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RESUMO

PAIXAO, M.S. Avaliacéo da atividade biolégica e farmacoldgica e formulagéo topica de Gel Dental do
extrato aquoso da Hyptis pectinata L. Poit. 2012. 150f. Tese (Doutorado em Biotecnologia) —
Universidade Federal de Sergipe, Aracaju/SE, 2012.

A Hyptis pectinata L. Poit (Lamiaceae) € uma espécie aromatica e em Sergipe ocorre naturalmente de
forma selvagem. Este estudo avaliou a fitoquimica do extrato aquoso das folhas da H. pectinata
(EAHP) através de métodos colorimétricos e CLAE (“cromatografia liquida de alta eficiéncia”) que
detectou a presenca de fendis, taninos (condensados e catequinas), saponinas, alcal6ides e
triterpenos pentaciclicos livres. Também foram avaliadas as atividades antibacteriana, antioxidante e
antinociceptiva do EAHP em modelos in vitro e in vivo, assim como foi avaliado o efeito
antiinflamatério dos géis do EAHP a 5% e 10% na periodontite experimental em ratos, comparando
com o gel de Doxiciclina 10% (controle positivo) e gel veiculo (controle negativo). A atividade
antibacteriana foi testada contra cepas de Citrobacter freuundii, Escherichia coli, Klebsiella
pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus e Streptococcus mutans pela técnica
de difusdo em agar. O crescimento de todas as cepas bacterianas testadas foi inibido pelo EAHP,
com didmetro da zona de inibicdo variando de 15 a 36 mm e valores da concentracdo inibitéria
minima variando de 12,5 a 1000 uyg mL-1. Os resultados mostraram que o EAHP teve uma forte
atividade antibacteriana contra bactérias Gram-positivas como Staphylococcus aureus (ATCC#25923)
e Streptococcus mutans (ATCC#27923). O EAHP reduziu o radical DPPH em 72.1% com um EC50
de 14,56 pg/mL. Também inibiu 40,8% da lipoperoxidacdo induzida pelo AAPH no teste de TBARS,
apresentando atividade contra radicais perdxido. A atividade antinociceptiva orofacial foi avaliada em
camundongos pré-tratados com o EAHP (100, 200 e 400 mg/kg, v.0.) e morfina (5 mg/kg, i.p.), que
recebeu depois formalina (20 uL, 2%), glutamato (40 pL, 25 mM) e capsaicina (20 pL, 2,5 ug)
induzindo nocicepcédo orofacial. O EAHP em todas as doses reduziu significativamente (p< 0,001) a
resposta nociceptiva na primeira (43-62%) e segunda (47-80%) fases do teste da formalina. O efeito
do EAHP (400 mg/kg) ndo mudou na presenca da Naloxona (1,5 mg/kg, i.p.), um antagonista opioide.
O EAHP inibiu significativamente a resposta nociceptiva pela capsaicina (23-69%, p < 0,05) e
glutamato (48-77%, p < 0,001) em todas as doses. O presente estudo também analisou a relacao
existente entre a atividade de periodontite e alteracdes na massa corpdrea e na estrutura éssea
alveolar, apés inducdo de Doenga Periodontal Experimental (DPE) em ratos submetidos ou ndo a
tratamento (TTO) com gel a base de EAHP a 5% e 10%, comparando seus efeitos com o gel de
doxiciclina a 10%. Os géis foram desenvolvidos no laboratério de farmacotécnica da Universidade
Federal de Sergipe e aplicados topicamente na regido gengival imediatamente apds a inducédo da
DPE, trés vezes ao dia durante 11 dias. A avaliagdo da destruicdo 6ssea foi determinada através do
exame clinico, analise histopatolégica e Tomografia Computadorizada de Feixe Cénico das maxilas
dos animais experimentais (n=36). A doenga periodontal foi induzida através da colocacdo de
ligaduras de fio de nylon 3.0, envolvendo o segundo molar superior de cada animal dos 5 grupos
teste (n=30). Os animais do grupo controle ndo receberam ligaduras (n=6). Apds 11 dias da indugao
de periodontite, a comparagéo intergrupos mostrou que todos os grupos que receberam ligadura
(grupo II, III, IV, V e VI) apresentaram diminuigdo da massa corporea, enquanto que o grupo Normal
(Grupo | - sem DPE) teve seu peso corporal aumentado. Os resultados da Tomografia evidenciaram
estrutura 6ssea saudavel no grupo | (Normal) enquanto os grupos teste exibiram perda 6ssea em
graus variados, com destaque para o grupo VI (Nao-Tratado), no qual se observou exacerbacdo da
doenca. Os grupos tratados com gel de Sambacaita a 5% (grupo Il) e gel de Sambacaita a 10%
(grupo IlIl) exibiram reducdo na reabsorcdo 6ssea quando comparados ao grupo que recebeu gel
Doxiciclina a 10% (grupo V). A andlise histopatoldgica do periodonto dos animais tratados com gel de
Sambacaita a 10% evidenciou maior preservacdo do periodonto de insercdo, além de discreto
infiltrado inflamatério gengival, semelhante ao grupo tratado com gel Doxiciclina 10%. De acordo com
os resultados, pode-se concluir que o EAHP teve uma forte atividade antibacteriana contra bactérias
Gram-positivas. O EAHP apresentou atividade antioxidante frente ao radical DPPH e contra radicais
peroxido. O EAHP inibiu significativamente a resposta nociceptiva induzida pela formalina, capsaicina
e glutamato em todas as doses testadas. A utilizacdo de gel a base de EAHP a 10% foi capaz
prevenir a perda de massa corpérea e reabsorcao 0ssea na DPE com efeito similar ao da Doxiciclina
a 10% (p<0,05).

Palavras-chave: Doenca Periodontal. Sambacaita. Hyptis pectinata. Gel dental.



ABSTRACT

PAIXAO, M.S. Evaluation of biological and pharmacological activity and formulation of a topical gel
dental of aqueous extract of Hyptis pectinata L. Poit. 2012. 150p. Thesis (phD in biotechnology) —
Federal University of Sergipe, Aracaju/SE, 2012.

The Hyptis pectinata L. Poit (Lamiaceae) is an aromatic specie and, in Sergipe,occurs naturally in the
wild. This study evaluated the aqueous extract phytochemical of H. pectinata (AEHP) leaves by
colorimetric and HPLC ("high performance liquid chromatography") methods which detected the
presence of phenols, tannins (condensed and catechins), saponins, alkaloids and free pentacyclic
triterpenes. We also assessed the AEHP antibacterial, antioxidant and antinociceptive activities in vitro
and in vivo the models, and also evaluated the anti-inflammatory effect of AEHP gels of 5% and 10%
in experimental periodontitis in rats, comparing with doxycycline gel 10% (positive control) and
vehicule gel (negative control). The antibacterial activity was tested against Citrobacter freundii,
Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus and
Streptococcus mutans strains by the agar diffusion technique. The growth of all bacterial strains tested
was inhibited by AEHP with a diameter of zone of inhibition ranging from 15 to 36mm and the
minimum inhibitory concentration values ranging from 12.5 to 1000 pg/mL-1. The results showed that
the AEHP had a strong antibacterial activity against Gram positive bacteria like Staphylococcus
aureus (ATCC # 25923) and Streptococcus mutans (ATCC # 27923). The AEHP reduced the DPPH
radical in 72.1% with an ECs, of 14.56 pg/mL. Also inhibited 40.8% of the lipid peroxidation induced by
AAPH in the TBARStest, showing activity against peroxide radicals. The orofacial antinociceptive
activity was evaluated in pretreated mice with AEHP (100, 200 and 400 mg/kg, v.0.) and morphine
(5magl/kg, i.p.), after receiving formalin (20 pL, 2%), glutamate (40 pL, 25 mM) and capsaicin (20 pL,
2.5 pg) causing orofacial nociception. The AEHP at all doses significantly reduced (p <0.001) the
nociceptive response in the first (43-62%) and second (47-80%) phases of the formalin test. The
AEHP effect (400 mg/kg) did not change in the presence of naloxone (1.5 mg/kg, i.p.), an opioid
antagonist. The AEHP significantly inhibited the nociceptive response by capsaicin (23-69%, p<0.05)
and glutamate (48-77%, p <0.001) at all doses. This study also examined the relationship between the
activity of periodontitis and changes in body mass and alveolar bone structure after induction of
Experimental Periodontal Disease (EPD) in rats with or without gel with the AEHP 5% and 10% based
treatment (TTO) comparing its effects with the 10% doxycycline gel. The gels were developed in the
pharmaceutical technology laboratory at the Federal University of Sergipe and immediately topically
applied to the gingival area after the induction of EPD, three times daily for 11 days. The bone
destruction evaluation was determined by clinical examination, histopathology and Cone Beam
Computed Tomography of the experimental animals jaws (n = 36). The periodontal disease was
induced by the placement of 3.0 nylon thread, involving the second molar of each animal of the fifth
test group (n = 30). The control group received no ligatures (n = 6). After 11 days of periodontitis
induction, the inter group comparison showed that all the groups that received ligation (group I, I, 1V,
V and VI) showed a decrease in mass, while the normal group (Group | - without EPD) was their body
weight increased. The results of the CT scan showed healthy bone structure in group | (Normal) while
the test groups showed varying degrees of bone loss, especially for the group VI (Non-Treaty),in
which we observed exacerbation of the disease. The groups treated with sambacaita 5% gel (Group
II) and sambacaita 10% gel (Group IIl) showed reduction in bone resorption compared to group that
received 10% doxycycline gel (Group V). The histopathological analysis of the animals periodontium
treated with 10% sambacaita gel showed greater preservation of periodontal insertion and mild
inflammatory infiltrate gum similar to the group treated with10% doxycycline gel. According to the
results, it can be concluded that the EAHP had a strong antibacterial activity against Gram-positive
bacteria. The AEHP showed antioxidant activity against the DPPH radical and against peroxide
radicals. The AEHP significantly inhibited the formalin, capsaicin and glutamate-induced nociceptive
response, at all doses tested. The use of gel-based AEHP 10% was able to prevent loss of body mass
and bone resorption in DPE with similar effect to Doxycycline 10% (p <0.05).

Keywords: Periodontal Disease, Sambacaita, Hyptis pectinata, Dental gel



LISTA DE ABREVIATURAS E SIMBOLOS

AAPH — Diidrocloreto de 2,2 azobis (2-amidinopropano)

ABTS — Acido 2,2’-azino-bis — (3 - etilbenzo-tiazolina-6-sulfonico)
ANOVA - Andlise de variancia

APGI — Acido graxo poliinsaturado

ATCC — Colecdo americana tipo cultura

CAT — Catalase

CEso — Concentracéo eficiente em 50%

CIM — Concentracao inibitéria minima

CLAE - Cromatografia liquida de alta eficiéncia

CL-EM - Cromatografia liquida acoplada ao espectro de massas
CL-RMN - Cromatografia liquida com detector para ressonancia magnética nuclear
CLSI — Clinica e Laboratério Instituto Padrao

DP — Doenca Periodontal

DPE — Doenca Periodontal Experimental

DPM — Desvio padrdo da média

DPPH — 2,2’-difenil-1-picril-hidrazil

EAHP — Extrato aquoso de Hyptis pectinata

EAG - Equivalentes de acido galico

ETA — Extrato total aquoso

FT — Fenais totais

GD10% - Gel de Doxiciclina 10%

GS5% - Gel de Sambacaita 5%

GS10% - Gel de Sambacaita 10%

GV - Gel Veiculo

NT — Nao-tratado

IP — Percentual de inibicao

LPO - Lipoperoxidacao

MDA — Malondialdeido

MMP - Metaloproteina

NCCLS - Comité nacional para padrées clinicos de laboratorio



ND — N&o determinado

NO- — Oxido nitrico

O, — Oxigénio

OMS - Organizacao Mundial da Saude
ONOO- - Radical peroxinitrito

pH — Potencial de hidrogénio

RL — Radicais livres

TBA — Acido tiobarbiturico

TBARS — Substancias reativas ao &cido tiobarbiturico
TTO - Tratamento

UFC - Unidade Formadora de Colonia

10



SUMARIO

LINTRODUGAO........oooieieeeeeeee e,
2 OBJIETIVOS.... .ottt ettt sttt st ne b
3 REVISAO DE LITERATURA . .....coooeieeeeteee e estess st
3.1 — ADOENGCA PERIODONTAL (DP)..ccottiiiiiiiieiiee e

e Periodonto e Doencas ou Condi¢Oes SIStEMICAS..........cevverveieereeriesieeseaeens

e Doenca Periodontal Experimental — DPE............cccccvoviviieieiie s,

e Diagnostico da Doenca Periodontal............cccocviveiieiiiiciecc e,

o Tomografia Computadorizada de Feixe Conico (“Cone Beam”)......
3.2—-ANTIMICROBIANOS NA TERAPIA PERIODONTAL.....c..ccccevvevirrennee.
3.3—- PRODUTOS NATURAIS NA ODONTOLOGIA.........ccoeeeeeeeeece e

e A Hyptis pectinata L. Poit — “Sambacaita”......cccceeeeveecnosanssarieerrnerneennnnn.
4 CAPITULO | — Artigo Cientifico — Hyptis pectinata: Redox protection and
orofacial antiNnOCICEPLION. .........cviiiiii et
5 CAPITULO 11 - Artigo Cientifico — Hyptis pectinata gel prevents resorption
alveolar bone in periodontitis experimental in ratS ..........ccocoeieiiniiinieiciece
6 CAPITULO 111 — Artigo Cientifico —Phytochemistry and antibacterial activity
of Hyptis pectinata L. Poit (Laminaceae) aqueous eXtract............cccooevvvvrirvriricieeenenn,
7 REFERENCIAS. ..ottt
8 APENDICE........ooiiiiieeieieie ettt
O AINEXOS..... .ottt ettt bbbttt ettt ettt ne et

11

12
15
16
16
17
27
32
32
38
45
51

58

83

105

126

139
143



1 Introducao

Em muitas comunidades e grupos étnicos, o conhecimento sobre plantas
medicinais € transmitido entre as geracdes e representa, muitas vezes, o Unico
recurso terapéutico ao seu alcance. No Brasil, plantas medicinais sdo vendidas em
mercados publicos e feiras populares ou, encontradas em cultivo doméstico
(MACIEL et al., 2002).

A maioria das novas drogas tem origem de produtos naturais (metabdlitos
secundarios) e de compostos derivados de produtos naturais. Atualmente, mais de
100 drogas baseadas em produtos naturais encontram-se em estudos clinicos,
representando um aumento de cerca de 30% entre 2001 e 2008 (Li et al., 2009).

Nos ultimos anos, vem ocorrendo no Brasil um aumento acentuado no uso de
plantas medicinais. No entanto, existe uma caréncia de estudos cientificos sobre a
atividade terapéutica e efeitos adversos da maioria desses produtos, ndo havendo
preocupacao, portanto, com a eficacia e o uso seguro dos mesmos (NASCIMENTO,
2005).

A utilizacdo de produtos naturais associada ao tratamento preventivo poderia
reduzir a alta incidéncia de doencas que afetam o elemento dental, como a doenca
periodontal (JUIZ et al, 2010).

Os quadros patologicos da gengivite e da periodontite, afec¢cdes bucais mais
prevalentes no Brasil, merecem especial atencdo em comunidades carentes,
especialmente no Nordeste brasileiro, onde os individuos acometidos geralmente

apresentam quadros muito evoluidos, acompanhados da deterioracdo da unidade
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dental bem como do seu suporte 6sseo (BOTELHO et al., 2007). Dados do
Ministério da Saude apontam esta regidao com indices alarmantes com apenas 22%
dos adultos e 8% dos idosos com saude periodontal (BRASIL, 2004).

O carater destrutivo das doencas periodontais e sua progressao Ssao
dependentes da presenca da placa gengival supra e subgengival. Dentre as
espécies envolvidas na doenca periodontal, destacam-se Porphyromonas gingivalis,
Prevotella intermedia, Actinobacillus actinomycetemcomitans, Bacteroides forsythus,
Fusobacterium  nucleatum, espécies de Selenomonas, Campylobacter,
Capnocytophaga e Eikenella corrodens (SLOTS & RAMS, 1992). Em resposta a esta
infeccdo, o hospedeiro representa um papel importante na patogenia da doenca
periodontal através da producdo de enzimas e outros mediadores enddgenos da
resposta inflamatoria, sendo responsavel por grande parte da destruicdo tecidual
observada através de parametros clinicos e histopatoldgicos (LINDHE, 2005).

A periodontite, uma relevante causa de perda de dentes em adultos, é uma
doenca inflamatoria cronica que se caracteriza pela reabsor¢cdo Ossea localizada
(CHAMBRONE & CHAMBRONE, 2006).

As diferencas clinicas na severidade e prevaléncia da periodontite podem ser
explicadas pela presenca de fatores ou indicadores de risco tais como idade, padrao
de higiene bucal, habito de fumar, diabetes, microrganismos periodontopatogénicos,
estresse, imunodeficiéncias congénitas ou adquiridas, fatores genéticos e outros
(GARCIA, 2001).

A aplicacdo local dos antimicrobianos em sitios comprometidos tem
apresentado resultados satisfatérios. Estudos indicam a utilizacdo local desse gel

antimicrobiano como forma definitiva de tratamento, eliminando o procedimento de
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raspagem e alisamento radicular, apresentando resultados efetivos no combate a
Doenca Periodontal (POLSON et al., 1997; GARRETT et al., 1999).

Pesquisas recentes tém indicado a utilizacéo local do gel de doxiciclina como
forma isolada de tratamento, sem o procedimento de raspagem e alisamento
radicular, apresentando resultados efetivos no combate a doenca periodontal
(MACHION, 2006).

A pesquisa utilizando plantas medicinais vem recentemente apresentando
novas estratégias de tratamento para varias afeccdes bucais.

A Hyptis pectinata (L). Poit. (Lamiaceae), planta medicinal utlizada no
presente estudo, € uma espécie aromatica e em Sergipe e Alagoas ocorre
naturalmente de forma selvagem em campos, matas e estradas e em volta de
residéncias, sendo vastamente utilizada para problemas gastrintestinais
(CARVALHO et al., 1999).

A utilizacdo dessa planta no uso popular é bastante comum, pois é facilmente
encontrada em hortas e jardins. O seu uso mais freqiiente € a ingestdo na forma de
chas (decoccdes ou infusdes) e bochechos, sendo considerada um antiiinflamatério
natural (CARVALHO, 1999).

Diante do exposto, justifica-se a conducdo de trabalhos de pesquisa que
possibilitem uma avaliacdo mais precisa das interacdes entre microrganismos,
produtos naturais e o controle das doencas periodontais e suas consequéncias para

0 organismo.
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2 Objetivos

Objetivo Geral:

= Investigar as propriedades fitoquimicas e farmacolégicas do extrato aquoso das
folnas da Hyptis pectinata (L.) Poit (“Sambacaitd”) e os efeitos do gel dental

preparado com esse extrato ha Doenca Periodontal Experimental em roedores.
Objetivos Especificos:

= Tracar o perfil fitoquimico do extrato aquoso obtido das folhas da H.pectinata
(EAHP) através de métodos colorimétricos e HPLC,;

= Avaliar a atividade antimicrobiana in vitro do EAHP frente a microorganismos de
importancia clinica para a doenca periodontal,

= Avaliar a atividade antioxidante in vitro do EAHP contra a lipoperoxidacéo
provocada pelo indutor dicloreto de 2,2"-azobis (2-amidino-propano) (AAPH);

= Avaliar a atividade antioxidante in vitro do EAHP através do método do radical
2,2-difenil-1-picrilidrazina (DPPH);

w Avaliar a atividade antinociceptiva do EAHP através do modelo de dor orofacial
induzida por formalina, glutamato e capsaicina em camundongos;

= Desenvolver um gel dental a base de EAHP;

= Avaliar o efeito da aplicacéo local do gel dental de H. pectinata no modelo de
doenca periodontal experimental em ratos, através da andlise histopatologica e
Tomografia Computadorizada de Feixe Conico:

o No indice de perda 6ssea;

o Na massa corpérea.
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3 Revisao de Literatura

3.1 A Doenca Periodontal
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As doencas gengivais e periodontais, em suas varias formas, tém afligido a
espécie humana desde os primordios da histéria. Pesquisas em paleontologia tém
indicado que a doenca periodontal destrutiva, evidenciada pela perda 6ssea, afetou
0s primeiros humanos em diversas culturas, tais como o antigo Egito e a primitiva
América Pré-Colombiana (CARRANZA et al., 2007).

A doenca periodontal é atualmente a afeccédo bucal de maior prevaléncia e
incidéncia, constituindo um dos maiores problemas de saude publica na odontologia
brasileira. Na verdade nado constitui uma afeccdo apenas, mas um grupo de
problemas ou doencas que ganham importancia cada vez maior. Sendo assim, sao
responsaveis pela maioria das dores e perdas dentais, que tém por principal causa o
biofilme bacteriano devido as méas condicbes de higienizacdo (BERNIMOULIN,
2003).

A resposta imune de cada individuo tem um papel importante no inicio e
progressdo desta doenca e pode ser influenciada por fatores de risco, biolégicos e

comportamentais (KORNMAN & PAGE, 2000).

Periodonto e Doencas ou Condi¢cdes Sistémicas:

O periodonto é constituido por gengiva, ligamento periodontal, cemento
radicular e osso alveolar. As principais fungcbes dos tecidos periodontais incluem a
insercéo das estruturas dentarias no tecido 6sseo dos maxilares e a manutencéo da
integridade da superficie da mucosa mastigatéria da cavidade oral. O periodonto
forma, assim, uma unidade de desenvolvimento biolégico e funcional, que sofre

alteracbes com a idade e, além disso, esta sujeito a alteragbes morfoldgicas
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relacionadas com modificagdes funcionais do microambiente oral (POLIMENI et al,
2006).

O quadro clinico dos tecidos gengivais sadios apresenta-se com uma
coloracdo palida, tendo a sua superficie um aspecto granuloso e um tom
consistente. A natureza insidiosa da doenca periodontal é indicada pela ocorréncia
de uma inflamacao gengival podendo mesmo levar a perda parcial ou completa dos
dentes (McDONALD et al, 1995).

E sabido que a formacdo da placa bacteriana é o desencadeador dos
processos patolégicos que acometem a estrutura do elemento dental e o tecido de
suporte dentario. Assim, o controle da formacdo da placa bacteriana é
imprescindivel quando se quer controlar o desenvolvimento da periodontite (JUIZ et
al., 2010).

A placa bacteriana caracteriza-se por uma pelicula ndo calcificada, que
apresenta forte adesé@o as superficies dentarias, resistindo desta forma a presenca
do fluxo salivar. O termo biofiime é usado para denominar uma comunidade
microbiana estruturada, suspensa numa matriz exopolissacaridica, que adere a uma
superficie (WILSON, 2001). A associacao dos microrganismos em biofilmes constitui
uma forma de protecdo ao seu desenvolvimento, fomentando relagdes simbioticas e
permitindo a sua sobrevivéncia em ambientes hostis. O biofilme constitui deste modo
um depdsito bacteriano e de constituintes salivares, com um crescimento continuo,
sendo considerado a principal causa de doencas como a carie e a periodontite
(ROSAN & LAMONT, 2000).

O controle do biofilme dental (placa bacteriana) é assunto de bastante

interesse para a Odontologia preventiva, por ser este 0 agente etiologico
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preponderante no surgimento da carie dentaria e da doenca periodontal. Portanto, a
saude bucal depende em grande parte do controle da formacdo e desenvolvimento
do biofilme bacteriano através da higienizacdo e utilizacdo de um arsenal de
produtos, tais como: dentifricios, anti-sépticos orais, fio dental, uma boa escova, que
nem sempre sao disponiveis a grande parte da populacao.

Dentre os microrganismos colonizadores do biofilme dental, o Streptococcus
mutans, um dos agentes etiolégicos da carie dental, facilita a colonizacdo de
microrganismos anaerébios. Assim, o controle do crescimento do S. mutans
resultard na prevencéo também da periodontite (JUIZ et al., 2010).

Foi descrito no processo de colonizacdo do biofiime que os primeiros
microrganismos a se agregarem sdo 0s cocos Gram-positivos, especialmente 0s
Streptococcus mutans e sanguis, fusobactérias, espirilos e espiroquetas. A
colonizacdo ocorre nas primeiras oito horas de forma rapida e seletiva a pelicula
adquirida (NEWBRUN, 1988). A composi¢cao do biofilme varia de acordo com a
idade e a dieta, mas geralmente é composta por cerca de 80% de agua e 20% de
sOlidos, dentre estes, bactérias e polimeros extracelulares secretados pelos
organismos e aqueles derivados do meio ambiente (GENCO, 1996).

Os Streptococcus do grupo mutans sdo pandémicos, sendo isolados de
populacdes de diversas origens étnicas e sécio-econdmicas. A concentracdo do
grupo Streptococcus mutans na saliva humana tem uma variacao que vai desde ndo
detectavel até 10" UFC/mL, com concentracdo média de 10° UFC/mL de saliva
(BERNIMOULIN, 2003).

Com o desenvolvimento da microbiota da placa, tanto o aumento da

guantidade de bactérias ja existentes como 0 aparecimento de novas espécies,
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levam a alteracdes inflamatorias que caracterizam a gengivite. Quando o processo
inflamatorio progride em direcdo ao ligamento periodontal, com formacéo de bolsas
periodontais, este processo € denominado periodontite (RODRIGUES, 2002).

As alteracfes que afetam o periodonto, de forma dependente da acumulacao
do biofilme oral, sé@o classificadas em duas categorias gerais: gengivite e
periodontite. Na gengivite verifica-se a presenca de inflamacédo gengival, sem perda
de adesdo do tecido conjuntivo do ligamento periodontal; enquanto que, na
periodontite verifica-se a existéncia de inflamacdo gengival associada a migracao
apical do epitélio de adesdo, com perda de tecido conjuntivo e 0sso alveolar. A
saude periodontal implica a auséncia de qualquer tipo de patologia periodontal,
associada a existéncia do biofilme oral (KWOK & CATON, 2007).

Segundo a Academia Americana de Periodontologia (1999), entende-se como
gengivite uma inflamacao resultante da presenca de bactérias ha margem gengival,
podendo difundir-se por toda a unidade gengival remanescente. A intensidade dos
sinais e sintomas clinicos pode variar em funcéo dos individuos e dos locais numa
denticdo (AMERICAN ACADEMY OF PERIODONTOLOGY, 1999).

A periodontite € uma patologia de base imuno-inflamatéria, caracterizada pela
destruicdo progressiva das estruturas de suporte dentario. Com a evolucdo da
doenca, estes tecidos vao sendo, progressivamente, destruidos, o que resulta numa
perda de aderéncia entre o0 dente e as estruturas de suporte. Diversos sinais
clinicos, como a hemorragia gengival pés-sondagem, eritema, edema e supuracao
na margem gengival, estdo associados a evidéncia clinica da periodontite; contudo,
o diagnostico definitivo € determinado pela avaliacdo da profundidade na sondagem

periodontal e a avaliagcdo do nivel da crista 6ssea, apos a realizagcdo de um exame
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radiogréafico intra-oral. Assim, o principal objetivo da terapia periodontal é a reducéo
da profundidade de bolsa, evitando a progressdo da doenca periodontal.
Geralmente, esse objetivo é alcancado com a terapia ndo-cirdrgica em pacientes
diagnosticados com periodontite moderada. Em casos mais avancados,
nomeadamente em defeitos intradsseos e defeitos de furca, o tratamento deve ser
suplementado com terapia periodontal cirdrgica (LINDHE et al., 2005).

Apesar de apresentar as mesmas caracteristicas clinicas da gengivite, a
periodontite ocorre quando ha destruicdo do ligamento periodontal e migracéo apical
do epitélio de unido. Verifica-se deste modo a existéncia de um acumulo de placa
bacteriana, ao nivel dos tecidos mais profundos, causando uma perda de insercéo
por destruicdo do tecido conjuntivo e por reabsorcdo do o0sso alveolar.
Macroscopicamente, a gengiva apresenta-se eritematosa com sinais de inflamacéo.
No entanto, esta caracteristica pode ndo estar presente, como acontece nos
pacientes fumadores nos quais a vasoconstriccdo provocada pelo tabaco simula
auséncia de inflamacédo (AMERICAN ACADEMY OF PERIODONTOLOGY, 1999).

Sabe-se que nem toda gengivite evolui para periodontite e ndo se sabe
guando essa evolucao pode ocorrer: de gengivite a periodontite. Com a proliferacéo
bacteriana, ocorre aumento na producdo de citocinas pro-inflamatérias por
macrofagos (IL-1B), fator de necrose tumoral alfa (TNF-a) e prostaglandina E;
(PGE,), resultando na sequéncia de eventos que poderdo provocar destruicdo do
tecido conjuntivo e do osso alveolar (LINDHE, 2005). A IL-1B é potente indutora de
reabsorcdo 6ssea e inibicdo da formacdo do osso, pela estimulacdo da sintese de
prostaglandinas, tromboxanas, colagenases e proteases. Também pode

potencializar a desgranulacdo de neutrofilos, aumento da adesdo leucocitaria ao
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endotélio vascular e estimulacdo de fibroblastos e ceratécitos. Esses efeitos pro-
inflamatorios promovem uma acdo vasodilatadora, aumentando a permeabilidade
vascular e atuando como mediadores da desmineralizacdo Ossea, acarretando
agravo e perpetuacao da reacao inflamatoria (ROXO JUNIOR & GABRIELLI, 2004).

A perda de suporte devido a destruicdo do osso alveolar € uma das
caracteristicas e sinais da doenca periodontal. A extenséo e a severidade da perda
de osso alveolar podem ser avaliadas clinica e radiograficamente, sendo de extrema
importancia na determinacédo do diagndstico, plano de tratamento e prognéstico da
patologia (PAPAPANOU & TONETTI, 2000).

Os principais aspectos histopatolégicos da periodontite sdo acumulo de
infiltrado inflamatério no tecido conjuntivo adjacente a bolsa periodontal, destruicéo
das fibras do ligamento periodontal, migracdo apical do epitélio juncional e
reabsorcdo da crista 0ssea alveolar. Sua origem € multifatorial e sua prevaléncia é
estimada em 30% a 40% da populagcéo adulta (PAIVA & ALMEIDA, 2005).

O evento inicial da resposta do hospedeiro corresponde ao recrutamento e
migracdo de leucécitos polimorfonucleares neutréfilos (PMN) para o local da
infeccdo periodontal. Os neutréfilos sdo importantes na protecdo do periodonto
contra infec¢cbes bacterianas liberando substancias como lisozima, lactoferrina,
fosfatase alcalina, hidrolases acidas, proteinas catibnicas e, também,
mieloperoxidase (MPO) capazes de eliminar os microrganismos (OVER et al., 1993).
Contudo, a liberacdo das enzimas lisossomais e de radicais de oxigénio pode
promover destruicdo tecidual (LIU et al., 2001).

A infiltracdo dos PMN e sua ativacdo nos tecidos inflamados sdo mediadas

por quimiocinas, moléculas de adesdo e citocinas, tais como: IL-8, molécula de
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adesao intercelular-1 (ICAM-1), IL-1B e TNFa. Em contrapartida, os neutrofilos
ativados podem produzir mais destes mediadores levando a uma auto-amplificagédo
do recrutamento e da ativagdo dos PMN, perpetuando a resposta inflamatoria e a
destruicédo tecidual (LIU et al., 2001).

As lesdes 6sseas podem ser diferenciadas em defeitos supradsseos, defeitos
intradsseos, defeitos interradiculares ou de furca. De acordo com a classificacdo de
Goldman & Cohen (1958) os defeitos supradsseos sdo aqueles que se situam na
base da bolsa, que se encontra coronalmente a crista alveolar. Os defeitos
intradsseos sdo definidos pela sua localizagédo apical da base da bolsa em relacdo a
crista alveolar residual. Estes defeitos tém sido classificados de acordo com a sua
morfologia em termos de paredes 6sseas, largura do defeito (ou angulo radiogréfico)
e em termos da sua extensao topografica a volta do dente. A classificacdo mais
frequentemente utilizada tem por base a avaliacdo do niumero de paredes residuais.
Deste modo, podem ser identificados defeitos de trés paredes 6sseas, duas paredes
Osseas e de uma parede Ossea. Frequentemente, os defeitos intradsseos
apresentam uma anatomia complexa que engloba um defeito 6sseo de trés paredes
alveolares na porc¢do mais apical, e um componente de uma ou de duas paredes nas
porcBes mais coronais. A cratera interproximal € definida como um defeito 6sseo em
forma de bacia, no osso alveolar interdentario, com perda 6ssea em raizes vizinhas
ou em dois dentes contiguos, numa posi¢cdo mais coronal da crista alveolar palatina
ou lingual (TONETTI, 2007).

A lesdo periodontal € constituida por diversos tecidos biologicos,
nomeadamente uma superficie dentaria mineralizada n&o-vascularizada, tecido

conjuntivo e epitélio gengival. Logo ap0s a instrumentacgao cirirgica ou ndo-cirargica
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dos tecidos lesados ocorre a formacédo de um coagulo sanguineo, na interface entre
o dente a margem gengival. A formacdo do coagulo é iniciada pelos elementos
sanguineos que migram para a superficie da raiz, durante o procedimento, de uma
forma, aparentemente, aleatéria. O coagulo é estabilizado por uma rede de fibrina
gue assenta sobre a superficie radicular. Passadas algumas horas, o0 processo
inflamatorio € desenvolvido e mantido por células da resposta inflamatéria aguda,
predominando neutréfilos e mondcitos. Em trés dias, a fase tardia da inflamacéo é
dominante, ocorrendo a migracdo e o recrutamento de macréfagos, para a ferida
operatoria, seguido da formacao do tecido de granulacdo. Aos sete dias, a aderéncia
do tecido conectivo podera ser verificada na superficie radicular. Contudo, areas
com coagulo de fibrina, em varios estagios de maturacdo poderdo ainda ser
observadas, dependendo do tamanho da ferida e dos recursos teciduais do
microambiente local (WIKESJO et al, 2003).

A presenca de bactérias e suas toxinas estimulam neutrdfilos, fibroblastos,
células epiteliais e monadcitos. Os neutrdéfilos libertam as metaloproteinases (MMP)
que levam a destruicdo do colageno. As restantes células envolvidas promovem a
libertacao de prostaglandinas (PG), especialmente PGE;, que por sua vez induzem a
libertacdo de citocinas, entre as quais interleucina 1 (IL-1), interleucina 6 (IL-6) e
factor de necrose tumoral (TNF), que conduzem a reabsor¢cdo Ossea atraves da
estimulacdo dos osteoclastos. Estas células, ainda que indiretamente, levam
também a lise do colagéneo por estimulacdo das MMP (KORNMAN & PAGE, 2000).

Sabe-se que aspectos relacionados as condigcbes socioecondmicas e de
qualidade de vida, no que tange aos cuidados a saude e acessO aos Servigos

odontologicos, podem ter influéncia no acometimento pelas doencas periodontais e
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também parece existir uma predisposi¢cao biolégica para algumas de suas formas,
possivel explicacdo para aqueles casos em que a quantidade de placa bacteriana
nao € compativel com o grau de inflamacao encontrado (ARMITAGE, 2004).

A doenca periodontal também é influenciada por patologias e condicGes
sistémicas como diabetes, desordens hematoldgicas (leucoses, trombocitopenia),
sindromes genéticas, sifilis, herpes, agranulocitose e deficiéncias vitaminicas.
AlteracOes fisiologicas hormonais podem exacerbar a resposta inflamatéria a placa
bacteriana na fase puberal, durante a gravidez e com o uso de anticoncepcionais. O
consumo abusivo de alcool e o vicio de fumar sao considerados importantes fatores
de risco, bem como o uso de medicamentos como fenitoina, nifedipina e ciclosporina
(MASCARENHAS et al., 2003).

A saulde sistémica estd frequentemente associada a situacdo da cavidade
bucal. Muitas doencas e condicfes sistémicas tém manifestacdo bucal. Da mesma
forma, as infeccBes microbianas bucais podem também afetar o estado de saude
geral. De fato, estudos baseados em animais, inclusive seres humanos, sugerem
que as doencas periodontais podem estar relacionadas a doencas e condicdes
sistémicas como as cardiopatias (AMAR & HAN, 2003).

Varios autores tém sugerido que o aumento do numero de bactérias
periodontais no interior da bolsa periodontal pode resultar na penetracdo de
bactérias e de seus produtos nos tecidos gengivais. Assim, as bactérias
subgengivais podem ter acesso aos tecidos subjacentes do hospedeiro e,
finalmente, ao sistema vascular (CRUZ et al., 2005; LAZO et al, 2006).

Leivadaros et al. (2005) citam a presenca de periodontopatégenos como

Porphyromonas gingivalis, Prevotella intermedia, Tamerella forsythensis e
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Actinobacillus actinomycetemcomitans nos pacientes com doencas
cardiovasculares.

Machado et al. (2004) relatam que a doenca periodontal e as doencas
cardiovasculares sao frequentemente encontradas e compartilham fatores de risco
semelhantes, como idade, habito de fumar, estresse emocional, situacéo
socioeconémica e gordura corporal.

Um estudo efetuado no Norte de Portugal, em 2005, concluiu que nos
fumadores ha um risco acrescido de desenvolvimento de periodontites em seis
vezes (SALAZAR, 2006).

A condicao periodontal de pacientes gestantes verificada por meio de indices
gengivais e periodontais tem sido relatada por inUmeros pesquisadores da area. Os
conhecimentos obtidos através desses estudos mostram a importancia do bem estar
fisico e emocional da gestante ndo sé para uma melhor evolucédo da gestacdo do
ponto de vista fisico, mas também para o nascimento de crian¢cas mais saudaveis e
tranquilas, com perspectivas positivas de um desenvolvimento integral e seguro
(HONKALA & AL-ANSARI, 2005).

Durante a gravidez, com muita freqiéncia, tém-se relatado mudancas no
aspecto gengival das pacientes, com uma tendéncia ao agravamento da gengivite,
tornando-se mais perceptivel frente a presenca de irritantes locais. Tais mudancas,
como hiperemia, edema e sangramento gengival, estao relacionadas a fatores como
deficiéncias nutricionais, altos niveis hormonais, presenca de placa bacteriana,
assim como o estado transitorio de imunodepressdo (HONKALA & AL-ANSARI,

2005).
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A associacao significativa entre a gravidade da doenca periodontal e recém-
nascidos de baixo peso sugere a possibilidade de que a doenca periodontal na
gravidez seja fator de risco para o nascimento de recém-nascidos com baixo peso
(MARIN et al., 2005).

O mais famoso e citado estudo a respeito deste assunto foi realizado por
Offenbacher et al. (1996) constando de 124 mulheres gravidas que foram
examinadas ap0s no maximo trés dias em que deram a luz, chegando-se a
conclusdo de que as mulheres que tiveram bebés prematuros de baixo peso
apresentavam um significativo grau de destruicdo periodontal, diferentemente
daquelas que tiveram filho em tempo normal. Sendo assim, 0s autores apontaram
uma hipbtese em que patdgenos anaerdbios gram-negativos do periodonto e a
associacdo com endotoxinas e mediadores inflamatorios maternos poderiam ser um
possivel efeito adverso no desenvolvimento do feto.

A periodontia encontra-se atualmente, com um grande numero de
pesquisadores se concentrando em estudar as alteragbes que a doenca periodontal
pode causar em locais distantes levando ao aparecimento de uma nova linha de
pesquisa denominada de “Medicina Periodontal” que, segundo conceito proposto por
Williams e Offenbacher (2000) corresponde a uma ampla definicdo atribuida a um
ramo emergente da Periodontia, preocupado em enaltecer dados cientificos que
apontem para um relacionamento bidirecional das doencas periodontais e condicdes

gerais dos individuos, aonde uma pode afetar negativamente a outra e vice-versa.

Doenca Periodontal Experimental — DPE
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A experimentacdo animal contribui sobremaneira para o desenvolvimento da
ciéncia e da tecnologia, promovendo ao longo dos anos a descoberta de medidas
profilaticas e tratamentos de enfermidades que acometem o0s seres humanos
(CHORILLI et al., 2007)

Em pesquisa periodontal, o cdo beagle, o primata e o rato sdo os espécimes
mais usados para o0 estudo da etiologia, patogénese e terapia de doencas
periodontais inflamatoérias cronicas. Dentre os animais citados, o rato (Rattus
novergicus) € o mais comumente empregado por constituir alternativa barata, de
facil obtencdo e manuseio, 0 que propicia a utilizacdo de grandes amostras. Além
disso, existe entre esse animal e 0 homem uma similaridade anatémica, imunoldgica
e bioquimica dos tecidos periodontais, bem como uma semelhanca histopatologica
e, em parte, microbiolégica, no que diz respeito as doencas periodontais, podendo
ser criado em condicéo livre de germes, favorecendo a inducdo de imunodeficiéncia
(SUSIN & ROSING, 2002).

A anatomia dentéria do rato é composta por quatro dentes incisivos, que
apresentam crescimento continuo e nédo tém raizes, e doze molares, em nimero de
trés em cada hemiarcada, com epitélios gengival, sulcular e oral, fibras colagenas,
cemento celular e acelular e osso alveolar, semelhantes aos dentes dos humanos,
existindo apenas uma diferenca, o0 epitélio sulcular gengival do rato, que é
queratinizado (CARVALHO, 2010).

Os aspectos clinicos, radiograficos e histoldégicos das doencas periodontais
em ratos sdo parecidos com aqueles observados em humanos. As estruturas
periodontais dos ratos podem ser modificadas de forma patoldgica, pela inducao de

doenca periodontal ou pelos processos fisioldégicos que continuamente remodelam o

28



0sso alveolar ao longo do tempo. Essas alteracées podem ser mensuradas pelos
meétodos histométrico, radiografico e morfométrico. Esses métodos possibilitam de
quantificar as alteracbes teciduais ocorridas nos animais até o momento de seu
sacrificio (KLAUSEN, 1991).

Dentre os modelos utilizados na Doenca Periodontal para inducédo de perda
Ossea alveolar em rato, destacam-se: i) o0 modelo de periodontite induzida por
colocacdo de ligadura, utilizado por varios pesquisadores (SALLAY et al., 1982;
LIMA et al., 2000; BEZERRA et al., 2009); ii) o modelo por inoculagdo de toxinas
bacterianas-lipopolissacarideos (WADA et al., 2004); iii) com introducdo de
microorganismos patogénicos (JORDAN; KEIS; BELLACK, 1972) e iv) por
manipulacdo na dieta (GALVAO et al., 2003).

O modelo de progresséo da doenca periodontal em ratos pode ser obtido com
a utilizacao de ligaduras de fio de algodédo ou seda ao redor da cervical dos dentes,
no nivel do sulco gengival, permitindo o acumulo de biofilme bacteriano e
provocando inflamacéo gengival, independente do tipo de dieta (GALVAO et al.,
2003).

Galvao et al. (2003) realizaram um estudo com o objetivo de apresentar a
técnica e o método de descricAo das caracteristicas histolégicas da doenca
periodontal induzida, através de ligaduras com ou sem dieta rica em sacarose, em
ratos da raca Wistar. Os animais foram acompanhados por um periodo de 30 dias. A
doenca periodontal nos ratos foi induzida por bactérias periodontopatogénicas por
meio da confeccdo de ligaduras com fio de seda na regido cervical do dente,
permitindo o acumulo de microrganismos subgengivalmente. Os animais foram

submetidos a uma dieta rica em sacarose, a qual favoreceu o acumulo natural dos
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microrganismos na regido cervical. Pela analise histolégica descritiva do estudo, foi
possivel constatar que o uso de ligaduras, na regido subgengival dos molares foi
capaz de promover o processo inflamatorio crénico nos ratos, independente do tipo
da dieta.

Cavagni et al. (2005) induziram inflamacgé&o periodontal ao redor dos segundos
molares superiores, através da colocacao de ligaduras, onde os lados contralaterais
serviram de controle intra-grupo. O grupo experimental foi dividido em 2 subgrupos:
Grupo teste, onde os ratos receberam 0,5 mg/kg de dexametasona
subcutaneamente a cada 3 dias durante 30 dias e o0 grupo controle que recebeu
solucéo salina estéril. A dexametasona foi associada ao aumento de perda éssea
alveolar na periodontite induzida por ligadura em relacdo ao grupo controle. Os
resultados, portanto, demonstram a capacidade de drogas anti-inflamatérias
modularem a resposta do hospedeiro.

Gurgel (2003) utilizou um modelo de indugéo de doencga periodontal em ratos
Wistar, através da colocacao de ligadura (fio de algod&o) no nivel do sulco gengival
do primeiro molar inferior, para observar a influéncia de um antiinflamatério ndo
esteroidal (meloxicam), sobre a perda Ossea inter-radicular. A reabsorcéo 6ssea foi
evidente aos 15 e 45 dias de experimento nos dentes com ligaduras e na presenca
do meloxicam, sendo o volume de perda 0ssea menor no grupo que recebeu a
ligadura e o meloxicam por 45 dias, indicando que estes modelos parecem
reproduzir um processo inflamatério, tanto nas suas caracteristicas clinicas, bem
COmMo na sua resposta frente a terapias antiinflamatorias.

Kuhr et al. (2004) avaliaram, através de 2 métodos, a destruicdo periodontal

seguinte a periodontite induzida experimentalmente pela colocacao de ligaduras de
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seda ao redor da cervical dos segundos molares maxilares, em ratos Sprague —
Dawley na idade de 4-5 meses. Foram formados 5 grupos: C1 — ratos sem ligadura,
sacrificados no dia 1; C60 — sem ligadura, sacrificados no dia 60; grupos L15, L30 e
L60 — ratos com ligadura, sacrificados nos dias 15, 30 e 60, respectivamente. Os
dentes que receberam ligadura exibiram maior perda O0ssea do que as areas
controle. A perda Gssea foi dependente do fator idade, sendo a maior perda 6ssea
observada entre os grupos C1 e L15. Entre os grupos C60 e L60 foi observado
suave aumento desta perda, somente por 1 dos métodos. Concluiu-se, portanto, que
este modelo pode ser aplicado para pequenos periodos de observacéao (< 15 dias).

Nassar (2008) avaliou o efeito da Sinvastatina em ratos submetidos a
periodontite experimental e imunossuprimidos por Ciclosporina-A e Tacrolimus
(FK506). Foram utilizados 320 ratos divididos em 32 grupos e em diferentes
periodos de 15, 30 e 60 dias associados ou ndo a periodontite experimental e/ou a
administracdo diaria de CsA (10mg/kg por peso corporal), FK506 (1mg/kg por peso
corporal ) e Sinvastatina (20mg/kg por peso corporal). Os resultados demonstram
que a Sinvastatina parece promover um bom efeito protetor sobre a CsA,
principalmente na presenca de doenca periodontal induzida, enquanto que com o
FK506, ela ndo mostrou este efeito, uma vez que 0 mesmo parece minimizar a
progressao da doenca periodontal em modelos animais.

Botelho et al (2010) avaliaram o efeito antiinflamatério do Diclofenaco
Dietilaménio gel (DD) na fase aguda da periodontite, utilizando um modelo
experimental por ligadura em ratos. Os autores concluiram que o DD (10 mg/g) foi

capaz de reduzir a inflamacéo gengival.
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Na rotina odontologica veterinaria, a radiografia intra-oral € o exame
imagenologico de escolha, indicado para avaliacdo e diagnostico de uma série de
alteracdes dentarias e de outras estruturas da cavidade oral, devendo, sempre que
possivel, ser realizado por ocasido da primeira consulta odontolégica dos animais
(TSUGAWA & VERSTRAETE, 2000).

Apesar de a tomografia computadorizada de feixe conico ser empregada na
rotina de diagndésticos de enfermidades dentarias em pacientes humanos (SCARFE
et al., 2006), na Medicina Veterinaria foi encontrada apenas a citacdo de ROZA et al
(2008), que padronizaram a técnica para auxiliar no diagnostico de alteracbes
estomatognaticas em cdes e gatos. Devido ao sucesso obtido, os autores
recomendaram o método como exame auxiliar no diagndstico de enfermidades
como lesdo de reabsorcao dentaria dos felinos, alteracées na articulacdo témporo-
mandibular, traumas faciais, doenca periodontal e planejamento implantodéntico.

A Tomografia Computadorizada de Feixe Conico surgiu como alternativa
diagndstica viavel de facil execucdo e custo acessivel, possibilitando a identificacéo

de diversas alteracfes orais dos animais domésticos (ROZA et al., 2008).

Diagnostico da Doenca Periodontal:

Tomografia Computadorizada de Feixe Conico (“Cone Beam”)

Na Odontologia, o processo diagndéstico € realizado rotineiramente, desde
diferenciar processos de saude/doenca, até determinar o estagio/severidade da
doenca para escolher a melhor alternativa terapéutica e determinar de maneira mais

acurada o prognostico para o caso (ARMITAGE, 2004).
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Os descritores do processo saude/doenca periodontal vém sendo
modificados, grande parte em funcdo de um melhor entendimento dos eventos
relacionados a etiopatogenia dessas doencas. Dentro desse novo processo
diagnéstico, descritores puramente anatémicos vém sendo questionados, crescendo
em importancia descritores diretamente associados ao modelo etiopatogénico
vigente (OPPERMANN & ROSING, 2001).

Exames avaliando quantidade de gengiva inserida, contatos oclusais,
mobilidade dental e a simples quantificacdo da profundidade de sondagem, vém
sendo substituidos por critérios de nivel de insercao clinico, nivel 6sseo radiografico,
presenca de sinais clinicos inflamatorios, dentre outros (OPPERMANN & ROSING,
2001).

As técnicas radiograficas constituem um meio auxiliar de diagndstico
imprescindivel para as diferentes especialidades da odontologia. O exame
radiografico auxilia no diagnéstico da doenca periodontal, na determinacdo do
prognostico e na avaliacdo do resultado do tratamento. A visualizacdo e a medicéo
da reabsorcdo 6ssea alveolar tornam-se possiveis por intermédio das radiografias
(CARRANZA, 2007). A perda da crista 0ssea alveolar, medida em milimetros por
intermédio de radiografias interproximais, da juncdo esmalte-cemento (JEC) até a
crista 6ssea alveolar (COA), mostra-se uma forma de avaliar a doenga periodontal
(AASS et al., 1994).

Entretanto, as radiografias convencionais nao revelam pequenas alteracoes
0sseas na doenca periodontal (RAMADAN & MITCHELL, 1962). Apesar de serem
utilizadas como complemento do exame clinico, as técnicas radiograficas intra e

extra-orais oferecerem imagens limitadas, visualizadas em apenas dois planos. Além
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da sobreposicdo dessas imagens, ocorrem pequenas distorcbes geométricas e
volumétricas da imagem final.

A possibilidade de obtencdo de imagens em trés dimensdes com a tomografia
computadorizada (TC) aumentou, sobremaneira, a capacidade de diagnostico e
planejamento odontoldgico (SCARFE et al, 2006).

Tomografia € uma palavra formada pela juncéo de dois termos gregos, tomos
e graphos que significam, respectivamente, camadas e escrita. Portanto a
tomografia consiste na obtencédo de imagens do corpo em fatias ou cortes. E uma
técnica especializada que registra de maneira clara objetos localizados dentro de um
determinado plano e permitem a observacdo da regido selecionada com pouca ou
nenhuma sobreposicao de estruturas. Uma analogia comum € considerar a técnica
como uma divisdo do paciente em “fatias de pao”. Cada tomograma (ou “fatia de
pao”) mostra os tecidos dentro de um corte claramente definido e em foco. A secc¢éo
é entdo definida como o plano focal ou camada focal (WHAITES, 2003).

Segundo Cavalcanti (2008), o primeiro tomografo para o corpo todo foi
instalado, em 1974, na Universidade de Georgitown, e as maiores vantagens desta
técnica foram mudancas na obtencdo de informacdes de dados analdgicos para
dados digitais, a eliminacdo da sobreposi¢cédo de estruturas anatdbmicas, aumentando
a capacidade de diferenciar tecidos moles e estruturas 0sseas.

De maneira geral, as tomografias podem ser classificadas em dois tipos:
tomografia convencional e tomografia computadorizada. Esta ultima pode ser
classificada de acordo com o formato do feixe de raios X utilizado: tomografia

computadorizada de feixe em leque (Fan-Beam Computed Tomography) e
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tomografia computadorizada volumétrica de feixe cénico (Cone Beam Computed
Tomography) (SCARFE et al., 2006).

Essa tecnologia utiliza um conjunto composto por um feixe de radiacdo com
formato conico e um receptor de imagens bidimensional, que gira em 360°, uma
Gnica vez, ao redor da cabeca do paciente. De uma maneira geral, 0s exames Sao
realizados em aproximadamente trinta segundos, dos quais somente cinco ou seis
sao utilizados para exposicao a radiacdo X. Durante o Unico giro do aparelho, sao
obtidas imagens bidimensionais em diferentes angulos, as quais sdo enviadas ao
computador e recompostas em uma imagem tridimensional inicial, a partir da qual se
€ possivel obter reconstrucdes panoramicas e cefalométricas. Como as imagens sao
geradas a partir de um Unico escaneamento, ndo existe a formacdo de "gaps", ou
seja, as imagens sao compostas por voxels isotrépicos (altura = largura =
profundidade) que resultam em imagens sem distorcdes e com maior nitidez
(SCARFE et al, 2006).

As Tomografias Computadorizadas por Feixe Conico foram desenvolvidas
especificamente para visualizacao e diagndstico das estruturas dento-maxilo-faciais,
permitindo a aquisicdo de imagens tridimensionais com maior qualidade, de forma
mais simples, rapida, com menor custo e dose de radiacao ao paciente (QUERESBY
et al., 2008). As principais vantagens da aquisicdo da imagem tomografica pela
tecnologia de feixe conico sdo: 1) Reconstrucao direta dos pontos radiografados por
reconstrucdes axiais, coronais e sagitais sem reformatacdo; 2) Sofisticacao
tecnoldgica, em que a velocidade da totalidade do corte € controlada através de um

programa eletrénico e nao, por velocidade do tubo de raios X; 3) Mesmas condicdes
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de tempo de escaneamento, através de uma simples aquisicdo, diminuindo,
sobremaneira, a dose de radiacéo e dispensando 0 mecanismo de cortes.

A Tomografia Computadorizada por Feixe Coénico (TCFC) pode ser aplicada
nas diversas areas da Odontologia, tais como: implantodontia, cirurgia,
traumatologia, periodontia; endodontia, ortodontia, no estudo das estruturas 0sseas
das articulagbes temporomandibulares (ATM), odontopediatria, pacientes especiais
e fissurados e para deteccéo de céries. Esse tipo de tecnologia permite a criacdo de
protétipos, a realizacdo de simulacdes cirlrgicas, analises cefalométricas e uma
série de outros trabalhos sem a necessidade da presenca fisica do paciente,
oferecendo ao profissional a possibilidade de realizar um melhor diagnéstico bem
como selecionar a terapia mais indicada para o caso (QUERESBY et al., 2008;
PATEL et al, 2007; KORBMACHER et al., 2007; HAITER-NETO et al., 2008).

Segundo Ludlow et al., (2006), a dose de radiacdo absorvida pelo paciente
durante as TCFC é de 45 pSv, 135 uSv e 477 pSv para o NewTom-9000®(QR,
Verona, lItaly), i-CAT® (Imaging Sciences International, Hatfield, PA, USA) e
Mercuray® (Hitachi Medical Systems America, Twinsburg, OH, USA),
respectivamente.

A boa resolucdo da imagem de TC deve-se ao grande poder de contraste da
técnica, ja que pequenas diferencas na densidade tecidual podem ser percebidas e
traduzidas em 5.000 tons de cinza em cada pixel. Para se ter uma idéia, os
aparelhos atuais reconhecem diferencas de densidade de menos de 0,5%, enquanto
as técnicas radiograficas convencionais detectam desigualdades minimas de 10%
(PARKS, 2000). Ademais, a natureza digital da TC permite introduzir melhoras na

qualidade da imagem por meio da computacdo grafica. E diferentemente das
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radiografias convencionais, o fator de magnificacdo da tomografia computadorizada
€ nulo, ou seja, a imagem em TC reproduz o tamanho real do objeto escaneado
(CAVALCANTI et al., 2001).

O desenvolvimento desta nova tecnologia esta provendo a Odontologia a
reproducdo da imagem tridimensional dos tecidos mineralizados maxilofaciais, com
minima distorcdo e dose de radiacdo significantemente reduzida (SCARFE et al.,

2006).
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3.2 Antimicrobianos na Terapia Periodontal
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As doencas periodontais ainda se configuram como o0s principais problemas
de salude bucal na maioria dos paises industrializados, afetando 60-90% dos
escolares e a vasta maioria dos adultos. Apesar dos grandes avancos, os problemas
ainda permanecem em muitas comunidades ndo apenas no Brasil, mas também no
mundo, particularmente entre grupos menos favorecidos economicamente
(PETERSEN, 2005).

Vérios beneficios tém sido associados as medicacfes de uso tépico na
terapia periodontal, tais como reducédo da profundidade de sondagem, recuperacéo
do ligamento periodontal, reducdo dos patdgenos periodontais e diminuicdo da
necessidade de cirurgia periodontal (MACHION et al., 2006).

A Periodontia moderna utiliza-se da “Terapia Periodontal de Suporte” (TPS),
antigamente denominada “Manutencao Periodontal”, que tem como objetivo
monitorar a saude periodontal e evitar a recorréncia da gengivite e periodontite
(LORENTZ & MOREIRA, 2003).

Os principais objetivos terapéuticos da TPS que a Academia Americana de
Periodontia (2000) preconiza sao: minimizar a recorréncia e a progressao da doenca
periodontal em pacientes que tenham sido tratados previamente de gengivite e
periodontite; reduzir a incidéncia de perda dentaria através do monitoramento da
denticAo e qualquer substituicdo protética dos dentes naturais; aumentar a
probabilidade de localizar e tratar, de uma maneira peridédica, outras doencas ou
condi¢cbes encontradas dentro da cavidade oral.

A terapia convencional nao—cirargica, que inclui a raspagem e o alisamento
radicular, desenvolve um papel importante no travamento da progressao da doenca

periodontal. Estes procedimentos tém como objetivo a remocdo, ndo sé dos
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depdsitos moles e duros da superficie radicular, mas também de pequenas porcdes
da estrutura dentaria. A instrumentacdo subgengival visa resolver a inflamacgéo
gengival e interromper a destruicdo progressiva do aparelho de insercdo, por meio
da remocdo do biofilme patogénico, aderido e ndo aderido, da bolsa gengival
(POLIMENI et al, 2006; LINDHE et al., 2005; IVANOVSKI, 2009).

Geralmente, o sucesso do tratamento ndo-cirirgico deve ser avaliado de
acordo com os resultados obtidos na raspagem e alisamento radicular, e
complementado, quando necessario pela administracdo de agentes anti-
inflamatorios e/ou antimicrobianos. Esta abordagem terapéutica complementar tem
por objetivo reduzir a inflamacdo e a quantidade de algumas populacbes
microbianas especificas, em locais inacessiveis, onde a raspagem e o alisamento
radicular ndo conseguem chegar. A cirurgia s6 devera ser instituida quando os
métodos convencionais ndo sdo, por si so, eficazes para a resolucdo do defeito
periodontal e o bloqueio da progressao da patologia. (LINDHE et al., 2005).

Para minimizar a ocorréncia de insucessos terapéuticos, a adicdo de
antimicrobianos liberados no interior da bolsa periodontal pode reduzir
microrganismos patogénicos ou modular a resposta inflamatoria, e dessa forma,
limitar a destruicéo tecidual.

A Periodontite e a Gengivite sdo doencas dentarias mediadas por biofilmes
(PENNISI, 2005). A remogao mecanica do biofilme dentario, normalmente, & por Si
s6, mas nem sempre, suficiente para o controle destas doencas. Assim, a aplicacéo
guimioterapica pode complementar a acdo mecanica.

A terapia simples ou combinada adquirira uma importancia crescente na

pratica odontologica, contudo, sempre que possivel, um unico farmaco deve ser
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prescrito de forma a reduzir a incidéncia de efeitos colaterais e o0s custos da
terapéutica. A prescricao de antibiéticos deve ser baseada em testes microbiolégicos
para algumas doencas clinicamente diagnosticadas: periodontite agressiva,
periodontite cronica grave, periodontite manifestando uma progressiva perda de
controle apesar do tratamento adequado, e periodontite severa associada a doencas
sistémicas, como por exemplo, o virus da imunodeficiéncia humana (KRIGAR et al,
2007).

As penicilinas sdo os agentes antimicrobianos mais amplamente utilizados em
Odontologia, sobretudo as de absorcao oral, nomeadamente as aminopenicilinas. A
amoxicilina é o antibiético mais largamente utilizado, geralmente associado ao acido
clavulanico. Apresenta uma boa absorcédo oral atingindo-se elevados niveis séricos
do antibiético. E também frequentemente utilizado na profilaxia da endocardite
bacteriana. Nos doentes alérgicos a penicilina, pode-se recorrer a outros grupos de
antimicrobianos, nomeadamente tetraciclinas, macrolidos, lincosamidas e
metronidazol (SOUSA, 2006)

Clorexidina, tetraciclina e metronidazol s&o alguns antimicrobianos de uso
local indicados como adjuntos terapéuticos em individuos acometidos por doenca
periodontal (AMERICAN ACADEMY OF PERIODONTOLOGY, 2000).

O Chip de Clorexidina apresenta uma concentracdo de 34% de gliconato de
clorexidina contidos numa matriz gelatinosa na forma de chip. Esta matriz é
biodegradavel possuindo a capacidade de liberar clorexidina no interior da bolsa
periodontal por um periodo de 7 a 10 dias. A droga é entdo mantida no interior da

bolsa em proporgdes de até 125mg/mL (SOSKOLNE et al., 1998).
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Jeffcoat et al (2000) avaliaram a efetividade do chip de clorexidina na
manutencdo do o0sso alveolar durante um periodo de 9 meses através de
parametros clinicos e subtracdo radiografica digital. Tanto o grupo teste como o de
controle foram tratados com raspagem dental e aplainamento radicular e depois
receberam, respectivamente, o chip de clorexidina ou um chip placebo. Neste
estudo, o chip de clorexidina utilizado como adjunto aos procedimentos mecanicos
mostrou-se mais efetivo na reducéo da profundidade de sondagem, melhora no nivel
de insercéo clinica e na reducéo da perda 0ssea alveolar.

Atualmente, dentre os antimicrobianos mais utilizados na terapia periodontal
destaca-se a Doxiciclina. Derivada da Tetraciclina, a Doxiciclina apresenta
vantagens com relacdo a outros antibiéticos como acéo efetiva contra anaerébios
associados a Doenca Periodontal (LISTGARTEN et al., 1978); substantividade as
superficies de dentina e cemento, sendo liberada, apdés sua absorcdo, em
concentracbes bacteriostaticas (CHRISTERSSON et al.,, 1993), dificultando a
aderéncia da pelicula adquirida e a consequente formacéo do biofilme subgengival
(BJORVATN et al., 1985).

Alem da atividade antibacteriana, a Doxiciclina apresenta também
propriedades anti-inflamatorias, antitumorais, imunosupressoras, supressao da
producdo de anticorpos nos linfocitos, reducdo da funcéo fagocitica em leucocitos
polimorfonucleares e reducédo da quimiotaxia de leucdcitos e neutréfilos. Ainda séao
ativos como inibidores da atividade da lipase e da colagenase (ROBERTS, 2002).

O polimero de doxiciclina apresenta-se na forma biodegradavel contendo 10%
de doxiciclina, 33% de polilactil e 57% de N-metil-2-pirrolidona. Na forma sistémica,

a doxiciclina tem a capacidade de concentrar-se no fluido gengival (2 a 3 mg/ml)
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demonstrando também um amplo espectro de atividade contra diferentes patdgenos
periodontais (Walker, 1985). Quando utilizada na forma local, o polimero de
doxiciclina se deposita nas superficies radiculares sendo liberado lentamente,
podendo atingir concentracdes superiores a 10 mg/ml no fluido gengival (STOLLER
et al., 1998).

Associada ao tratamento mecanico convencional, a Doxiciclina apresenta
vantagens no tratamento clinico onde demonstra efetividade na reducdo dos
parametros clinicos e inibicdo na atividade colagenolitica (CROUT et al., 1996).

O primeiro estudo que demonstrou a efetividade e biocompatibilidade do
dispositivo de aplicacdo local de doxiciclina foi realizado em animais. Os
pesquisadores avaliaram o efeito do gel contendo hiclato de doxiciclina a 8,5%,
como terapia isolada, em periodontite experimental em cées. Como resultados,
encontraram reducfes médias de 2,5 mm para profundidade de sondagem e 2 mm
em ganho de inser¢do clinica ao final de 4 meses de avaliacdo. Este estudo foi o
precursor para os estudos clinicos (POLSON et al., 1997).

Em um estudo in vivo, Stoller et al., (1998) estabeleceram que a Doxiciclina
10% na forma de gel pode alcancar concentragbes superiores a 1200 mg/ml no
fluido gengival, permanecendo por sete a oito dias em niveis mais elevados do que a
minima concentracao inibitéria da maioria dos patdégenos periodontais.

De acordo com Garret et al. (1999), a doxiciclina 10% mostrou-se igualmente
efetiva quanto a raspagem dental e aplainamento radicular como terapia periodontal
de suporte. No modelo experimental tal fato também foi demonstrado por Bezerra et

al (2002).

43



Machion et al (2006), em um estudo clinico com aplicacéo local do gel de
doxiciclina demonstraram ser este procedimento um importante apoio para o
tratamento de fumantes quanto a profundidade de sondagem e nivel de insercao
clinica.

A terapia periodontal convencional realizada com sucesso tem o objetivo de
manter a saude dos tecidos periodontais. Desta forma produtos naturais poderiam

auxiliar no controle do crescimento do biofilme dental subgengival (JUIZ et al., 2010).
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3.3 Produtos Naturais na Odontologia
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Uma das mais antigas formas de pratica medicinal da humanidade é o uso de
extratos vegetais e fitoquimicos. Em torno de 65 a 80% da populacdo dos paises em
desenvolvimento, segundo a Organizacdo Mundial da Saude, dependem
exclusivamente das plantas medicinais como forma de acesso aos cuidados basicos
de saude, particularmente na atencéo priméria (GONCALVES et al., 2005).

Os produtos naturais tém sido as principais fontes de diversidade quimica
para matérias-primas enquanto conduziam descobertas farmacéuticas ao longo do
século passado (Li et al. 2009).

O Brasil possui a maior diversidade vegetal do planeta, com
aproximadamente 55 mil espécies de plantas superiores e uma farmacopéia popular
com uma grande variedade de plantas medicinais, gracas a uma miscigenacao
cultural envolvendo africanos, europeus e indigenas, com introducdo de espécies
exoticas pelos colonizadores e escravos (MELO et al., 2007).

Os efeitos adversos de farmacos sintéticos, a preferéncia dos consumidores
por tratamentos “naturais”, o maior conhecimento cientifico acerca da eficacia e
seguranca de espécies vegetais, 0 aprimoramento de novos métodos de controle de
qualidade, de novas formas farmacéuticas e administracbes de produtos
fitoterapicos, além do menor valor de compra em comparagdo com os farmacos
sintéticos tém estimulado o crescimento da fitoterapia (MELO et al., 2007).

Cerca de 75% dos compostos puros naturais utilizados pela industria
farmacéutica foram obtidos a partir de informacdes da medicina popular
(CECHINEL-FILHO & YUNES, 1998).

O surgimento de metabdlitos biologicamente ativos na natureza é

determinado por necessidades ecoldgicas e possibilidades biossintéticas. A co-
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evolucdo de plantas, insetos e microorganismos conduzem a sintese de metabdlitos
secundarios com fungdes de defesa ou atracdo (CANDIDO, 2007).

A legislagcao brasileira em vigor define um fitoterapico como “aquele
medicamento obtido empregando-se exclusivamente matérias-primas vegetais. E
caracterizado pelo conhecimento da eficacia e dos riscos do seu uso, assim como
pela reprodutibilidade e constancia de sua qualidade. Sua eficacia e seguranca sao
validadas através de levantamentos etnofarmacoldgicos de utilizacéo,
documentagdes tecnocientificas em publicagbes ou ensaios clinicos fase 37
(BRASIL, 2004).

A legislacdo consegue reforcar o critério de seguranca e eficacia dos
fitoterapicos registrados no Brasil, mas também privilegia a incorporacéo de plantas
exodticas, jA que a maioria das obras colocadas como referéncia contempla
resultados obtidos em estudos realizados com populacdo de perfil epidemioldgico
diferente, sendo necessaria cautela na adaptacdo dos resultados para nossa
populacdo. Os critérios ainda desvalorizam a medicina popular, considerando que a
maioria das plantas utilizadas tradicionalmente ainda nao foi avaliada do ponto de
vista toxicologico e farmacologico, o que impede 0 seu registro como fitoterapico
(RIBEIRO et al, 2005). Por outro lado, existe um namero cada vez maior de estudos
cientificos que comprovam a toxicidade de plantas antes usadas sem restrices e de
forma indiscriminada (OLIVEIRA & GONCALVES, 2006).

A combinacdo entre as informacdes populares sobre uso das plantas
medicinais e os estudos farmacologicos e quimicos, permitiu a descoberta de
inumeros farmacos usados atualmente na clinica odontologica (BARREIRO, 1990).

Desse modo, varias plantas de uso medicinal tiveram suas propriedades
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antimicrobianas testadas e atualmente sdo empregadas como preventivo a algumas
infeccbes, a exemplo da “amina”, da “camomila”, da “horteld”, da “sélvia”, do “cravo-
da-india” e do “jud” que se constituem em alguns fitoterapicos de grande interesse
no uso odontolégico (WILLERSHAUSEN, 1994).

Os bochechos antimicrobianos reduzem o biofilme visivel na superficie dos
dentes. A aplicacdo clinica dos bochechos pode ser dividida em duas categorias:
preventiva e terapéutica (FISCHMAN, 1994).

De acordo com Hood et al. (2003), o uso dos 6leos essenciais como agentes
terapéuticos tem se tornado comum popularmente.

Claffey (2003) esclareceu os beneficios dos bochechos com 6éleos essenciais
como um componente seguro nos cuidados diarios de higiene oral.

Além desses, outros trabalhos corroboram as indicacbes de plantas
medicinais para tratamento de afec¢des bucais. Nesse sentido, Sampaio (1997)
pesquisou plantas adstringentes brasileiras e relatou que, no Brasil, usava-se uma
mistura do suco do tronco da bananeira (Musa sapienten Linn) com agua, obtendo
excelente acdo em aftas. Também para aftas, indicava-se o decocto da casca do
cajueiro (Anacardium occidentale Linn). Ele acrescenta ainda que o p6é da madeira
do pau-brasil (Caesalpinia echinata Lam) era aconselhado para o fortalecimento
gengival, assim como as folhas da mangueira (Mangifera indica Linn), no caso de
ulceracdes bucais.

Silva (2001) relatou que na Odontologia 0 uso de plantas medicinais nao é tao
restrito e que plantas como “roma”, “pitanga” e “girassol” sédo utilizadas no servico
publico e na clinica privada ha mais de dez anos. O mesmo autor esclareceu que a

fitoterapia ndo é uma terapia especificamente conduzida para as populacdes pobres,
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ndo sendo uma alternativa, mas uma conduta clinica criteriosa pela qual o
profissional opta por ser eficaz, por provocar efeitos colaterais minimos e por estar
ao alcance de todos.

Takahashi et al (2003) afirmaram que o uso da mastigagao lenta de goma de
mascar com extrato de “eucalipto” mostrou reduzir o nUmero de bactérias da saliva,
indice de biofilme e indice gengival. Sugeriram que a eficiéncia dos métodos de
higiene oral tradicional pode ser devida, em parte, aos componentes antimicrobianos
extraidos de plantas presentes nos produtos.

Milhdes de Yemenitas e africanos do leste da Africa habitualmente mascam
as folhas e ramos de Catha edulis, uma planta da familia Celestraceae comumente
conhecida como cha-da-absintia, que contém um complexo grupo de alcaldides,
também vitamina C, tanino (8-19 mg/g), 6leos essenciais (onze componentes
diferentes), esterdis, triterpenos, tiamina, riboflavina, niacina, ferro e aminoacidos.
Em um estudo realizado in vivo foi mostrado que o cha-da-absintia tem a capacidade
de influenciar na prevaléncia de periodontopatdégenos localizados sub e
supragengivalmente, induzindo um perfil na microbiota adequado a saude
periodontal. Testes de susceptibilidade foram executados segundo normas do
Clinical and Laboratory Standards Institute. Os resultados indicaram que a maioria
das cepas de periodontopatdgenos testados, incluindo P. gingivalis, T. forsythensis e
A. actinomycetemcomitans foram sensiveis aos extratos de Catha edulis (CIM de 5 —
20 mg/mL). Apenas Campylobacter rectus e Fusobacterium nucleatum mostraram

resisténcia (AL-HEBSHI et al, 2005).
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O desenvolvimento tecnolégico e industrial traz ao mercado diariamente
produtos como escovas elétricas, irrigadores elétricos, que facilitam a higiene bucal
e controle da placa (JUIZ et al., 2010).

Propriedades farmacoldgicas de plantas e hortalicas como: “agrido”, "alecrim”,
“alfavaca”, “amora”, “artemija”’, “babosa”, “batata-doce”, “bardana’, “caju’,
“caléndula”, “cambui”, “camomila”, “cenoura”, “dormideira”’, “erva-luiza’, “erva-
escorpido”, “eucalipto”, “extremosa”’, "figo”, “framboesa”, “fruta-pdo”, “funcho”,

"gelsémico”, gengibre”, "goiaba”, "guaco”, "guacatonga”, "guando”, "guind”, "horteld”,

”: 20

“jJabuticaba”, “Jameldo”, ”jod”, ’jucd”, ’labaca”, ’limao”, ’macelinha”, “malva’,

"manga”, "melissa”, "morango”,

” ” ” ” ” ”

mulungu”, "néspera”, "pau-brasil”’, "picdo”, "ratania”,
“rebenta-cavalo”, "roma”, ’sabugueiro”, ’sélvia”’, ’suina”, "tanchagem”, “tomate”,
"tomilho”, "vedelia”, "zedoéaria” sdo meios auxiliares na prevencdo em odontologia
(JUIZ et al., 2010).

Carvalho (1999) e Cruz (2002) realizaram um levantamento
etnofarmacologico no semi-arido de Sergipe e descreveram uma variedade de
plantas utilizadas para diversos fins. Dentre as quais, Cruz (2002) mencionou o
potencial antimicrobiano da “cabaceira” (Lagenaria vulgaris Ser.); da “sacatinga”
(Croton argirophyloides Mull.), do “juazeiro” (Ziziphus joazeiro Mart.), da “quixabeira”
(Bumelia sartorum Mart.), do “jatobd” (Hymneaea courbaril L.), da “catingueira’
(Caesalpinia pyramidalis Tull.) e do “sambacaita” (Hyptis pectinata (L.) Poit.).

O estudo conduzido por Carvalho (1999), no povoado de Curituba (SE), a
respeito das plantas medicinais da caatinga, correlaciona aspectos sociais, culturais

e farmacoldgicos sobre a fitoterapia na regido. A autora identificou 44 espécies

vegetais utilizadas como fitoterapicos e classificadas de acordo com os critérios de
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atividade biologica. Uma das mais frequentes utilizacdes encontrada na comunidade
foi o uso dermatolégico como anti-séptico e cicatrizante, que justifica pela prépria
caracteristica da flora da caatinga, que apresenta adaptacdes, entre as quais, a
presenca de espinhos. Quanto as formas de preparo, registraram-se dez técnicas:
infusdo, decoccdo, alcoolaturas, xarope ou lambedor, garrafadas, compressas,
banhos, cataplasmas, tintura e ungiento, além do uso na dieta e bochechos. O
“sambacaita” foi uma das plantas mais conhecidas e utilizadas, tendo indicacao

popular para os diversos tipos de inflamacao, sob a forma de chas e bochechos.

A Hyptis pectinata L. Poit — “Sambacaita”

A familia Lamiaceae é uma das mais representativas, tanto em numero de
espécies, como em resultados apresentados pela maioria dos levantamentos sobre
plantas medicinais (TEIXEIRA & MELO, 2006). Ela tem grande importancia
econdmica por ser fonte de 6leos essenciais, sendo bem estudada do ponto de vista
quimico (MENEZES, 2007).

Essa familia também inclui um grande numero de plantas que sdo bem
conhecidas por suas propriedades antioxidantes. Yesil-Celiktas et al. (2007)
investigaram os extratos metandlicos obtidos de folhas de Rosmarinus officinalis L.
coletadas na Turquia em diferentes localidades e épocas do ano. Foram
investigadas com o uso de HPLC (“high-performance liquid chromatography”) e suas
capacidades e atividades antioxidantes foram estudadas em varios experimentos.
Os resultados foram correlacionados com os metabdlitos ativos e os fendis totais,

sendo a atividade antioxidante mais eficiente nos meses mais quentes.
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O género Hyptis Jacq., € constituido por aproximadamente 400 espécies
distribuidas desde o sul dos Estados Unidos, através da regido do Caribe e América
Central, até o sul da Argentina. E composto por ervas subarbustos, arbustos ou
raramente, pequenas arvores. Os caules geralmente sdo quadrangulares, as folhas
opostas, simples ou mais raramente partidas, pecioladas, sésseis ou curtamente
pedunculadas, contendo substancias aromaticas (BORDIGNON, 1990).

Um levantamento feito para o estado de Pernambuco por Almeida e
Albuquergue (2002) revelou a presenca de 20 géneros, abrangendo 46 espécies,
onde a Hyptis esta representada com 17 excicatas.

De acordo com Falcdo e Menezes (2003) o género Hyptis é rico em espécies
de grande importancia econémica e etnofarmacoldgica. Frequentemente utilizadas
para fins medicinais no Brasil e em diversos paises como México (FRAGOSO-
SERRANO et al., 2005), China, india, Oeste da Africa, Gana (ASASE et al, 2005).

Neste género, a ocorréncia dos metabdlitos terpenoidicos € grande,
predominantemente os triterpenos, apesar de um grande nimero de diterpenos com
o esqueleto labdanico ter sido identificado. Além dos monoterpenos e
sesquiterpenos (componentes principais dos 0leos essenciais) outras substancias
também foram identificadas: hidrocarbonetos, acidos graxos e esterdides (FALCAO
& MENEZES, 2003).

Algumas espécies destacam-se pela sua frequente utilizacdo em chas,
decoccbes e infusdes como antiinflamatério natural, como é o caso das espécies
nativas Hyptis pectinata L. Poit.,, conhecida como “Sambacaita” ou “Canudinho”
(ARRIGONI-BLANK, 2005), e também Hyptis fruticosa Salzm. Ex Benth., conhecida

como “Alecrim do Campo” (SANTOS et al. 2007; MENEZES et al., 2007).
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A H. pectinata € uma espécie aromatica e em Sergipe e Alagoas ocorre
naturalmente de forma selvagem em campos, matas e estradas e em volta de
residéncias, sendo vastamente utilizada para problemas gastrintestinais. E um
arbusto perene com galhos eretos e baixa densidade foliar (CARVALHO et al.,
1999).

A utilizacdo dessa planta no uso popular é bastante comum, pois é facilmente
encontrada em hortas e jardins, porém o extrativismo € a forma usual de obtencéo, o
gue na maioria das vezes tem acarretado em perdas mesmo antes de serem
estudadas. O seu uso mais frequiente € a ingestdo na forma de chas (decocc¢des ou
infusdes) e bochechos, sendo considerada um antiinflamatério natural (CARVALHO,
1999).

Blank et al. (2011) estudaram a influéncia do estadio de desenvolvimento de
genotipos de Sambacaitd e concluiram que na fase de floracdo os gendtipos
apresentaram maior comprimento e largura das folhas.

Santos-Neto et al. (2007) avaliaram a influéncia do peso da semente e
promotores quimicos na qualidade fisiolégica das sementes de Sambacaitd. Os
resultados evidenciaram que as diferentes categorias de peso das sementes (leve e
pesada) tém influéncia na qualidade fisiologica das sementes de Sambacaita.
Sementes “pesadas” germinam com maior percentual e velocidade. O tratamento
quimico com KNO3; e GAz aumenta a porcentagem de germinacéo e a utilizacdo de
do promotor quimico PEG prolonga o tempo médio de germinacao das sementes.

A medicina popular usa a parte aérea da H. pectinata para tratamento de

infeccbes no aparelho respiratorio, congestao nasal e algumas manchas de pele. As
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principais aplicacdes sdo como: bactericida, antimicético e antiviral (MALAN et al.,
1988).

Bispo et al. (2001) foram pioneiros nas pesquisas sobre o extrato aquoso da
H. pectinata na Universidade Federal de Sergipe. A espécie estudada foi coletada na
farmacia viva do parque da Sementeira, em Aracaju/SE, sendo transformada em
extrato vegetal. Os mesmos pesquisadores demonstraram em modelos animais que
0 extrato aquoso da H. pectinata apresentou efeito antinociceptivo nas doses de 200
e 400 mg/Kg e antiedematogénico nas doses de 300 mg/Kg e 600 mg/Kg. Também
realizaram testes de toxicidade aguda onde doses de até 5 g/Kg ndo apresentaram
letalidade, fato que sugere baixa toxicidade do extrato.

Silva et al (2002) estudando os efeitos da H. pectinata sobre a regeneracao
hepatica ap6s hepatectomia parcial em ratos, através de imunohistoquimica,
concluiram que o extrato aquoso das suas folhas pode estimular a regeneracdo
hepatica na concentragédo de 100 mg/kg.

Sher et al. (2003) avaliaram o efeito teratogénico do extrato aquoso das folhas
da H. pectinata L. Poit em ratas Wistar gestantes. Os pesquisadores utilizaram como
parametros o peso corporal, peso dos ovarios, numero de corpos liteos e numero
de implantes por rata gravida. Os resultados evidenciaram que o0 extrato aquoso da
H. pectinata (125, 250 e 500 mg/Kg) ndo teve efeito sobre a capacidade reprodutiva
das ratas e nao alterou a evolucao dos embrides.

Fragoso-Serrano et al. (2005) avaliaram a atividade antibacteriana da H.
pectinata L. Poit contra Staphylococcus aureus comparando essa atividade com
medicamentos clinicos padrdes. Tais autores isolaram quatro pectinolideos do

extrato cloroformico da planta testada e como resultados correlacionaram poderosa
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propriedade do pectinolideo C contra cepas de linhagens resistentes aos
medicamentos tradicionalmente potentes.

Nascimento (2005) avaliou in vitro o potencial antimicrobiano do 6éleo
essencial da H. pectinata e de colutérios sobre os Streptococcus mutans. A pesquisa
foi realizada na Universidade Federal de Sergipe e confirmou que a atividade
antimicrobiana do 6leo essencial do Sambacaita é equivalente a clorexidina. Os
dados obtidos demonstram o uso deste 6leo essencial como alternativa promissora
nos regimentos de saude oral.

Bueno et al (2006) investigaram os efeitos do extrato aquoso obtido das
folhas da H.pectinata sobre o sistema nervoso central de roedores. Foram utilizados
como modelos experimentais a triagem farmacologica, campo aberto, nado for¢cado,
hipotermia induzida por apomorfina, labirinto em cruz elevado e teste do sono
induzido por barbitarico. Os resultados sugerem um possivel efeito antidepressivo do
extrato aquoso das folhas da H. pectinata.

Melo et al (2005) avaliaram a associacao da H. pectinata L. Poit com a terapia
com laser na regeneracdo hepética e concluiram que 200 mg/Kg do extrato aquoso
desta planta associado a terapia com laser pode estimular a regeneracao hepatica.

Em pesquisa realizada por Basilio et al (2006), ha confirmagcédo da presenca
de constituintes quimicos no extrato aquoso da H. pectinata, como monoterpenos,
sesquiterpenos, lactonas e triterpendides, com importantes propriedades
farmacoldgicas. Este mesmo autor relata a acdo hemostatica das folhas frescas da
H. pectinata, assim como a acao bactericida frente a microrganismos como
Escherichia coli, Staphylococus aureus, Klebsiella pneumoniae, Pseudomonas

aeruginosa e Streptococus sp.

55



Lisboa et al (2006) investigaram o efeito antinociceptivo do extrato das folhas
da H. pectinata L. Poit, utilizando as fragcbes hexéanica, acetato de etila e
cloroférmica em roedores. A pesquisa foi realizada na Universidade Federal de
Sergipe e comprovou que todas as fracbes administradas por via oral foram capazes
de reduzir o nimero de contor¢des abdominais induzidas por acido acético e
aumentar a resposta ao estimulo térmico no teste da placa quente.

Melo et al (2006) estudaram o efeito do extrato aquoso da H. pectinata na
regeneracdo hepatica apdés hepatectomia parcial em ratos. Os autores
demonstraram que o extrato aquoso da H. pectinata L. Poit, numa concentracdo de
100 mg/kg possui alguma atividade bioldgica estimulando a regeneracao hepatica e
causando também um leve efeito hepatoprotetor numa concentracédo de 200 mg/kg.

Arrigoni-Blank et al. (2008) testaram a atividade antinociceptiva do Oleo
essencial (sesquiterpenos em sua maioria) de seis genétipos de H. pectinata
utilizando modelos de contor¢des abdominais induzidas por acido acético e testes de
placa quente. Todos os gendtipos mostraram atividades antinociceptivas nas doses
de 100, 200 e 400 mg/Kg.

Barbosa (2009) avaliou o potencial antineoplasico de plantas medicinais
utilizadas como coadjuvantes no tratamento do cancer por pacientes do estado de
Alagoas. Os resultados apontaram que a H. pectinata possui potencial atividade
antitumoral, além de ser atoxica.

Os resultados das diversas investigagbes em associacdo com os dados
disponiveis na literatura demonstram o potencial das plantas medicinais como fonte
de uma quase infinita variedade de compostos com atividades bioldgicas, podendo

originar novos farmacos ou fitofarmacos (FRANCO, 2010).
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Estudos prévios mostram que tanto o 6leo essencial como o extrato aquoso
da Hyptis pectinata apresentam varias aplicacbes no tratamento de afeccles
inflamatorias e bacterianas. Porém, o efeito do tratamento tépico com o gel dental
elaborado a partir do extrato aquoso das folhas da H. pectinata na Doenca
Periodontal Experimental ainda ndo havia sido demonstrado.

Devido ao exposto, o presente trabalho tem como objetivo investigar os
mecanismos envolvidos no efeito do gel a base de produtos naturais na Doenca
Periodontal Experimental (DPE): gel elaborado a partir do extrato aquoso de Hyptis
pectinata, em duas concentracbes 5% e 10%, comparando seus efeitos com a

Doxiciclina.
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Capitulo I

Artigo cientifico:

FHyvtis pectinata: Redox protection and orofacial antinociception
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Abstract

Hyptis pectinata L. Poit, known as “sambacaita”, is used in Brazil to treat inflammatory
and painful disorders. In this study the antioxidant and orofacial antinociceptive
properties of the aqueous extract of H. pectinata leaves (AEPH) was assessed in vitro
and in vivo model. Thus, AEPH reduced the DPPH radical up to 72.1% with an ECsy of
14.56 pg/mL. It also inhibited 40.8% of the lipoperoxidation induced by AAPH in the
TBARS assay. The orofacial antinociceptive activity was evaluated in mice pre-treated
with AEPH (100, 200 and 400 mg/kg, p.o.) and morphine (5 mg/kg, i.p.), which
received afterwards formalin- (20 pL, 2% solution, s.c.), glutamate- (40 pyL, 25 mM,
s.c.) and capsaicin- (20 pL, 2.5 ug, s.c.) induced orofacial nociception. AEPH at all
doses reduced (p < 0.001) the nociceptive response in the first (43-62%) and second
(47-80%) phases of the formalin test. Besides, the effect of AEPH (400 mg/kg) was not
changed in presence of naloxone (1.5 mg/kg, i.p.), an opioid antagonist. AEPH
significantly inhibited mice face rubbing for capsaicin (23-69%, p < 0.05) and
glutamate (48-77%, p < 0.001) at all doses. The findings suggested the AEPH has

peripheral and central antinociceptive activities, which is not related to opioid receptors.

Keywords: Hyptis pectinata; antioxidant; orofacial pain; DPPH; TBARS.
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INTRODUCTION

Among the disorders presenting painful manifestations, orofacial pain has high
prevalence with signals and symptoms present up to 86% of the western population
(BOVE et al., 2005). Although, it can be considered as one of the important reasons for
the population to find treatment in odontological clinics, there are difficulties to treat
acute and chronic orofacial pain, which are mainly associated with the little knowledge
on the mechanisms of the orofacial pain brain recognition. Pain control continues to be
a great challenge in the medicine (Miranda et al., 2009). In this context, the thousand
years of human experience with plants put them in evidence as an alternative of
treatment because they can be the source for the discovering of compounds with low
toxicity and side effects, while highly effective against pain.

The genus Hyptis Jacg. consist of approximately 400 species distributed from
the south of the United States to Argentina, and exhibit a major morphological diversity
in the Brazilian Cerrado bioma (Harley, 1988). Plants of Hyptis spp. are of great
economical and ethnopharmacological importance (Franco et al., 2011a). It has been
alleged that they possess medicinal properties and are recommended in folk medicine
for the treatment of various conditions such as gastrointestinal disorders, skin infections,
nasal congestion, fever, cramps, inflammation and pain (Bispo et al., 2001; Franco et
al., 2011a,b). Hyptis pectinata L. Poit (Laminaceae), popularly known in Brazilian
Northeast as ‘sambacaitd’ or ‘canudinho’, is a perennial aromatic bush with erect
branches and low leaf density that occurs naturally in fields, forests, near highways, as
well as in residential areas in states of Sergipe and Alagoas (Brazil) (Bispo et al., 2001;

Arrigoni-Blank et al., 2005). Its presence is very common in gardens and it is frequently
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used as tea (decocts or infusions) and mouthwash to treat inflammation due to being
considered a natural antiphlogistic (Carvalho, 1999). Folk medicine practitioners in the
Brazilian Northeast use the infusion of the fresh leaves for the treatment of
gastrointestinal disturbs, inflammation, orofacial painful conditions and wound healing
(Bispo et al., 2001). However, little information about anti-inflammatory and orofacial
analgesic properties of the plant species exists.

The aim of this study was to investigate the effect of aqueous extract from H.
pectinata (AEPH) on orofacial nociceptive models and investigate the antioxidant

potential.

MATERIAL AND METHODS

Drugs

Morphine chloridrate and 37% formaldehyde were from Merck (Brasil, Séo
Paulo), while 2,2-diphenyl-1-picrylnydrazyl (DPPH) radical, 2'-azobis (2-
amidinopropane) dihydrochloride (AAPH), (+)-epigallocatechin, gallic acid, capsaicin
and glutamate were from Sigma (USA, St Louis). Naloxone chloridrate was from
Research Biochemical Inc. (USA, Natick), while diazepam was from Unido Quimica

(Brazil, SP). All other reagents and substances were of analytical grade or HPLC grade.

Plant material
H. pectinata leaves were collected during the florescence period, in the
metropolitan area of Aracaju, Sergipe, Brazil (255 m, 10° 55’ 56.1” South, 37° 06’ 34.7"

West). The plant material was identified by Dr Ana Paula Prata and a voucher specimen

62

http://mc.manuscriptcentral.com/ptr

Page 4 of 24



Page 5 of 24

O©CoO~NOOUITA WN P

Phytotherapy Research

was deposited in the herbarium of the Department of Biology of the Federal University

of Sergipe under the number ASE 19005.

Aqgueous extract preparation

Leaves were dried in an oven at 37 °C with air renewal and circulation for 48 h
until complete dehydration. Then, they were triturated to give a fine powder (2 kg),
which was extracted with distilled water (3:10 w/v) under constant agitation for 4 h at
35 °C. After filtration, the supernatant was lyophilized to give the crude aqueous extract
(AEPH, 32 g), which was distributed in seven pots and kept in a desiccators in the
Laboratorio de Farmacologia Pré-Clinica (LAPEC) at the Federal University of
Sergipe to be used in the subsequent experiments, when they were redissolved in water

to give specific concentrations.

Total phenol quantification

The total phenolic content was spectrophotometrically determined using the
Folin—Ciocalteu method (Sousa et al., 2007). Briefly, the reaction mixture was
composed of the extract (0.1 mL), distilled water (7.9 mL), Folin-Ciocalteu reagent (0.5
mL) and 20% sodium carbonate (1.5 mL). The absorbance of the reaction solution was
measured at 750 nm after 2 h, interpolated against a gallic acid (GA) calibration curve,
and expressed as milligram equivalents of gallic acid (mg EGA) per g of extract. All

analyses were carried out in triplicate.
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In vitro scavenger activity against the DPPH radical

The quantification of the antioxidant activity was carried out according to Soler-
Rivas et al. (2000) with modifications. Gallic acid (GA, 500 pg/mL) and AEPH (500
pg/mL) were added to a solution of DPPH (40 pg/mL in methanol) to give the
concentrations of 5, 10, 15 and 20 pg/mL in a final volume of 3 mL. Reaction mixture
absorbance measurements were done at 515 nm in the first, fifth, and tenth minute, and
then every 10 min up to 60 min. The extract absorbance was determined in methanol (3
mL) without the DPPH radical, while the blank was constituted of the DPPH radical (3
mL) treated with methanol. Results were expressed as inhibition percentage (IP), while
the antioxidant amount necessary to decrease the DPPH concentration in 50% (ICso)
was calculated by plotting the percentage of DPPH remanescent (%DPPHRgen) after 60

min versus extract concentrations.

In vitro lipid peroxidation inhibitory activity

The degree of lipid peroxidation prevented by the aqueous extract was
monitored by measuring the production of thiobarbituric acid-reactive substances
(TBARS) (Budni et al., 2007). Briefly, egg yolk homogenate (1% wi/v, 1000 pL) in
phosphate buffer (pH 7.4) was sonicated (10 s) and mixed with freshly prepared
solutions of the H. pectinata aqueous extract and positive controls at 5, 50, 100, 150,
and 200 pg/mL. Lipid peroxidation was induced by adding AAPH (0.17M, 100 pL).
Trolox and GA were used as positive controls, while the negative control was treated
with water. The mixture was incubated for 30 min at 37 °C. Upon cooling, samples (500
pL) were mixed with trichloroacetic acid (15%, 500 pL) and centrifuged at 2000 rpm

for 10 min. Supernatant was taken, mixed with thiobarbituric acid (TBA, 0.67%, 500
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pL), incubated for 60 min at 95 °C, and the formation of TBARS was measured by
reading the supernatant absorbance at 532 nm after cooling. Results were expressed

inhibition percentage.

Animals

Male Swiss mice (25-30 g), 2-3 months of age, were used throughout this study.
The animals originated from the Central Bioterium of the Federal University of Sergipe.
The animals were randomly housed in appropriate cages at 22 + 2°C on a 12h light/dark
cycle (lights on 06:00-18:00 h) with free access to food and water. All experiments were
carried out between 09:00 am and 14:00 pm in a quiet room. All nociception tests were
carried out by the same visual observer. Experimental protocols were approved by the
Animal Care and Use Committee (CEPA/UFS # 10/11) at the Federal University of

Sergipe.

Formalin-induced orofacial nociception

Mice (n=8, per group) were pretreated with AEPH (100, 200 and 400 mg/kg,
v.0), morphine (Reference drug, 5 mg/kg, i.p.) and vehicle (Control group, 0.2% Tween
80 in saline, p.o). After 60 minutes, formalin (2% formaldehyde in saline, 20 yL) was
administered to the right upper lip of the mice and the animals were observed during the
initial 5 min (neurogenic phase) and from 15 to 40 min (inflammatory phase). The time
they spent rubbing the area treated with formalin with their fore- or hindpaws was
recorded and considered as indicative of nociceptive behavior (Luccarini et al., 2006).
The opioid antagonist naloxone was administered (1.5 mg/kg, i.p.) 15 minutes before

the treatment with the highest dose of AEPH in a separate group of mice to check a
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possible action of the extract mediated by the opioid system (Quintans-Junior et al.,

2010).

Glutamate-induced orofacial nociception

The procedure followed the method previously described by Beirith et al. (2002)
with some alterations. Male mice (n=8, per group) were treated with the AEPH,
morphine and vehicle as previously described for formalin 1h before subcutaneous
administration of glutamate (25 pM, 40 pL/paw) in the right upper lip. Animals were
then observed individually for 15 min and the nociception quantification was performed
by measuring the time (s) that the animals spent face-rubbing the injected area with

fore- or hindpaws (Quintans-Junior et al., 2010).

Capsaicin-induced orofacial nociception

This orofacial pain test was induced by subcutaneous administration of capsaicin
as described previously by Pellisier et al. (2002), with alterations (Quintans-Junior et
al., 2010). Male miice (n=8, per group) received subcutaneous injection of capsaicin (20
uL, 2.5 pg) in the upper lip. In pilot studies performed in our laboratory, the animals
showed the nociceptive behavior of rubbing the orofacial region with greater intensity
for a period of 42 minutes after the injection of capsaicin. Therefore, the quantification
of nociception was performed during this period, measuring the time (s) that the animals
exhibited rubbing the orofacial region with the fore- or hindpaws. AEPH, morphine and

vehicle were administered as previously described for formalin.
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Evaluation of the motor activity (Rota-rod test)

To investigate if the treatments could influence the motor activity of the animals
and consequently impair the assessment of the nociceptive behavior in the experimental
models, the motor activity was evaluated in a Rota-rod apparatus. Initially, the mice
able to remain on the Rota-rod apparatus (AVS®, Brazil) longer than 180 s (7 rpm) were
selected 24 h before the test. Then, the selected animals were divided into five groups
(n=8, per group), which were treated with AEPH and vehicle as previously described
for formalin, as well as diazepam (DZP, 3 mg/kg, i.p.). Each animal was tested on the
Rota-rod apparatus 30, 60 and 120 min later and the time (s) remained on the bar for up

to 180 s was recorded.

Statistics analysis

Data obtained from animal experiments were expressed as mean and standard
error of the mean (mean + S.E.M.). Statistical differences between the treated and
control groups were evaluated by ANOVA followed by Dunnett’s test. All statistical
analyses were done using Graph Pad Prism 3.02 (Graph Pad Prism Software Inc., San

Diego, CA, USA).

RESULTS

DPPH scavenger potential, lipid peroxidation inhibitory activity and total phenol
content.
When the antioxidant effects of the AEPH were investigated by the DPPH

radical assay, the highest inhibition of the radical was 72.1% at 20 pg/mL after 60 min
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of reaction, while the control (+)-epigallocatechin neutralized 95.5% of the DPPH.
Although AEPH and control showed slightly different IP values, there was no statistical
difference for their ECsq values (16.3 + 1.4 and 16.7 £ 1.2 pg/mL, respectively, p >
0.05). In addition, in vitro lipoperoxidation of egg yolk was induced by AAPH to study
the antioxidant effect of the AEPH against lipid oxidation. In presence of the inducer,
the extract protected the egg yolk against lipoperoxidation with inhibitions of TBARS
ranging from 8.1 to 40.8% (Figure 1). Although control gallic acid showed a highest
TBARS inhibition (31.4%) at the lowest concentration (5 pg/mL) than AEPH, TBARS
production was moderately inhibited at its highest concentration (60.4%). The total

phenol content determined for the AEPH was 155.02 + 11.33 mg EGA/g extract.

Formalin test

Results for the formalin test are show in Figure 2. When AEPH was
administered to mice 30 min before formalin administration, it significantly (p < 0.001)
reduced the time the animals spent rubbing their faces by 62%, 43.3% and 54% at 100,
200 and 400 mg/kg respectively, during the neurogenic phase of the assay (Figure 2A).
In the inflammatory phase, which occurs between 15 and 40 min post-formalin
administration, all doses significantly (p < 0.01) reduced the face rubbing by 47.4%,
63.7% and 79.2%, respectively (Figure 2B). Morphine, used as control drug, was able to
reduce the nociceptive behavior of mice in over 97% on both phases. Although
naloxone reversed the effects of morphine on both phases, the pretreatment with this
opioid receptor antagonist did not reverse sigficantly (p > 0.05) the AEPH (400 mg/kg)

antinociceptive effect in mice.
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Capsaicin test

Figure 3 shows the results for the capsaicin orofacial pain model. Pre-treatment
of mice with the AEPH reduced significantly (p < 0.05) the animal nociceptive
behaviour of face rubbing in a dose-dependent manner by 23.4%, 39.8% and 68.9% at

100, 200 and 400 mg/kg, respectively. Morphine reduced over 96% of the face rubbing.

Glutamate test

Mice nociceptive behavior was significantly reduced (p < 0.001) for all doses of
AEPH (Figure 4). When compared with capsaicin, glutamate-induced nociception was
more inhibited with the two lowest doses of AEPH (48.7% and 62% for 100 and 200
mg/kg, respectively) than observed for capsaicin, while at 400 mg/kg, glutamate
nociception inhibition was similar to capsaicin (66.3%). Morphine reduced over 98% of

mice face rubbing.

Rota Rod test
At the evaluation of the motor activity (Rota-rod test), AEPH-treated mice, all

doses, did not show any significant motor performance alterations (Data no shown).

DISCUSSION

Formalin administration in the orofacial region induces a biphasic behavioural
nociceptive response. The first phase is neurogenic and corresponds to the direct
stimulation of nociceptors, predominantly of the C fibers by influence of the pain

mediators substance P, glutamate and bradykinin. This phase is sensitive to analgesics
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that act on the CNS (Luccarini et al., 2006). The second phase of nociception is
inflammatory and is resultant of the central sensitization of nociceptors and second
order neurons, as well as the action of inflammatory mediators like histamine, serotonin,
bradykinin and prostaglandins, which are liberated due to tissue lesions. This phase is
said to be peripheral and can be inhibited by non-steroidal anti-inflammatory drugs
(NSAIDS) and substances that act on the CNS. Therefore, a drug that acts mostly as
central analgesics inhibit both the first and the second phase, while drugs that act
peripherally act just inhibiting in the latter phase (Tjelsen et al., 1992, Venancio et al.,
2011). The results of the present study showed that AEPH is active against neurogenic
and inflammatory pain since it inhibited the mice face-rubbing nociceptive behavior in
both phases. In addition, when the mechanism of AEPH action was investigated using
naloxone, a well-know opioid antagonist, its effect was not reversed, suggesting it
analgesic activity does not involve opioid receptors. In addition, AEPH seems to be
more active against orofacial pain than hind paw pain according to the comparison with
the results of Bispo et al. (2001). In that study, pre-treating mice with AEPH had no
significant effect on the first phase of pain, while it was able to reduce 70% of the
nociceptive behavior in the second phase of the formalin test at 200 mg/kg similar to
our results (63.7%). However, at 400 mg/kg, while AEPH reduced almost 80% of the
face rubbings in the present study, it reduced the licking time of the hind paw in only
30.2%. AEPH have also shown antiedematogenic activitiy in the study of Bispo et al.
(2001) by reducing paw edema induced by carrageenan and arachidonic acid,
suggesting it can also inhibit the release of substance P and the production of

inflammatory molecules such as serotonin, histamine, bradykinin and prostaglandins.
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To further investigate the mechanism by which AEPH act against orofacial pain,
capsaicin was used. Capsaicin directly activates Type C fibers trough vaniloid receptors
(TRPV1), which induces a cation inflow to produce neuron depolarization and
excitation (Pelissier et al., 2002). This will release initially neuropeptides such as
tachykinins (neurokinin A), substance P, calcitonin peptide, and latter excitatory
aminoacid (aspartate and glutamate), nitric oxide, and other pro-inflammatory
substances from peripheric terminals, which will then transfer the painful stimulus
through the trigeminal nerve (fifth cranial nerve), the facial nerve responsible for the
detection of chemical and thermal painful stimulus in the orofacial region (Waning et
al., 2007; Honda et al., 2008). AEPH was able to reduce capsaicin nociceptive effect in
a dose-dependent manner, which indicates it is acting as an antagonist of vaniloid
receptors, possibly by inhibiting the initial release of substance P or bounding into its
receptor neurokinin 1 (NK-1)

AEPH effect on the nociception mediated by excitatory aminoacids was also
investigated using glutamate orofacial model to evoke episodes of human pain and
mechanical hyperalgesia (Cairns et al., 2001). Excitatory aminoacids are involved in the
nociceptive transmission in the spinal cord and caudal trigeminal subnucleus
(Bonjardim et al., 2011). When primary afferent fibers are sensitized by nerve or tissue
injury or by response to noxious stimuli, amino acids are released from the central and
spinal afferents trigeminal (Keast and Stephens, 2000; Lam et al., 2005). AEPH
exhibited significant antinociceptive activity when the glutamate model was used.
Therefore, it can be suggested that it interfere with the glutamatergic system. This may
be associated with interferences in nociceptive peripheral , spinal and supraspinatus

sites trough metabotropic receptors coupled with second messenger G protein or
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ionotropic receptors including those selectively sensitive to N-Methyl-D-aspartic acid
(NMDA), a-amino-3-hydroxy-5-4-propionic metilisoxazol (AMPA) acid and kainite
(Fundytus, 2001; Beirith et al., 2002).

Since drugs that interfere with motor activity or induce sedation can give false-
positive nociceptive tests, we decided to confirm the results observed for the
antinociceptive tests by performing the Rota-rod test, which provides subsidies for a
good index for neurological deficits including sedation, muscle relaxant and decreased
motor activity (Novas et al., 1988; Pu et al., 1995). Mice treated with AEHP did not
show any alteration of their motor performance, which showed that the plant extract do
not have any muscle relaxation effect. Therefore, the results in the nociceptive tests can
be solely attributed to the extract at the used doses.

It is known that inflammatory processes generate free radical as byproducts,
which will propagate the symptoms of the inflammation, as well as the time it will take
in the body (Hofseth and Ying, 2006). Free radicals are unstable and reactive towards
membrane essential molecules such as fatty acids, besides nucleic acids, because they
are chemical species having one or more unpaired electrons allowing them to take
electrons of these molecules to stabilize their structure by attacking double bonds
(Hofseth and Ying, 2006; Sousa et al., 2007). This will damage the cell metabolism and
create ideal conditions for the development of radical-related diseases. Antioxidants are
able to inhibit or reduce lesions caused by free radical in the cells and can reduce the
risk of chronic diseases development such as cardiovascular illnesses, cancer, diabetes,
Alzheimer’s and Parkinson’s (Hofseth and Ying, 2006; Hu et al., 2012). Therefore, they
should be neutralized before they can act upon the cell structure. In vitro studies in the

present study showed AEPH can significantly inhibit free radicals and may protect the
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organism, although moderately, against membrane lipid oxidation that if not prevented
can destabilize the plasmatic membrane and damage the cell metabolism.

Together, our results suggest that AEPH has an important neurogenic and
inflammatory orofacial antinociceptive effect, without interference in the motor
performance. The precise mechanisms through which the AEPH exerts its action are
currently under investigation, but seems it is related to the vaniloid and glutamate
receptors. The opioid system seems unlikely to participate in the antinociception caused
by the extract. Furthermore, the orofacial antinociceptive activity demonstrated in the
present study supports, at least partly, the ethnomedical use of this plant in painful

facial.
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Figure 3. Effect of pretreatment of animals with control (vehicle, p.o.), AEPH (100, 200 and 400 mg/kg,
p.o.) and morphine (5 mg/kg, i.p.) in the nociception induced by injection of capsaicin (20 uL) in the
orofacial region. Significant differences were found by comparing group (n=8) means with control (ANOVA
followed by Dunnet’s post hoc test): *p < 0.05, **p < 0.01 and ***p < 0.001.
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Figure 4. Effect of pretreatment of animals with control (vehicle, p.o.), AEPH (100, 200 and 400 mg/kg) or
morphine (5 mg/kg) in the nociception induced by injection of glutamate (25 pM, 40 uL/paw) in the orofacial
region. Significant differences were found by comparing group (n=8) means with control (ANOVA followed
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Abstract

Hyptis pectinata L. Poit (Lamiaceae) is an aromatic, abundant and broadly used plant species in Sergipe. The
aim of the present study was to analyze the relation between periodontitis and changes in the corporal mass and
alveolar bony structure after induction of Experimental Periodontal Disease (EPD) in rat treated or not treated
with H. pectinata L. Poit gel at 5% (GS5%) and 10% (GS10%), comparing their effects with doxycycline gel at
10% (GD - positive control) and vehicle gel (GV — negative control). The gels were locally applied in the
gingival region immediately after the EPD induction for ligature (3x/day, 11 days). Bone destruction was
determined through clinical exam, histopathological analysis and cone beam computed tomography (CBCT) of
the experimental animals (n=36). After 11 days of periodontitis induction, all groups that received ligature
presented a decrease on the corporal mass, while the naive group (Group I - without EPD) showed an increase in
the corporeal weight (p<0.05). CBCT results have shown healthy bony structure in the group | and bony
resorption for the test groups. Histopathological analysis confirmed the healthy bony structure for group I
animals, while the test groups exhibited bony loss in several degrees. VI group (non-treated) in particular had an
intense inflammatory process represented by acute infiltration due to PMN and vasculatization, resorption
lacunae rounded by clastic cells. When the periodontium of the animals treated with GS10% was
histopathologically analyzed, insertion periodontium was preserved, although a discreet gingival inflammatory
process due to infiltration was observed, which was similar to GD. The results for these groups were
significantly different of the vehicle group (p<0.05). According to the results, the gel based in the aqueous

extract of H. pectinata at 10% can prevent bony loss in EPD similarly to doxycycline 10%.

Keywords: Experimental Periodontal Disease, Hyptis pectinata ge, antiinflamatory activity, doxycycline.
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Introduction

Oral bacteria are associated to many systemic diseases such as pneumonia and
cardiovascular diseases. Therefore, it has been emphasized the need to oral care in the
systemic control of health (TAKARADA et al., 2004). In this context, pathological cases of
gingivitis and periodontitis, the oral illnesses more prevalent in Brazil, are target of special
attention in needy communities, especially in the Brazilian Northeast, where the individuals
with these pathologies normally have evolved cases, which are accompanied of deterioration
of the dental unit as well as their bony support (BOTELHO et al., 2007).

Periodontitis, an important cause of teeth loss in adults, is a chronic inflammatory
disease characterized by located bony resorption (CHAMBRONE & CHAMBRONE, 2006).
Recent researches have indicated the local utilization of doxycycline gels as an isolated
treatment, which prevent tooth scaling and root planning and are effective in combating the
periodontal disease (TINOCO & TINOCO, 2000). In addition, it has been suggested that the
association of natural products with preventive care can reduce the high incidence of diseases
that affect the dental element as the periodontal disease (JUIZ et al, 2010).

Hyptis species are very aromatic plants that present important pharmacologically
active substances with antimicrobial, antifungal, anti-HIV and antiinflammatory activities,
and citotoxicity and insecticide properties. According to FALCAO & MENEZES (2003),
terpene metabolites are the main class of substances responsible for these biological activities.

Hyptis pectinata (L.) Poit (Lamiaceae) is an aromatic perennial bush species with low
foliar density and erect branches that is widely spread in Sergipe and Alagoas states. It can be
found in fields, forests, highway borders and around residences in the cities to be used for
treating gastrointestinal problems (CARVALHO et al., 1999). Its aqueous extract has
previously shown antinociceptive and antiedematogenic effects by reducing symptoms up to
54% at 400 mg/kg, which validate the popular use of the plant (BISPO et al., 2001; LIRA,
2006).

The aim of the present study was to analyze the relation between periodontitis and
changes in the corporal mass and alveolar bony structure after induction of Experimental
Periodontal Disease (EPD) in rat treated or not treated with H. pectinata L. Poit gels

compared with the standard drug doxycycline.

Material and Methods
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Plant material

H. pectinata leaves were collected during the florescence period in the metropolitan
area of Aracaju, Sergipe, Brazil (255 m, 10°55'56.1” South, 37°06'34.7" West). The plant
material was identified, and a voucher specimen was deposited in the herbarium of the

Department of Biology in the Federal University of Sergipe, under the number 19005.

Aqueous extract preparation

Leaves were dried in an oven at 37 °C with air renewal and circulation for 48 h until
complete dehydration. Then, they were triturated to give a fine powder (2 kg), which was
extracted with distilled water (3:10 w/v) under constant agitation for 4 h at 35 °C. After
filtration, the supernatant was lyophilized to give the dry crude aqueous extract (CAE, 32 g).
CAE was distributed in seven pots and kept in a desiccator in the Laboratory of Natural
Product Pre-clinical Pharmacology of the Federal University of Sergipe to be used in the

subsequent experiments, when they were redissolved in water to give specific concentrations.

Gel preparation

CAE was maintained under dark to avoid the possible light degradation of some of the
compounds present in it. For the gel base production, 0.2% Nipagim® (Batch GBG0020625,
Pharma Special ), 0.05% EDTA disodium (Batch 090707#2, DEG) and purified water were
measured and heated together in a water-bath up to 70°C. When the temperature was reached,
the mixture was removed from the water-bath and slowly added to hydroxyethyl cellulose,
which was stirred until complete homogenization and solubilization of the polymer. When
this previous mixture reached 40°C, Germal® previously solubilized in water was added to
complete homogenization until the gel formation. Afterwards, triethanolamine was added for
pH adjustment to the range 5.0-6.0 at environment temperature. H. pectinata (L.) Poit extract
was mixed with propilenoglicol (Batche 10030930C, Pharma Nostra) and incorporated in the
gel at 5% or 10% considering gel mass.

The gels were stored in white polyethylene containers kept hermetically sealed at 8°C
until use. Stability studies to evaluate gel consistency on a 2 month period were performed
with the formulations being kept in different conditions (4°C, 37°C and environment

temperature) and the gel formulation viscosity was measured in regular intervals. The study
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indicated that gel viscosity, color and consistency did not change significantly during the
period analyzed in the specified circumstances.

Animals

A previous training with the research team on anesthesia procedures, adaptation and
handling of the animals and gels and convenient placement of the bondages was done before
the beginning of the experiment. The animals were positioned on the surgery table to allow
the rat oral opening maintenance, facilitating the access to the maxilla posterior region teeth.

Thirty-six male Wistar rats (100-200g) were housed in temperature controlled rooms
and received water and food ad libitum. All experiments were conducted in accordance with
local guidelines on the welfare of experimental animals and with the approval of the
Committee on Ethics in Animal Research of the Federal University of Sergipe (#47/09).

The experimental groups were divided in naive (animals non-treated and not
submetted to EPD), non-treated group (NT, animals subjected to EPD, but without treatment),
vehicle-treated group (V, animals subjected to EPD and treated with vehicle gel), GS5%
group (animals subjected to EPD and treated with local H. pectinata gel at 5%, w/w), GS10%
group (animals subjected to EPD and treated with local H. pectinata gel at 10%, w/w) and DG
group (animals subjected to EPD and treated with local doxycycline gel at 10%, w/w).
Doxycycline was utilized as a reference drug. The local treatment with the gel was first
performed immediately after the surgical procedure and then three times/day until the animal
sacrifices on the 11th day.

The animals in the test groups with periodontal diseases (n=30 total) received a
ligature, while the animals in the control group (naive, n=6) were not induced for
periodontitis, although they were submitted to capture, hold, daily weighing and sacrifice

similarly to the test groups.

Induction of experimental periodontal disease (EPD).

A sterilized nylon (3.0) thread ligature was placed around the cervix of the second
upper-left molar of rats anesthetized with 10% ketamina (0.08 mL/100 g, i.p.) and xilazyne
chloridrate (0.04 mL/100 g). The ligature was knotted on the buccal side of the tooth,
resulting in subgingival position palatinally and in supragingival position orally. The

contralateral right side was used as the unligated control. Animals were weighted daily.
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Histopathological analysis

After sacrifice under anesthesia, animals had their maxillae excised. The specimens
were fixed in 10% neutral buffered formalin and demineralized in 7% nitric acid. These
specimens were then dehydrated, embedded in paraffin and sectioned along the molars in a
mesio-distal plane for hematoxylin and eosin staining. Sections of 6 pm thickness, which
included the roots of the first and second molars, were used. The areas between the first and
second molars, where the ligature was placed, were analyzed under light microscopy using a 0
to 3 score grade, considering the inflammatory cell influx, and alveolar bone and cementum
integrity, as described previously (Botelho et al., 2007): score 0, absence or only a discrete
cellular infiltration (inflammatory cell infiltration is sparse and restricted to the region of the
marginal gingival) with preserved alveolar process and cementum; score 1, moderate cellular
infiltration (inflammatory cellular infiltration present all over the gingival insert) with some
minor alveolar resorption process and intact cementum; score 2, accentuated cellular
infiltration (inflammatory cellular infiltration present in both gingival and periodontal
ligament) with accentuated degradation of the alveolar process and partial destruction of
cementum; and score 3, accentuated cellular infiltrate, complete resorption of the alveolar

process and severe destruction of cementum.

Weight loss analysis
All the animals had their corporal mass measured before the surgery and in the 11
subsequent days, which was the experimental period. Values observed were expressed as the

variation of the corporal mass (g) regarding the initial mass.

Cone-beam computed tomography

Prior the cone-beam computed tomography (CBCT), animals were sacrificed and their
hemiarcades were dissected. These hemiarcades were submitted to CBCT using a tomography
scanner model i-Cat (Imaging Sciences International) with an exposition area of 6 cm and
exposition time of 40 sec with voxel of 0.2 mm (maximum resolution). The digital images
were analyzed using their axial, sagital and coronal cuts in the program i-Cat Cone-Beam 3D
Dental Imaging System, version 3.1.62. Results were expressed as escores, in accordance

with standardization performed to LAPEC — Laboratory of Pre-clinical Pharmacology of
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Natural Products to Federal University of Sergipe (2011): 0, absence or discreet bony

reabsorption; 1, bony reabsorption moderated; and 2, severe bony reabsorption.

Statistical analysis

The data are presented as the mean + S.E.M. Differences between groups were
evaluated by analysis of variance (ANOVA) followed by Dunnett’s or Bonferroni's tests using
GraphPad Prisma v5.0 when means were compared. Statistical differences were considered to

be significant at P < 0.05.

Results

Macroscopic analysis

Before the histophatological analysis, the analysis of gingiva alterations with the
odontological magnifying glass Bioart 4x allowed to note macroscopic texture modifications,
absence of interproximal papilla and changes in the position or outline of gingiva in the
animals of the groups with induced periodontal disease (NT, V, GS5%, GS10% and DG),
which were not present in the naive group.

Gingiva of the upper second molar teeth in vestibular, palatine and interproximal
regions of the naive animals had similar clinical aspects. It rounded the cervical portion of the
teeth and finished in a pointed form similar a knife edge. Interdental papillas were sharp and
finished in triangular form. However, when the animals in the groups with induced
periodontal disease (NT, V, GS5%, GS10% and DG) were evaluated, it was shown that they
had flaccid gingiva in the region of the upper first molar with apical migration of gingival
margin and absence of interdental papillas, characterizing an inflammatory process in the

gingival vestibular and palatine faces.

Histopathological analysis

The histopathological analysis of the region between the first and second molars of the
normal periodontium shows periodontal ligament (pl), alveolar bone (ab), dentin (d),
cementum and gingiva, (Fig. 1A). The histopathology of the periodontium of the animals

subjected to periodontitis in the Vehicle group revealed intense inflammatory cell infiltration
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coupled with cementum destruction and complete alveolar process resorption (Fig. 1C),
whose median received score 3. A reduction of inflammatory cell infiltration with a partial
preservation of the cementum and alveolar process was found in the periodontium of animals
in GS10% and DG (Fig. 1E and 1F, respectively), whose medians received score 1. These

values were statistically significant (P < 0.05, respectively) when compared to the Vehicle
(Fig. 2).

Weight loss analysis

As of general, all animals in the experimental groups presented variation in their
weight after the experimental analysis period. Animals in the experimental groups treated
with H. pectinata and doxycycline gels had an increased weight after 11 days (P < 0.05),
while a decrease in the corporeal body mass was observed for animals in the NT and V
groups (Fig. 3). However, animals in the normal group, which did not have periodontal
disease, showed the highest increase in the body weight (Fig. 3).

CBCT

CBCT images of the animal hemiarcades showed alveolar bony losses in varied
degrees (Fig. 4) when compared to the naive group, after 11 days of experiment. Severe
alveolar bony losses were observed in the animal hemiarcades of the NT and V groups. In the
other hand, the hemiarcades obtained from the animals treated with H. pectinata gels (GS5%
and GS10%) had a significantly lower bony loss (P < 0.05), which was similar to the one

observed for the DG group (Fig 5).

Discussion

This study demonstrates that the local application of a dental gel based on H. pectinata
(L) Poit has anti-inflammatory effect and also prevents alveolar bone resorption and weight
loss in animals with periodontitis.

Periodontal diseases are still considered the main oral health problems in the majority
of the industrialized countries, affecting 60-90% of children in schools as well as adults. In
spite of the great advances, periodontitis is frequent in many communities not only in Brazil,
but also in the developing world, particularly between less favored economically groups
(PETERSEN, 2005). As it is frequently seem in these countries, where natural products are

used to treat several illnesses, it has been suggested the use of gels based in natural products
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in local application as supporting in the periodontal therapy (PAI et al., 2004). In this context,
previous studies have shown that some natural products such as propolis (rich in flavonoids)
and essential oils have cariostatic activity by inhibiting the enzymes that facilitate microbial
aggregation and biofilm production as well as the growth of Streptococcus mutans (DUARTE
et al., 2006; CHUNG et al., 2006).

The use of systemic drugs in periodontal disease treatment has been demonstrated in
several studies (LIMA, 2000; BEZERRA et al., 2002; MENEZES et al., 2005). However, few
studies involving the treatment with local application of antimicrobial drugs as adjunct to the
treatment of the experimental periodontal disease. Thus, the present study aimed to evaluate
the effect of the local application of gels based in H. pectinata (5% and 10%) in the gingival
region, as well as to elucidate the mechanisms by which these phytodrugs act in an animal
model periodontitis, comparing them with a well-known antimicrobial drug, doxycycline
(positive control) and a gel vehicle (negative control). For that, the model of induced
periodontal disease developed by using the technique of ligature placement around the tooth
was used due to its easy setup and high reliability during the development of the periodontal
disease (Johnson, 1975; Nassar et al., 2003; 2004). This periodontal disease model is
characterized by a progressive accumulation of bacterial biofilm in the ligature with
consequent increase of the inflammatory infiltrate, which will destroy the periodontal tissue
(conjunctive and bony tissue).

The structure and the organization of the periodontal tissue in the molar tooth region in
rats, including oral gingival epithelium, oral sulcular epithelium, junctional epithelium,
collagen periodontal fibers, cellular and acellular cementum and alveolar bone, are very
similar to the human. The biggest difference consists in the fact that the gingival sulcular
epithelium of rats is keratinized. Studies have shown that the gingival functional barrier is not
different in rats and humans, although the extension of the affected area is larger in the later.
Thus, the model used in the present study is able to reproduce the main characteristics found
in human periodontitis and as such is appropriated for the study of this disease (BOTELHO,
2007).

Ligature placement around the first upper molar in the animals of the experimental
groups provided an initial gingival lesion characterized by a microvascular dilation of the
region with an increase on the hydrostatics pressure and fluid permeability, besides leukocyte

displacement to the furrow. In this study, the groups that did not receive treatment with H.
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pectinata gels or doxycycline behaved accordingly, as demonstrated by NT and V groups,
which were not statistically different when compared with each other and presented the
symptoms of an acute lesion in the periodontal tissues according to HOLZHAUSEN (2002).

The macroscopic results presented here suggest that the ligature placement around of
the animal teeth caused significant alterations in the gingival macroscopic characteristics, like
redness, bleeding and curved papilla. These findings corroborate with HOLZHAUSEN et al.
(2002), which affirmed that in the development of the induced inflammatory periodontal
disease, biofilm accumulation in the dental surfaces near the gingiva is the direct cause of the
inflammation.

One of the possible regulatory pathways for the inflammatory response in the
periodontal diseases could be cytokine production by the different sub-populations of
auxiliary T lymphocytes (T helper, Th), which would attenuate or increase the inflammatory
reaction in the periodontal tissues, and determine the activity or latency of the periodontal
diseases (GEMMEL and SEYMOUR, 2006). Cytokines are mediators that act on several cell
types to stimulate, inhibit or destroy the periodontal tissues (LINDHE, 1999) as demonstrated
by the histopathological analysis of the animals in the groups with EPD (NT, V, GS5%,
GS10% and DG), where alveolar bony losses in varied degrees were present, while the
normal group (without EPD) did not show any sign of bony loss. These results corroborate
with NASSAR et al. (2003), NASSAR et al. (2004) and BOTELHO et al. (2007). It is
believed that in normal physiologic situations, bony formation and resorption progression are
in equilibrium that is regulated so that bony resorption by osteoclasts precedes new bony
formation by osteoblasts (CUETO-MANZANO et al., 1999).

Leaf aqueous extract of the Hyptis pectinata L. Poit (CAE) at 10% was used in the
present study due to the easy access that the low income population has to this natural product
as well as the easiness by which it can be manipulated for topic administration. Doxycycline
was chosen not only due to its antimicrobial action, but also due to its anti-collagenolytic
effect. Several authors demonstrated that the use of this drug is efficient as supporting agent
in the periodontitis treatment because it acts by inhibiting metalloproteinases, consequently,
reducing the destruction of the periodontal tissues. However, it is well-known that very high
doses of this drug do little against the alterations in the susceptibility of the periodontal
microflora, which in turn reduces the occurrence of bacterial resistance (BEZERRA et al.,
2000; CATON et al., 2001; GOLUB et al., 2001).
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According to TOMASI and WENNSTROM (2004), MACHION et al. (2006) and
BOTELHO et al. (2007), the topic application of the doxycycline gel was previously
performed to treat periodontitis. The drug was proved effective by reducing bony resorption,
bony turnover and number of microorganisms in the affected sites as well as the osteoclast
activity. Thus, doxycycline was used as positive control. Administration of H. pectinata at
10% (GS 10%) immediately after the EPD induction significantly prevented the alveolar bony
resorption similarly to the doxycycline gel (GD).

Histopathological analysis and CBCT images evidenced tissue alterations and bone
resorption in all groups with periodontal disease, although groups treated with GS 5%,
GS10% and DG showed mild alterations when compared to NT and V groups, which
presented intense cell inflammatory infiltrate after 11 days of EPD induction with total
destruction of the alveolar bone, which is in accordance with the results found by BEZERRA
et al. (2000), LIMA et al. (2000) and MENEZES et al. (2005). In a study evaluating the
periodontal destruction due to the ligature placement when used together with antibiotics for
the control of the bacterial film, the inhibition of the alveolar bony loss and the infectious
feature of the experimental periodontitis were demonstrated (SALLAY et al., 1982). The
findings in the present study suggest that H. pectinata gel may be inhibiting bony loss
probably by controlling the formation of bacterial film.

Several studies have been done on the use of medicinal plants associated to the
conventional periodontal treatment so that the anti-inflammatory effect can be observed as
well as the reduction in the counting of the microorganisms responsible for tissue destruction
of the dental element (Bakri et al., 2005; Feres et al., 2005; Lee & Chung, 2004). In this
context, a previous study involving H. pectinata showed the plant aqueous extract has
monoterpenes, sesquiterpenes, sesquiterpenic lactones and tripterpenes with important
pharmacological activities. The hemostatic effect of the plant fresh leaves as well as the
antimicrobial activity against Escherichia coli, Staphylococus aureus, Klebsiella pneumoniae,
Pseudomonas aeruginosa e Streptococus sp were demonstrated (BASILIO et al., 2006).
According to JUIZ et al. (2010), plants with activity against periodontopathogens would be
more effective if they also inhibited S. mutans growth because this organism facilitates the
bacterial biofilm installation. NASCIMENTO (2005) evaluated the in vitro antimicrobial
potential of H. pectinata essential oil and found that its antimicrobial activity against S.

mutans was equivalent to chlorhexidine. Moreover, the antinociceptive and antiedematogenic
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effects of the H. pectinata aqueous extract at 5 mg/kg with low extract toxicity was also
shown (BISPO et al., 2001).

Thus, considering the results of studies on the antimicrobial and anti-inflammatory
properties of H. pectinata, the findings here presented showed that H. pectinata CAE gels
developed in the Laboratory of Pharmacotechnique of the Federal University of Sergipe
decrease the initial inflammatory response, which reflect in the posterior consequences of the
periodontal disease such as the bony resorption. This accentuated reduction of the neutrophill
inflammatory infiltrate induced by the treatment with GS5%, GS10% and GD in topical form
could better explain the preservation of the collagen fibers in the periodontal ligament, as well
as the minor resorption of the alveolar bone.

A significant loss of body weight was observed for the animals in the NT and V
groups, which was probably caused by the surgery trauma and acute inflammatory process
that followed it, complicating animal chewing and feeding. However, treatment with H.
pectinata and doxycycline reduced or prevented the inflammatory process, which in turn
reduced the time its effect lasted in the animals, which were able to chew and eat fairly
normally when compared with the NT and V groups. Animals treated with GS5%, GS10%
and GD progressively gained body weight from the 6th day after EPD induction. These
findings are in accordance with the study of LIMA et al. (2000), where the animal lost around
10% of their weight in the first day after EPD induction, but returned to their initial weight
upon treatment. According to BOTELHO et al. (2007), the gel topic application have benefits
by decreasing both the pain and the bacterial account as well as promoting oral conditions for
a better feeding of the rats treated with gels based in natural products (BOTELHO, 2007).

Conclusions

This study demonstrates that the local application of a dental gel based on H. pectinata
(L.) Poit at 10% has anti-inflammatory effect and also prevents alveolar bone resorption and
weight loss in animals with experimental periodontitis. The study revealed the great potential
of the gel to combat periodontal diseases, although further studies are needed to clarify its

usefulness in clinical situations.
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Figure 1. Histopatological images of the naive (A), non treated EPD (B), vehicle EPD (C), 5% H.
pectinata (D), 10% H. pectinata (E) and 10% Doxycycline gel - DG (F) groups. Mesial region of the
left second upper molar after 11 days of EPD induction. (A): inteproximal region shows a normal
periodontal ligament (pl), alveolar bone (ab), dentin (d), cementum (c) and gingiva (g) with health
sulcular and junctional epithelia in normal conformation (HE 100x). (B) and (C): intense insertion loss
and bony resorption (arrow) in the interproximal and furcation regions (HE 40x). (D): loss of insertion
and bony resorption in the interproximal region with formation of bone sequestration (arrow) involved
with inflammatory infiltrate (HE 40x). (E) and (F): flat gingival papilla with apical migration of the
junctional epithelium and discreet resorption of insertion periodonte to the ligature region (Ir) (HE

100x).
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Figure 2. Effect of the treatment with 5% H. pectinata gel (GS5%), 10% H. pectinata gel (GS10%),
10% doxycycline (DG) and vehicle gel (V) on the EPD. Significant differences between means were
found in comparison with the V group by ANOVA followed by the Bonferroni’s test. *p<0.05,
**p<0.01 and ***p<0.001.
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Figure 3. Effect of the 10% doxycycline (DG), 5% H. pectinata (GS5%), 10% H. pectinata (GS10%)
and vehicle gel (V) in the variation of the body weight of rats submitted to EPD after 11 days of its
induction. Data values are expressed as mean + SEM (n=6) and were measured each Day before and
after the EPD induction during 11 days. Significant differences between means were found in
comparison with the naive group by ANOVA followed by the Dunnett’s test. ¥*p<0.05, **p<0.01 and
***n<0.001.
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Figure 4. Cone-beam computed tomography images analyzed through three cuts: axial, sagital and
coronal. (A) Sagital view evidencing the tomography of the six pieces of the NT group. The presence
of bone resorption in the ligature region can be seen (arrow). (B) MPR screen of the classical i-Cat
scanner (Imaging Sciences International). An exposition area of 6 cm and exposition time of 40 sec

with voxel of 0.2 mm (maximum resolution) was used. Images for the NT group.
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Figure 5. Effect of the 5% H. pectinata, 10% H. pectinata, 10% doxycycline and vehicle gels in the
bony resorption caused by the EPD. Significant differences between means were found in comparison
with the V group by ANOVA followed by the Bonferroni’s test. *p<0.05, **p<0.01 and ***p<0.001.
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Abstract

Hyptis pectinata L. Poit (Lamiaceae), known as “sambacaita”, is used by the population in the
northeast of Brazil to treat respiratory and digestive diseases, fever, inflammations, and
microbial infections. The present study evaluated the phytochemistry of the crude aqueous
extract (CAE) of H. pectinata leaves by colorimetric methods and high-performance liquid
chromatography (HPLC), which detected the presence of phenols, tannins (condensed and
catechinic), saponins, alkaloids and free pentacyclic triterpenes. The antibacterial activity of

H. pectinata leaf CAE was tested against strains of Citrobacter freundii, Escherichia coli,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Staphylococcus aureus, and
Streptococcus

mutans by the agar-well diffusion technique. The growth of all bacterial strains tested was
inhibited by the extract, with inhibition zone diameter varying from 15 to 36 mm and
minimum inhibitory concentration values ranging from 12.5 to 1000 pg/mL. The results
showed that the aqueous extract of H. pectinata leaves has a strong antibacterial activity
against Gram-positive bacterias Staphylococcus aureus (ATCC#25923) and Streptococcus

mutans (ATCC#27923).

Keywords: Hyptis pectinata; Lamiaceae; natural products; phytochemical screening;

antibacterial activity
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Introduction

After the discovery of penicillin by Flemming in 1929 and sulfonamide-based

chemotherapics by Domagk in 1935, numerous compounds with antibacterial and antifungal
activities have been obtained by biosynthesis or organic synthesis (Gongalves et al. 2005).
Due to microbial infections, an increasing number of studies have been developed to obtain
compounds at a low cost and that are safe and efficacious for humans (Botelho et al. 2009).
The antimicrobial activity against resistant strains is the main interest for pharmaceutical
industries and health management. In this context, plants can fill these requisites because they
have a high diversity of molecules, which are produced by the secondary metabolism and can
be considered as promising antimicrobial agents against those resistant strains (Leitdo et al.
2006; Silva et al. 2007; Coutinho et al. 2008; Silva et al. 2008). Considering this potential, the
natural plant product market is growing at a rate of 15% per year, while the synthetic
pharmaceutical market annual growth is around 3-4%. Thus, phytotherapics is an effective
therapeutic option and culturally appropriate for treating microbial illnesses (Mahady 2005).

The Hyptis genus is comprised of 300 species with a wide distribution, occurring in
Tropical Semi-Arid climates of America and Africa (Stevens 2001), mainly found in the Fiji
islands, West African, India (Pietschmann et al. 1998), and the Brazilian Northeast (Bispo et al.
2001; Franco et al. 2011). Hyptis pectinata L. Poit (Lamiaceae), popularly known in Brazil as
“sambacaitd” or “canudinho”, is an herbaceous herb with opposite, crossed, and aromatic leaves.
Its flowers are small, grouped into: inflorescences, hermaphrodites, pentamers,
zygomorphics, and bilabiates (Arrigoni-Blank et al. 2005). The plant is cultivated in gardens and
is popularly used by the population as a tea, either obtained by decoction or infusion, and as a
mouth rinse (Carvalho 1999). It is known for being a natural antiphlogistic and is used to treat
respiratory diseases such as rhinopharyngitis and nasal congestion, skin and gastric diseases,

fever, and fungal and bacterial infections (Nascimento et al. 2008).
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H. pectinata leaf aqueous extract was previously evaluated for its antinociceptive
properties by the abdominal writhings, hot plate and formalin tests, which showed that the
extract applied orally had a significant effect on mice by reducing abdominal writhings caused
by acetic acid up to 54% at 400 mg/kg with a latency time increase up to 47% (Bispo et al.
2001). In addition, studies have shown that the aqueous extract is able to reduce paw edema
induced by carrageenan up to 67% (Bispo et al. 2001; Arrigoni-Blank et al. 2005) and edema
induced by arachidonic acid by 32.8% (Bispo et al. 2001). The extract was also effective in
the liver regeneration of hepatectomized rats (Melo et al. 2001) and showed antidepressant
activity (Bueno et al. 2006). Despite the wide commercialization of this plant in markets in
the state of Sergipe, Brazil, and its medicinal use by the population to treat microbial
infections, there are few laboratory studies on the antimicrobial potential of the species,
mainly concerning its crude aqueous extract. Therefore, the present study is a contribution to
the ethnopharmacological knowledge of H. pectinata by demonstrating the phytochemical

constituents of the plant leaf aqueous extract as well as its in vitro antibacterial activity.

Results and discussion

The Lamiaceae family is relatively well studied from the chemical point of view.
Plants of this family present a great variety of metabolites, which can be derivative of the
mevalonate and shikimate pathways as well as mixed biosynthesis (Menezes 1994; Franco et
al. 2011). Although there are several studies on the chemical composition and antimicrobial
activities of the essential oil of the Hyptis species (Nascimento et al. 2008; Botrel et al. 2009;
Bhuiyan et al. 2010; Moreira et al. 2010), little is known about the composition of polar
extracts of the plant parts, mainly the leaf aqueous extract, which is used by the population to
treat illnesses. In the present study, the phytochemical evaluation of CAE by colorimetric

methods and HPL.C showed the presence of phenols, tannins (condensed and catechinic),
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saponins, alkaloids and free pentacyclic triterpenes. Alkaloids were previously found in the leaf
aqueous extract of H. suaveolens (Edeoga et al. 2006).

HPLC chromatograms of the aqueous extract of H. pectinata showed different peak
profiles, which further corroborate with the presence of these classes of secondary
metabolites. At 225 nm, two peaks were observed separately, at 5 and 25 min of run time,
while a set of seven peaks were found between 45 and 70 min (Figure 1A). This cluster of
peaks after 40 min may be associated with free pentacyclic triterpenes, which are chemically
classified as hydrocarbons and as such have absorptions around 225 nm of the UV-C region
[200-280 nm] (Silverstein and Webster 1997). Saponins, which have a lipophilic aglycone
such as the triterpenes, are attached to glycoside moieties, lack a strong chromophore group,
and usually absorb at lower UV wavelengths ranging from 200 to 210 nm (Kite et al. 2007).
Therefore, these compounds have an apolar nature and will likely be retained in the Cg
column when the mobile phase is polar, as the methanol/water used in the present study. The
reduction of absorbance in the region with the increase in wavelength also corroborates with
these suggestions (Figure 1B). The absorbance of the peak at 25 min increased with the
wavelength increase (Figure 1B and 1C) between 25 and 40 min. In addition, a new set of
peaks was found in the chromatogram at 330 nm. The peak with retention time of 25 min may
be associated with phenolic compounds, such as the catechins, which are known for their
absorption around 280 nm in the UV-C region of the UV/Vis spectrum, as well as in the UV-
A and UV-B regions, due to the resonance associated with the fused aromatic rings, which is
an important chromophore group (Silverstein and Webster 1997; Lee and Ong 2000; Saito et
al. 2006). Alkaloids, basic compounds absorbing between 210 and 330 nm, may be associated
with the small peaks observed at 225, 284 and 330 nm around 5 min due to their polar nature,
which enables them to run with the mobile phase and leave the column early.

In the last few years, there is an increasing interest in testing plant extracts for their

antimicrobial properties, mainly because the number of microorganisms resistant to the drugs
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in use is steadily rising (Jones et al. 2008). It is believed that the complex nature of a plant
extract can minimize the adaptability of microorganisms and their consequent resistance
(Coutinho et al. 2008). In the present study, the antibacterial activity of the leaf CAE was
determined by the inhibitory zone and MIC values, and the results are shown in Table 1. H.
pectinata leaf CAE was tested against Gram-positive and Gram-negative bacterial strains by
the agar-well diffusion technique. The growth of all bacterial strains tested was best inhibited by
the extract at 200 mg/mL since the inhibition zone diameters were over 10 mm and varied 140%
(from 15 to 36 mm). Gram-positive S. aureus and S. mutans strains were more
susceptible to the CAE and showed the highest inhibition zones, 36 and 33 mm, which in the
case of S. aureus was 80% higher than chloramphenicol. For the Gram-negative strains, CAE
was able to inhibit the growth of P. aeruginosa at the same level as polymyxin, the standard
antibiotic used as control for this bacterium. In general, CAE was not as effective in
preventing the growth of Gram-negative bacteria because the inhibition zone diameters were not
of the same magnitude. The results of the present study differ significantly from the ones
observed for H. suaveolens leaf agueous extract, which showed an inhibition zone for S.
aureus 67% (12 mm) smaller than H. pectinata and did not inhibit the growth of E. coli
(Satish et al. 2010). When other polar extracts are considered, H. martisuii showed similar
results to the present study for its crude ethanol extract against E. coli and P. aeruginosa, with
inhibition zones ranging between 10-20 mm, although it was not as effective against the S.
aureus strains as H. pectinata CAE (Coutinho et al. 2008).

MIC values ranged from 12.5 to 1000 pg/mL. Gram-positive S. aureus and S. mutans
strains also showed the lowest values of MIC, which characterizes the lowest concentration
for the extract to inhibit the visible growth of these bacteria. As it can be seen in Table 1, the
MIC for S. aureus was at the same level as for the antibiotic chloramphenicol. CAE showed a
moderate MIC by inhibiting the visible growth of E. coli and K. pneumoniae strains, whose

values were between 100 and 500 pg/mL. The MIC value was too high for C. freundii and P.
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aeruginosa, which indicates CAE is not good for treating infections caused by these two
Gram-negative bacteria when compared with the other tested bacteria. MIC classification for

E. coli and P. aeruginosa was in accordance with that observed for the ethanol extract of H.
martisuii leaves (Coutinho et al. 2008), while MIC values for S. aureus in that study were
higher than observed for H. pectinata CAE.

The higher sensitivity to the H. pectinata leaf CAE showed by S. aureus in this study is
important because some strains of this bacteria are usually refractory to therapy by
antimicrobial agents due to their increasing resistance to microbial compounds (Mahady
2005; Jones at al. 2008; Klein and Goulart 2008). Regarding the difference found in the
sensitivity of Gram-positive and Gram-negative bacterial strains, it might be associated with the
cell wall composition. Gram-negative bacteria have higher lipid content in their cell wall, and it
is well known that hydrophilic substances often cross the outer membrane by water-
filled channels of porins because they cannot diffuse through the lipid bilayer. However,
porin channels are too small to allow the penetration of large polar compounds, such as
tetracyclines, which can reduce the antibiotic efficiency against microorganisms. The aqueous
extract of H. pectinata leaves was shown to have a higher phenolic content (155.02 + 11.33 mg
EGA/g CAE) and is comprised mostly of large polar compounds, such as phenols and tannins,
that cannot cross the cell wall, and thus were less effective against the Gram-negative strains
(Godoy 2008). Moreover, other mechanisms may be contributing to the resistance of
Gram-negative bacteria. It is well known that these bacteria own the periplasmic space where
enzymes that inactivate antibiotics (nucleases, B-lactamases, proteases, etc) can be found
(Schmitt et al. 2003; Klein and Goulart 2008). In addition, it has been shown that efflux
bombs can withdraw xenobiotics from the cytoplasm, which prevents antimicrobial agent
accumulation and impedes these xenobiotics from reaching the necessary concentration to be

lethal to the bacteria (Clarke et al. 2001; Klein and Goulart 2008).
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In conclusion, the results of the present study contribute to the ethnopharmacological
knowledge of H. pectinata by demonstrating the antimicrobial potential of the leaf crude

aqueous extract of this plant, which was shown to have a strong antibacterial activity against the

©CoOoO~NOUOTA,WNPE

Gram-positive bacteria Staphylococcus aureus (ATCC#25923) and Streptococcus mutans

(ATCC#27923).

16 Experimental

21 Plant material

26 H. pectinata leaves were collected during the florescence period in the metropolitan
28 area of Aracaju, Sergipe, Brazil (255 m, 10° 55’ 56.1"” South, 37° 06’ 34.7"” West). The plant
material was identified, and a voucher specimen was deposited in the Department of Biology

33 herbarium, Federal University of Sergipe, under the number 19005.

38 Aqueous extract preparation

42 Leaves were dried in an oven at 37 °C with air renewal and circulation for 48 h until
45 complete dehydration. Then, they were triturated to give a fine powder (2 kg), which was
47 extracted with distilled water (3:10 w/v) under constant agitation for 4 h at 35 °C. After
filtration, the supernatant was lyophilized to give the dry crude aqueous extract (CAE, 32 g).
52 CAE was distributed in seven pots and kept in a desiccator in the Laboratory of Natural
54 Products Pre-Clinical Pharmacology at the Federal University of Sergipe to be used in the

subsequent experiments, when they were redissolved in water to give specific concentrations.

Phytochemical screening
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The following classes of secondary metabolites were screened by colorimetric
methods (Wagner and Bladt 1995; Matos 1997): alkaloids, anthocyanidins, anthocyanins,
aurones, catechins, chalcone, cyanogenic heterosides, fixed acids, flavonoids, flavonols,

leucoanthocyanidins, phenols, quinones, resins, saponins, steroids, tannins, and xantones.

Total phenol quantification

The total phenolic content was determined spectrophotometrically using the Folin-
Ciocalteu method (Sousa et al. 2007). Briefly, the reaction mixture was composed of the
extract (0.1 mL), distilled water (7.9 mL), Folin-Ciocalteu reagent (0.5 mL), and 20% sodium
carbonate (1.5 mL). The absorbance of the reaction solution was measured at 750 nm after 2
h, interpolated against a gallic acid (GA) calibration curve, and expressed as milligram

equivalents of gallic acid (EGA) per g of extract. All analyses were carried out in triplicate.

Chromatographic analysis

The separation profile of the aqueous extract of H. pectinata was obtained using high-
performance liquid chromatography (HPLC) with UV/Vis in a Shimadzu Prominence
chromatographic system (Shimadzu, Kyoto, Japan) consisting of two LC-6AD pumps, a DGU
20 A5 degasser, a SPD M20A PDA detector, a SIL 10 AF10 auto-sampler, and a Shim-PACK
PREP-ODS Cjg column (250 x 4.6 mm i.d.; 5 um particle size). The system was connected to
a computer running the Shimadzu LC solution through a CBM 20A interface to collect
chromatographic data. Separation was achieved on the column at room temperature using a
mobile phase consisting of methanol and water under gradient elution (0-60 min, 5-100%

methanol; 60-70 min, 100% methanol) at a flow rate of 1 mL/min. The extract diluted in
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HPLC grade methanol (0.5 mg/mL) was filtered through 0.22 um Millipore nylon membrane and

aliquots (20 pL) were injected in the chromatographic system.

Microorganisms

Bacterial strains of Citrobacter freundii (ATCC#25929), Escherichia coli
(ATCC#25922), Klebsiella pneumoniae (ATCC#25935), Pseudomonas
aeruginosa (ATCC#25935), Staphylococcus aureus (ATCC#25923), and
Streptococcus mutans (ATCC#27923) were used in the present study. They were acquired
from the American Type Culture Collection (ATCC).

Microorganisms were grown in Mueller-Hinton medium supplemented with agar (38
g/L) in a bacteriological oven at 35 £ 2 °C for 24 h. The medium was prepared according to the
manufacturer instructions, sterilized by autoclaving at 121 °C for 15 min, and dispersed in Petri
dishes (150 x 10 mm, 25 mL). The same medium was prepared and afterwards dispersed in test
tubes (200 x 20 mm, 12.5 mL, P1) and maintained at 40 °C to avoid solidification until use in the
agar-well diffusion experiment. Liquid Mueller-Hinton broth media was also prepared in
accordance with the manufacturer directions and sterilized as above to be distributed in

test tubes (100 x 10 mm, 2.5 mL) to cultivate the microorganisms.

Agar-well diffusion antimicrobial assay

The tests to verify the sensibility of the microorganisms to the H. pectinata leaf CAE
were based on protocols of the Clinical and Laboratory Standard Institute (Groove and
Randall 1955; NCCLS 2003). Antimicrobial assays were carried out by the agar-well
diffusion method in aseptic conditions. Microorganism strain suspensions were prepared by

diluting the liquid Muellen-Hinton media with saline to give 0.5 on the MacFarland scale and
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at 5 x 10* CFU/mL. The fresh bacterial suspensions (2.5 mL) were added to the P1 tubes, and
the mixture was spread in Petri dishes containing Muellen-Hinton nutrient agar, which were
then maintained at room temperature for 2 h to solidify and allow the diffusion of the
microorganisms. Sterilized filter paper was used between the bottom and cover of the Petri
dishes to avoid water condensation. Wells (6 mm diameter) were punched off into the agar
media with a sterile cork borer and filled with CAE (50, 100, and 200 mg/mL, 10 u L), and the
antibiotics chloramphenicol and polymyxin were used as control (0.02 mg/mL each, 10 p L),
separately, using a micropipette. Afterwards, the Petri dishes were incubated at 35 = 2 °C for

24 h, and the inhibition zone was measured. Diameters greater or equal to 10 mm were

considered a good indication of antibacterial activity.

Microplate antimicrobial assay

Minimum inhibitory concentration (MIC) was determined by the microplate method.
In a 96 well microplate, each well received the microorganism suspensions (10 p L) prepared
by diluting the liquid Muellen-Hinton media with saline to give 0.5 on the MacFarland scale
and at 5 x 10* CFU/mL, liquid Muellen-Hinton media (90 pL), and CAE (0.078 to 300,000
pg/mL, 10 p L). Negative controls (microorganism suspension, liquid Mueller-Hinton
medium, and water) and positive controls (microorganism suspension, liquid Mueller-Hinton,
and chloramphenicol or polymyxin as antibiotics) were used. After inoculation, the
microplates were incubated at 35 — 2 °C, and the growth was determined after 24, 48, and 72
h. MIC was defined as the lowest concentration of an antimicrobial to inhibit the visible
growth of the microorganism after overnight incubation. The criterion used to classify the
extract activity was: MIC smaller than 100 pug/mL is considered to be a good antimicrobial

activity, MIC from 100 to 500 pg/mL is considered to be a moderate antimicrobial activity,
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and MIC greater than 1000 pug/mL is considered inactive, as proposed by Holetz et al. (2002) and

Pretto et al. (2004).
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Table 1.Antibacterial activity of H. pectinata leaf crude aqueous extract by the agar-

well diffusion method against Gram-positive and Gram-negative microorganisms.

Antibiotic /Extract AEPH Inhibition zone*
/Microorganisms Gram (mm) MIC (ug mL'l)

~Chlorampnenicol NA 20 T8

(S. aureus)

Polymyxin (P. aeruginosa) NA 16 5.9

AEPH + S.aureus + 36 12.5

AEPH + S. mutans + 33 18.7

AEPH + C. freundii - 16 1000

AEPH + E.coli - 19 200

AEPH +K. pneumoniae - 18 200

AEPH + P. aeruginosa - 15 1000

NA = Not Applicable

*Extract (AEPH) at 200 mg mL, and antibiotics chloramphenicol and polymyxin at 0.02 mg mL.
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Figure 1.UV/Vis HPLC profile of the aqueous crude extract of H. pectinata leaves. A)
225 nm. This cluster of peaks after 40 min may be associated with free
pentacyclictriterpenes (t), which are chemically classified as hydrocarbons and as such
have absorptions around 225 nm of the UV-C region [200-280 nm] B) 284 nm.
Alkaloids (@), basic compounds absorbing between 210 and 330 nm, may be associated
with the small peaks observed at 225, 284 and 330 nm around 5 min due to their polar
nature, which enables them to run with the mobile phase and leave the column early C) 330
nm. The peak with retention time of 25 min may be associated with phenolic
compounds (fc), such as the catechins. Gradient elution (0-60 min, 5-100% de

methanol; 60-70 min, 100% methanol) at a flow rate of 1 mL min™.
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[0 Listagem de sequéncias em formato impresso: fls.

[J Declaragéo de acordo com o artigo da Resolug&o INPI n° 228/09: fls.
11.  Documentos anexados  (assinale e indique também o nimero de folhas):

(Devera ser indicado o n° total de somente uma das vias de cada documento)
11.1_Guia de Recolhimento i fls. 11.5_Relatorio descritivo 8 fls.
O 11.2 Procuragdo fls. 11.6 Reivindicagtes 1 fls.
0 11.3 Documentos de Prioridade fls. o 11.7_Desenhos fls.
U 11.4 Doc. de contrato de trabalho fls. & 11.8 Resumo 1 fls.
11.9 Qutros que ndo aqueles definidos no campo 11 (especificar) 4 fls.
Xerox: Termo de Posse,RG e CPF, Didrio Oficial da Unido,
Declaragdo do Inventor. ‘

12. Total de folhas anexadas (referentes aos campos 10 e 11): 15 fls.
13. Declaro, sob penas da Lei, que todas as informagdes acima prestadas sao completas e verdadeiras.

.
_MFJLM%_&_M_ \ St -
Local e Data r Assinatura e Carimbo

vroi. Dr. Josué Modesto dos Passos Sub inh.
Reltor
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CONTINUAGAO

6. INVENTORES (72):

Nome: Ménica Silveira Paixao

CPF: 587.325.435-49

Data de Nascimento: 02/10/1970

Vinculo: Professor

Nacionalidade: Brasileira

Enderego: Rua Aloisio Braga, n° 200, bairro: Suissa

Cidade: Aracaju UF: SE Pais: Brasil
CEP: 49050-050
Telefone Residencial: (79) 3214-0604 Telefone comercial: (79) 2105-1821

E-mail: paix&o.monicasilveira@gmail.com

Nome: Charles dos Santos Estevam

CPF: 609.567.985-00

Data de Nascimento: 15/01/1971

Vinculo: Professor

Nacionalidade: Brasileira

Enderego:Rua Evaldo Campos Junior, n° 580,bairro: Aruana

Cidade: Aracaju UF: SE Pais: Brasil
CEP: 49.160-000
Telefone Celular: (79) 9163-9721 Telefone Comercial: (79) 3254-4237

E-mail: cse.ufs@gmail.com

Nome: Adriano Antunes de Souza Araljo

CPF: 831.349.484-00

Data de Nascimento: 16/03/1975

Vinculo: Professor

Nacionalidade: Brasileira

Endereco: Av. Melicio Machado,Condominio Maria Rezende Machado, n° 4000, Casa 08, Lote
21,bairro: Aruana

Cidade: Aracaju UF: SE Pais: Brasil
CEP: 49.160-000
Telefone Celular: (79) 9192-4545 Telefone Comercial: (79) 2105-6841

E-mail: adriasa2001@yahoo.com.br

Nome: Francilene Amaral da Silva

CPF: 410.286.942-53

Data de Nascimento: 15/02/1974

Vinculo: Professor

Nacionalidade: Brasileira

Enderego: Rua Ecologista Chico Mendes, n° 78, apto. 802, bairro: Farolandia

Cidade: Aracaju UF: SE Pais: Brasil
CEP: 49.032-280
Telefone celular: (79) 3243-1881 Telefone Comercial: (79) 2105-6841

E-mail: farmsilva@uol.com.br

Nome: Mairim Russo Serafini
CPF: 008.937.850-40

Data de Nascimento: 11/11/1984
Vinculo: Aluno Doutorado
Nacionalidade: Brasileira

141



Enderego: Rua B, n° 50, bloco 2, apto. 307, bairro: Farolandia

Cidade: Aracaju UF: SE Pais: Brasil
CEP: 49.000-000
Telefone Celular: (79) 8805-9977 Telefone Comercial: (79) 2105-6841

E-mail: maiserafini@hotmail.com

Séao Cristovao, de de 2011.

Assinatura e Carimbo

Prof, Dr. Josué Modesto dos Passos “ub |.h.
Reltor
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9. ANEXOS

UNIVERSIDADE FEDERAL DE SERGIPE
PRO-REITORIA DE POS-GRADUAGAO E PESQUISA
COORDENAGCAO DE PESQUISA

COMITE DE ETICA EM PESQUISA COM ANIMAIS (CEPA)

DECLARACAO

Declaro, para os devidos fins, que o Projeto de Pesquisa intitulade “Estudo do
efeito do gel de Sambacaité (Hyptis pectinata) e seus principios ativos na
Doenca Periodontal Experimental”, sob coordenagéo do Prof. Dr. Lucindo Jose
Quintans Junior (protocolo CEPA 47/2009), foi aprovado pelo Comité de Etica
em Pesquisa com Animais da Universidade Federal de Sergipe, em reunido
realizada dia 05/11/2010.

S&o Cristévao, 12 de novembro de 2010

TSy

Ly /j
ok o

Prof. Dr?. Flavid Tdixeira Silva
Presidente de CEPAJ/UFS

Cidade Universitaria “Prof. Aloisio de Campos”
Jardim Rosa Elze - Sdo Cristévdo — SE
49100-000
Fones: 3212 6661/6606
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UNIVERSIDADE FEDERAL DE SERGIPE
PRO-REITORIA DE POS-GRADUACAO E PESQUISA
COORDENAGAO DE PESQUISA

COMITE DE ETICA EM PESQUISA COM ANIMAIS (CEPA)

DECLARACAO

Declaro, para os devidos fins, que o Projeto de Pesquisa intitulado
“AVALIACAO DA ATIVIDADE ANTINOCICEPTIVA DO EXTRATO
AQUOSO DAS FOLHAS DE HYPTIS PECTINATA EM UM
MODELO DE DOR OROFACIAL EM ROEDORES”, sob
coordenacdo do Prof. Dr. Lucindo José Quintans Junior
(protocolo CEPA 10/2011), foi aprovado pelo Comité de Etica em
Pesquisa com Animais da Universidade Federal de Sergipe, em
reunido realizada dia 24/03/2011.

S&o Cristévao, 24 de margo de 2011.

UJL&X& f‘ﬂ

Prof. D2 Flavih Tdixeira Silva
Presidente-  CEPA/UFS

Cidade Universitaria “Prof. Aloisio de Campos”
Jardim Rosa Elze - Sdo Cristévdo - SE
49100-000
Fones: 3212 6661/6606
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Analise Histopatologica

Fig. 1. Grupo Normal: espaco interproximal exibindo epitélio sulcular e juncional com aspecto
saudavel e conformagédo normal. (H/E, aumento de 100x).

Fig. 2. Grupo Gel Veiculo. Nota-se intensa perda de inser¢ao e reabsorcdo 6ssea nas regides
interproximal e de furca. (H/E, aumento 100x).



Fig.3. Grupo N&o Tratado. Perda de insergédo e reabsorcdo 6ssea na regido interproximal,
estendendo-se para a regido de furca. Destrui¢c@o de cripta 6ssea alveolar, com formacgéo de
sequestro 6sseo envolvido por intenso infiltrado inflamatério por PMNs. Presenca de epitélio

juncional em posicdo mais apical, com formacéo de extensa bolsa periodontal. (H/E, aumento 100x)

Fig. 4. Grupo Gel Sambacaita 5%. Nota-se perda de insercdo e reabsor¢cdo 6ssea na regiao
interproximal, com destruicdo de cripta 6éssea alveolar e formacao de sequestro 6ésseo envolvido
por moderado infiltrado inflamatério por PMNs. Presenca de epitélio juncional em posi¢cdo mais

apical, com formacéo de bolsa periodontal.(H/E, aumento 100x).



Fig. 5. Grupo Gel Sambacaitd 10%. Observa-se na regido interproximal a gengiva
papilar achatada, com formacao de bolsa periodontal. Nota-se que a reabsor¢ao 6ssea
ficou restrita a regido da ligadura, sem comprometer a por¢éo basilar do processo
alveolar. Regido de furca integra, com conformacgdo normal. (H/E, aumento 100x).

Fig. 6. Grupo Gel Doxiciclina 10%. Nota-se papila gengival achatada, com discreta migracéo apical do
epitélio juncional, com formacao de bolsa periodontal. Observa-se discreta perda de insercédo, bem como
preservacdo da cripta 6ssea e da regido de furca. (H/E, aumento 100x).



Tomografia Computadorizada de Feixe Conico

Fig. 7. Tela MPR em Tomdgrafo da marca i-cat, modelo classico (Imaging Sciences International).

Foi utilizada uma area de exposicao de 6 cm com tempo de exposi¢do de 40 segundos e voxel de

0,2 mm (resolu¢cdo maxima). Grupo NT. As imagens digitais foram analisadas em trés cortes: axial,
sagital e coronal.
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Fig 8. Grupo NT - Cortes sagitais de 0,2 mm, evidenciando perda de estrutura 6ssea (1) na regiao
onde foi realizada a inducdo da doenca periodontal. Observar regido HIPODENSA caracteristica
de destruicao 6ssea
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Fig. 9. Grupo Normal — Cortes sagitais: Regido hiperdensa evidenciando estrutura 6ssea nhormal

Fig 10. Cortes sagital e coronal — com DPE e gel Sambacaita 5%

Fig 11. Cortes sagital e coronal — com DPE e gel Doxiciclina 10%
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Fig 12. Cortes sagital e coronal — com DPE e gel Sambacaita 10%

Fig 13. Corte sagital — grupo N&o-Tratado (NT)



