highly metabolically active organ that undergoes
continuous remodeling throughout the life. This remodeling is necessary both to
maintain structural integrity of the skeleton and to subserve its metabolic functions
as a storehouse of calcium and phosphorus (Raisz, 1999). Adaptation of the
material composition and structure of bone to prevailing loads is carried out by the
cellular machinery of bone remodeling, that includes hormones, cytokines, growth
factors, vitamins and minerals (Allori, 2008, Martin & Seeman 2008). Abnormalities
in the rate and balance of bone remodeling play a pivotal role in the emergence of
bone fragility and may be caused by disease, hormonal imbalance and excessive
exposure to risk factors, as well as abnormalities in the cellular machinery of bone
(Chavassieux et al., 2007, Seeman, 2008).

Thyroid hormones, triiodothyronine (T3z) and thyroxine (T4), are some of the
several hormones that exert a balancing effect on bone (Talaeipour et al., 2005).
These hormones may act on bone cells by influencing target genes via specific
nuclear receptors (Abu et al., 1997). Thyroid hormones modulate alkaline
phosphatase, osteocalcin, collagen and certain growth factors and cytokines
involved in bone remodeling with respect to new bone formation (Sato et al., 1987,
Milne et al., 1998, Kim et al., 1999). In vivo, the effects of T3 and T4 on bone are
also well documented, however the response to thyroid hormones varies
depending on the skeletal sites (Bland, 2000). Administration of L-thyroxine to adult
rats preferentially affects femoral but not vertebral bone density (Suwanwlaikorn et
al. 1996). And in humans, in a large population based study, an increased risk of
femur fractures in patients with hyperthyroidism in contrast with an overall increase
in fracture risk in patients with hypothyroidism were reported (Vestergaard &
Mosekilde, 2002). Finally, Nunbenjapon et al. (2007) observed that cancellous
component of bone seemed to be less sensitive than cortical one to thyroid
hormones dysfunction in children and adolescents.



In summary, local bone density measurements at one site of the skeleton do
not necessarily reflect bone density at another site (Jacobs et al., 1996). However,
there is scarce information on whether systemic bone density influenced by
hormonal conditions, in special thyroid hormones dysfunctions, is associated to
mandibular bone density. Therefore, the purpose of the present study was to
radiographically evaluate in rats the influence of different serum levels of T3 and T4
on the bone mineral density and the percentage of cortical and cancellous bone on
mandible and tibiae to test the hypothesis that both bone types have a similar
pattern of sensitivity.

MATERIALS AND METHODS

Animals

The study included 36 male Wistar rats, aged 60 days and weighing an
average of 194.44 + 27.52 g at study onset. The animals were kept in plastic cages
with access to food and water ad libitum. Prior to the thyroid dysfunctions
induction, all animals were allowed to acclimatize to the laboratory environment for
a period of 5 days. The protocol was approved by University of Campinas
Institutional Animal Care and Use Commitee.
Experimental design

At the beginning of the study, the animals were randomly assigned to one of
the following experimental groups: G1 (n=12): control / healthy animals; G2 (n=12):
hypothyroidism, which was induced by the ingestion of a solution with
propylthiouracil (Propilracil® 100mg, Biolab Sanus Farmacéutica Ltda., TaboZo da
Serra, SP, Brazil) (1 g / 1 | of drinking water), an anti-thyroid drug which blocks
thyroid hormone synthesis; and G3 (n=12): hyperthyroidism, which was induced by
the ingestion of sodium I-thyroxine (T4) (Puran® T, 200 pg, Sanofi-Synthelabo
Ltda., Rio de Janeiro, RJ, Brazil) and sodium triiodothyronine (T3) (Sodium
Triiodothyronine 90 ug, Drogal Ltda., Piracicaba, SP, Brazil) (800 pg T4 and 180 pg

T3 / 1 | of drinking water). The animals were continuously administered with the
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drugs for hormone changes during five months, the whole experimental period,
without interruption, as previously reported (Feitosa et al, 2008). Figure 1
schematically illustrates the experimental design adopted.

Biochemical serum analyses

Three months after the beginning of the study and, therefore, induction of
hormone changes, blood samples were collected for the assessment of total serum
levels of T3 and T4 by radioimmunoassay (RIA; Active Triiodothyronine (T3) RIA
DSL-3100 and Active Thyroxine (T4) RIA DSL-3200, Diagnostic System
Laboratories Inc., Webster, Texas, United States), according to the manufacturer’s
instructions (Girardi et al, 2000). This protracted period of induction of
dysfunctions was chosen to obtain chronic hormonal alterations.

Radiographic analysis

Immediately after sacrifice, the hemimandibles and the tibia were removed
and radiographed using a GE 1000® X-ray unit (General Electric Co., Milwaukee,
WI, USA) at 60.0 kVp, 10.0 mA , a 40.0 cm focus-receptor distance and with an
exposure time of 0.3 seconds. An acrylic device was used to hold the phantom, X-
ray beam indicator device and image plate in a reproducible relationship. The
DenOptix® system (Denstply International/Gendex® Dental X-ray Division, Des
Plaines, IL, USA), a phosphor plate technique, was used for image recording. The
exposed phosphor plates were scanned and the resolution was set at 300dpi.

An aluminium step wedge of 2-16 mm thickness was used, with increments
of 2 mm. To allow the analysis of bone density, the images were then imported to
EMAGO®/Advanced 3.43 software (Oral Diagnostic Systems, Amsterdam, The
Netherlands). The reference point was determined as the mean point of the total
length of the tibiae and the mean point of mandibular ramus (Figure 2A-B). A
blinded and calibrated examiner performed five measurements, in order to scan
the bone area at the level of a previously determined reference point.
Subsequently, the measurement of bone density was compared with the step
wedge standard to provide a unit for quantifying bone density, which was
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expressed in milimeters aluminium equivalence (mm Al eq). (César-Neto et al.,
20054, b).

In addition, in the same radiographs the percentages of the cortical and
cancellous bone of the tibiae and the mandibles were evaluated by the use of an
image analyzer (Image Tool; University of Texas Health Science Center, San
Antonio, TX, USA). With the aim of calculating these parameters, in the tibiae, the
thickness of cortical bone (C1 + C2) and the total bone (T) were assessed in five
equally distant regions to scan the whole length of the tibiae and the following
formula was applied, C%= (C1 + C2)/T x 100, as suggested in a previous report
(Serakides et al., 2004). In the mandibular ramus, the area of cortical bone (C) and
total bone (T) were also assessed and the formula used was C%= C/T x 100. This
measurement was repeated five times and the mean was used. Figure 3A-B
illustrates the measurements of radiographs.

Statistical analyses

Initially, a total of 10 radiographs of mandibles and 10 radiographs of tibia
were selected to obtain the intra-observer calibration. The designated examiner
measured the parameters twice, within one week between the evaluations. Intra-
observer variability was assessed with intraclass correlation calculated to the
parameters of bone density; percentage of cortical bone in the tibiae; and
percentage of cortical bone in the mandibular ramus, resulting in 99%, 99% and
97% reproducibility, respectively.

The hypothesis that there were no differences among the groups with
respect to the hormone serum levels (Tzand T4) and radiographic parameters (e.g.,
bone density and percentages of cortical and cancellous bone for tibiae and
mandible) were tested by the one-way analysis of variance — ANOVA (a=0.05). If
statistical differences were detected, a pairwise multiple comparison procedure,
Tukey test, was used with alpha=0.05. The SAS 9.01 software (Release 9.1, 2003,
SAS institute Inc., Cary, NC, USA ) was used to perform the statistical analyses.
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RESULTS

Clinical observations and biochemical markers

Macroscopic examination during autopsies suggested the successful
induction of thyroid dysfunctions. Thyroid glands in control and hyperthyroidism
groups were larger and pink colored, while in hypothyroidism the glands were thin
and anemic due to reduced activity. The total serum levels of T3 and T4 confirmed
hormone changes and are summarized in Table 1. The serum levels of T3 and T4
were higher in hyperthyroidism (p<0.05) and decreased in hypothyroidism
(p<0.05), as compared to the control group.

Radiographic analyses

Data analyses did not show any significant difference regarding bone
density of the tibiae when hypothyroidism and hyperthyroidism were compared to
the control one (p>0.05). However, when distinct hormonal conditions, e.g.
hypothyroidism versus hyperthyroidism were compared, a significantly reduced
bone density was observed to hypothyroidism (p<0.05) (Figure 4A). Moreover,
hypothyroidism group showed a decreased percentage of cortical bone compared
to hyperthyroidism (p<0.01) (Figure 4B).

The same trend was not detected when the mandibular radiographic
parameters were analysed, there were no significant difference among the groups
neither for the bone density (p>0.05) nor for the percentage of cortical bone
(p>0.05) (Figure 5A-B).

DISCUSSION

The present study was designed to radiographically evaluate the influence
of serum thyroid hormones levels on the bone density and on the percentage of
cortical and cancellous components of bone on the mandible, an irregular bone, in
comparison to the tibiae, a long bone. With this purpose, changes on thyroid
hormone levels (hypothyroidism and hyperthyroidism) were successfully induced
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by drug ingestion and were detected by biochemical analyses of T; and T4 as
previously reported (Feitosa et al., 2008). Furthermore, the results obtained
showed a significant decrease on bone density of the tibiae for hypothyroidism
group when compared to hyperthyroidism. It may have occurred as a function of
the significant decrease in the proportion of cortical bone in the hypothyroidism
group.

Thyroid hormones clearly play a role in the normal bone development
(Bland, 2000). Alterations on bone density (BMD) influenced by thyroid
dysfunctions have been extensively discussed in the literature. On long bones of
rats, such as femur and tibiae, bone density was influenced after the administration
of high doses of T4 (Yamamoto et al.,, 1993, Suwanwalaikorn et al., 1996).
Nevertheless, the response to thyroid hormones seems to vary depending on the
skeletal sites, since the same studies that showed a significant response on long
bones, were unable in detecting this influence in other sites, e.g. lumbar vertebra
and hip (Yamamoto et al., 1993, Suwanwalaikorn et al., 1996). Otherwise, the
impact of thyroid hormones on mandibular bone density was scarcely described. In
dentistry, the assessment of this information may be considered as useful or even
necessary in many clinical situations. Applications include diagnosis of oral and
systemic diseases, implant planning, therapeutic evaluation and follow-up
(Nackaerts et al., 2007). According to the data obtained in the present study,
mandibular bone seemed to be less sensitive to hormone changes whereas the
radiographic analyses were developed. Both parameters, radiographic bone
density and percentages of cortical and cancellous bone, did not show significant
differences among the groups.

Defining the molecular mechanisms by which thyroid hormone acts in bone
is a complex task because multiple forms of the thyroid receptor (TR) exist, with
specific roles for each of these isoforms not yet determined definitively in any
tissue. Firstly, it was suggested that the predominance of a specific TR isoform at
either of the skeletal sites could provide an explanation for the different thyroid
hormone responses (Milne et al., 1998). However, definite conclusions were not
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drawn until now and the reason by which thyroid hormones seem to influence
differently certain sites (long/irregular bone and cortical/cancellous bone) is already
unclear. Miura et al. (2002) and Bassett et al. (2007) showed different responses to
thyroid hormones deficiency between bones characterized by intramembranous
ossification, e.g. skull, compared to others characterized by endochondral
ossification, such as tibiae. These studies showed that TRs promote chondrocyte
differentiation and predominantly stimulate endochondral osssification. Other
regulatory factors that may be responsible for this skeletal site specific
heterogeneity have been documented. T3 regulates target gene transcription via
the TRs which can form complexes with retinoic acid, dihydroxyvitamin D, or
retinoic acid receptors to modify T3 responsiveness and there may exist difference
in the thyroid receptor heterodimerization pattern in tibiae versus mandibular
osteoblasts (Williams et al., 1994). And finally, heterogeneity of thyroid hormone
actions may be present due to postreceptor modifications, such as the modulation
of the production of IL-6 and IL-8 (Siddigi et al., 1998), insulin like growth factor-1,
insulin like growth factor binding proteins (Milne et al., 1998), c-fos protein
(Kanatani et al., 2004) and RANKL-RANK interaction (Kanatani et al. 2004).

In addition to the knowledge about the mechanisms that govern thyroid
hormones action on bone tissue, it must be taken into consideration that the
radiographic technique presented in this study may be related to the slight
differences observed in the tibiae density and the absence of significant differences
in the parameters analyzed for the mandible. Generally, 30-60% of regional bone
destruction must have occurred for a change to be detected on radiographs and
slight changes on bone density are not visualized in conventional radiographs
(Talaeipour et al., 2005). However, it has been suggested that radiographic method
using the aluminium step wedge minimize this limitation and may be used based
on the evidence that accuracy and repeatability were proven to be excellent for the
assessment of bone density (Nackaerts et al., 2006, 2007). Therefore, further
animal and human studies should be considered in order to specifically address
the effect of thyroid hormone changes on mandibular bone by means of gold
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standard techniques such as dual energy x-ray absorptiometry or computerized
tomography.

Many studies have attempted to address the association between systemic
bone density and oral bone density. The present study was the first to test the
hypothesis of whether dysfunctions in the serum levels of thyroid hormones which
influence long bones, in agreement with several findings in the literature, may
promote a similar impact on the mandibular bone. Within the limits of this study,
thyroid hormones may influence the density and the proportion of cortical and
cancellous bone in the tibiae, but mandible seems to be less sensitive to the

hormones’ changes.
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TABLE

Table 1. Means and standard deviation of serum levels of triiodothyronine (ng/dl)
and thyroxine (pg/dl) achieved in each experimental group.

Group Triiodothyronine (ng/dl)  Thyroxine (ug/dl)
Control 111.53+17.41B 2.64 +0.58 B
Hypothyroidism 78.07 £12.11 C 1.28+£0.17C
Hyperthyroidism 182.07 £ 3140 A 418 £ 0.88 A

Means followed by different letters indicate significant differences (a = 0.05) within each column by
the one-way analysis of variance (ANOVA) and Tukey’s test.
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FIGURES

Figure 1. lllustration of the experimental design.

Hormone Serum analyses Sacrifice
change induction T/T, Radiographs
DAY 0 DAY 90 DAY 158
e —
——

Hypo — 1 g propylthiouracil / 11 water
Hyper — 800 ug T,+ 180 ug T,/ 1 | water
(continuously ingested)
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Figure 2. Radiographic images illustrating the tibiae (A) and mandibular (B) areas

where photodensitometric measurements were performed.
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Figure 3. Radiographic images illustrating the parameters used to calculate the
percentages of cortical and cancellous components of bone. In the tibiae (A), C1
and C2 = thickness of cortical components; and T = thickness of the total bone. In
the mandibles (B), C = cortical area of the ramus, and T = area of the total ramus.
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Figure 4. The illustration graphically represents the means and the standard
deviation of the study parameters achieved for control, hypothyroidism and
hyperthyroidism groups. A. Bone density of tibiae (mm Al eq) B. Percentage of

cortical and cancellous bone of tibiae (%).
Means followed by different letters indicate significant difference (a = 0.05) by the one-way analysis
of variance (ANOVA) and Tukey’s test.
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Figure 5. The illustration graphically represents the means and the standard
deviation of the study parameters achieved for control, hypothyroidism and
hyperthyroidism groups. A. Bone density of mandible (mm Al eq) B. Percentage of

cortical and cancellous bone of mandible (%).
Means followed by similar letters indicate there is no significant difference (a = 0.05) by the one-way

analysis of variance (ANOVA) and Tukey’s test.
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ABSTRACT

Background and objective: The aim of the present study was to histologically
evaluate, in rats, the influence of thyroid hormones on the rate of periodontal bone
loss resulting from ligature placement and on the quality of tooth-supporting
alveolar bone.

Methods: Thirty-six male Wistar rats were randomly assigned to the following
groups: G1 (n=12) — healthy (control); G2 (n=12) — hypothyroidism; G3 (n=12) —
hyperthyroidism. Once alterations were confirmed by total serum levels of T3 and
T4, ligatures were randomly placed around one of the first mandibular molars.
Thirty days later, the animals were sacrificed and the specimens routinely
processed for serial decalcified sections. The parameters assessed were
periodontitis-related bone loss, quality of tooth-supporting alveolar bone, and the
number of tartrate-resistant acid phosphatase (TRAP)-positive cells, a marker of
bone resorption.

Results: In the ligated sites, intergroup analysis revealed that hypothyroidism
significantly increased the bone loss resulting from ligature-induced periodontitis (P
= 0.02) and the number of TRAP-positive cells on the linear surface of bone crest
(P = 0.01). In addition, no significant differences were detected regarding the
quality of the bone (P = 0.24) or the number of TRAP-positive cells in the area of
the interradicular bone among the groups for ligated teeth (P = 0.17).

Conclusions: 1t may be concluded that decreased serum levels of thyroid
hormones may enhance periodontitis-related bone loss, as a function of an
increased number of resorbing cells, whereas the tooth-supporting alveolar bone

seems to be less sensitive to alterations in hormone levels.
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INTRODUCTION

Periodontal diseases are infections characterized by an imbalance between
bacterial challenging and host response (1). The host reaction to microbial insults
involves recruitment of inflammatory cells, production of prostaglandins and
cytokines, elaboration of lytic enzymes and activation of osteoclasts, leading to
alveolar bone resorption and attachment loss (2). Although the dental biofilm is the
primary cause of periodontal disease, in vivo studies have demonstrated that
systemic factors may play an important role in its initiation and progression (3,4).

Triiodothyronine (T3) and thyroxine (T4) are hormones secreted by the
thyroid gland, and have been shown to be fundamental for normal bone turnover
(5). Decreased or increased levels of these hormones may be pathologically
secreted to the blood, characterizing the conditions known as hypothyroidism and
hyperthyroidism, respectively (6). In hypothyroidism, for instance, bone turnover is
slow, bone growth and maturation are retarded in childhood and adults tend to
exhibit higher than normal bone density, accompanied with increased fracture risk
(7,8). On the other hand, hyperthyroidism is associated with accelerated bone
maturation, high bone turnover, low bone mass and an increased life-time risk for
fractures (7-9). Furthermore, recent findings reported the presence of thyroid
hormones receptors (TRs) in osteoblasts, suggesting a direct skeletal effect of
these hormones (10). It has been proposed that thyroid hormones have an
important role in controlling bone resorption through their action on the
osteoprotegerin (OPG) and receptor activator of nuclear factor Kb ligand (RANKL)
mechanism (11), and on bone regulating factors such as interleukin-6 (IL-6) and
interleukin-8 (IL-8) (12,13). Since an impact on bone is a prominent feature in
periodontal disease, thyroid hormone level alterations may be suggested to be a
modulating factor in periodontal disease, such as other systemic conditions, such
as smoking and diabetes (14,15).

To date, no information is available on the impact of changes in Tz and T4
serum levels on the bone loss resulting from periodontitis and/or the quality of the
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alveolar bone. Thus, the present study was designed to evaluate the influence of
thyroid hormones on the bone loss resulting from experimental periodontitis and on
the quality of tooth-supporting alveolar bone around teeth by histometric analysis.
Additionally, we aimed to assess the impact of these hormones on the number of
tartrate-resistant acid phophatase (TRAP)-positive cells, a phenotipic marker of

bone resorption, in ligated and non-ligated sites.

MATERIALS AND METHODS
Animals

The study included 36 male Wistar rats, aged 60 days and weighing an
average of 194.44 + 27.52 g at study onset. During the experiment, the animals
were housed in groups of five in plastic cages. Food and water were given ad
libitum to all animals. Prior to the beginning of the experimental procedures,
animals were allowed to acclimatize to the laboratory environment for 5 days. This
protocol was approved by University of Campinas Institutional Care and Use
Committee.
Experimental design

The animals were randomly assigned to one of the following experimental
groups: G1 (n=12): control healthy animals; G2 (n=12): hypothyroidism, which was
induced by the ingestion of a solution with propylthiouracil, an anti-thyroid drug
which blocks thyroid hormone synthesis (16) (Propilracil® 100mg, Biolab Sanus
Farmacéutica Ltda., Tabo&o da Serra, SP, Brazil) (1 g/ 1 | of drinking water); and
G3 (n=12): hyperthyroidism, which was induced by the ingestion of sodium I-
thyroxine (T4) (Puran® T4 200 pg, Sanofi-Synthelabo Ltda., Rio de Janeiro, RJ,
Brazil) and sodium triiodothyronine (T3) (Sodium Triiodothyronine 90 g, Drogal
Ltda., Piracicaba, SP, Brazil) (800 pg T4 and 180 pg Ts/ 1 | of drinking water). The
animals were continuously administered with the drugs for hormone changes
during the whole experimental period, without interruption, as previously reported
(17). Figure 1 schematically illustrates the experimental design adopted.
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Biochemical serum analyses and ligature placement

Three months after the beginning of the study and, therefore, hormone
change induction, blood samples were collected for the assessment of total serum
levels of Tz and T4 by radioimmunoassay (RIA) (Active Triiodothyronine (T3) RIA
DSL-3100 and Active Thyroxine (T4) RIA DSL-3200, Diagnostic System
Laboratories Inc., Webster, Texas, United States), according to the manufacturer’'s
instructions. This period of dysfunctions induction was maintained to obtain chronic
alterations. After the establishment of T3 and T4 serum level alterations, one of the
mandibular first molars of each animal was randomly assigned to receive a cotton
ligature in a submarginal position to induce experimental periodontitis, and the
contralateral tooth was left unligated to serve as a control.
Histometric analysis

Thirty days after ligature placement, the animals were sacrificed and the
macroscopic characteristics of thyroid glands and periodontal tissues were
analyzed. The specimens were then routinely processed and decalcified serial
sections (6 pum) were obtained in a mesio-distal direction and stained with
hematoxylin and eosin. Using an image analysis system (Image-Pro®, Media
Cybernetics, Silver Spring, MD, United States) and a blinded examiner, the area
between the bone crest and furcation roof of ligated and non-ligated teeth was
histometrically determined by the point counting technique in 10 sections per
specimen (18), which were selected every 30 um. Therefore, the assessed region
represented the area of periodontal ligament and periodontal bone loss for non-
ligated and ligated teeth, respectively. In addition, five equally distant sections were
assessed regarding the bone quality (proportion of mineralized bone tissue in a
1.000-um zone under the furcation) in the interradicular area of ligated and non-
ligated teeth (19). The histometric parameters are schematically illustrated in
Figure 2.
TRAP-staining (enzymohistochemistry)

Deparaffinized mesio-distal 6-um thick sections were incubated at 37 °C for

15 min in a solution prepared by dissolving 4 mg of naphthol AS-BI (Sigma
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Chemical Co., St. Louis, MO, United States) and 24 mg of red violet salt (Sigma
Chemical Co.) in 30 ml of acetate buffer (pH 5.2) containing 0.3 mmol/I of tartrate
(pH 5.0) (Sigma Chemical Co.). Subsequently, sections were washed in distilled
water and counterstained with hematoxylin. As a negative control for the TRAP
activity, consecutive sections were incubated in substrate-free medium (20).
Quantitative analysis of the number of TRAP-positive cells was performed in two
different regions described in Figure 2. Firstly, the number of TRAP-positive cells
was counted on the linear surface of the bone crest, immediately below the
furcation roof in ligated and non-ligated teeth. Secondly, the number of TRAP-
positive cells was obtained in the 1000 um-zone of the interradicular bone under
the furcation of the first mandibular molars. The TRAP-positive cells were counted
in 2 different sections representative of the mid portion of the tooth. Total area of
the interradicular bone and the extension of the alveolar bone surface in the
furcation region was obtained using an image analysis system (Image-Pro®, Media
Cybernetics, Silver Spring, MD, United States) and the number of TRAP-positive
cells, as obtained using a light microscope (Axioskop 2 plus® Zeiss, Jena,
Germany), with a 40x magnification. The results are described as the number of
TRAP-positive cells/mm and /mm? for the bone crest and the 1000 pm-area under
the furcation of the ligated and non-ligated teeth, respectively.
Statistical analysis

Intergroup analyses were carried out by the one-way analysis of variance,
ANOVA, to statistically assess quality of tooth-supporting alveolar bone and
number of TRAP-positive cells in both ligated and non-ligated sites, the parameters
that showed a normal distribution. If statistical differences were detected, a
pairwise multiple comparison was additionally performed with the Tukey test. The
non-parametric Kruskal-Wallis test was performed for the intergroup comparison
when the data did not present a normal distribution, regarding the hormone serum
levels and the distance between interradicular bone crest and furcation roof for
ligated and non-ligated teeth, respectively. If differences were detected among the

groups, the Dunn test was applied. Intragroup analysis was performed using the
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paired Student t test for all parameters, testing differences between ligated and
non-ligated sites. A significance level of 0.05 was adopted for all statistical

comparisons.

RESULTS

Clinical observations and biochemical analysis

Macroscopic analysis during autopsies suggested the success of thyroid
dysfunctions induction. Thyroid glands in control and hyperthyroidism groups were
larger and pink colored, while in hypothyroidism the glands were thin and anemic
due to reduced activity. The glands in hyperthyroidism appeared slightly larger than
in the control. The total serum levels of T3 and T4 before ligature placement
confirmed hormone changes and are summarized in Table 1. Ts and T4 serum
levels were higher in hyperthyroidism (P = 0.03 and P = 0.04 for T3 and T4
respectively ) and decreased in hypothyroidism (P = 0.02 and P = 0.03 for T3 and
T4 respectively ), as compared to control.

In addition, at the time of sacrifice, clinical examination of ligated and non-
ligated sites revealed signs of gingival inflammation, including color/volume
changes and bleeding in the ligated teeth of all groups; and no signs of
inflammation in the non-ligated sites.

Histometric analysis

Histometrically, intragroup analysis showed a significant difference in the
distance between interradicular bone crest and furcation roof between non-ligated
and ligated teeth in all the experimental groups (P = 0.0001, P = 0.0006 and P =
0.0001 for control, hypothyroidism and hyperthyroidism, respectively). Moreover,
an intergroup analysis showed an increased distance between interradicular bone
crest and furcation roof, representing a greater bone loss in the ligated teeth for the
hypothyroidism group, as compared to the ligated teeth in the control (P = 0.02)
and hyperthyroidism groups (P = 0.02). Furthermore, no statistically significant
differences were observed regarding the same area in non-ligated teeth among the
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groups (P = 0.08) (Figure 3A). Figures 4A-C illustrate histological findings, showing
that there was an increased bone loss in the furcation region of ligated teeth of the
hypothyroidism group compared to the control and hyperthyroidism groups.

Regarding the tooth-supporting alveolar bone assessment, data analysis
showed, despite the Tz and T4 serum levels changes, a similar proportion of
mineralized tissue among the experimental groups with the same ligature status (P
= 0.24 and P = 0.08, for ligated and non-ligated teeth). On the other hand, an
intragroup analysis showed a significant decrease in the proportion of mineralized
tissue in the ligated teeth versus the non-ligated teeth in the control (P = 0.02) and
hypothyroidism (P = 0.002) groups. Figure 3B graphically illustrates the results
described above.

TRAP-staining

The number of TRAP-positive cells was analysed in two different regions.
Firstly, for the linear surface of the bone crest, an intergroup analysis showed an
increase in the number of TRAP-positive cells/mm in the ligated teeth for the
hypothyroidism group, compared to the control (P = 0.01) and hyperthyroidism (P =
0.025) groups. In addition, intragroup analysis demonstrated a significant increase
in the number of TRAP-positive cells in ligated teeth than in non-ligated teeth for
control (P = 0.01) and hypothyroidism groups (P = 0.001). Figure 3C illustrates the
results.

When the number of TRAP-positive cells was evaluated in the 1000um-zone
of the interradicular bone under the furcation of both ligated and non-ligated sites,
there was no significant difference among the groups (P = 0.17 and P = 0.91 for
ligated and non-ligated teeth, respectively). However, a significant increase in the
number of TRAP-positive cells/mm? in ligated, compared to non-ligated teeth for
each group (P = 0.0001 for control, hypothyroidism and hyperthyroidism), was
observed. Figure 3D graphically illustrates the reported data. Figures 4D-F
illustrate the TRAP-positive cells in a linear surface on the interradicular bone
crest. It is possible to observe that there is an increased number of TRAP-positive

cells in the hypothyroid micrograph (4E) as compared to the control and
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hyperthyroid micrographs (4D and 4F, respectively). Figures 4G-I show TRAP-

positive cells in detalil.

DISCUSSION

Thyroid dysfunctions are common health problems in the population and the
determination of the influence of thyroid hormones imbalance in periodontitis may
be important for the prevention of morbidity related to this condition when the
association is present. Thus, the present study aimed at investigating the impact of
thyroid hormones on the alveolar bone loss resulting from experimental
periodontitis in rats and on the quality of the tooth-supporting alveolar bone.
Moreover, the number of TRAP-positive cells on the linear surface of bone crest,
immediately below the furcation roof, and in a 1000 um-area of the interradicular
bone under the furcation of the ligated and non-ligated teeth was also assessed. In
the present investigation, biochemical analysis demonstrated that the system used
was able to induce changes in the serum levels of triiodothyronine (T3) and
thyroxine (T4), as previously reported (17). Furthermore, data analyses
demonstrated that a thyroid hormone deficient state may significantly increase the
bone loss resulting from ligature-induced periodontitis, whereas no effect was
observed for the opposite condition (increased levels of thyroid hormones). Finally,
data analyses further demonstrated that the quality of the tooth-supporting alveolar
bone under the furcation was not affected by the thyroid hormone serum levels.
Although several studies have reported an association between thyroid hormone
levels and skeletal bone mass (9), changes in the microtrabecular alveolar bone
following thyroid hormones changes have rarely been reported (21). Thyroid
hormones regulate various leucocytic actions such as activation (22) and
proliferation of different cellular lineage, including T and B lymphocytes (23).
Moreover, thyroid hormones also participate in the release of cytokines such as
interferon gamma (INF3) (24) and interleukin-6 (IL-6) (25). Thus, the decrease in

the levels of these hormones may promote a less competent immunogenic

34



response to the infection induced by the experimental periodontitis (26) and,
therefore, it may be suggested that the influence of thyroid hormones on the
progression of periodontitis may be related to a relationship between the immune
system and the thyroid axis, and not related to the effect of hormone changes on
the alveolar bone quality (27). However, further studies should be considered in
order to specifically address the effect of thyroid hormones changes in the immune
system in the local microenvironment of the periodontium.

Data analysis further demonstrated that the number of TRAP-positive cells
may also be affected by lower serum levels of the hypothyroid hormones in sites
with periodontitis and, therefore, provide support for the data obtained by
histometric analysis in both regions evaluated. TRAP is an iron-containing enzyme
whose biological function is not fully known. This enzyme may be involved in the
degradation of bone constituents by osteoclasts. Recently, a role for TRAP has
been suggested in regulating intracellular vesicular trafficking in resorbing cells
(28). High amounts of TRAP are expressed in bone resorbing cells and, therefore,
changes in bone resorption are usually associated with changes in the resorbing
cells number, suggesting that secreted TRAP may be a useful marker of bone
resorption (29). On a molecular basis, in the gingival tissue with periodontal
disease, bone resorption is characterized by a primary production of an osteoclast
differentiation factor, receptor activator of nuclear factor Kb ligand (RANKL) by B
and T cells, which induces differentiation and activation of resorbing cells (30), and
may support the increased number of TRAP-positive cells in the ligated versus
non-ligated sites in the present study. Moreover, it can be speculated that the more
pronounced number of TRAP-positive cells in the linear surface of bone crest and,
consequently, more pronounced bone loss in the hypothyroidism group, may also
be associated with the upregulation of RANKL in the RANKL/OPG system by
altered concentrations of prostaglandins (PGs) and IL-6. These levels of
inflammatory molecules are altered as an additional consequence of
hypothyroidism or secondary to inflammatory cytokines, such as tumor necrosis

factor a (TNFa) and interleukin 1 (IL-1), which regulate osteoclast differentiation
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and function independently of the RANKL-RANK interaction (31). However, it
remains unclear which factors may trigger the increased differentiation and activity
of the resorbing cells in vivo when hypothyroidism is correlated to an infectious
process.

In conclusion, within the limits of the present study, in rats, a thyroid
hormone-deficient state may potentiate the bone loss resulting from ligature-
induced periodontitis, whereas no significant impact of thyroid hormone changes
was observed in non-inflamed sites. The findings of the present study suggest that
an increased number of TRAP-positive cells in the hypothyroidism condition may
play an important role. Therefore, in addition to the importance of thyroid hormone
deficiency in the general health status, it may also constitute a critical state with
respect to the periodontium, and controlled clinical studies should be considered in
order to provide information as to the best approach to deal with this condition.
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TABLE

Table 1. Mean and standard errors of serum levels of triiodothyronine (ng/dl) and
thyroxine (ug/dl) achieved in each experimental group.

Group Triiodothyronine (ng/dl)  Thyroxine (ug/dl)
Control 111.53 £5.03 264 +£0.17
Hypothyroidism 78.07 £3.50 * 1.28+£0.05*
Hyperthyroidism 182.07 £9.06 * 418+0.25"*

*

represents statistically significant difference between test (hypothyroidism and hyperthyroidism)
and control groups (P < 0.05) by the Kruskal-Wallis test and Dunn test.
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FIGURES

Figure 1.

lllustration of the experimental design.
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Figure 2. Schematic illustration of the regions for histometric analysis, including
bone loss/periodontal ligament areas and bone quality; and for TRAP-positive cells

counted on the linear surface of the bone crest and in a 1000-um zone under the

furcation.

1000 pm

Area between bone crest and cementum surface equivalent to the area of bone loss or periodontal ligamentin
ligated and non-ligated teeth, respectively.

Area of mineralized bone tissue in a 1000-gm zone under the furcation where bone quality and the number of
TRAP-positive cellsimm? were analysed .

B B W | near surface of bone crest below the furcation roof where the number of TRAP-positive cells/imm was analysed.
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Figure 3. The illustration graphically represents the means and the standard errors
of the study parameters achieved in ligated and non-ligated sites for control,
hypothyroidism and hyperthyroidism groups. A. Bone loss and periodontal ligament
area for ligated and non-ligated teeth, respectively (mm?). B. Proportion of
mineralized tissue (%). C. Number of TRAP-positive cells/mm in a linear surface on
the bone crest. D. Number of TRAP-positive cells/mm? in a 1000-um zone under
the furcation.

* Statistically different by an intra-group comparison (ligated versus non-ligated teeth) (P < 0.05), by
the paired Student t-test.

T Statistically different by an intergroup comparison (control versus hypothyroidism versus
hyperthyroidism) (P < 0.05), by the Kruskal Wallis test followed by Dunn test.

# Statistically different by an intergroup comparison (control versus hypothyroidism versus
hyperthyroidism) (P < 0.05), by one-way analysis of variance (ANOVA) followed by the Tukey test.
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Figure 4. Photomicrographs illustrating the histologic aspects of bone loss in the
furcation region and TRAP-positive cells on the linear surface of the bone crest
immediately below the furcation roof in the ligated teeth for control (A, D),
hypothyroidism (B, E) and hyperthyroidism groups (C, F) (hematoxilin and
eosin/TRAP counterstaining with hematoxilin; original magnification 5x/10x;
bar=125 um/100 um, respectively for  histometric/TRAP  analysis).
Photomicrographs G-I show amplified details of TRAP-positive cells (TRAP

counterstaining with hematoxilin; original magnification 50x; bar=20 um).
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CONCLUSAO

Dentro dos limites do presente estudo € possivel concluir que:
- Os horménios tireoidianos parecem capazes de influenciar a densidade mineral e
a proporcao de osso cortical na tibia de ratos, mas a mandibula parece ser um
0SS0 menos sensivel a variagdes nos niveis destes horménios.
- A deficiéncia dos hormoénios tireoidianos pode ser capaz de aumentar a
progressao da perda 6ssea induzida pela periodontite em ratos, em funcao de um

aumento do numero de células com capacidade de reabsorcao éssea.
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Background and Objective: Recent studies have pointed to potentially periodontal
risk indicators, however no information is available on the impact of changes in
thyroid hormone levels on the progression of periodontitis and on the quality of
alveolar bone. Thus, the aim of the present study was to evaluate histologically, in
rats, the influence of thyroid hormones on the rate of periodontal bone loss
resulting from ligature placement and on the quality of tooth-supporting alveolar
bone.

Material and Methods: Thirty-six male Wistar rats were randomly assigned to the
following groups: healthy (control, n = 12), hypothyroidism (n = 12) and
hyperthyroidism (# = 12). Once alterations were confirmed by total serum levels
of triiodothyronine and thyroxine, ligatures were randomly placed around one of
the first mandibular molars. Thirty days later, the animals were killed and speci-
mens routinely processed for serial decaleified sections. The parameters assessed
were periodontitis-related bone loss, quality of tooth-supporting alveolar bone and
the number of cells positive for tartrate-resistant acid phosphatase (TRAP), a
marker of bone resorption.

Results: At the ligated sites, intergroup analysis revealed that hypothyroidism
significantly increased the bone loss resulting from ligature-induced periodontitis
(p = 0.02) and the number of TR AP-positive cells on the linear surface of bone
crest (p = 0.01). In addition, no significant differences were detected regarding the
quality of the bone (p = 0.24) or the number of TR AP-positive cells in the area of
the interradicular bone for ligated teeth among the groups (p = 0.17).

Conclusion: It may be concluded that decreased serum levels of thyroid hormones
may enhance periodontitis-related bone loss, as a function of an increased number
of resorbing cells, whereas the tooth-supporting alveolar bone seems to be less
sensitive to alterations in hormone levels.
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