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RESUMO

A periodontite tem etiologia multifatorial, onde a resposta imune ao desafio
microbiano resulta em inflamac&do dos tecidos gengivais, ativacédo
de osteoclastos e reabsor¢cdo do osso alveolar, culminando com a perda do
elemento dental, o que mostra a importancia do controle inflamatério. Nesse
contexto, compostos ativos isolados de plantas medicinais, como a 7-
hidroxicumarina (7HC), poderiam ser uma alternativa promissora. Este trabalho
iniciou com a avaliacdo do estado da arte, por meio de uma prospeccao
tecnoldgica no banco de patentes Orbit, sobre o potencial biotecnoldgico da 7HC.
A prospeccao tecnoldgica foi dividida em duas fases. A primeira avaliou o
potencial biotecnoldgico da 7HC de modo geral utilizando a sintaxe de busca
(umbelliferone)/ti/ab/clms/keyw or (7hydroxycoumarin)/ti/ab/cims/keyw), sendo
ti=Titulo, ab=ABSTRACT e clms =Reivindicacdo. A segunda fase avaliou o
potencial biotecnolégico na odontologia utilizando a sintaxe de busca
((umbelliferone)/ti/ab/clms/keyw AND (A61Q-011/00)/IPC/CPC), sendo a
classificacdo A61Q-011/00, relacionada a produtos usados para o cuidado bucal.
A prospeccao tecnoldgica realizada, mostrou que a 7HC (ou umbeliferona)
apresenta propriedades anti-inflamatérias, antioxidantes, antimicrobianas e
estimulam a sintese de colageno, o que pode contribuir para o tratamento clinico
da doenca periodontal. Diante disso, este trabalho objetivou avaliar a acéo
terapéutica da 7HC, nas concentra¢des 50 mg/kg e 100 mg/kg, no tratamento da
doenca periodontal induzida por lipopolissacarideo (LPS) em modelo animal.
Adicionalmente, foi realizado um estudo comparativo do modelo de inducao da
doenca periodontal com administracdo de LPS no tecido gengival entre as
linhagens Swiss e C57BL/6. Os camundongos foram divididos em grupos de
acordo com o tipo de tratamento e a inducéo da doenca periodontal foi realizada
por meio da injecdo em dias alternados, no tecido gengival, de 1ul de LPS
(20ug/ul). A 7HC, nas concentracfes 50 mg/kg e 100 mg/kg, foi administrada
uma vez ao dia, do 14° ao 28° dia. Amostras de tecido gengival foram coletadas
para avaliar a expressao de importantes marcadores presentes na doenca
periodontal ativa por meio de ELISA e gRT-PCR e as maxilas foram removidas
para avaliar a reabsorcao 0ssea por meio da coloracdo com azul de metileno
1%. Os resultados mostraram que a 7HC, nas duas concentracfes testadas,
inibiu a expresséao de citocinas pro-inflamatorias (IL-1B, IL-6, MMP-9 e TIMP-1)
e a 100mg/kg estimulou a expresséao de citocinas anti-inflamatérias (IL-10 e TGF-
B), contribuindo também para reduzir a perda de nivel ésseo alveolar. Portanto,
este trabalho aponta a 7HC como um bioativo promissor na terapia periodontal.
O estudo comparativo entre as linhagens de camundongos Swiss e C57BL/6
mostrou que, na linhagem Swiss, a periodontite inicia precocemente, a partir do
7° dia de inducéo e evolui de maneira mais agressiva quando comparada a
linhagem C57BL/6, sugerindo que, a depender do objetivo da pesquisa, usar a
linhagem Swiss pode otimizar tempo e custo operacional.

PALAVRAS-CHAVE: doenca periodontal, anti-inflamatoério, reabsorcdo 6ssea,

modelo animal, umbeliferona.



ABSTRACT

Periodontitis is characterized by a multifactorial etiology, wherein the immune
response to microbial challenges triggers inflammation of the gingival tissues. This
response leads to the activation of osteoclasts and subsequent reabsorption of the
alveolar bone, ultimately resulting in the loss of dental elements. This phenomenon
highlights the crucial importance of effective inflammatory control in managing
periodontitis. Within this context, bioactive compounds extracted from medicinal
plants, such as 7-hydroxycoumarin (7HC), represent a promising alternative. This
endeavor commenced with an evaluation of the current state of knowledge, achieved
through a technological prospecting analysis utilizing the Orbit patent database to
explore the biotechnological potential of 7HC. The technological prospecting was
structured into two distinct phases. The initial phase involved an evaluation of the
biotechnological potential of 7-hydroxycoumarin (7HC) in a general context, utilizing
the following search  syntax: (umbelliferone)/ti/ab/cims/keyw)  OR
(7hydroxycoumarin)/ti/ab/cims/keyw), where "ti" denotes Title, "ab" refers to
Abstract, and "cIms" indicates Claim. The subsequent phase focused on assessing
the biotechnological potential of 7HC, specifically within the field of dentistry. This
evaluation was conducted using the search syntax: (umbelliferone)/ti/ab/clms/keyw
AND (A61Q-011/00)/IPC/CPC), with the classification A61Q-011/00 being
associated with products utilized for oral care. The conducted technological
assessment demonstrated that 7HC, also referred to as umbelliferone, exhibits anti-
inflammatory, antioxidant, and antimicrobial properties, in addition to stimulating
collagen synthesis. These attributes may play a significant role in the clinical
treatment of periodontal disease. Consequently, the objective of this study was to
evaluate the therapeutic efficacy of 7HC at concentrations of 50 mg/kg and 100
mg/kg in an animal model of periodontal disease induced by lipopolysaccharide
(LPS). Additionally, a comparative study was conducted to assess the induction of
periodontal disease in two mouse strains, Swiss and C57BL/6, through the
administration of lipopolysaccharide (LPS) in the gingival tissue. The mice were
categorized into groups based on the type of treatment received. Periodontal disease
induction was achieved by administering 1 yl of LPS (20 pg/ul) into the gingival tissue
on alternate days. 7HC was administered daily at concentrations of 50 mg/kg and
100 mg/kg from day 14 to day 28 of the study. Gingival tissue samples were collected
to assess the expression of key biomarkers associated with active periodontal
disease, utilizing both ELISA and gRT-PCR methodologies. Furthermore, the
maxillae were excised to evaluate bone resorption, using staining with 1% methylene
blue. The findings demonstrated that 7HC, at both concentrations examined,
effectively inhibited the expression of pro-inflammatory cytokines, including IL-1p, IL-
6, MMP-9, and TIMP-1. Additionally, at a dosage of 100 mg/kg, 7HC stimulated the
expression of anti-inflammatory cytokines, namely IL-10 and TGF-B, which
contributed to a reduction in alveolar bone loss. This study presents 7HC as a
promising bioactive compound for use in periodontal therapy. The comparative
analysis of the Swiss and C57BL/6 mouse strains indicates that periodontitis in the
Swiss strain commences at an earlier stage, specifically on the seventh day post-
induction, and progresses with greater severity compared to the C57BL/6 strain. This
finding suggests that, depending on the research objectives, utilizing the Swiss strain
may yield advantages in terms of reducing both time requirements and operational
costs.

KEYWORDS: periodontal disease, anti-inflammatory, bone resorption, animal
model, umbelliferone.
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INTRODUCAO GERAL

A doenca periodontal é uma condi¢cdo inflamatoria resultante de uma
infeccdo na qual a composicao do biofilme microbiano desempenha um papel
significativo. O acumulo de biofilme na margem gengival inicia uma resposta
inflamatéria que, por sua vez, causa alteracdes na composi¢cdo microbiana e
pode levar a consequéncias drasticas no periodonto de individuos suscetiveis
(KONONEN et al, 2019).

A resposta imune descrita € direcionada aos microrganismos chave
(periodontopatdgenos), resultando em ativacdo de osteoclastos e reabsorgao
patolégica do osso alveolar, com consequente perda do elemento dental
(GRAVES et al, 2011; STEFFENS; MARCANTONIO, 2018).

Quando a condicdo periodontal progride para um estado de doenca
inflamatoria crénica, destrutiva e irreversivel é classificada como periodontite
(GASNER E SCHURE, 2022). Dados sobre a epidemiologia indicam que a
periodontite, na sua forma mais grave, é a sexta doenca humana mais comum e
afeta 9,8% da populacdo adulta global (GBD 2017 ORAL DISORDERS
COLLABORATORS et al., 2020).

Nos Estados Unidos a periodontite, em seus diversos estagios, € um
distirbio comum que afeta mais de 40% dos adultos (EKE et al 2018). No Brasil,
os dados do Projeto Saude Bucal 2023, indicam que o percentual de individuos
com algum problema periodontal varia de acordo com a faixa etarea. Entre os
adolescentes de 15 a 19 anos, o estudo indicou que 48,66% apresentam doenca
periodontal. Com relacdo aos adultos, a avaliacdo da prevaléncia de cada
condicdo periodontal separadamente demonstrou que o calculo dentario foi a
condicdo mais frequente, presente em 54,13% dos participantes de 35 a 44 anos
de idade, enquanto que a forma mais grave da doenca atingiu 16,87% dos
participantes (BRASIL, 2024).

Nas ultimas décadas, varias linhas de pesquisa tém apoiado a existéncia
de uma relacdo entre a periodontite e a saude sistémica, onde a doenca pode
ser considerada um fator de risco para o desenvolvimento ou agravamento de
diabetes e doencas cardiovasculares (LICCARDO et al, 2019), de complicacdes
gestacionais (PEREIRA; VILELA JUNIOR, 2022), de acidente vascular cerebral
isquémico (CARDOSO et al, 2021), de Alzheimer (MATSUSHITA et al, 2020) e
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de diversas outras patologias, o que torna a doencga periodontal um importante
problema de saude publica.

No ambiente bucal existem nichos ecolégicos onde 0s microrganismos se
estabelecem em comunidades consorciadas (CARVALHO-FILHO; TRINDADE,
2024). A disbiose bucal ocorre quando o equilibrio natural entre o hospedeiro e
seu microbioma bucal muda para um estado de desequilibrio conhecido como
disbiético (KAHHAROVA et al., 2023), resultado de mudancas ambientais e
fatores fisiolégicos relacionados ao hospedeiro (KILIAN et al, 2016 apud
KAHHAROVA et al, 2023), bem como o tipo de dieta (CARVALHO-FILHO;
TRINDADE, 2024).

O estado de disbiose torna o biofilme bucal mais virulento, com
consequente exacerbacéo da inflamacao periodontal (LANG; BARTOLD, 2018;
LIU et al, 2022). Para trata-la € necessario fazer a reducdo da populacéo
microbiana subgengival por meio da remoc&o mecénica do biofilme dental
através da raspagem e alisamento radicular, entretanto o deposito bacteriano
em bolsas periodontais profundas é frequentemente dificil de ser removido,
necessitando assim de métodos cirargicos e antibioticoterapia associada
(KWON et al, 2021)

O uso de antissépticos principalmente a base de clorexidina e a utilizacéo
de medicamentos sistémicos para controle da infeccdo e diminuicdo da
inflamacé&o tém sido usados de maneira a complementar o tratamento, porém o
gue se observa é que embora eficiente, o colutdério a base de clorexidina
apresenta alguns efeitos colaterais como manchamento extrinsico do esmalte
dentario, hiperplasia de papilas linguais, perda do sentido da gustacéo,
descamacado de mucosa (KUMAR et al, 2013), aumento do depdsito de calculo
(SAKAUE et al, 2018) e disbiose do microbioma oral (BROOKES et al, 2023).

Além disso, a literatura jA reporta a resisténcia a antibidticos em
patégenos associados a doenca (ZHU et al, 2023), o que mostra a necessidade
de terapias alternativas e/ou adjuvantes ao tratamento convencional
(MILUTINOVICI et al, 2021) e neste sentido as plantas medicinais parecem ser
uma alternativa.

Dentre os compostos ativos isolados de plantas medicinais, as cumarinas
tem demonstrado um potencial promissor. Elas compreendem uma importante

classe de metabdlitos secundarios amplamente distribuidos no reino vegetal
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(DAWIDOWICZ et al, 2018) e possuem multiplas atividades biolégicas como
antioxidante (KANIMOZHI et al, 2011; WU et al, 2022), antiinflamatério
(VASCONCELOS et al, 2009) e antimicrobiano (JURD et al, 1971; SOARES et
al, 2021). Dentre as cumarinas, a 7-hidrocumarina (7HC), também conhecida
como umbeliferona, € um importante representante devido as diversas
atividades bioquimicas e farmacoldgicas ja identificadas (KORNICKA et al,
2023).

Desta forma, estudar o potencial da 7HC como um tratamento adjuvante
a terapia periodontal € essencial, e neste contexto, 0 uso de animais para
experimentacdo pode trazer contribuicbes importantes, isso porque, na
periodontologia, a complexa resposta imune do hospedeiro frente ao processo
infeccioso, principal responsavel pela reabsorcao 0ssea e perda dentaria, ndo
pode ser reproduzida em experimentos in vitro, tornando os modelos animais
Uteis para esse tipo de estudo (KANTARCI et al, 2015).

Com base no exposto, antes de iniciar o planejamento deste estudo foi
realizada uma prospeccao tecnologica sobre o potencial farmacolégico da 7-
hidroxicumarina. Esta prospeccdo embasou a decisdo sobre a utilizacdo do
bioativo no experimento que sera descrio a seguir.

Esta tese foi dividida em trés capitulos, os quais foram escritos segundo
as normas das revistas as quais foram submetidos. A ordem de apresentacao
dos artigos foi a ordem cronoldgica em que o experimento foi realizado, sendo:

O capitulo 1 — Intitulado: “Potencial terapéutico da umbeliferona no
manejo da doenca Periodontal” traz uma prospeccéao tecnolégica em bancos de
patentes sobre a aplicacdo tecnolégica da 7HC (umbeliferona) no
desenvolvimento de produtos.

O capitulo 2 — Intitulado: “Inibicdo da reabsorgcdo Ossea e efeito anti-
inflamatoério da 7-hidroxicumarina em modelo animal de doenca periodontal
induzida por lipopolissacarideo” traz a atividade anti-inflamatéria da 7HC e seu
potencial em controlar a perda do nivel 6sseo alveolar em camundongos com
doenca periodontal induzida por Lipopolissacarideo (LPS).

O capitulo 3 — Intitulado: “Perda de nivel 6sseo alveolar induzida por
lipopolissacarideo: um estudo comparativo entre as linhagens de camundongo
Swiss e C57BL/6” traz um estudo comparativo do modelo de doenca periodontal

induzida por injecdao de LPS no tecido gengival, entre as linhagens de
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camundongos Swiss e C57BL/6.
Ao final, sdo apresentadas as conclusdes gerais sobre os resultados

encontrados na tese.

OBJETIVOS

e OBJETIVO GERAL
Avaliar os efeitos anti-inflamatérios do composto bioativo 7-
hidroxicumarina (7HC, umbeliferona) e sua capacidade de prevenir a reabsor¢ao
O0ssea alveolar em um modelo animal de doenca periodontal induzida por

lipopolissacarideo (LPS).

e OBJETIVOS ESPECIFICOS

a) Realizar uma prospeccdo tecnoldgica sobre o uso de 7HC para
tratamento da doenca periodontal;

b) Comparar a reabsorgéo 6ssea alveolar em modelo animal de periodontite
experimental induzida por LPS entre as linhagens de camundongos Swiss
e C57BL/6;

C) Avaliar a producéo de citocinas IL-B e IL-6 e a expressdao de RNAm das
citocinas IL-1B, IL-6, IL-10, TGF-3 e dos marcadores MMP-9, TIMP-1, em
tecido gengival excisado de camundongos da linhagem C57BL/6 tratados
com 7HC nas concentracfes de 50 mg/kg e 100 mg/kg;

d) Analisar a eficacia do composto 7HC sobre a perda 6ssea alveolar apés
tratamento em camundongos com periodontite experimental induzida por
LPS.

13



CAPITULO |

Potencial terapéutico da umbeliferona no manejo da
doenca periodontal

Artigo publicado no periddico Cuadernos de Educacién y Desarrollo

DOI: 10.55905/cuadv17n4-139

Receipt of originals: 3/21/2025
Acceptance for publication: 4/11/2025

14



Therapeutic potential of umbelliferone in the management of
periodontal disease

Potencial terapéutico da umbeliferona no manejo da doencga
periodontal

El potencial terapéutico de la umbeliferona en el tratamiento de la
enfermedad periodontal

Luiza Teles Barbalho Ferreira

PhD Student in Biotechnology

Institution: Federal University of Recéncavo of Bahia

Address: CETENS/UFRB, Rua Godofredo Rebello de Figueiredo Filho, 697, Feira de
Santana — Bahia, Brazil, CEP: 44085-132

E-mail: luiza@ufrb.edu.br

Cristiane Flora Villareal

PhD in Pharmacy

Institution: Federal University of Bahia

Address: Rua Barao de Jeremoabo, 147, Ondina, Salvador — Bahia, Brazil,

CEP: 40170-115

E-mail: civ@ufba.br

Paulo José Lima Juiz

PhD in Biotechnology

Institution: Federal University of Recéncavo of Bahia

Address: CETENS/UFRB, Rua Godofredo Rebello de Figueiredo Filho, 697. Bairro SIM.
Feira de Santana — Bahia, Brazil, CEP: 44085-132

E-mail: limajuiz@ufrb.edu.br

ABSTRACT

Periodontal disease has a multifactorial etiology. The immune response to bacterial
infection leads to the activation of osteoclasts, resulting in the resorption of alveolar
bone and, ultimately, tooth loss. Standard clinical treatments typically include scaling
and root planing, which may or may not involve surgical procedures and are often
supplemented with antibiotics and antiseptic chlorhexidine to control the growth of
periodontal pathogens. However, research indicates that chlorhexidine can produce
adverse effects, and many periodontal pathogens have developed antibiotic
resistance. Given these challenges, bioactive compounds derived from medicinal
plants, particularly coumarins, present promising alternative treatment options.
Coumarins are organic compounds classified as benzopyrones and are sourced from
plants in the Apiaceae and Rutaceae families and some fungi. This study seeks to
explore the therapeutic potential of umbelliferone for the treatment of periodontitis
using the Orbit patent database, employing the search syntax:
(umbelliferone)/TI/AB/CLMS/KEYW AND (A61Q-011/00)/IPC/CPC). Umbelliferone
has shown potential in developing advanced therapeutic products for periodontal
treatment and preventing periodontitis. Its remarkable biological properties—anti-
inflammatory, antioxidant, antimicrobial effects, and the ability to stimulate collagen
synthesis—may significantly enhance clinical strategies for managing periodontitis.
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RESUMO

A doenca periodontal tem etiologia multifatorial. A resposta imune ao desafio
microbiano resulta na ativacdo dos osteoclastos e na reabsorcdo 6ssea alveolar,
culminando na perda do elemento dentario. O tratamento clinico preconizado inclui a
raspagem e alisamento radicular com ou sem procedimentos cirurgicos, associados
ao uso de antibidticos e antisséptico clorexidina, no controle do crescimento de
patégenos periodontais. No entanto, estudos mostram que a clorexidina apresenta
efeitos adversos e os periodontopatégenos ja apresentam resisténcia aos antibioticos.
Nesse contexto, compostos bioativos isolados de plantas medicinais, incluindo as
cumarinas, mostram-se promissores. Cumarinas S80 compostos organicos
classificados como benzopironas, isolados de plantas da familia Apiaceae e
Rutaceae, bem como fungos. Este estudo tem como objetivo explorar o potencial
terapéutico da umbeliferona para o tratamento da periodontite na Bancos de dados de
patentes Orbit, usando uma sintaxe de pesquisa descrita como
(umbelliferone)/TI/AB/ICLMS/KEYW AND (A61Q-011/00)/IPC/CPC). A umbelliferona
demonstrou potencial no desenvolvimento de produtos tecnolégicos avancados para
terapia periodontal e na prevencdo da periodontite , devido as suas notaveis
propriedades bioldgicas, incluindo suas propriedades anti-inflamatorias, antioxidantes,
antimicrobianas, e propriedades estimulantes da sintese de colageno, o que pode
contribuir para o tratamento clinico da periodontite.

Palavras-chave: Doenca periodontal, patente, umbeliferona, antimicrobiano,
antiinflamatorio.

RESUMEN

La enfermedad periodontal tiene una etiologia multifactorial. La respuesta inmune al
desafio microbiano da como resultado la activacion de los osteoclastos y la resorcion
del hueso alveolar, culminando en la pérdida del elemento dental. El tratamiento
clinico recomendado incluye raspado y alisado radicular con o sin procedimientos
quirdrgicos, asociado al uso de antibidticos y antiséptico con clorhexidina, sin controlar
el crecimiento de patdgenos periodontales. Sin embargo, los estudios muestran que
la clorhexidina tiene efectos adversos y los periodontopatdégenos ya son resistentes a
las bacterias. En este contexto, los compuestos bioactivos aislados de plantas
medicinales, incluidas las cumarinas, son prometedores. Las cumarinas son
compuestos organicos unicos, como las benzopironas, aislados de plantas de la
familia Apiaceae y Rutaceae, asi como de hongos. Este estudio tiene como objetivo
explorar el potencial terapéutico de la umbeliferona para el tratamiento de la
periodontitis en las bases de datos de patentes de Orbit, utilizando una sintaxis de
biusqueda descrita como (umbeliferona)/TI/AB/CLMS/KEYW AND (A61Q-
011/00)/IPC/CPC). La umbeliferona ha demostrado potencial en el desarrollo de
productos tecnoldgicos avanzados debido a la terapia periodontal y la prevencion de
la periodontitis, sus notables propiedades bioldgicas, incluidas sus propiedades
antiinflamatorias, antioxidantes, antimicrobianas y propiedades estimulantes de la
sintesis de colageno, que pueden contribuir al tratamiento clinico de la periodontitis.

Palabras clave: Enfermedad periodontal, patentar, umbeliferona, antimicrobiana,
antiinflamatoria.

16



1 INTRODUCTION

Coumarins are organic compounds classified as benzopyrones, distinguished
by a benzene ring fused to a pyrone ring. They are ubiquitously present in nature,
particularly in plants from the Apiaceae family (such as parsley and coriander) and the
Rutaceae family (citrus fruits), as well as in microorganisms and fungi (ALTHUNIBAT
et al., 2022). Chemically, they possess fluorescent properties and a structure that
makes them amenable to various synthetic modifications, rendering them appealing
for diverse applications, particularly in pharmacology. Their biological and
pharmacological significance has been extensively studied due to their multifaceted
biological activities, such as antioxidant, anti-inflammatory, and antimicrobial (MATOS,
2009).

The exploration of coumarins in medicine dates back to the early 20th century
when their anticoagulant properties were discovered. Notably, dicoumarin, a plant
derivative, served as the basis for developing warfarin, one of the most commonly used
anticoagulants globally (Anguita-Sanchez et al., 2016). Beyond their anticoagulant
properties, other coumarin derivatives have exhibited substantial potential for drug
development owing to their diverse biological activities, including anticancer, antiviral,
antithrombotic, and neuroprotective properties. This extensive array of activities
positions coumarins as promising candidates for further therapeutic research
(SHARIFI-RAD et al., 2020).

Umbelliferone, also known as 7-hydroxycoumarin, is a phenolic compound
widely distributed in various plant species, particularly in the Apiaceae and Rutaceae
families. Structurally, it consists of a benzene ring fused with a lactone ring and a
hydroxyl group at position 7, giving rise to significant biochemical and pharmacological
properties, making it a molecule of interest in pharmaceutical and chemical research
(JOY et al., 2020).

Studies have shown that umbelliferone has antioxidant (JOY et al., 2020), anti-
inflammatory (ZHANG et al., 2017), and antimicrobial properties (DARLA et al., 2015),
making it potentially helpful in treating a wide range of conditions.

One area of significant interest in umbelliferone research is its antioxidant
properties. This compound can counteract reactive oxygen species (ROS), implicated
in various chronic diseases such as cancer, diabetes, and cardiovascular disease. By

providing electrons to neutralize these free radicals, umbelliferone helps to protect cells
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from oxidative damage, acting as a preventive measure against oxidative stress and
its associated complications (TRAYKOVA; KOSTOVA, 2005). These properties hold
promise for addressing a wide range of health concerns and have sparked
considerable attention within the scientific community, including using Umbelliferone
to develop an alternative treatment for periodontitis.

Periodontitis is a chronic inflammatory disease that impacts the tissues
supporting the teeth. It occurs due to the body's response to a dysbiotic bacterial
biofilm (HAJISHENGALLIS et al., 2012). Managing this condition involves targeting
pathogenic bacteria and controlling local inflammation. For instance, Coumarins have
demonstrated  antimicrobial  properties against periodontopathogens like
Porphyromonas gingivalis, which is associated with periodontitis (HE et al., 2022).
Additionally, apart from reducing bacterial load, Umbelliferone's antioxidant properties
are believed to aid in gum healing by neutralizing reactive oxygen species (ROS) linked
to oxidative stress from oral inflammation (TRAYKOVA; KOSTOVA, 2005).

Umbelliferone, a compound with remarkable qualities, shows promise in the
development of advanced formulations for the treatment of periodontitis and the
enhancement of oral health. Its antimicrobial, antioxidant, and anti-inflammatory
properties position it as a candidate for inclusion in various dental products, such as
toothpaste, mouthwashes, and topical medications, designed to not only inhibit the
production of pro-inflammatory cytokines and proteases responsible for breaking down
connective and bone tissue but also to regulate the oral microbiota, thereby preventing
plague accumulation effectively. This article aims to highlight the significant
technological advancements detailed in patent repositories that revolve around the

pharmacological potential of Umbelliferone.

2 METHODOLOGY

The research thoroughly explored patent databases and scientific journal
websites with a qualitative and quantitative approach. For patent mapping, the study
relied on the Orbit Intelligence database, a product of Questel Orbit Inc., a pioneering
company in this field since the 1970s. This database, which encompasses publications
from nearly a hundred countries and patent authorities, provided a reliable and

comprehensive source of data.
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Initially, a search, in august 2024, to evaluate the general technological
landscape related to umbelliferone was performed, regardless of the area of
knowledge. The syntax for accessing data on patents related to umbelliferone for
product and process development was (UMBELLIFERONE)/TI/AB/CLMS/KEYW OR
(7 HYDROXYCOUMARIN)/TI/AB/CLMS/KEYW). This search aimed to identify all
relevant documents without any exclusion criteria or time constraints, using as keyword
(KEYW) UMBELLIFERONE OR HYDROXYCOUMARIN, entered in the fields
TI=TITLE, AB=ABSTRACT and CLMS=CLAIMS of the search site.

The number of patents, as well as the technological domains, product
developments and countries where the patents were filed, were used to analyze the
documents.

Finally, to focus on the study's objective of presenting technological
advancements in the use of umbelliferone in dentistry, a specific search syntax was
used, (umbelliferone)/TI/AB/ICLMS/KEYW AND (A61Q-011/00)/IPC/CPC), where
A61Q-011/00 indicates the international classification of patents for products and
processes related to oral care preparations, dentifrices, antiseptics. This syntax
excluded duplicate patents, those unrelated to the study's objective, as well as patents
related to processes for extracting bioactive substances and devices used for

administration.

3 RESULTS AND DISCUSSIONS

Umbelliferone demonstrates various beneficial biological activities. Studies
suggest that its antioxidant capacity directly results from a hydroxyl group on the
benzene ring, allowing it to act as a free radical scavenger, particularly relevant in the
treatment of diseases associated with oxidative stress, such as neurodegenerative and
chronic inflammatory diseases (SHARIFI-RAD et al., 2020; FORMAN et al., 2021).
Additionally, umbelliferone's anti-inflammatory activity occurs through the inhibition of
pro-inflammatory mediators, such as the cytokines TNF and IL-6, protecting rats
against acetic acid-induced ulcerative colitis through upregulation of SIRT1/PPARy
signaling with subsequent inhibition of NF-kB-p65 activity or downregulation of the
p38MAPK/ERK signaling in addition to preventing reactive oxygen species (ROS)
generation (ABDEL-WAHAB et al., 2022), making it a promising candidate for the

treatment of inflammatory diseases, including periodontitis.
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The results shows that 2000 patents have been filed for various umbelliferone
activities in the last 20 years, with 2016 having the highest number of patents filed.
Figure 1 outlines the development of products and processes related to the use of
umbelliferone. Investments in research and development have been consistent since
2004, with the United States and China receiving the most patent deposits (Figure 2).

Figure 1 - Count of patent families related to the use of umbelliferone

1st application year

Count of patent famikes

Fonte: Elaborado pelos autores

Figure 2 — Displays patent locations and markets for umbelliferone.

Markets & competitors location

Fonte: Elaborado pelos autores
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The market for developing medicines based on natural compounds has been
steadily growing, driven by the global demand for safer and more effective therapies.
Owing to its promising therapeutic potential, umbelliferone has garnered significant
attention from pharmaceutical industries in the United States and China. Both countries
have invested in research and development (R&D) focused on new medicines
containing umbelliferone, leveraging their robust biotechnology infrastructures,
expansive consumer markets, and government incentives for healthcare innovation
(RESEARCHNESTER, 2024)

In the United States, the market for herbal medicines and natural compounds,
including umbelliferone, receives substantial support from academic institutions,
biotechnology companies, and the private sector. According to a 2022 report by Grand
View Research, the global herbal medicines market, encompassing umbelliferone, was
valued at US$93.9 billion in 2020, with a projected annual growth of 7.2% by 2028.
Biotechnology startups and major pharmaceutical companies in the US have invested
in bioactive compound screening platforms to develop new treatments.

Additionally, there is a growing collaboration between the private sector and
regulatory agencies such as the Food and Drug Administration (FDA). The FDA has
worked to expedite the approval of new plant-based medicines through initiatives like
the FDA Botanical Drug Development Program. This program has encouraged the
development of medicines based on substances like umbelliferone, providing
regulatory support and easing the transition from academic research to the market
(FDA.GOV, 2016).

In China, the market for herbal medicine is thriving due to the longstanding
tradition of traditional Chinese medicine (TCM).The Chinese government has strongly
supported research into bioactive compounds of plant origin, specifically emphasizing
integrating traditional medicine with Western pharmacological approaches. Domestic
statistics suggest that China’s R&D investment totalled 1.4 trillion RMB in 2015, with
and R&D intensity of 2.1% of GDP, and 41.3% of enterprises are engaged in innovation
activities (PHIRDA, 2017).

Figure 3 illustrates the main areas exploring umbelliferone as a raw material for
product development. The results indicate that the organic fine chemistry,
pharmaceuticals and biotechnology sectors are the most significant investors in
research and development. However, despite this bioactive potential, dentistry still

needs to explore it.
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Figure 3 — Patent families by technological domain.
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Umbelliferone has been the subject of various biological activities outlined in
patent documents. This article aims to explore the patents pertaining to its anti-
inflammatory, antioxidant, antimicrobial, and antibiofilm properties. These attributes
are of particular interest in the context of developing novel therapies for periodontal
disease.

Periodontitis is an inflammatory condition caused by bacteria buildup in a
dysbiotic biofilm (PAPAPANOQOU et al., 2017). In response to the bacteria and their
toxins, the body releases various proinflammatory substances such as cytokines (IL-
1a, IL-1B, TNF-a, IL-8, IL-1ra, IL-10, and IL-12), matrix metalloproteinases (MMPS),
prostaglandin E2 (PGE2), as well as the activation of T and B cell lymphocytes, and
polymorphonuclear leukocytes (NIELD-GEHRIG et al., 2011). The immune response
can damage the supporting structures of the teeth, including connective tissue,
periodontal ligament fibers, and alveolar bone (TONETTI et al., 2018; BUl et al., 2019).

There is compelling evidence linking oxidative stress with the exacerbation of
the inflammatory process and progression of periodontitis. Reactive oxygen species
(ROS) are partially reduced or excited forms of atmospheric oxygen (Halliwell and
Gutteridge, 2007). The most commonly generated are hydroxyl radicals (OH),
hydrogen peroxide, nitric oxide (NOe), peroxides, peroxynitrite, singlet oxygen,
superoxides (Kalyanaraman et al., 2012), and reactive chlorine species, such as
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hypochlorous acid (HOCI) (BISWAS, 2016). ROS production occurs in normal cellular
metabolism, cell signaling, and metabolic processes. Several functions are attributed
to ROS, including gene expression, cell proliferation, cell death, cell migration, and
inflammation (XIANG and FAN, 2010). However, an overproduction of ROS due to an
imbalance between the production of oxidants and antioxidant defenses may damage
biological systems, a process called oxidative stress, leading to extensive tissue
damage (Abdulkareem et al., 2023), inhibiting oxidative stress is essential, as
mounting evidence suggests that it plays a crucial role in developing various types of
chronic inflammation, including periodontitis (NGUYEN et al., 2017).

Antioxidants, with their ability to scavenge free radicals and serve as redox
agents, play a crucial role in bodily protection. Thus, the quest to discover such
antioxidants has emerged as a critical pursuit in the fields of biology, medical science,
chemistry, and pharmaceuticals.

In line with this idea, the patent document (CN102775374) outlines a coumarin
compound, its preparation method, and its application in the medicinal sciences. The
compound can exist as either 4-methyl-7-hydroxy-8- (3-fluorobenzoyl) coumarin or 4-
methyl-7-hydroxy-8- (4-fluorobenzoyl) coumarin. Additionally, the patent covers the
use of the compound as an antioxidant.

Another patent document (US20190388490) focuses on plant extractions,
compositions containing them, and their various uses. It emphasizes the significance
of plant extracts in cosmetic and pharmaceutical preparations, particularly in terms of
storage stability and dermatological compatibility. The specific plant extracts, including
Bacopa, Centella, Jatropha, Aegle, Terminalia, Phyllanthus, and Spilanthes, either
individually or in combinations, play a pivotal role in enhancing skin and hair care,
protecting against environmental influences, and promoting antioxidative stress
applications and repair of damaged skin and hair.

Although the aforementioned documents do not directly pertain to periodontitis
treatment, they emphasize the antioxidant properties of coumarins, particularly
Umbelliferone, and highlight the potential of utilizing this compound in developing
products for oral care, as outlined in the document (EP2760547)—antioxidant
compositions for treatment of inflammation or oxidative damage.

The invention (EP2760547) introduces an oral antioxidant composition
designed to improve the health of human gingival fibroblasts. These fibroblasts may

be affected by copper released from dental devices in a patient's mouth. The
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composition is applied topically to the soft oral tissue and contains between 0.0001%
and 5.0% w/w of at least one antioxidant. The antioxidants used may include a
combination of (i) resveratrol, ferulic acid, and tetrahydrocurcuminoids, (ii) phloretin,
ferulic acid, and resveratrol, or (iii) phloretin, ferulic acid, and tetrahydrocurcuminoids.
Additionally, the composition includes a pharmaceutically acceptable carrier with a pH
of at least 5.0. Overall, the oral antioxidant composition aims to enhance the viability
of human gingival fibroblasts compromised by copper released from a dental device in
the patient's mouth.

A pharmaceutical composition described in document CN106620270 treats
periodontitis using antioxidants and anti-inflammatory properties. The composition is
made from specific raw drugs in precise proportions, including calanthe puberula,
Staphylea pinata, inulin, vernonia, and umbelliprenin. This method offers several
benefits, such as reducing the periodontal probing depth by less than 30%, significantly
decreasing gingival swelling and congestion, minimizing secretion in the periodontal
pocket, improving tooth stability without restoring chewing force, providing noticeable
relief from halitosis and overall alleviating symptoms.

The document (DE19634959) "Ointment for Treating Wounds" provides a
versatile solution for a wide range of conditions, including gingivitis, abscesses, acne,
arthritis, leg ulcers, blisters, burns, dermatitis, eczema, foot fungus, hemorrhoids,
insect bites, rashes, herpes, muscle pain, pimples, warts, nail inflammation, cuts,
abrasions, sunburn, sprains, diaper rash, wounds, and bedsores, among other skin
and hair issues. The formula consists of 60 g of ointment containing 50 g of white
petroleum jelly, 7 ml of tea tree oil, 1.5 ml of chamomile oil, 1.5 ml of marigold oil, 1 ml
of wheat germ oil, and 1 ml of mantle oil. It may also contain Cerotin, Matricin,
Camazulene, Bisabolol, Stearin, Palmitic Acid, Linoleic Acid, Triacetin, Phytosterol,
Salicylic Acid, Umbelliferone, Umbelliferone Methyl Ether, Apigenin, Luteolin,
Apigenin, Bitter Substances, Mucilages, Anthemol, Rutin, Hyperoside, and Coumarin.

Umbelliferone demonstrates antimicrobial properties, as outlined in the patents,
an important activity since a dysbiotic dental bacterial biofilm engenders an
exacerbated immune response, culminating in the degradation of the teeth' support
tissue, encompassing the connective tissue, periodontal ligament fibers, and alveolar
bone.

The process of bacterial dental biofilm formation begins when bacteria attach

reversibly to teeth and then use their pili to irreversibly attach to tooth surfaces, forming
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colonies to stabilize their attachment (BARNIER et al., 2021). Dental biofilm early
colonizers typically include facultative anaerobes and saccharolytic species, while late
colonizers are usually proteolytic obligate anaerobes. As a "bridge organism" between
early and late colonizers, Fusobacterium nucleatum allows subgingival colonization of
a diverse microbial community (BTRLU]’IU et al., 2017; VANDANA et al., 2022),
including periodontopathogens, such as Porphyromonas gingivalis, Tannerella
forsythia, = Aggregatibacter  actinomycetemcomitans, Prevotella intermedia,
Fusobacterium nucleatum, Campylobacter rectus, Treponema denticola, and
Eikenella corrodens (DARVEAU, 1997). During this process, a self-produced matrix of
extracellular polymeric substance (EPS) acts as a protective shell, shielding the
bacteria from external pressure (ZEINELDIN et al., 2023). The dysbiotic biofilm arises
from the disruption of the homeostasis described.

The presence of biofilm can offer crucial mechanical protection to bacterial
communities. Therefore, compounds that can inhibit biofilm formation and exhibit
bactericidal or bacteriostatic activity hold great promise. For instance, Umbelliferone
has shown potential as an agent with antimicrobial and antibiofiim properties, as
evidenced in the patents uncovered in this study.

For example, in the patent document (IN202241054405) titled "Composition for
Biofilm Inhibition and Process Thereof," a biofilm-inhibiting composition is described,
containing 0.005% to 0.008% carvacrol by weight and 0.002% to 0.005%
Umbelliferone by weight. The weight ratio of carvacrol to Umbelliferone ranges from
1:0.4 to 1:1. Additionally, the document outlines a process for preparing the biofilm-
inhibiting composition. This composition is relevant to pharmaceutical preparations and
comprises phytochemicals with biofilm inhibition properties.

The document IN202241054402 titled "Antibiofilm composition and its
preparation” discloses a composition containing 0.002% to 0.008% (w/w) of coumarin
and 0.002% to 0.005% (w/w) of Umbelliferone with coumarin and Umbelliferone in a
weight ratio range of 1:0.25 to 1:2.5. Additionally, the disclosure includes a process for
preparing the composition, which involves blending an emollient, a first emulsifier, and
a surfactant in water within a specific temperature range. This disclosure aims to
provide a safe and effective composition derived from phytochemical sources,
demonstrating significant antibiofilm activity against P. aeruginosa. This composition

is particularly important for managing challenging wound infections.
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The patent CN111333774 is entitled "Antibacterial Hydrogel Based on
Coumarin Skeleton and Preparation Method and Application Thereof." This patent
details the preparation method for an antibacterial hydrogel based on a coumarin
skeleton. The process involves using 4-hydroxymethyl-7-hydroxycoumarin or its
derivatives along with acryloyl chloride to synthesize a photoinitiator containing the
coumarin skeleton. This photoinitiator initiates a cross-linking reaction of an active
monomer under illumination conditions, forming the antibacterial hydrogel. The
derivative of 4-hydroxymethyl-7-hydroxycoumarin has a specific structural formula,
and the active monomer can be one or more of acrylamide, acrylic acid, N-isopropyl
acrylamide, 2-hydroxyethyl acrylate, vinyl chloride, styrene, or acrylonitrile.

The patent document CN110743035 described another hydrogel based on
coumarin. This hydrogel is capable of intelligently detecting and eliminating pathogenic
bacteria. It efficiently detects Pseudomonas aeruginosa, Escherichia coli, and
Staphylococcus aureus in real time and effectively kills them, addressing the issue of
bacterial drug resistance.

The use of patchouli oil, patchouli alcohol, or their derivatives is proposed to
inhibit the asexual reproduction of fungi, reduce the adhesion of microorganisms to
surfaces, or prepare compositions for treating microbial infections (patent number
DE10327134). This innovative approach involves utilizing Umbelliferone (as a UV
absorber ), patchouli oil, and its derivatives to hinder the growth of pathogenic fungi in
humans and reduce the adhesion of microorganisms to various surfaces. The primary
objective is to address the limitations of existing methods by preventing the attachment
of specific pathogenic fungi and suppressing the formation of pigmented spores,
thereby preventing reinfection and the proliferation of infections in humans, animals,
and plants. An advantageous attribute of this approach is the reduced concentrations
of patchouli oil and its derivatives required compared to alternative agents.

While the patents in question did not demonstrate antimicrobial activity against
periodontopathogens, the disclosed Umbelliferone's antimicrobial and antibiofilm
properties provide valuable insights for dental research, as evidenced in the patent
document "Natural antibacterial toothpaste" - CN105997719. The invention involves
formulating a bacteriostatic toothpaste with significant efficacy, comprising specific raw
materials in precise proportions. These materials include a plant extract containing
Umbelliferone, calcium bicarbonate, silicon dioxide, sodium lauroamphophosphate

PG-acetate, xylitol, sodium phytate, pearl powder, coconut oil alcohol amide, vitamin
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C, saccharin sodium, essence, Gemma Agrimoniae, and deionized water. The plant
extract combines Houttuynia cordata extract and Stephania delavayi extract,
distinguishing this toothpaste as a natural antibacterial solution. The distinct blend of
active ingredients from the plant extract aims to deliver an unexpectedly synergistic
antibacterial effect, assuring users of the toothpaste's natural and effective
antibacterial properties.

Additional activities not directly associated with the pathogenesis of periodontal
disease but essential in its clinical management have been identified. These activities
are linked to the analgesic properties of certain compounds. Novel ethers of 7-
hydroxycoumarin presented in the patent document US4151291 are currently used as
medicines, particularly as analgesics. These compounds have demonstrated potential
in treating pain in human patients and can stimulate collagen synthesis, aiding in
regenerating periodontal ligament fibers. The patent document JP2022038524, titled
"Umberiferon derivative expressing skin cell growth action via VIl type collagen
increment, and production method,” refers to an umbelliferone derivative that
stimulates skin epidermal cell proliferation by enhancing collagen VII.

Improvements in oral hygiene habits can reverse gingivitis, but if left untreated,
it can progress to periodontitis, involving the destruction of collagen fibers, requiring
the insertion of functionally oriented collagen fibers of a newly formed periodontal
ligament (XU et al., 2019; STAVROPOULOS et al., 2021). Collagen hydrogels have
been extensively researched for periodontal regeneration. While collagen hydrogels
are commonly used as membranes for guided tissue regeneration (GTR), studies have
also assessed their impact on periodontal regeneration when directly applied to the
defect. Research by Sato and colleagues (2004) demonstrated promising results in a
dog defect model by applying a collagen gel loaded with FGF-2, resulting in the

formation of new collagen fibers and cementum.

4 CONCLUSION

Umbelliferone, also known as 7-hydroxycoumarin, is a highly versatile
compound with a wide range of properties that make it biologically active and
potentially valuable for various applications. This compound has been the subject of
extensive research, development, and innovation, particularly in the United States and

China, where many patent filings are concentrated.
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Umbelliferone has demonstrated potential in developing advanced
technological products for periodontal therapy and in preventing periodontitis, owing to
its notable biological properties, including its anti-inflammatory, antioxidant,
antimicrobial, and biofilm formation inhibiting effects. Moreover, it has also been found
to possess analgesic and collagen synthesis stimulating properties, which could
significantly contribute to the clinical management of periodontitis. Despite these
promising findings, there is a scarcity of patent documents related to the use of
Umbelliferone in periodontitis treatment, underscoring the imperative need for further
scientific exploration into the full potential of this remarkable compound.

Dentists encounter numerous challenges in the clinical management of
periodontitis, particularly in cases that are resistant to treatment. Therefore, it is critical
to develop new therapeutic alternatives, especially since periodontitis is widely
recognized as a public health concern with far-reaching systemic impacts on the

overall health and quality of life of affected individuals.
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Abstract
Periodontal disease (PD) has a multifaceted etiology. The immune response to
microbial invasion triggers osteoclast activation, leading to the resorption of
alveolar bone and ultimately resulting in tooth loss. Objective: This study aims to
investigate the anti-inflammatory properties of the bioactive compound 7-
hydroxycoumarin (7HC) at concentrations of 50 mg/kg and 100 mg/kg. We seek
to evaluate its effectiveness in controlling alveolar bone resorption in treating
periodontal disease induced by lipopolysaccharide (LPS) in an animal model.
Methodology: Periodontal disease (PD) was induced in C57 BI/6 mice using a
lipopolysaccharide (LPS) injection protocol. The mice were randomly assigned to
different treatment groups, receiving 7HC at 50 mg/kg and 100 mg/kg, Nimesulide
at 25 mg/kg, and a control group that received the vehicle. Treatments were
administered once daily from the 14th to the 28th day of the study. Following this
treatment period, the animals were euthanized, and gingival tissue samples were
collected to assess cytokine production (IL-1B and IL-6) using enzyme-linked
immunosorbent assay (ELISA). Additionally, mMRNA expression levels of MMP-9,
TIMP-1, IL-10, and TGF-B were analyzed through gRT-PCR. The maxillae were
extracted for the quantification of alveolar bone resorption by measuring the most
significant distance between the cementoenamel junction and the alveolar bone
crest utilizing ImagedJ software. Results: The bioactive 7HC effectively inhibited
the expression of IL-13, IL-6, and MMP-9 while simultaneously increasing the
mMmRNA expression of IL-10 and TGF-B, cytokines recognized for their anti-
inflammatory properties. Histometric analysis of the alveolar bone indicated that
7HC protects alveolar bone resorption in an animal model of periodontal disease
induced by LPS injection. Conclusion: The bioactive 7HC not only inhibited pro-
inflammatory cytokines but also stimulated the expression of the anti-
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inflammatory cytokine, thereby preventing bone resorption. This positions 7HC
as a promising candidate for periodontal therapy.

Keywords: umbelliferone; imune response; periodontitis.

1 Introduction

Periodontal diseases include a range of inflammatory conditions that affect
the protective and supportive structures of the teeth, potentially leading to tooth
loss over time [1]. This chronic condition is multifactorial, arising from an immune
response to a dyshiotic biofilm in the subgingival area [2]. Both genetic
predisposition and environmental factors can significantly influence the
progression of periodontitis [3]. The immune response directed at
periodontopathogens leads to the activation of osteoclasts, resulting in the
pathological resorption of alveolar bone and the subsequent loss of dental
elements [4, 5]. This emphasizes the importance of controlling inflammatory
processes; thus bioactive compounds extracted from medicinal plants are a
viable alternative.

Many studies have established a significant link between periodontitis and
overall systemic health in recent decades. This connection indicates that
periodontitis can serve as a risk factor for the development or exacerbation of
various conditions, including diabetes and cardiovascular diseases [6],
complications during pregnancy [7], ischemic strokes [8], and Alzheimer's
disease [9], among others. Consequently, periodontal disease is recognized as
a significant public health issue.

Antiseptics, particularly those based on chlorhexidine and systemic
medications to address infection and inflammation, have become common
adjuncts to scaling, root planing, and/or surgical interventions for periodontal
disease [10]. However, although chlorhexidine-based mouthwash is effective, it
is associated with several side effects, such as xerostomia, hypogeusia, and a
discolouration of tongue; as well as calculus and extrinsic tooth staining in long-
term use [10,11], and disruption of the oral microbiome [12]. Additionally, existing
literature points to antibiotic resistance among pathogens linked to the disease
[13], underscoring the necessity for alternative therapies or adjuncts to
conventional treatments [14]. In this context, medicinal plants and their bioactive

chemical constituents may offer a promising alternative.
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Exploring medicinal plants as an adjunctive treatment to scaling and root
planing therapy has gained significant attention in dentistry. A study conducted
by Gosciniak et al. [15] highlights that the incorporation of bioactive compounds
derived from medicinal plants alongside conventional therapy can enhance
treatment efficacy while mitigating the adverse effects commonly associated with
traditional agents like chlorhexidine. Furthermore, they discuss various products
already available on the market, including toothpaste, antiseptics, and oral
sprays, illustrating that phytotherapy is not just a theoretical concept but a
practical reality in dental care.

In this context, coumarins, found abundantly in medicinal plants, show
significant pharmacological potential. These compounds have antioxidante [16,
17], anti-inflammatory [18], and antimicrobial Properties [19]. Given the role of
inflammation in periodontal disease, using natural products like coumarins with
anti-inflammatory properties could could offer a promising treatment strategy

Among coumarins, auraptene and lacinartin are polyphenols in the
coumarin family. Auraptene has been shown to significantly reduce the secretion
of IL-8 and TNF-a in LPS-stimulated macrophages. Similarly, at a 50 pg/mi
concentration, lacinartin also effectively inhibits the secretion of IL-8 and TNF-a.
Furthermore, both auraptene and lacinartin contribute to a reduction in the
secretion of MMP-8 and MMP-9 [20].

Umbelliferone (7-hydroxycoumarin), a derivative of coumarin, also
demonstrates the ability to attenuate the secretion of pro-inflammatory cytokines
and chemokines in HaCAT cells treated with TNF-a and IFN-y. This attenuation
is mediated through the inhibition of IkBa degradation, the nuclear translocation
of NF-kB, and the phosphorylation of STATL, indicating a dose-dependent
response to Umbelliferone treatment [21].

Additionally, intravenously injected gelatin-coated ZnO-ZnS core-shell
nanoparticles containing 7-hydroxycoumarin (7HC), reduced the production of
pro-inflammatory cytokines such as interleukin-13 (IL-18), IL-6, and IL-17, along
with prostaglandin E (PEG2) [22].

It is important to highlight that oxidative stress significantly worsens
inflammation and accelerates the progression of periodontitis. Umbelliferone
(7HC) can effectively scavenge free radicals and inhibit lipid peroxidation [25, 26].

The antioxidant properties of 7HC are likely the result of activating the Nrf2

36



signaling pathway, which enhances the activities of endogenous antioxidants
such as superoxide dismutase, glutathione, catalase, and NAD(P)H-quinone
oxidoreductase. [23, 24, 25]

In addition to its anti-inflammatory and antioxidant benefits, 7-
hydroxycoumarin has demonstrated the ability to inhibit the formation of biofilms
produced by uropathogenic Escherichia coli at a concentration of 50 pg/mL. It
also effectively reduced biofilm formation by methicillin-resistant strains of
Staphylococcus epidermidis at a concentration of 500 ug/mL. Considering the
significant role that dysbiotic biofilms play in the development of periodontal
disease, the antimicrobial properties of 7-hydroxycoumarin show great promise
for managing this condition [26, 27].

This study aims to evaluate the anti-inflammatory effects of 7HC and its
ability to prevent alveolar bone resorption in an animal lipopolysaccharide (LPS)-
induced periodontal disease model.

2. Materials and Methods

2.1 Ethical Aspects

The animal testing conducted in this study received approval from the
Ethics Committee on the Use of Animals (CEUA) at FIOCRUZ, in accordance
with the resolution established by the National Council for the Control of Animal
Experimentation (CONCEA) regarding the responsible use of animals (CONCEA,
2015). This approval is documented under registration number 012/2022.

2.2 Experimental section

The 7-hydroxycoumarin (7HC) active compound collected, extracted, and
isolated from T. domingensis were previously detailed [28], and used in the
present study.

To assess the inhibition of bone resorption and the anti-inflammatory
properties of 7HC, periodontal disease was induced in C57BI/6 mice sourced
from the CPgGM Animal Facility at FIOCRUZ — BAHIA, This procedure was
modified from the protocol used for inducing periodontal disease as described in
reference [29].

The mice had a weight range of 25 to 30 grams and were between 8 and

10 weeks old. They were kept in a temperature-controlled environment (22-25°C)
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under a 12-hour light/dark cycle, with unrestricted access to food and water
throughout the experimental duration.

The mice were randomly assigned to five distinct groups, with each group
consisting of 12 animals: Group 1: Naive group—animals that received no
treatment and had no induced periodontal disease; Group 2: Negative control
group—animals treated with a vehicle (saline + 5% DMSO) and subjected to
induced periodontal disease; Group 3: Animals treated with 7HC at 50 mg/kg and
induced periodontal disease; Group 4: Animals treated with 7HC at a 100 mg/kg
dosage and induced periodontal disease; Group 5: Positive control group—
animals treated with Nimesulide at 25 mg/kg and with induced periodontal
disease.

Mice were anesthetized with an intraperitoneal injection of Ketamine (5
mg/kg) and Xylazine (20 mg/kg). Once adequate anesthesia was achieved, each
mouse received 1pL of 20 pg/uL of lipopolysaccharide (LPS) derived from
Escherichia coli, diluted in injection water.

This injection was administered into the gingival papilla located between
the first and second upper left molars. The procedure was carried out on alternate
days over a 21-day period as part of a protocol designed to induce periodontal
disease [29].

The methodology, adapted from Trombetta & Silva [29], recommends a
four-week injection regimen of 2 puL of LPS (10 pg/pL) isolated from
Aggregatibacter actinomycetemcomitans, diluted in phosphate-buffered saline
(PBS). In contrast, this study employed 1 pL of LPS (20 upg/pL) isolated from
Escherichia coli, diluted in injection water, over the 21-day duration.

A powdered form of 7HC, diluted in a saline solution with 5% DMSO, was
utilized to prepare the dosages of 7HC. Beginning 14 days after the onset of
disease induction, the mice were treated orally via gavage with 7HC at dosages
of 50 mg/kg and 100 mg/kg, or with its vehicle (5% DMSO diluted in saline).
Nimesulide (Sigma-Aldrich), a nonsteroidal anti-inflammatory drug (NSAID)
commonly used in dentistry to manage inflammatory conditions, served as the
gold standard drug in this study [30].

The treatment was administered once daily until the experiment concluded
at 28 days. Following the treatment period, the animals in each group were

euthanized using a combination of xylazine hydrochloride (1 mg/kg) and
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ketamine (15 mg/kg), followed by an anesthetic overdose of sodium thiopental
(50 mg/kg) and intravenous administration of potassium chloride (2.56 mEq/kg).

The excised gingival tissue samples were preserved in 1 mL of Trizol and
promptly utilized for reverse transcription polymerase chain reaction (RT-PCR)
assays to ensure the integrity of the RNA. In contrast, for the enzyme-linked
immunosorbent assay (ELISA) protocols, the samples were stored in a buffer
solution at -80 °C to maintain their viability and prevent degradation.

2.3 ELISA (Enzyme-linked immunosorbent assay)

Gingival tissue samples were homogenized in phosphate-buffered saline
(PBS) at 100 mg of tissue per mL. Subsequently, the following components were
added: 0.4 M NacCl, 0.05% Tween 20, and protease inhibitors, which included 0.1
mM PMSF, 0.1 mM benzethonium chloride, 10 mM EDTA, and 20 KI of aprotinin
A per 100 mL (Sigma). The samples were centrifuged for 10 minutes at 3000 g,
and aliquots of the supernatant were frozen at -80°C for future quantification.

The cytokines IL-13, IL-6, and IL-10 were quantified using the sandwich
ELISA technique with Duoset ELISA Development System kits from R&D
Systems (Minneapolis, USA) for each cytokine [31]. Ninety-six-well plates (NUNC
— IMMUNO PLATE Maxisorp Surface) were sensitized by adding 50 microliters
of capture antibody (a purified monoclonal antibody specific to the investigated
cytokine), diluted in PBS, and incubating at 4°C overnight. The plates were
washed three times with PBS containing 0.05% Tween 20. Next, 100 microliters
of a 1% PBS-BSA solution were added to each well and incubated for 2 hours at
room temperature to block non-specific binding sites. After one additional wash,
the plates were incubated with 50 microliters of each sample (in duplicate) and
standard cytokines at various concentrations for 12 hours at 4°C.

After washing the plates, biotinylated anti-cytokine antibodies were
introduced, and the plates were incubated for an additional 2 hours at room
temperature. Following this incubation, the plates were rewashed, and 50
microliters of streptavidin, diluted 1:200, were added for 20 minutes at room
temperature. After another wash, the reaction was developed using 50 microliters
of a revealing solution composed of 10 mL of 1M citrate-phosphate buffer, two
microliters of H.O», and one TMB (tetramethylbenzidine) tablet. The reaction was
subsequently blocked by adding 50 microliters of a 1:20 phosphoric acid solution.

Optical density was measured using a spectrophotometer (Spectra Max 190 -
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Molecular Devices, California, USA) at a wavelength of 450 nm. The analysis was
conducted using Softmax 4.3.1 Software (Molecular Devices).

2.4 Real-Time PCR

The mRNA expression levels of IL-183, IL-6, MMP-9, TIMP-1, IL-10, and
TGF-B in gingival tissue were assessed using real-time polymerase chain
reaction (QRT-PCR) RNA was extracted using TRIzol/chloroform reagents
(Invitrogen, Carlsbad, CA, USA), and its concentration was determined with the
Nanodrop 2000 apparatus. According to the manufacturer's instructions, CDNA
was synthesized from 1 ug of RNA using the High Capacity cDNA Reverse
Transcription Kit (Applied Biosystems, Foster City, CA, USA) [32].

For the gene expression assay, the following TagMan probes were
utilized: illb (Mm_0043228 m1), 6 (Mm_00446190_m1), i110
(Mm_00439616_m1), mmp9 (Mm_00442991 ml), tgff (Mm_01178820_m1l),
and timpl (Mm_01341361_m1), along with negative controls. All reactions were
conducted in duplicate and analyzed using the ABI7500 Sequence Detection
System (Applied Biosystems) under standardized thermal amplification
conditions specified by the manufacturer.

The mean cycle threshold (Ct) value obtained from duplicate
measurements was used to calculate the expression level of the target gene. It
was done by normalizing with the endogenous gene Gapdh (mm99999915 g1)
using the formula 27(-ACt). Any Cts with a coefficient of variation greater than 5%
were excluded from the analysis.

2.5 Analysis of Alveolar Bone Resorption

Morphometric analyses were performed to assess alveolar bone
resorption associated with the experimental disease. The excised maxillae were
fixed in 10% formalin for 24 hours. Subsequently, they were divided into two
hemiarches (right and left), meticulously dissected, and stained with 1%
methylene blue to differentiate the bone tissue from the teeth, as the latter stains
less intensely.

Photographs of the lingual surface of the stained first molars was taken
using a Leica camera paired with a stereomicroscope to evaluate the extent of
alveolar bone loss following disease induction. The greatest distance between
the cementoenamel junction and the alveolar bone crest was measured utilizing

ImageJ software (National Institutes of Health, USA) [33].
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2.6 Statistical analyses

The results are expressed as the mean + standard deviation (SD) based
on analyses conducted with groups of animals. The normality of the data was
evaluated using the Kolmogorov-Smirnov test. For data that exhibited a normal
distribution, comparisons between groups were performed using a one-way
ANOVA with Tukey's post hoc test. Conversely, for data that did not conform to
normality, comparisons were made utilizing the non-parametric Friedman test,
followed by pairwise post hoc comparisons using the Pairwise method with
Bonferroni correction.

The ELISA and RT-PCR results were analyzed using Prism 7 software
(GraphPad, San Diego, CA, USA). At the same time, alveolar bone loss was
evaluated using IBM SPSS Statistics software. A p-value of less than 0.05 was
considered statistically significant.

3 Results and Discussion

The results of this study indicate that 7HC has anti-inflammatory activity,
offering protection against alveolar bone resorption in an animal model of
lipopolysaccharide-induced periodontal disease.

To evaluate the effectiveness of inflammation induction via LPS injection,
pro-inflammatory cytokine levels of IL-1B and IL-6 were measured using ELISA.
The results demonstrated an increase in the expression of both cytokines in
animals with induced periodontal disease treated with the vehicle compared to
those in the naive group. This indicates that the animal model employed in the
study successfully stimulated active inflammation.

The inflammatory response was controlled by administering the standard
drug (nimesulide at 25 mg/kg) and 7HC at 50 mg/kg and 100 mg/kg (p<0,0001).
Notably, no statistically significant differences existed between the groups treated

with these compounds (Figure 1).
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Figure 1. Impact of 7-hydroxycoumarin (7HC) treatment at concentrations of 50 mg/kg and 100
mg/kg on the expression of pro-inflammatory (A, B) cytokines in gingival tissue excised from
C57BL/6 mice with experimental periodontal disease. Data are presented as mean * standard

deviation. Statistical significance is indicated at p < 0.0001***,

In this study, lipopolysaccharide (LPS), a key component of the outer
membrane of Gram-negative bacteria, was used to induce periodontitis. Toll-like
receptors (TLRs) identify LPS and initiate the inflammatory response. The TLR-
CD14-LPS-MyD88 activation cascade is vital to the innate immune response,
particularly in identifying bacterial pathogens. LPS is initially detected by the
CD14 receptor, which is present on the surface of immune cells like macrophages
and dendritic cells. This interaction enhances the binding of LPS to TLR4,
initiating intracellular signaling. Following this activation, the MyD88 protein is
recruited to the TIR (Toll/IL-1 receptor) domain of TLR4, which facilitates the
assembly of a signaling complex that includes additional adaptor proteins, such
as IRAK (Interleukin-1 receptor-associated kinase) and TRAF (TNF receptor-
associated factor). Signaling through MyD88 activates a pathway that ultimately
leads to the activation of the transcription factor NF-kB, promoting the
transcription of genes that produce inflammatory cytokines, including IL-13 and
IL-6, amplifying the inflammatory response. While this cascade is crucial for the
body's defense, it can also damage tissue if not adequately regulated [34,35]

Interleukin-1B (IL-1B) is a key proinflammatory cytokine secreted mainly
through monocytes/macrophages and dendritic cells in response to pathogen-
associated molecular patterns (PAMPS) such as lipopolysaccharide (LPS) [34].

Interleukin-6 (IL-6) is a proinflammatory cytokine and its concentration in gingival
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crevicular fluid was elevated in individuals diagnosed with chronic periodontitis
compared to those who are periodontally healthy. This suggests a potential link
between increased IL-6 levels and the inflammatory processes associated with
chronic periodontitis, highlighting the role of this cytokine as a marker of
periodontal disease progression [36, 37].

A cohort study [38] comprising 68 patients diagnosed with periodontal
disease, carried out from 2021 to 2022, uncovered a positive correlation between
heightened levels of the proinflammatory cytokines IL-1 and IL-6 in the patients'
saliva and severe clinical parameters. Specifically, the study found that these
elevated cytokine levels were associated with increased probing depth (PPD),
indicating the severity of periodontal tissue destruction and a higher plaque index
(P1). Additionally, increased bleeding on probing (BOP) was observed, signaling
inflammation in the gum tissue. Furthermore, the study revealed a reduction in
the clinical attachment level (CAL), highlighting the loss of supportive periodontal
tissue and attachment to the teeth.

Treatment with 7HC at 50 mg/kg and 100 mg/kg reduced the expression
of pro-inflammatory cytokines IL-1 and IL-6, while increasing the expression of
MRNA for anti-inflammatory cytokines. This study revealed that the inflammatory
stimulus induced by LPS in animals with periodontal disease, treated with a
vehicle, suppressed mRNA expression for the anti-inflammatory cytokines IL-10
and TGF-B. Remarkably, the standard drug nimesulide at a dosage of 25 mg/kg
failed to reverse this suppression. In contrast, treatment with 7HC at 100 mg/kg
effectively induced mRNA expression for IL-10 ((p<0.0001) and TGF-f (p<0.001)
compared to both the vehicle and nimesulide groups. This finding underscores
the protective effect of 7HC in the animal model of periodontal disease induced
by LPS (Figure 2).
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Figure 2. Impact of 7-hydroxycoumarin (7HC) treatment at concentrations of 50 mg/kg and 100
mg/kg on the mRNA expression of anti-inflammatory (A, B) cytokines in gingival tissue excised
from C57BL/6 mice with experimental periodontal disease. Data are presented as mean +

standard deviation. Statistical significance is indicated at p < 0.001**; p < 0.0001***,

IL-10 is crucial for regulating the inflammatory response in periodontal
disease, as it reduces inflammation and helps prevent excessive tissue damage
[39]. Meanwhile, TGF-3 promotes tissue healing in areas affected by periodontal
disease by stimulating the production of extracellular matrix components, such
as collagen. It also enhances the synthesis of proteinase inhibitors and inhibits
the production of collagenases [40].

TGF-pB facilitates the migration and differentiation of osteoblast precursors
[41], thereby stimulating the production of bone matrix. Moreover, it induces B
lymphocytes to differentiate into plasma cells that produce IgA [42]. IgA is
essential for protecting mucous membranes, which is particularly pertinent in
periodontal therapy.

Studies have documented the effects of coumarins on osteoclasts. For
instance, urolithin b suppresses osteoclast activation and reduces bone loss of
osteoporosis [43]. Furthermore, the in vitro effects of Cnidium monnieri extract,
comprised 80% coumarins, successfully inhibited the differentiation of osteoclast
precursors into active osteoclasts [44].

In line with this idea, to assess whether 7HC effectively controlled the
progression of bone resorption, the distance between the cemento-enamel
junction (CEJ) and the alveolar bone crest (ABC) was measured. The results

demonstrated that the distance between the CEJ and ABC in animals treated with
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the vehicle was significantly greater than that observed in the naive group
(p<0.05). Although treatment with 7HC at 50 mg/kg and 100 mg/kg did not stop
bone resorption progression, it suggests a protective effect. This conclusion is
reinforced by the fact that the distance between the CEJ and ABC in the treated
animals did not differ statistically from that of the naive group (Figure 3).

)

04

Distance between CEJ and ABC

Figure 3: The impact of the compound 7-hydroxycoumarin (7HC) on alveolar bone resorption in
the maxilla of C57BL/6 mice with induced periodontal disease. Panels A to E showcase
representative images from various treatment groups: (A) Naive, (B) Vehicle, (C) Nimesulide, (D)
7HC at 50 mg/kg, and (E) 7HC at 100 mg/kg. The graph compares bone resorption caused by
lipopolysaccharide (LPS), with that treated by 7-hydroxycoumarin (7HC). The following key terms
are defined: CEJ - Cementoenamel junction; ABC - Alveolar bone crest. Data are presented as

mean + standard deviation, with statistical significance denoted as *p < 0.05.

The protective effect against bone resorption can be attributed to the anti-
inflammatory properties of 7HC. Specifically, interleukin-6 can stimulate the
expression of receptor activator of nuclear factor-kappa B ligand (RANKL) in
osteoblasts and osteocytes [45]. RANKL is a crucial signaling molecule that
belongs to the tumor necrosis factor superfamily and is secreted by various cell
types, including osteoblasts, bone marrow stromal cells [46], and lymphocytes
[47]. Once released, RANKL binds to the RANK receptor located on the surface
of osteoclast precursors. This interaction is important for promoting the
differentiation of these precursors into mature osteoclasts, the specialized cells
responsible for bone resorption [48]. Thus, IL-6 also contributes to inflammatory
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processes and plays a pivotal role in bone remodeling through its influence on
RANKL and osteoclast biology.

The alveolar bone resorption process is influenced by matrix
metalloproteinases-9 (MMP-9), an enzyme that serves as an important indicator
of periodontal disease progression. MMP-9 degrades collagen types IV, V, and
Xl, along with proteoglycans and elastin, thus playing a critical role in tissue
destruction [49].

In this context, the role of MMP-9 in the animal model of LPS-induced
periodontal disease was investigated using excised gingival tissue, which was
analyzed to determine the expression of mMRNA for the metalloproteinase-9. The
findings revealed that animals treated with the vehicle exhibited a significantly
higher expression of mRNA for MMP-9 compared to those treated with 7HC at
doses of 50 mg/kg and 100 mg/kg, nimesulide at 25 mg/kg, and the naive group
(p <0.0001). Notably, the results for the 7HC-treated groups were not statistically
different to those of the standard drug, suggesting that 7HC possesses bioactive
properties that may be beneficial in developing treatments for periodontal disease
(Figure 4). This finding may elucidate the observed protective effect on bone
resorption induced by 7HC, presented in this study.

An interesting observation was the reduced expression of TIMP-1 (tissue
inhibitors of metalloproteinases) in mice treated with 7HC (Figure 5). TIMP is
essential for remodeling the extracellular matrix, as it regulates the activity of
matrix metalloproteinases (MMPs) [50]. Consequently, it was expected that the
treatment would increase in the expression of this protective biomarker. However,
the highest levels of TIMP-1 mRNA expression were found in the group of
animals receiving the vehicle control, in comparison to those treated with
nimesulide at 25 mg/kg, 7HC at both 50 mg/kg (p<0.001) and 100 mg/kg
(p<0.0001). Given that 7HC inhibits MMP-9, it can be inferred that there was no

stimulation of TIMP expression in this scenario.
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Figure 4. Impact of 7-hydroxycoumarin (7HC) treatment at concentrations of 50 mg/kg and 100
mg/kg on the mRNA expression of matrix metalloproteinases-9 in gingival tissue excised from
C57BL/6 mice with experimental periodontal disease. Data are presented as mean * standard

deviation. Statistical significance is indicated at p < 0.0001***,
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Figure 5. Impact of 7-hydroxycoumarin (7HC) treatment at concentrations of 50 mg/kg and 100
mg/kg on the mRNA expression of TIMP (tissue inhibitors of metalloproteinases) in gingival tissue
excised from C57BL/6 mice with experimental periodontal disease. Data are presented as mean

+ standard deviation. Statistical significance is indicated at p < 0.001**; p < 0.0001***,

The study demonstrated that 7HC has significant anti-inflammatory effects
by inhibiting the pro-inflammatory cytokines IL-18 and IL-6. Additionally, it
reduces the expression of matrix metalloproteinase MMP-9, which is involved in
tissue degradation characteristic of periodontitis. At the same time, 7HC
increases the expression of mRNA for IL-10 and TGF-B, both of which are



cytokines with anti-inflammatory and regenerative roles. This suggests that 7HC
may act as an anti-inflammatory bioactive. These findings highlight the potential
of 7HC as an adjuvant therapeutic agent in treating periodontal disease, aiding in
inflammation control and the preservation of periodontal tissues. Its applications
in dentistry could range from mouthwashes to targeted delivery systems in
periodontal pockets.

It is essential to recognize that 7-hydroxycoumarin may exhibit toxicity at
higher doses. A study involving mice revealed that 7-hydroxycoumarin is not toxic
at doses up to 200 mg/kg [51]. However, research by Galliccio et al.[52] showed
that it inhibits human bone marrow stem cells only at concentrations exceeding
200 pg/mL, suggesting potential toxicity at elevated doses.

In terms of absorption and bioavailability, a Caco-2 cell model
demonstrated significant absorption through passive diffusion, with a recovery
rate of approximately 83.31 + 3.52%. Additionally, Ritschel et al. [53] investigated
the bioavailability of umbelliferone in rhesus monkeys at a dose of 1 mg/kg,
reporting a half-life of 0.8 + 0.29 hours following intravenous administration, along
with a low oral bioavailability of only 17.0 £ 5%.

The study has important limitations, such as the use of an animal model,
which complicates the direct extrapolation of results to humans. Furthermore, it
lacked assessments of possible systemic side effects and controlled clinical trials.
Therefore, additional human studies are essential to validate its safety and clinical

efficacy.

4 Conclusions

Effectively managing the inflammatory immune response in periodontal
disease is essential for evaluating treatment outcomes and prognosis. In this
study, researchers explored the effects of the compound 7HC in an animal model
of LPS-induced periodontal disease. The results revealed that 7HC inhibited the
expression of pro-inflammatory cytokines while promoting a shift in the cytokine
balance toward a predominance of anti-inflammatory cytokines. Additionally, it
reduced the expression of matrix metalloproteinase MMP-9, which is linked to the
tissue degradation associated with periodontitis. This dual mechanism provided
protective effects against alveolar bone resorption. These encouraging findings
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suggest that 7HC could serve as a valuable bioactive agent for enhancing
periodontal therapy, offering hope for improved management of periodontal

disease.
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linhagens de camundongo Swiss e C57BL/6
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Perda de nivel ésseo alveolar induzida por lipopolissacarideo:
um estudo comparativo entre as linhagens de camundongo Swiss e
C57BL/6

RESUMO

Introducgéo: A doenga periodontal tem etiologia multifatorial, onde a resposta imune
ao desafio microbiano resulta em inflamacédo dos tecidos gengivais,
ativacdo de osteoclastos e reabsorgcédo do osso alveolar, culminando com a perda
do elemento dental, portanto compreender o processo de reabsorcdo 6ssea € um
importante passo em pesquisas que visam compreender a fisiopatologia da doenca,
e neste sentido os modelos animais de doenca periodontal sdo ferramentas uteis.
Objetivo: Comparar a perda de nivel ésseo alveolar, em modelo animal de doenca
periodontal induzida (PI) por lipopolissacarideo (LPS), entre duas linhagens de
camundongos, a Swiss e a C57BL/6. Metodologia: Os camundongos de cada
linhagem foram reunidos em grupos visando avaliar a progressao da perda de nivel
0sseo alveolar no 7°, 14°, 21° e 28° dias de inducéo da Pl por meio da administracao,
na papila gengival localizada entre o primeiro e segundo molar superior esquerdo, de
20 pg/pL de LPS de Escherichia coli diluido em agua de injecdo. Ao final de cada
periodo do experimento, os animais foram eutanasiados e amostras do tecido gengival
e do tecido 6sseo (maxila) foram excisados para avaliacéo histoldégica e morfométrica,
respectivamente. Resultados: A avaliacdo histologica, em ambas as linhagens,
evidenciou um infiltrado inflamatério a partir de 7 dias de inducéo,o qual se torna mais
acentuado a partir de 14 dias. Na linhagem Swiss, a perda de nivel 6sseo alveolar
inicia aos 7 dias de inducéo e evolui de maneira agressiva, apresentando lesédo de
furca pronunciada a partir do 21° dia. Enquanto na linhagem C57BL/6, a perda 6ssea
€ vista a partir do 14° dia e a progressao da doenca ocorre de maneira mais sutil.
Concluséao: A depender do objetivo da pesquisa, usar a linhagem Swiss € mais viavel
por otimizar tempo e custo operacional, ja que 21 dias séo suficientes para demonstrar
a progressdo da doenca periodontal, enquanto que para linhagem C57BL/6 sé&o
necessarios 28 dias.

Palavras-chave: Modelo animal, doenca periodontal, inflamacédo, perda de nivel
0sseo, LPS.

ABSTRACT

Introduction: Periodontal disease is characterized by a multifactorial etiology, wherein
the immune response to microbial challenges initiates inflammation of the gingival
tissues. This inflammatory process leads to the activation of osteoclasts and
subsequent resorption of alveolar bone, ultimately resulting in the loss of the affected
dental elements. Understanding the process of bone resorption is crucial for research
into the pathophysiology of the disease; therefore, animal models of periodontal
disease serve as valuable tools. Objective: To compare the loss of alveolar bone
levels in an animal model of periodontal disease induced by lipopolysaccharide (LPS)
between two strains of mice: Swiss and C57BL/6. Methodology: Mice from each
lineage were grouped to assess the progression of alveolar bone loss on the 7th, 14th,
21st, and 28th days after intraperitoneal (IP) induction. This was achieved by
administering 20 pg/uL of Escherichia coli lipopolysaccharide (LPS), diluted in injection
water, to the gingival papilla situated between the first and second upper left molars.
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At the conclusion of each experimental period, the animals were euthanized, and
samples of gingival and maxillary bone tissues were excised for histological and
morphometric evaluations, respectively. Both strains displayed an inflammatory
infiltrate during histological evaluation, which was evident from 7 days of induction and
became more pronounced after 14 days. In the Swiss strain, alveolar bone loss began
on the seventh day of induction and progressed rapidly, showing a significant furcation
lesion from the 21st day onwards. In the C57BL/6 strain, bone loss was observed
starting from the 14th day, and the progression of the disease was more subtle.
Conclusion: Depending on the research objectives, using the Swiss strain is more
advantageous because it reduces both time and operational costs. The Swiss strain
can demonstrate the progression of periodontal disease in just 21 days, while the
C57BL/6 strain requires 28 days for similar results.

Keywords: Animal model, periodontitis, mice, inflammation, bone resorption, LPS.

1 INTRODUCAO

A doenca periodontal € uma enfermidade crbnica, de etiologia multifatorial, cuja
resposta imune frente ao biofilme subgenvival disbidtico, resulta em ativacdo de
osteoclastos e reabsorcao 6ssea, podendo levar a perda do dente (BECERRA-RUIZ
et al, 2022). Portanto, entender o processo de reabsorcdo Ossea alveolar é
fundamental para o desenvolvimento de abordagens terapéuticas, neste sentido, o
uso de modelos animais pode ser satisfatorio.

O uso da experimentacdo animal em diferentes areas do conhecimento vem
contribuindo com a descoberta de abordagens terapéuticas e preventivas para
inimeras doencas (CHORILLI et al, 2007).

De acordo com a Resolucdo normativa brasileira do Conselho Nacional de
Experimentacdo Animal (CONCEA) n° 25, de 29 de setembro de 2015, um modelo
animal deve ser definido pelos objetivos do projeto e relevancia do sistema bioldgico
gue se pretende estudar, de modo a selecionar a melhor linhagem de animal,
independente da conveniéncia ou orcamento.

Na periodontologia, a complexa resposta imune do hospedeiro ao processo
infeccioso, que em primeira instancia € a responsavel pela reabsorcédo 6ssea e perda
do dente, ndo pode ser reproduzida in vitro, de modo que os modelos animais séo
Uteis neste tipo de estudo (KANTARCI et al, 2015), embora a experimentacdo com
animais nao reproduza de forma fidedigna a doenca humana (HAJISHENGALLIS,
2023).

Entre o reino animal, roedores, coelhos, porcos, caes e primatas ndo humanos

tém sido usados para modelar a doenca periodontal humana, cada um com vantagens
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e desvantagens (OZ e PULEO, 2011; BRITO et al, 2021). A similaridade entre os
tecidos periodontais de roedores e humanos, principalmente na regido dos molares,
faz com que esses animais sejam usados em modelos para pesquisa cientifica, que
visam analisar a perda 6ssea alveolar e processos inflamatérios (VERISSIMO, 2022).

Entretanto, a presenca de uma microbiota bucal diferente e a resisténcia natural
ao desenvolvimento da doenca periodontal podem ser um obstaculo. Além disso, os
animais sdo de pequeno porte, e, portanto, a quantidade de tecido disponivel para
andlise é menor, o que necessita muitos animais para o experimento (OZ e PULEO,
2011).

Os modelos de doenca periodontal mais comuns envolvem: a) a introducéo de
cepas bacterianas humanas por gavagem oral; b) o uso de ligaduras com fio de seda
amarrado em torno dos dentes, induzindo um acumulo de biofilme dental pela
introducédo de bactérias no sulco gengival e; 3) injecao de lipopolissacarideo (LPS)
bacteriano purificado no tecido gengival que circunda os dentes posteriores
(CARVALHO, 2020).

Para este trabalho, foi adotada a opgcao de numero “3”. A escolha deste
meétodo foi relacionada a sua praticidade e possibilidade de controlar as doses
administradas, além do conhecimento prévio de que o LPS é uma endotoxina
bacteriana altamente imunogénica, além de nao necessitar do cultivo de
microrganismos anaerobios, que exigem meios de cultura especificos e anaerobiose
para crescimento. Quanto ao método de ligadura, considerando o tamanho dos
animais (camundongos), € um método mais trabalhoso, o que foge do escopo do
presente trabalho, que propde aliar eficacia a simplicidade de execu¢do do método.

O LPS, um padrdo molecular associado a patégenos (PAMPSs), é reconhecido
pelo Toll-like receptor (TLR) presente em células da imunidade inata. Essa interagéo,
resulta na transducédo de sinal intracelular e ativacdo de fatores de transcricdo para
producéo de citocinas pré-inflamatérias (DUAN et al, 2022). Portanto, quando injetado
nos tecidos periodontais desencadeia uma resposta inflamatdria, podendo induzir
reabsorcéo 6ssea.

A ativacao do sistema imune na doenca periodontal tem um papel importante na
diferenciacdo e ativagdo de osteoclastos. As citocinas pro-inflamatorias produzidas
nesta ativacao, modulam a expressao do receptor ativador de ligante do fator nuclear
Kappa B (RANKL), uma proteina presente em osteoblastos, fibroblastos e linfocitos.

Quando o RANKL se liga ao seu receptor RANK, presente na superficie dos
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precursores de osteoclastos, ocorre a ativagéo e diferenciacdo desses precursores
em osteoclastos maduros. Essa ativagéo induz a reabsorcao 6ssea. Por outro lado, a
interacdo entre osteoprotegerina (OPG) e RANKL, inibe a ativacédo de osteoclastos.
Em condi¢des normais, um equilibrio entre RANKL e OPG é essencial para manter a
homeostase no ambiente periodontal. No entanto, com a progressao da doenca
periodontal, ocorre um aumento significativo na expressao de RANKL em comparagéao
com OPG, tendo como consequéncia a reabsorcdo Ossea alveolar (NEURATH;
KESTING, 2024).

Diante do que foi exposto, 0 presente estudo objetivou comparar, entre as
linhagens de camundongos Swiss e C57BL/6, a reabsorcao Gssea alveolar em modelo
animal de doenca periodontal induzida por LPS, o que podera contribuir com os
estudos de experimentacdo animal na doenca periodontal, permitindo que pesquisas
futuras utilizem a linhagem mais adequada, minimizando o0 uso excessivo de animais
e o sofrimento que o experimento podera trazer, bem como reduzindo custos

relacionados a pesquisa e garantindo uma melhor qualidade dos resultados.

2 METODOLOGIA

Os ensaios com animais foram submetidos e aprovados pelo Comité de Etica
no uso de Animais (CEUA) da FIOCRUZ, sob nimero de registro 012/2022, de acordo
com a resolucéo brasileira do Conselho Nacional de Controle de Experimentacao
Animal (CONCEA) sobre responsabilidade no uso de animais (CONCEA, 2015).

Com o objetivo de estudar o modelo de doenca periodontal induzida por LPS,

a cinética do modelo foi realizada nas linhagens C57BL/6 e Swiss, provenientes do
Biotério do CPgGM, FIOCRUZ — BA. O peso dos animais variou entre 25 a 30
gramas, com 8 a 10 semanas de idade. Os animais foram mantidos em sala
climatizada sem restricao hidrica ou alimentar durante todo o periodo experimental.

A doenca periodontal foi induzida com o protocolo de injecdo de LPS adaptado

de Trombetta e Silva et al (2011). Apds devidamente anestesiados (anestesia geral
com injecédo intraperitonial de cetamina 5 mg/Kg e xilazina 20 mg/Kg), 1 uL de LPS
de Escherichia coli, na concentracdo de 20 pg/pL, foi injetado na papila gengival
localizada entre o primeiro e segundo molar superior esquerdo em dias alternados.

Os camundongos de cada linhagem foram reunidos em grupos, sendo:

1) Grupo naive (n=6): formado por animais que nao receberam injecao de LPS no
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tecido gengival;

2) Grupo 7 dias (n=6): formado por animais que receberam injecado de LPS no
tecido gengival localizado no hemiarco esquerdo, em dias alternados, por um
periodo de 7 dias.

3) Grupo controle (n=6): formado pelos animais que fazem parte do grupo 7 dias,
sendo o tecido gengival coletado, aquele do lado direito (que n&o recebeu
injecao).

4) Grupo 14 dias (n=6): formado por animais que receberam injecdo de LPS no
tecido gengival localizado no hemiarco esquerdo, em dias alternados, por um
periodo de 14 dias.

5) Grupo 21 dias (n=6): formado por animais que receberam injecao de LPS no
tecido gengival localizado no hemiarco esquerdo, em dias alternados, por um
periodo de 21 dias.

6) Grupo 28 dias (n=6): formado por animais que receberam injecdo de LPS no
tecido gengival localizado no hemiarco esquerdo, em dias alternados, por um

periodo de 28 dias.

Os animais foram eutanasiados nos tempos 0, 7, 14, 21, 28 dias com associacao
de cloridrato de xilazina (1 mg.kg - 1) e cetamina (15 mg.kg - 1) sequida da overdose
anestésica de tiopental sddico (50 mg.kg - 1) e administracéo de cloreto de potassio
2,56 mEg.kg - * ambos por via intravenosa.

O tecido gengival da regido entre primeiro e segundo molar superior da
hemiarcada esquerda dos camundongos dos grupo naive, 7 dias, 14 dias, 21 dias e
28 dias, foi excisado para avaliacéo histolégica do infiltrado inflamat6rio por meio de
coloracdo com hematoxilina-eosina.

Com o objetivo de avaliar se, de fato, o grupo naive é um grupo necessario para
os estudos de doenca periodontal induzida por LPS em camundongos das linhagens
Swiss e C57BL/6, o tecido gengival da regido entre primeiro e segundo molar superior
da hemiarcada direita dos camundongos do grupo 7 dias foi usado como controle.

Para o estudo da perda de nivel 6sseo alveolar induzida por LPS, as maxilas dos
camundongos dos grupos naive, 7 dias, 14 dias, 21 dias e 28 dias foram removidas,
fixadas em formol 4%, durante 24 h. ApGs esse periodo, as maxilas foram separadas
em duas hemiarcadas (direita e esquerda), dissecadas e coradas com azul de

metileno a 1%, a fim de distinguir o tecido ésseo, do tecido dentario, o qual se cora
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com menos intensidade. Mais uma vez, as hemimaxilas do lado direito do grupo com
7 dias de indugéo, foram utilizadas como controle, com o objetivo de avaliar se, de
fato, o grupo naive era um grupo necessario.

Para avaliagdo da perda de nivel 6sseo alveolar, as hemiarcadas foram
fotografadas e a medida da maior distancia entre a juncdo cemento/esmalte e crista

0ssea alveolar foi realizada utilizando o software ImageJ (Figura 1).

OZSmm

Figura 1: Hemiarcada de um camundongo Swiss, corada com azul de metileno. Linha vermelha indica

maior distancia entre a jungdo cemento/esmalte e crista 6ssea alveolar.

Os resultados foram apresentados como média + desvio padrdo a partir das
analises feitas em grupos de animais. Foi verificada a normalidade dos dados através
do teste Kolmogorov-Smirnov. Sendo normais, as comparacgdes entre os grupos foram
realizadas usando o teste one-way ANOVA com pés hoc de Tukey. Quando os dados
nao foram considerados normais, as comparacdes entre os grupos foram realizadas
através do teste ndo-paramétrico Friedman com poshoc por pares e comparacdes por
método Pairwise com correcdo de Bonferroni. Diferencas estatisticas com p < 0,05
foram consideradas significantes. A Figura 2 apresenta o fluxograma esquematico do

estudo.
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Figura 2: Fluxograma do desenho experimental (A) Desenho amostral composto de 30 camundongos
de cada linhagem separados aleatoriamente em 5 grupos: Naive, 7 dias, 14 dias, 21 dias e 28 dias. As
setas indicam os dias em que foram realizadas as inje¢des com LPS. (B) Indugéo da doenca periodontal
por meio injecdo de 1uL de LPS de Escherichia coli, na concentracdo de 20ug/uL; (C) A avaliagao



histolégica com coloragdo de Hematoxilina/Eosina para avaliar o infiltrado inflamatério no tecido
gengival; (D) Avaliagcdo morfométrica da maxila utilizando coloragdo de azul de metileno a 1% para
avaliar a perda de nivel dsseo alveolar.

3 RESULTADOS

Este trabalho mostrou que injecdes de lipopolissacarideo de Escherichia coli
em dias alternados foram capazes de induzir a doencga periodontal, tanto na linhagem
Swiss, como na linhagem C57BL/6.

A Figura 3 mostra os resultados obtidos para o grupo controle. Os cortes
histolégicos representam o tecido gengival da regido entre o primeiro e segundo
molar direito, dos camundongos do grupo 7 dias que receberam injecdes de
LPS no tecido gengival da regido entre o primeiro e segundo molar do lado
esquerdo.

Os resultados mostram auséncia de infiltrado inflamatorio no tecido
gengival em ambas as linhagens, bem como auséncia de perda de nivel ésseo
alveolar, achados compativeis com saude periodontal.

Os achados evidenciam que, para a avaliacdo da perda de nivel 6sseo alveolar
em camundongos das linhagens Swiss e C57BL/6, a inclusdo de um grupo Naive
como controle ndo se faz necessaria. Isso se deve ao fato de que a hemiarcada
contralateral aquela submetida a inducdo por LPS, ndo apresentou alteracdes

histolégicas ou 0sseas compativeis com a presenca de doenca periodontal.

64



65

Swiss C57BL/6

Controle

Figura 3- Fotomicrografia (Objetiva 10x) do tecido gengival da regido entre molares superiores direito
nas linhagens Swiss (A) e C57/BL6 (B) e avaliagdo morfométrica da perda de nivel 6sseo alveolar nas
linhagens Swiss (C) e C57BL/6 (D) para o grupo controle, apés inje¢do de LPS (20 pg/uL) por 7 dias
no tecido gengival correspondente do lado esquerdo.

Ap6s 7 dias de injecbes de LPS (20 pug/uL), histologicamente é possivel notar
infiltrado inflamatorio perivascular e presenca de pequeno infiltrado inflamatério no
tecido gengival em ambas as linhagens. No entanto, apenas para a linhagem Swiss
foi observado inicio de perda de nivel 6sseo alveolar e perda de crista 6ssea alveolar,

compativel com uma periodontite inicial (Figura 4).



Tempo 7 dias

Figura 4- Fotomicrografia (Objetiva 10x) do tecido gengival da regido entre molares superiores
esquerdo nas linhagens Swiss (A) e C57/BL6 (B) e avaliagdo morfométrica da perda de nivel 6sseo
alveolar nas linhagens Swiss (C) e C57BL/6 (D) para o grupo 7 dias, apos inje¢do de LPS (20 pg/pL)
por 7 dias no tecido gengival. A barra vermelha indica distancia entre a crista 6ssea e juncao
cemento/esmalte; Seta verde indica Reabsorcéo de crista 6ssea alveolar (espago interproximal).

A partir do 14° dia de injecdo de LPS em dias alternados, o infiltrado inflamatorio
se torna mais pronunciado nas duas linhagens. Histologicamente € possivel
identificar a presenca de neutrofilos, linfécitos e eosindéfilos em ambas as linhagens,
e macrofagos nos animais da linhagem Swiss.

A perda de nivel 6sseo alveolar a partir de 14 dias de inducédo, fica mais
pronunciada na linhagem Swiss quando comparado aquela observada aos 7 dias.
Para linhagem C57BL/6, € possivel notar o inicio de perda de nivel 6sseo alveolar,
porém sem perda de crista 6ssea alveolar na regido interproximal de molares (Figura
5).
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C57BL/6

Tempo 14 dias

Figura 5- Fotomicrografia (Objetiva 10x) do tecido gengival da regido entre molares superiores
esquerdo nas linhagens Swiss (A) e C57/BL6 (B) e avaliagdo morfométrica da perda de nivel 6sseo
alveolar nas linhagens Swiss (C) e C57BL/6 (D) para o grupo 14 dias, ap0s injecéo de LPS (20 pg/uL)
por 14 dias no tecido gengival. A barra vermelha indica distancia entre a crista 6ssea e juncao
cemento/esmalte; Seta verde indica reabsorcéo de crista 6ssea alveolar (espago interproximal).

A partir do 21° dia de inducéo da doenca periodontal, o infiltrado inflamatorio
se torna mais pronunciado. Ainda que a presenca de neutrofilos seja um achado
histolégico em inflamac&o aguda, as injecOes alternadas de LPS no tecido gengival
estimularam a persisténcia destas células mesmo com 21 dias de doenca, associados
a linfocitos, eosindfilos e macrofagos, estes ultimos presente, especialmente, na
linhagem Swiss.

Aos 21 dias de inducdao, é facilmente perceptivel a perda de nivel 6sseo alveolar
em ambas as linhagens. Para linhagem Swiss € possivel notar comprometimento de
furca entre as raizes dos molares, compativel com periodontite Nivel Il ou IV, podendo
também apresentar lesdo de furca graus Il ou lll (Figura 6). Todos os sinais
observados aos 21 dias de inducéo sdo também observados aos 28 dias, como pode

ser observado na Figura 7, 0 que mostra a progressao da doenga ao longo do tempo.
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C57BL/6

Tempo 21 dias

Figura 6- Fotomicrografia (Objetiva 10x) do tecido gengival da regido entre molares superiores
esquerdo nas linhagens Swiss (A) e C57/BL6 (B) e avaliagdo morfométrica da perda de nivel 6sseo
alveolar nas linhagens Swiss (C) e C57BL/6 (D) para o grupo 21 dias, ap0s injecéo de LPS (20 pg/uL)
por 21 dias no tecido gengival. Legenda: Barra vermelha indica distancia entre a crista dssea e jungédo
cemento/esmalte; Seta verde indica reabsorgao de crista 6ssea alveolar (espago interproximal); Seta
amarela indica lesdo de furca entre as raizes dos molares superiores.
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C57BL/6

Tempo 28 dias

Figura 7- Fotomicrografia (Objetiva 10x) do tecido gengival da regido entre molares superiores
esquerdo nas linhagens Swiss (A) e C57/BL6 (B) e avaliagdo morfométrica da perda de nivel 6sseo
alveolar nas linhagens Swiss (C) e C57BL/6 (D) para o grupo 28 dias, ap0s inje¢éo de LPS (20 pg/uL)
por 28 dias no tecido gengival. Legenda: Barra vermelha indica distancia entre a crista dssea e jungédo
cemento/esmalte; Seta verde indica reabsorcéo de crista 6ssea alveolar (espago interproximal); Seta
amarela indica lesdo de furca entre as raizes dos molares superiores.

A Figura 8 compara a perda de nivel 6sseo alveolar entre os grupos das
linhagens Swiss e C57BL/6. Os resultados mostraram que ha diferenca
estatisticamente significante entre os grupos 7 dias (p<0,05), 14 dias (p<0,05), 21 dias
(p<0,001) e 28 dias (p<0,001), porém nao existe diferenca estatistica entre o grupo
naive e grupo controle.

Portanto, estudos cujo objetivo é induzir a doenca periodontal utilizando
injecbes de LPS poderédo excluir o grupo Naive da pesquisa, desde que utilizem a
metodologia proposta no presente estudo.

A perda de nivel 6sseo alveolar foi mais mais pronunciada na linhagem Swiss,
guando comparada a linhagem C57BL/6, 0 que sugere maior responsividade ao LPS

para linhagem Swiss.
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Figura 8: Comparacédo entre a perda de nivel ésseo alveolar induzida por LPS nos diferentes tempos
para as linhagens Swiss e C57BL/6. Naive: animais sem intervencao; Controle: animais que receberam
injecdo de LPS por 7 dias no tecido gengival do lado esquerdo e cujo material do lado direito foi usado
como controle do experimento; JCE- Juncdo cemento/esmalte; COA- Crista éssea alveolar. *p<0.05,
**p<0,001.

A Figura 9 apresenta a comparacdo da perda de nivel dsseo alveolar na
linhagem Swiss. Os resultados mostraram que houve diferenca estatisticamente
significante (p<0,05; p<0,001) entre os grupos 21 e 28 dias, quando comparados aos
grupos naive e controle.

Cabe salientar que ndo houve diferenca estatisticamente significante entre os
grupos 21 e 28 dias, sendo esses dados bastante similares, portanto, para a linhagem
Swiss, 0 modelo de inducéo de doenca periodontal com injecdo de LPS poderia parar

aos 21 dias de inducao, o que otimiza o tempo de estudo.
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Figura 9: Comparacdo entre a reabsorcdo 6ssea induzida por LPS nos diferentes tempos para a
linhagem Swiss. Naive: animais sem intervencado; Controle: animais que receberam injecdo de LPS por
7 dias no tecido gengival do lado esquerdo e cujo material do lado direito foi usado como controle do
experimento; JCE- Juncdo cemento/esmalte; COA- Crista éssea alveolar; DP- doenca periodontal.
*p<0.05, **p<0,001.

Em relacdo a linhagem C57BL/6, a Figura 10 apresenta a comparacao da perda
de nivel 6sseo alveolar nesta linhagem. Os resultados mostraram que houve diferenca
estatisticamente significante (p<0,05; p<0,001) entre todos 0s grupos, exceto entre 0s
grupos naive e controle, o que reforca a exclusdo do grupo naive para estudos de
inducao de doenca periodontal com injecdo de LPS na linhagem C57BL/6, desde que
a pesquisa adote a metodologia proposta no presente estudo.

Contudo, diferente da linhagem Swiss, a Figura 10 mostra que apesar de nao
ter ocorrido diferenca estatisticamente significante entre os grupos 21 e 28 dias, a
perda de nivel ésseo continua progredindo para a linhagem C57BL/6, portanto o
modelo de induc&o de doenca periodontal com injecdo de LPS nessa linhagem deve
ser estendido até 28 dias de indugéo.
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Figura 10: Comparacéo entre a reabsorcdo 0ssea induzida por LPS nos diferentes tempos para a
linhagem C57BL/6. Naive: animais sem interven¢do; Controle: animais que receberam injecdo de LPS
por 7 dias no tecido gengival do lado esquerdo e cujo material do lado direito foi usado como controle
do experimento; JCE- Jun¢é@o cemento/esmalte; COA- Crista 0ssea alveolar; DP- doenca periodontal.
*p<0.05, **p<0,001.

4 DISCUSSAO

O modelo de inducdo da doenca periodontal em camundongos por meio de
injecdo de LPS em tecido gengival é consolidado e vem sendo realizado em diversos
estudos (CASILI et al, 2020; TROMBETA e SILVA et al, 2011). E um método préatico
com a possibilidade de controlar as doses de LPS administradas e que se baseia nas
propriedades imunogénicas do LPS, uma endotoxina bacteriana.

No entanto, a diversidade metodoldgica dos estudos ja publicados, a exemplo
os apresentados por Chi et al (2019) e Li et al (2024), mostra uma auséncia de

padronizagdo, deixando a cargo do pesquisador qual método € o mais adequado a
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sua pesquisa. Desta forma, este estudo traz uma analise comparativa da aplicacédo
deste método em duas linhagens de camundongos, Swiss e C57BL/6.

Os resultados mostraram que, para ambas as linhagens, a partir do sétimo dia
de inducéo, ja é possivel observar, histologicamente, a presenca de um infiltrado
inflamatdrio perivascular e um discreto infiltrado inflamatério tecidual consistente com
0 estabelecimento da gengivite inicial, a forma mais branda da doencga periodontal
(GASNER e SCHURE, 2022).

A avaliacéo da perda de nivel 6sseo alveolar mostrou auséncia de perda 0ssea
em camundongos da linhagem C57BL/6 e uma leve reabsor¢do 6ssea, periodontite
inicial em camundongos Swiss. Ao comparar métodos para mensuracao da perda
0ssea alveolar periodontal em ratos submetidos a estresse, Foureaux e colaboradores
(2014) concluiram que métodos histomeétricos, radiograficos e morfomeétricos néo
apresentaram resultados divergentes na avaliacdo da perda éssea alveolar, o que
valida a metodologia utilizada neste trabalho.

Os resultados encontrados no presente estudo estao alinhados aos estudos de
Baker et al (2000) sobre a resisténcia inata a reabsorcéo 6ssea alveolar apresentada
por camundongos da linhagem C57BL/6 e o resultados observados por Vieceli et al
(2021), que ndo mostraram reabsorcéo 6ssea em camundongos C57BL/6 até o sétimo
dia.

Enquanto que, para os animais da linhagem Swiss, ja € possivel visualizar o
inicio precoce da doenca periodontal, ou seja, a condicdo periodontal progrediu da
gengivite para um estado de doenca inflamatoria cronica, destrutiva e irreversivel,
similarmente ao que ocorre na doenca periodontal em humanos, resultado de uma
resposta imune exacerbada frente a presenca de um biofilme dental disbidtico,
localizado subgengivalmente (GASNER E SCHURE, 2022).

O surgimento da gengivite e periodontite inicial era esperado, visto que o LPS
bacteriano, quando injetado no tecido gengical, é capaz de estimular uma resposta
inflamatoria envolvendo a cascata de ativacdo da via TLR-CD14-LPS-MyD88.

O LPS é reconhecido inicialmente pelo receptor CD14, que pode estar presente
na superficie de células imunes como macréfagos e células dendriticas, facilitando a
ligacdo do LPS ao Toll-Like Receptor 4 (TLR4). Essa interacdo é mediada por uma
complexa formacao que inclui o CD14 e outras proteinas, como MD-2 (DUAN et al,
2022; FERRAZ et al, 2011; GODOWSKI, 2005)

A ativacdo do TLR4 é essencial para iniciar a sinalizagéo intracelular. Apos
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essa ativacao, a proteina MyD88 é recrutada para o dominio TIR (Toll/IL-1 receptor)
do TLR4, o que permite a formagao de um complexo de sinalizacao que inclui outras
proteinas adaptadoras, como IRAK (cinase associada ao receptor da Interleucina-1)
e TRAF (Fator associado ao receptor do TNF), com ativacéo do fator de transcricao
NF-kB (DUAN et al, 2022; FERRAZ et al, 2011; GODOWSKI, 2005).

A ativacao do fator de transcricdo NF-kB pode estar envolvido no surgimento
da gengivite e periodontite inicial, visto que este fator promove a transcricdo de genes
gue codificam citocinas pré-inflamatoérias e quimiotaticas, o que explica a presenca do
infiltrado perivascular e tecidual no grupo 7 dias e auséncia no grupo controle.

A auséncia de infiltrado inflamatério e de reabsorcdo Ossea alveolar
verificada no grupo controle é uma condi¢cdo condizente com saude periodontal
(CHAPPLE et al, 2018).

Esse achado é importante em futuros estudos que utilizam o modelo de inducao
com injecdo de LPS em tecido gengival, visto que foi possivel afirmar que o grupo 7
dias pode ser utilizado tanto para o estudo do processo inflamatério, quando se utiliza
o hemiarco esquerdo do animal (lado que recebeu injecdo de LPS), quanto para o
estudo de saude periodontal, quando se utiliza o hemiarco direito, que ndo recebeu
estimulo.

Este procedimento é vantajoso do ponto de vista de tempo de estudo, custos
envolvidos com a pesquisa, menor quantidade de animais na experimentacao,
respeitando o que preconiza a Resolu¢do normativa brasileira do Conselho Nacional
de Experimentacdo Animal (CONCEA) n° 25, de 29 de setembro de 2015 sobre o0 uso
racional de animais.

Possivelmente, o processo inflamatorio instalado em ambas as linhagens,
poderia também influenciar na composicdo do microbioma subgengival, com
consequente disbiose do biofilme dental e ativacdo exacerbada da resposta imune,
resultando em dano progressivo (ZHANG et al, 2024), que quando associado a injecao
de LPS em dias alternados, explicaria a progressao da doenca periodontal nos dias
subsequentes, visto que a partir do sétimo dia, houve um aumento do infiltrado
inflamatorio e perda do nivel ésseo alveolar.

Ao longo do experimento foi observado aumento do infiltrado inflamatorio,
considerado por Li et al (2024), como um dos principais fatores para o
desenvolvimento da doenca periodontal.

Kolte et al (2014) mostraram que contagem total de leucécitos, neutrdfilos,
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linfécitos e eosinodfilos € aumentada na doenca periodontal quando esta contagem é
comparada ao estado de saude periodontal. Para os autores a contagem de células
sanguineas oferece uma viséo limitada sobre o estado de saude periodontal e geral
do individuo, sendo necesséaria avaliagdo de outros parametros, no entanto a
contagem pode ser utilizada como marcador de risco para o desenvolvimento se
doencas sistémicas ou predizer a necessidade de intervencdes terapéuticas
precoces.

Também foi observada progresséo gradativa de perda do nivel ésseo alveolar,

a qual foi mais pronunciada para a linhagem Swiss, em que, a partir do 21° dia de
inducdo, ja foi possivel observar lesdo de furca graus Il ou lll, compativel com
periodontite Nivel 11l ou IV, a qual esta diretamente associada ao aumento do risco de
perda dentaria (SILVA, 2014; RODRIGUES et al, 2020). Lesbes de furca ndo foram
observadas para linhagem C57BL/6, o que refor¢ca os achados de Baker et al (2000),
sobre a resisténcia inata a reabsorcao 6ssea alveolar dos camungondos C57BL/6.

Um achado histolégico importante é a presenca permanente de neutrofilos,

especialmente a partir do 7° dia. Neutrofilos liberam para o0 meio extracelular enzimas
proteoliticas, a exemplo das metaloproteinases de matriz (MMPs) e elastase, que
degradam a matriz extracelular e rompem a barreira epitelial (WILLIAMS et al, 2021;
YIN et al, 2022), promovendo dano tecidual. A presenca persistente desta célula nos
cortes histolégicos pode ser explicada pelo uso constante de LPS até o 28° dia.

Macrofagos e linfécitos também foram observados nos cortes histologicos.

Estas células sdo capazes de promover a diferenciacdo dos osteoclastos pela
estimulacdo de RANKL, promovendo reabsorcao 0ssea (LI et al, 2024).

Sommer et al (2019), em seus estudos com ratos Wistar, relatam que no
infiltrado celular na doenca periodontal ha variacdo na populacdo de linfocitos a
depender do estagio da doenca. Os autores mostraram que na evolucao da gengivite
para doenca periodontal é observado um aumento de linfécitos Thl ativados,
associado a um aumento de IL-17, com consequente reabsorcao 0ssea alveolar.

Em relacdo ao método em si, foi possivel observar que para induzir a doenca

periodontal na linhagem Swiss, sdo necessarios 21 dias, e para esta linhagem, a
perda do nivel 6sseo alveolar € mais acelerada quando comparada a linhagem
C57BL/6, em que sdo necessarios 28 dias de inducdo. Desta forma, a sele¢cdo do
modelo estara na dependéncia dos objetivos do pesquisador. Nao se considera aqui

gual é o melhor modelo, e sim, aquele que se aplica melhor aos objetivos da pesquisa,
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considerando a cinética de cada um.

Por serem isogénicos, os camundongos da linhagem C57BL/6, sdo mais
utilizados em pesquisas cujo objetivo seja compreender a etiopatogénese de uma
doenca e para desenvolver tratamentos e diagnosticos (DOS SANTOS, 2002).

Cabe salientar que os animais da linhagem Swiss ganham mais peso ao longo
do experimento (dados observados) quando comparado a linhagem C57BL/6,
consequentemente, o volume de anestésico e o0 tempo para anestesia sdo maiores, 0
gue pode ser uma desvantagem.

Ainda sdo poucos os estudos que comparam a eficiéncia do uso de cada
linhagem de camundongos como modelo animal. Até o presente momento, ndo foram
encontrados estudos que comparassem o uso das linhagens Swiss e C57BL/6 para o
modelo de inducdo de doenca periodontal com injecdo de LPS em tecido gengival.

Estudos como este apresentado sdo importantes para auxiliar pesquisas em
periodontologia, servindo para o desenvolvimento de novas ferramentas de estudo
ampliando a compreensao da fisiopatologia da doenca periodontal e facilitando a

proposicdo de novas terapias.

5 CONCLUSAO

Este estudo oferece uma contribui¢cdo para pesquisas com modelos animais na
area de periodontologia e aponta diferencas marcantes quanto ao uso da linhagem
Swiss e C57BL/6. A progressao da doenca € diferente em cada linhagem, e a opcao
por usar uma em detrimento de outra esta relacionada aos objetivos da pesquisa,
respeitando a cinética do modelo.

Na comparacdo entre as linhagens de camundongos C57BL/6 e Swiss, 0
estudo da perda de nivel 6sseo alveolar induzida por injecéo de lipopolissacarideos,
mostrou que 0s animais Swiss sdo mais sensiveis a indu¢ado da doenca, apresentando
perda éssea a partir de 7 dias de inducdo e com leséo de furca pronunciada a partir
do 21° dia de inducéo. Portanto, usar a linhagem Swiss pode otimizar tempo e custo
operacional em estudos relacionados a doenca periodontal.

Estudos futuros sdo necessarios para avaliar os aspectos imunoldgicos, como
a producéo de citocinas e a relacao desta producéo com a dishiose do biofilme dental
subgengival, bem como a avaliacdo das linhagens submetidas a intervencdes

terapéuticas.
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CONCLUSOES GERAIS

A prospeccdao tecnoldgica da 7-hidroxicumarina (Umbeliferona) evidenciou que
esse bioativo é versatil, e apresenta diversas propriedades bioldgicas, como
anti-inflamatoria, antioxidantes, antimicrobiana e inibidores da formacao de
biofilme, além de possuir propriedades analgésicas e estimulantes da sintese
de colageno, o que pode contribuir significativamente para o tratamento clinico
da doenca periodontal. Apesar dessas descobertas promissoras, ha uma
escassez de documentos de patentes relacionados ao uso de Umbeliferona no
tratamento da doenca periodontal, ressaltando a necessidade imperativa de
mais exploragao cientifica sobre todo o potencial deste composto.

A inducao de doenca periodontal experimental em camundongos é um método
cientifico importante para a analise e desenvolvimento de novas pesquisas na
area da periodontia em seres humanos. Na comparacao entre as linhagens de
camundongos C57BL/6 e Swiss, 0 estudo da perda de nivel 0sseo alveolar
induzida por injecao de lipopolissacarideos, mostrou que os animais Swiss sédo
mais sensiveis a inducao da doenca, apresentando perda 6ssea a partir de 7
dias de inducdo e com lesdo de furca pronunciada a partir do 21° dia de
inducdo. Portanto, usar a linhagem Swiss pode otimizar tempo e custo
operacional em estudos relacionados a doenca periodontal.

O composto 7-hidroxicumarina, nas doses de 50 mg/kg e 100 mg/kg, utilizado
no tratamento dos animais com doenca periodontal experimental induzida por
LPS, inibiu a expressao de citocinas pro-inflamatorias e promoveu a liberagéo
de citocinas anti-inflamatérias, contribuindo para uma reducdo na progressao
da reabsorcdo Ossea alveolar. Além disso, a administracdo diaria de 7-
hidroxicumarina ndo ocasionou perda de peso entre os animais tratados. Esses
achados promissores indicam que a 7-hidroxicumarina possui potencial como
agente bioativo no aprimoramento da terapia periodontal, trazendo

perspectivas favoraveis para um manejo mais eficaz da doenca periodontal.
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