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RESUMO

SILVA DE MENEZES, Bruna. Terapia adjunta com agentes bioldgicos na
periodontite experimental. Rio de Janeiro, 2023. Dissertagdo (Mestrado Académico
em Odontologia — Area de concentragdo: Periodontia) — Faculdade de Odontologia,

Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2023.

A presente dissertacdo foi dividida em dois estudos. O primeiro estudo teve
como objetivo desenvolver uma revisdao de literatura de trabalhos pré-clinicos que
resumisse o papel de diversos farmacos usados para prevencao e tratamento da doenga
periodontal experimental e destaca a acdo direcionada de todos os farmacos com
propriedades antirreabsortivas. Além disso, esta revisao fornece uma avaliagdo oportuna
e critica para o uso cientifico racional dos medicamentos antirreabsortivos e
imunomoduladores em estudos pré-clinicos, o que ajuda a entender a base para sua
aplicacdo clinica. Pode-se concluir a partir dos achados descritos, que fitoterapicos,
suplementagdo com dmega 3 e probiodticos tem ganhado cada vez mais aten¢do devido
as suas atividades moduladoras e antirreabsortivas e a auséncia de efeitos colaterais,
sendo considerados alternativas promissoras como adjuvantes da raspagem subgengival
e alisamento radicular em pacientes suscetiveis. O segundo estudo, objetivou-se realizar
uma revisdo sistematica sobre os potenciais beneficios de agentes biolodgicos como
adjuvantes no tratamento da periodontite experimental em modelos animais,
respondendo a seguinte questdo: qual é o potencial protetor dos agentes bioldgicos
contra a reabsor¢cdo Ossea alveolar durante a progressdo da periodontite experimental?
Os critérios de elegibilidade dos estudos foram baseados na estratégia PI/ECOS, ou
seja, P = periodontite; I/E agentes biologicos; C mesma exposi¢ao/intervengdo; I =
exceto sobre o uso de agentes biologicos; e S = resultados secundarios (inflamacao).
Como resultado, 5236 estudos foram selecionados inicialmente por meio de buscas
manuais nas bases de dados incluidas . Apds a leitura dos resumos e dos textos e de
acordo com os critérios de inclusdo, 39 estudos que atenderam aos critérios de inclusao
foram incluidos neste estudo. Vinte e trés agentes bioldgicos foram avaliados nos
estudos incluidos. A maioria dos estudos utilizou o modelo de ligadura de periodontite
experimental (PE) para testar o uso de produtos biologicos como estratégias preventivas
ou terapéuticas. As dosagens dos produtos biologicos e os periodos de indugdo da
doenca variaram com base no modelo de periodontite utilizado. Como principal
resultado de todos os estudos, a perda dssea alveolar pdde ser significativamente inibida
com a aplicagdo de produtos biologicos e a reducdo de mediadores pro-inflamatorios
quando comparados aos controles tratados. Em conclusdo, essa revisdo sistematica
demonstrou que os agentes bioldgicos possuem efeitos benéficos na redugao da perda
Ossea e na diminui¢do da inflamacdo durante a progressdo da periodontite em modelos
animais.

Palavras-chave: Periodontite; reabsor¢do alveolar; doengas periodontais € modelos animais.



ABSTRACT

SILVA DE MENEZES, Bruna. Adjunctive therapy with biological agents in
experimental periodontitis. Rio de Janeiro, 2023. Dissertacdo (Mestrado Académico
em Odontologia — Area de concentragdo: Periodontia) — Faculdade de Odontologia,

Universidade Federal do Rio de Janeiro, Rio de Janeiro, 2023.

This MSc dissertation was divided into two studies. The first study aimed to
develop a literature review including preclinical studies summarizing the role of various
compounds used for the prevention and treatment of periodontitis and highlights the
targeted action of all drugs with antiresorptive properties. In addition, this review
provided a timely and critical assessment for the rational scientific use of antiresorptive
and immunomodulatory drugs in preclinical studies, which helps to understand the basis
for their clinical application. It can be concluded from the findings described, that
phytotherapeutics, omega-3 supplementation, and probiotics have gained increasing
attention due to their modulating and antiresorptive activities and the absence of side
effects, and are considered promising alternatives as adjuvants to subgingival scaling
and root planing in susceptible patients. In the second study, the aim was to perform a
systematic review on the benefits of biological agents as adjuvants in the treatment of
experimental periodontitis in animal models, answering the following question: What is
the protective potential of biological agents against alveolar bone resorption during the
course of experimental periodontitis progression? The criteria for eligibility of the
studies were based in PI/ECOs strategy, as such (P) animal models with periodontitis;
(I/E) biological agents with protective potential against bone resorption in periodontitis
(prevention) or additional benefit as an adjunctive in the treatment of periodontitis; (C)
same intervention/exposition as the intervention group (I), except for the use biological
agents; (O) alveolar bone resorption (primary outcomes). Secondary outcomes:
periodontal parameters, effectiveness of periodontitis-treatment, and adverse effects; (s)
no restriction for study design on primary studies (exclusion criteria: randomized
clinical trials, clinical studies, and different types of review studies). Study quality was
assessed using Systematic Review Centre for Laboratory Animal Experimentation
(SYRCLE) Risk of Bias tool. As a result, 5236 initial results from datasets, registries,
and manual searches resulted in 39 suitable studies that met the inclusion criteria.
Twenty-three biological agents were evaluated in the included studies. Most studies
used the ligation model of experimental periodontitis (EP) to test the use of biologics as
preventive or therapeutic strategies. The dosages of the biologics and periods of disease
induction varied based on the PE model used. As the main outcome of all studies,
alveolar bone loss could be significantly inhibited with the application of biologics and
the reduction of pro-inflammatory mediators when compared to treated controls. Taken
together, this systematic review demonstrated that biologics have beneficial effects in
reducing bone loss and decreasing inflammation during the progression of periodontitis
in animal models.

Key-words: Periodontitis; alveolar resorption; periodontal diseases and animal models.
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receptor; denosumab binds to RANKL, preventing the binding of RANKL to its
receptor, RANK, on the surface of osteoclasts and also on osteoclast precursors. Thus,
the RANK Signaling pathway is not activated, resulting in impaired osteoclast precursor
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1 INTRODUCAO

A doenga periodontal (DP) ¢ uma condig¢do inflamatdria cronica dos tecidos de
suporte ao redor dos dentes que se desenvolve como resultado de uma interacdo complexa
entre parasita e hospedeiro que afeta progressivamente a integridade dos tecidos
periodontais (KINANE, STATHOPOULOU & PAPAPANOU, 2017; DE MOLON et al.,
2022). Essa condi¢do leva a uma perda irreversivel das estruturas ao redor dos dentes e
pode resultar na perda do elemento dentario se ndo for tratada (KINANE,
STATHOPOULOU & PAPAPANOU, 2017; PIHLSTROM, MICHALOWICZ &
JOHNSON, 2005). Sua etiologia ¢ multifatorial, na qual um biofilme disbidtico em intimo
contato com o tecido gengival, inicia uma resposta inflamatéria (TONETTI,
GREENWELL & KORNMAN, 2018; HAJISHENGALLIS, CHAVAKIS & LAMBRIS,
2000; DE MOLON et al., 2022). A DP ¢ modulada e mediada pelo sistema imune do
hospedeiro, que tem um papel importante na progressdo e severidade da doenca (DE
MOLON et al., 2019).As formas mais graves da periodontite (estadio III e IV) afeta 700
milhdes de pessoas, a qual representa em torno de 11% da populagdo mundial (EKE et al.,

2012).

Na fase inicial da DP, ha a ativacdo de resposta inflamatdria, que € caracterizada
por aumento do fluido gengival, ¢ um influxo de células inflamatdrias, especialmente
neutréfilos polimorfonucleares (PMN), que diminui a agressdo causada pelo biofilme
disbidtico (PIHLSTROM, MICHALOWICZ & JOHNSON, 2005). Em individuos
susceptiveis a periodontite, a resposta imune ¢ exacerbada, desregulada e destrutiva
levando a infiltragao de células imune e inflamatérias (PAVANELLI et al., 2022). Inimeras
citocinas pro- inflamatorias como interleucina (IL)-1, IL-6, IL-17, prostaglandina E»
(PGE>), fator de necrose tumoral-a (TNF-a) e enzima degradadoras de matriz (catepsina e
metaloproteinases de matriz -MMPs) produzidas por linfocitos, fibroblastos, leucocitos e
células epiteliais. Essas citocinas tem sido identificadas como moléculas-chave induzindo
destruicao tecidual, e a expressao delas aumenta significantemente durante a progressao da
doenca (PAVANELLI et al., 2022). Além disso, elas permitem o aumento da ativagdao da
via do ativador do receptor do ligante do fator nuclear kappa-B (RANKL) no osteoblasto,
fibroblasto ou linfécitos, que resulta na diferenciacdo e ativacdo, e consequentemente a

destruicao de tecidos sustentacdo mineralizados (LEE et al., 2022).
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A primeira op¢ao de tratamento da DP ¢ a terapia periodontal nao-cirurgica
(TPNC), que consiste em raspagem supragengival, raspagem subgengival e alisamento
radicular para remover o biofilme e célculo aderido na superficie do dente e raiz. No
entanto, nem sempre a remog¢ao destes fatores retentivos faz com que haja a regeneracao
dos tecidos destruidos e assim retorne a homeostase (KRAYER, LEITE & KIRKWOOD,
2010; WANG et al., 2018). Nos ultimos anos, ha um numero crescente de estudos
investigando os efeitos benéficos de terapias adjuvantes em testes clinicos que objetivam a
diminui¢ao da inflamag¢ao e destrui¢ao do osso alveolar e entdo melhorando os resultados
da TPNC (COSGAREA et al., 2022; ROCUZZO et al., 2022; RAMOS et al., 2022;
KIANE, BIRANG & JAMSHIDIAN, 2022). Tem sido descrito o uso de drogas
farmacoldgicas e compostos naturais que causam a diminui¢do da destrui¢ao dssea na DP
em modelos animais (CHEN et al., 2016; KARAKAN et al., 2017; OZAKI et al., 2020). A
inibi¢do da perda 6ssea pode ser interrompida especificamente por inGmeras drogas
farmacoldgicas com alendronato (STORRER et al., 2016), OPG-Fc¢ (JIN et al., 2007),
resolvina (MIZRAIJI et al., 2018; GAO et al., 2013), ranelato de estroncio (KARAKAN et
al., 2017; MARINS et al., 2020), curcumina (WANG et al., 2018; ZAMBRANO et al.,
2018) e inibidores de catepsina (STRALBERG et al., 2017; WEI et al., 2020).

Esta dissertacao aborda dois artigos, sendo o primeiro uma revisdo de estudos pré-
clinicos sobre terapias farmacoldgicas que atuam no controle da inflamacao e reabsorcao
Ossea na DP; e o segundo ¢ uma revisdo sistemdtica que aborda os efeitos de agentes

bioldgicos na periodontite experimental.
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2 PROPOSICAO
2.1 Objetivo Geral

Avaliar os efeitos de agentes antirreabsortivos e biologicos durante a progressao da

periodontite experimental por meio de revisao narrativa da literatura e revisao sistematica.

2.2 Objetivos especificos

e Resumir de forma abrangente, por meio de uma revisdo narrativa da
literatura, os efeitos de varias abordagens terapéuticas durante a progressao
da periodontite e descrever os principais achados de cada estudo incluido na
revisao.

e Avaliar os efeitos dos agentes biologicos, por meio de uma revisdo
sistematica de estudos pré-clinicos, como adjuvantes na periodontite
experimental.
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3 DELINEAMENTO DA PESQUISA

A presente dissertacdo de mestrado € composta por duas revisdes. A primeira ¢ uma
revisdo narrativa de literatura de trabalhos pré-clinicos que resumem o papel de diversos
farmacos usados para prevencdo e tratamento da doenga periodontal experimental
correspondendo a um dos objetivos especificos propostos. A segunda € uma revisao
sistematica de estudos pré-clinicos que avaliam os efeitos de agentes bioldgicos como
adjuvantes no tratamento da periodontite experimental em modelos animais, respondendo a
seguinte questdo: qual € o potencial protetor dos agentes bioldgicos contra a reabsor¢ao

Ossea alveolar durante a progressao da periodontite experimental?
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4 DESENVOLVIMENTO DA PESQUISA

4.1 Artigo 1: Pharmacological therapies for the management of inflammatory boné
resorption in periodontal disease: A review of preclinical studies

Artigo publicado no periodico BioMed Research International

4.1 Artigo 2: Beneficial effects of biological agents on experimental periodontitis: A
systematic review

Artigo a ser submetido no periddico Clinical Oral Investigations
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Review Article

Pharmacological Therapies for the Management of Inflammatory
Bone Resorption in Periodontal Disease: A Review of
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Periodontitis, a highly prevalent multicausal chronic inflammatory and destructive disease, develops as a result of complex host-
parasite interactions. Dysbiotic bacterial biofilm in contact with the gingival tissues initiates a cascade of inflammatory events,
mediated and modulated by the host’s immune response, which is characterized by increased expression of several
inflammatory mediators such as cytokines and chemokines in the connective tissue. If periodontal disease (PD) is left
untreated, it results in the destruction of the supporting tissues around the teeth, including periodontal ligament, cementum,
and alveolar bone, which lead to a wide range of disabilities and poor quality of life, thus imposing significant burdens. This
process depends on the differentiation and activity of osteoclasts, the cells responsible for reabsorbing the bone tissue.
Therefore, the inhibition of differentiation or activity of these cells is a promising strategy for controlling bone resorption.
Several pharmacological drugs that target osteoclasts and inflammatory cells with immunomodulatory and anti-inflammatory
effects, such as bisphosphonates, anti-RANK-L antibody, strontium ranelate, cathepsin inhibitors, curcumin, flavonoids,
specialized proresolving mediators, and probiotics, were already described to manage inflammatory bone resorption during
experimental PD progression in preclinical studies. Meantime, a growing number of studies have described the beneficial
effects of herbal products in inhibiting bone resorption in experimental PD. Therefore, this review summarizes the role of
several pharmacological drugs used for PD prevention and treatment and highlights the targeted action of all those drugs with
antiresorptive properties. In addition, our review provides a timely and critical appraisal for the scientific rationale use of the
antiresorptive and immunomodulatory medications in preclinical studies, which will help to understand the basis for its
clinical application.

1. Introduction

Periodontal disease (PD), a chronic inflammatory condition
of the supporting tissues around the teeth, is characterized
by the loss of supporting structures of the tooth, such as gin-
giva, periodontal ligament, alveolar bone, and cementum
[1-3]. This condition leads to an irreversible loss of the den-
tal structures and might result in tooth loss if left untreated
[1, 4]. The etiology of PD is multifactorial in which the pres-
ence of a dysbiotic biofilm in intimate contact with the gin-

gival margin initiates the inflammatory immune response (3,
5, 6]. Indeed, PD is the sixth most prevalent disease globally
[7] and is considered the most important cause of tooth loss
in the adult population [8].

PD is modulated and mediated by the immune host sys-
tem, which plays an important role in disease severity and
progression [6]. During the initiation and progression of
PD, environmental conditions (smoking), systemic comor-
bidities (diabetes mellitus and rheumatoid arthritis), and
genetic polymorphisms (IL-18) are important aspects that
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Figure 1: The pathogenesis of PD. The bacteria that compose the dental biofilm trigger the process of local inflammation generated by the
increase of cytokines such as IL-1, IL-6, IL-8, TNF-alpha, and PGE2 by the immune cells and inflaimmatory cells, such as neutrophils and
macrophages. Such inflammatory environment ultimately leads to the activation of osteoclasts, the cells responsible to resorb the bone
tissue. Consequently, the signs and symptoms of PD (gingival inflammation, epithelial downgrowth, pocket formation, and alveolar bone

destruction) occur.

dictate the disease progression [9-11]. In the initiation phase
of PD, there is an activation of the inflammatory response,
which is characterized by increased gingival crevicular fluid,
and an influx of inflammatory cells (leukocytes), espedially
the polymorphonuclear neutrophils (PMN), that tends to
diminish the insult caused by the dysbiotic biofilm [4]. All
of these events are protective, and in most patients, the
immune system is capable of controlling the disease progres-
sion. However, innate and adaptive responses in susceptible
patients lead to the aggravation of periodontal tissue
destruction. The activation of leucocytes and T cells in the
connective tissue leads to the production of multiple inflam-
matory mediators, degrading enzymes such as matrix metal-
loproteinases (MMP), and the increased expression of the
nudear factor-kappa B ligand (RANKL), which is the pri-
mary activation factor for osteoclasts [12], leading to pen-
odontal inflammation and finally causing the loss of bone
supporting tissue (Figure 1) [13-15].

The primary treatment of PD is through scaling and root
planning (SRP) to remove the attached biofilm from the root
surface. However, removing bacterial biofilm does not imply
a return to homeostasis and regeneration of lost tissues (16,
17], and SRP targeting only microorganisms does not
accomplish favorable results in all patients [18]. Adjunctive
treatments such as systemic local antibiotics, nonsteroidal
anti-inflammatory drugs, and low doses of doxycycline have
been used as host modulating agents in order to control the

progression of PD [19-22]. Despite the clinical benefits of
those approaches, their effects are limited in the context of
inflammation-induced alveolar bone loss [23]. The major
challenge for successfully treating PD is the difficulty in find-
ing a target that can inhibit tissue inflammation and conse-
quently alveolar bone destruction [24]. Therefore, the
adjunct use of complementary therapies that are aimed at
modulating the destructive events of the immune response
has been proposed as a potential therapeutic strategy for
PD treatment targeting inflammatory mediators and bone-
resorbing osteoclasts.

In recent decades, the use of pharmacological drugs and
natural compounds (herbal medicine) aiming to suppress
bone destruction during experimental PD in animal models
has been extensively reported [25-34]. Interestingly, several
studies have shown that inhibition of bone loss can be tar-
geted intervened by innumerous pharmacological drugs,
such as alendronate [35-38], OPG-Fc [26], resolvin
[39-42], strontium ranelate [27, 43], curcumin [17, 31,
44-47], and cathepsin inhibitors [29, 48]. Therefore, in this
review, we comprehensively summarize the roles of several
therapeutic drugs during the progression of PD and provide
the main findings of each included study leading to the pre-
vention of experimental PD.

In this review, the pharmacological products discussed
below are examined through many experiments for their
antiosteoclastic activity. The in vivo studies included in this
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TasLe 1: Cathepsin K inhibitors.

Studies Study design Main outcomes
Animals: eighty male DBA/J1 mice (8 weeks old)
Disease model: collagen-induced arthritis (CIA) model Inhibition of articular tissue damage and alveolar bone
Yue et al. Periodontal disease (PD) model with P. gingivalis infection loss, decreased number of macrophages, and expression of
(2020) [72] Treatment: injections of adenoassociated virus (AAV) inflammatory cytokines in the synovia, due to inhibition of
transfection in periodontal tissue and knee joint. AAVS CisK
2.5x 107" gfml. Given once every 3 days for 65 days
Animals: twenty 6- to 7-week-old DBA/1 male
wild-type mice Reduced expression of inflammatory cytokines and
Pan et al Disease model: CIA mouse model and PD model with P.  infiltration by dendritic cells and T cells. Bone loss in PD
(2019) [75] gingivalis infection and RA abrogated. Inhibition of CtsK decreased Toll-like
Treatment: CtsK-specific inhibitor BML-244 (25.242 mg/ receptor (TLR) 4 and TLRY expression in vivo
kg per week) or dimethyl sulphoxide (DMSO; vehicle)
Animals: seventy-five 8-week-old female wild-type BALB/
Disease model: baclen'c:aIJ-Tr:;zccd PD model; 100 ul Dccr{-useq number ot’o?lm-_:lusl_s i Tc_clls and macrop _hugc- 5
Hao et al. (5 x 10° CEU/ml of P. gingivalis; 5 x 10° CFUfml of 7. 21d toll-like receptors in vivo; inhiited the expression of
Lmg : . . . .
(2015) [24] denticola and T itia) topical applicati woht TLRs 4, 5, and 9 and their downstream cytokine signaling
- - enticola and T. forsitia ) OP'_C application eig in the gingival epithelial cell, indicating that the innate
conseculive Limes immune response was abrogated
Treatment: orally with 3.606 or 0.7212 mg/kg per week P e
(five times lower dose) of ODN in DMSO for 56 days
Animals: twenty-one wild-type female BALB/c] mice
Disease model: PD induced by oral inoculation with P.
Chen et al gingivalis Less bone loss and inflimmation in the gingival tissue due
(2018) [25] Treatment: gingival injections in the upper molar region of to CtsK inhibition
AAV-sh-CisK or AAV-sh-luc-YFP (3 ul) daily for seven
consecutive days
Da Ponte Animals: twenty-four 8-week-old C57BL/6] male mice oa ) L
Leguizamon Disease mod{-lyz ligature-induced periodontal disease Controlled the inflammatory process, inhibited

et al. (2022) [76]

Treatment: CsinCPI-2 (0.8 ug/g in PBS) for 15 days

osteoclastogenesis and alveolar bone loss

review are based on well-established experimental models of
PD, such as ligature-induced bone loss [49-57], lipopolysac-
charide (LPS) injections [58-61], and oral inoculation of
periodontopathogenic bacteria into the animal mouth [50,
58-60]. Primary methods used to evaluate the inhibition of
bone loss were assessed by microcomputed tomography
(micro-CT) and histopathological analyses. Oral gavage, pal-
atal injections, and intraperitoneal injections represent the
main routes of drug administration in experimental models
of periodontitis in rats and mice. Humanized mouse models,
subcutaneous bacterial injections, or other animal models
were not investigated in this review. We have described the
objective, study design, main findings, and condusions of
all the induded studies, according to Tables 1-9.

2. Cathepsin K Inhibitors

Cathepsin K (CtsK) is a member of the papain superfamily
(C1 protein family) of cysteine protease that plays an impor-
tant role in the innate immune response and osteoclast-
mediated bone resorption [24, 62]. It was previously identi-
fied as an osteoclast selective protease CtsK [63] abundantly
expressed in human osteoclasts, osteoblasts, periodontal lig-
ament cells, osteocytes, and fibroblasts. In the bone tissue,
CtsK can cleave the triple helix and the telopeptides from
the type I collagen fibers that constitute 90% of the bone

organic matrix [64]. In addition, this protease can also acti-
vate MMP-9 [65] and degrade type II collagen [66], osteo-
nectin, and osteopontin, thus inhibiting the activity of
osteoclasts [64]. It is important to mention that CtsK inhib-
itors are able to prevent bone resorption without affecting
osteoblastic activity. Therefore, the crosstalk between osteo-
blast and osteodast is maintained, which is beneficial during
bone remodeling [67]. A summary of main study outcomes
is described down below (Table 1).

Previous studies have described selective CtsK inhibitors
that effectively reduce osteoclast resorption both in vitro and
in vivo [68-70]. Furthermore, CtsK has been shown to be an
efficient therapeutic strategy in preclinical studies, including
inflammatory, metabolic, and autoimmune diseases, such as
high fat acid-induced obese mice [71], experimental peri-
odontitis [24, 25, 72], and collagen-induced arthritis (CIA)
[72]. However, although CtsK inhibitor has potent inhibi-
tory effects on osteoclast-mediated bone resorption, it has
also been associated with some adverse side effects and
undesired drug-drug interactions [67, 72, 73]. Odanacatib
is an inhibitor of the family member of lysosomal cysteine
proteases (cathepsin K inhibitor) involved in the degrada-
tion of the demineralized bone matrix; was tested in vitro,
in animal models, and in humans; and reached phase III
clinical trials [67]. The study was terminated due to an
unforeseen increase in cerebrovascular events [74], but
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TasLE 2: Bisphosphonates.

Studies Study design

Main outcomes

Animals: 27 adult cynomolgus monkeys with intact dentitions

Brunsvold et al.
(1992) [94]

Disease model: PD induced by ligature placed around the
lower premolars and molars, plus oral inoculation of P. gingivalis

Decreased the progression of PD as measured
by changes in bone density.

Treatment: alendronate (0.05mg/kg) for 16 weeks

Animals: thirty-six 3-month-old Wistar rats
Disease model: ligature-induced PD around the upper right

Moreira et al. second molar

(2014) [386]

PD induction.

Treatment: daily injections of 2.5 mg/kg body weight
alendronate for 7 days before and 7, 14, and 21 days after

Reduced the activity of osteoclasts and the
resorption of the alveolar bone crest.
Afer 21 days of treatment, some animals
developed signs of ONJ due to reduced
osteoclast activity

Animals: ninety 3-month-old Wistar rats

De Almeida et al.

(2015) [35] left first molar

Treatment: scaling and root planning and/or administration of

Disease model: ligature-induced PD around the lower

The combination of the two treatments
showed less local inflammation and enhanced
tissue repair

alendronate (irrigation with 1 ml of 107 M) for 7, 15, and 30 days

odanacatib antifracture efficacy encouraged further studies
with new cathepsin inhibitors.

Researches have long held that inflammation and bone
breakdown are the two major pathological features of peri-
odontitis and rheumatoid arthritis (RA); consequently, pre-
vention or reduction of these damaging events should be a
main therapeutic objective. In this regard, Yue et al. [72]
recently investigated the effect of CtsK inhibition on the
course of a combined animal model of CIA and experimen-
tal PD through oral infection with P. gingivalis, a known per-
iodontopathogenic bacterium. The results of this study have
demonstrated that inhibition of CtsK by transfection of
small interfering RNA (siRNA) resulted in diminished
destruction of articular tissue and alveolar bone and
decreased the macrophage number and inflammatory cyto-
kine expression in the synovium, suggesting that CtsK inhi-
bition might be implicated as a potential therapeutic strategy
in experimental PD and RA [72].

Inhibition of CtsK effectively suppresses autoimmune
inflammation of the joints as well as osteoclastic bone
resorption in autoimmune arthritis [77]. Pan et al. [75] have
used an experimental periodontitis model through oral bac-
terial inoculation combined with CIA in DBA/1] mice. One
week before establishing the combined diseases, animals
were treated with CtsK inhibitor BML-244. Alveolar bone
resorption and paw swelling were more severe when these
two comorbidities were present simultaneously. Further-
more, inhibition of CtsK reduced inflammatory cytokine
production and infiltration by dendritic cells and T cells.
Consequently, bone loss in PD and RA was abrogated as
measured by bone erosion in periodontal lesions and carti-
lage destruction in knee joints. Inhibition of CtsK also
decreased the expression of Toll-like receptor (TLR) 4 and
TLRY in vivo [75].

As previously stated, CtsK also has functions in dendritic
cells through the TLR9, which plays a pivotal role in innate
immunity recognition of microbial products and in the acti-
vation of immune host defense [24, 77]. In this context, Hao
et al. [24] evaluated whether inhibition of CtsK would bene-

fit both the immune system and bone system during the pro-
gression of bacterial-induced periodontitis in a mouse
model. A small molecular inhibitor, odanacatib, was orally
administered one week prior to experimental PD establish-
ment. This study demonstrated that oral application of oda-
nacatib decreased the number of osteoclasts, T cells and
macrophages, and TLR, thus preventing bone loss and exac-
erbated immune response during the progression of PD
[24]. Moreover, the same study evidenced that lack of
cathepsin K inhibited the expression of toll-like receptors
4, 5, and 9 and their downstream cytokine signaling in the
gingival epithelial cell, indicating that the innate immune
response was abrogated in periodontitis.

Another study evaluated the inhibition of CtK
through adenocassociated virus (AAV) expressing CtsK
small hairpin to silence CtsK [25]. Experimental PD was
induced by oral gavage with P. gingivalis. AAV-sh-CsK
was administered locally into the palatal gingival tissue.
The inhibition of CtsK drastically protected the mice from
P. gingivalis-induced bone loss (=80%) and significantly
reduced inflammation in the gingival tissue. The authors
suggested that inhibition of CtsK could target both inflam-
mation and bone resorption and efficiently protect against
periodontal bone destruction.

Indeed, the use of CtsK inhibitors for the treatment of
osteolytic diseases remains promising. However, in contrast
to current antiresorptive agents, which target the osteoclast
cells, CtsK inhibitors can cause effects in other tissues, as
the enzyme not only is present in bone cells but also engages
in several other metabolic processes and regulatory path-
ways. The challenge, then, is to develop more specific inhib-
itors, which act on the osteolytic activity of the CtsK,
without affecting the activity of other enzyme catalytic sites,
decreasing the chance of side effects [67, 78].

CtsK activity is regulated by endogenous cysteine pro-
teinase inhibitors, such as cystatin C, which has a high bind-
ing affinity to cysteine proteinases [79]. These proteins are
capable of inhibiting osteoclastogenesis and bone resorption
in vitro and in an ex vivo model [80, 81]. Recently, our
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Tasre 3: OPG-Fc and RANKL inhibitors.

Studies Study design Main outcomes
Animals: 8-9-week-old female mice
Teng et al. Disease modcj oml_mocmallon-mff-chon model with Reduced alveolar bone loss, decrease in
(2000) [96] X ' a_ﬂmom)_'r.t_'r:'n?t orulans X the number of osteoclasts
Treatment: intraperitoneal injections every other day with
PBS or OPG-Fc (1 mg/kg) between weeks 4 and 8
Animals: 200 NOD mice and 18 BALB/c mice
4-6-week-old female. Treatment of diabetic mice with OPG leads
Mahamed et al Disease model: NOD mice were injected with STZ to induce to the inhibition of bone resorption and reduced
(2005) [97] ' hyperglycemia (40-50 mg/kg). Oral inoculation of RANKL expression, and, therefore, OPG may
- A. actinomycetencomitans (10 yg/ml) hold therapeutic potential for treatment bone
Treatment: intraperitoneal injections with 2.5 ug loss in inflammatory conditions
hu-OPG-Fc/100 4l PBS, 3 times a week for 8 weeks
Animals: 32 male Sprague-Dawley rats
Jin et al Disease model: ligature-induced PD placed bilaterally between OPG-Fc suppressed the number of osteoclasts
(I'PU'U-?] [26] the lower first molars in the alveolar crest. Preservation of alveolar
- - Treatment: human OPG-Fe (10mg/kg) or vehicle by bone volume
subcutaneous injection twice weekly for 6 weeks
Animals: §-week-old male C57BL/6j mice
s Disease model: LPS-induced calvarial bone destruction. Model Anti-RANKL antibodies significantly inhibited
Kuritani et al. . L .
(2018) [98] of experimental PD using ligatures alveolar bone destruction and tooth root exposure.
- Treatment: administration of saline solution, anti-RANKL Zoledronate suppressed alveolar bone destruction
antibodies (3 mg/kg), or zoledronate (0.2 mg/kg).
TABLE 4: Strontium ranelate (SR).
Studies Study design Main outcomes
Animals: 112 3-month-old Sprague-Dawley female rats
Marie et al Disease model: estrogen deficiency-induced bone loss Prevented bone loss and increased trabecular
(1993) |108] Treatment: 17 beta-estradiol (10 pug/kg/day, sc) or divalent strontium bone volume
by gavage at a dose of 77, 154, or 308 mg/kg/day or vehicle for 60 days
Animals: 40 Wistar rats
Disease model: ligature-induced experimental PD placed around the Less alveolar bone loss, reduced number of
Karakan et al. . . " .
(2017) [27) first molars in the right mandible osteoclasts, and increased number of osteoblast
- - Treatment: strontium in dosages: 300, 625, and 900 mg/kg. cells. Best results at a dosage of 900 mg/kg
Administration by oral gavage for 11 days
Animals: 48 male Wistar rats
Souza et al. Disease model: hﬁ:_u:;l;::iﬁﬂzn placed around Prevented bone resorption and increased heme
(2018) [111] Treatment: oral administration of strontium ranelate oxygenase-1 mRNA levels in gingival tissues
(20 or 100 mg/kg) for 7 days
Animals: 96 female Wistar rats ovariectomized . .
Marins et al Disease model: ligature-induced PD in the mandibular first molar nhibited bane lass, incressed the area of
. trabecular bone, affected the expression of
(2020) [43] Treatment: oral gavage of 625 mg/kg/day strontium ranelate bone markers

for 10, 20, and 30 days

group demonstrated that natural inhibitors of cysteine pep-
tidase derived from Citrus sinensis, named phytocystatin
CsinCPI-2, was effective in decreasing the gene expression
levels of cathepsin K, cathepsin B, IL-1f, and TNF-a. In
addition, CsinCPI-2 significantly inhibited in vivo the activ-
ity of TNF-a in the blood of rats, previously stimulated by E.
coli lipopolysaccharide (LPS). These data suggested that
CsinCPI-2 has a potential anti-inflammatory effect during
bacterial infection in rats [82]. Moreover, we have just
showed the positive effects of phytocystatin CsinCPI-2 in
the inhibition of bone loss in a mouse model of ligature-

induced alveolar bone loss. In this study, it was demon-
strated that systemic treatment with CsinCPI-2 significantly
reduced inflammatory cell infiltrate, decreased the number
of TRAP+ cells, and diminished alveolar bone destruction
cause by PD. This treatment also showed downregulation
of inflammatory cells expressing CD3, CD45, and MAC387
in the connective tissue. Furthermore, in vitro data demon-
strated that CsinCFI-2 inhibited RANKL-induced TRAP+
osteoclast formation in BMM and abrogated RANKL-
induced mRNA expression of Acp5, Caler, Ctsk, and
RANKL-induced upregulation of Nfatcl [76].
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TasLe 5: Anti-IL-6 and anti-TNF-a.
Studies Study design Main outcomes
Animals: 90 10- to 12-week-old male Wistar
SPF rats
Apolinario Disease model: PD induced by cotton ligature placed onthe  Inhibited alveolar bone resorption and attachment loss,
Vieira et al right first molar in the mandible lower expression of inflammatory infiltrate and lower
(2021) |114] Treatment: systemic administration of tocilizumab (TCZ) production of Th17 and RANKL-related cytokines.

Grauballe et al.

intraperitoneally at concentration dosages (2 mg/kg, 4 mg/
kg, and 8 mg/kg) for 7 and 14 days

Animals: 80 4-week-old obese diabetic male Zucker rats

Disease model: PD induced by ligature placement around

Blocking TNF-a improves metabolic state in obese rats with

(2015) |115] the maxillary second molars

PD and diminishes periodontal tissue destruction
associated with diabetes

Treatment: anti-TNF-a Etanercept injections for 5 weeks

Animals: 52 4-week-old male Zucker rats

Disease model: 45 obese rats with type 11 diabetes and 17

lean rats as controls. PD induced by ligatures around the

Grauballe et al.
(2017) [116]

maxillary second molars

Treatment: treatment with subcutaneous injections of
0.5ml of 0.78 mg/ml Etanercept or RAGE (intraperitoneal

Anti-TNF-a treatment has a positive impact on the
subgingival microbial profile in rats with diabetes and
ligature-induced bone loss

injections of 0.8 ml of 1.25 g/l ARA) 3 times a week for 5

weeks

Animals: 40 C57BL6 male mice of 6 weeks of age
Disease model: mice underwent antigen-induced chronic

Queiroz-Junior

Decreased expression of TNF-a and increased the
expression of IL-10 in the maxilla of mice. It did not affect
the expression of IFN-y and IL-17. Decreased joint
inflammation

Reduced radiographic bone loss

et al. (2013) arthritis (AIA)
[117] Treatment: intraperitoneal administration of pentoxifylline
(50 mg/kg) daily for 14 days
Animals: 6 Macaca fascicularis from 3 to 7 years old
Disease model: PD induced by silk ligatures inoculated with
Oates et al. F. gingivalis in lower premolars, first and second molars
(2002) |113] Treatment: intrapapillary injections of soluble receptors

(blockers), IL-1 and TNF-a (6.6 mg), 3 times a week for &

weeks

3. Bisphosphonates

Bisphosphonates, particularly nitrogen-containing ones,
such as zoledronate and alendronate, are antiresorptive
agents commonly used to treat bone metabolic diseases
such as osteoporosis and bone neoplasia, Paget disease,
and multiple myeloma. Bisphosphonates inhibit function-
ing osteoclasts by impairing differentiation, disrupting the
cytoskeleton, decreasing intracellular transport, and induc-
ing apoptosis and do so through the inhibition of farnesyl
diphosphate synthase in the cholesterol biosynthesis path-
way, which prevents prenylation of small guanosine tri-
phosphatase signaling proteins [83-85].

Despite its beneficial effects in inhibiting bone resorption
in osteolytic diseases, the use of bisphosphonates, espedally
intravenous administration of high doses of zoledronate, is
associated with adverse side effects. The most significant
effect associated with bisphosphonate administration is the
osteonecrosis of the jaw (ONJ), a condition defined as an
area of exposed bone in the maxillofacial region that does
not heal after 8 weeks in patients receiving antiresorptive
therapies [86, 87]. Furthermore, atypical fractures are also
related to the long-term use of bisphosphonate due to its
high maintenance of the drug into the bone tissue. On the
other hand, the oral administration of alendronate to treat

osteoporosis has shown to have a 0% to 0.4% chance of
inducing ON]J [88]. Consequently, several studies have
investigated the beneficial effects of alendronate administra-
tion to manage experimental periodontitis in rats [35, 37, 89,
90] and PD in clinical trials [91-93]. Some of the described
studies are described in table 2.

Omne of the first studies that have used alendronate as
adjunctive therapy to manage experimental PD was con-
ducted by Brunsvold et al. in 1992 [94]. In this study, the
authors have induced experimental PD in monkeys by plac-
ing a ligature around the mandibular premolars and molars
followed by oral inoculation of P. gingivalis one week after
alendronate administration. Alendronate was administered
intravenously for 16 weeks, and clinical and radiographical
analyses were performed. The authors demonstrated that
0.05 mg/kg alendronate treatment reduced the progression
of PD, suggesting its use to treat PD. Similarly, Moreira
et al. [36] have shown that 2.5mg/kg alendronate adminis-
tration in rats with experimental PD reduced the activity of
osteoclasts and significantly decreased the resorption of the
alveolar bone crest However, after 21 days of treatment,
some animals developed signs of ON]J due to the reduced
activity of osteoclast. The authors pointed out that using
alendronate to treat experimental PD in rats might increase
the risk of ON]J development.
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TasLE 6: Curcumin,

Studies Study design Main outcomes
Animals: 100 10-week-old male rats
Disease model: diabetes was induced by streptozotocin. PD
Pimentel et al. was induced by ligatures in the lower first molar and in the Decreased linear bone loss in the molar region. Reduced
(2020) [125] upper second molar BRANKL/OPG ratio

Treatment: curcumin (100 mg/kg) and placebo solutions
and insulin administration by gavage for 30 days

Animals: 16 Holtzman rats

Disease model: PD induced by injections of 3 ul LPS
(10mg/ml from E. coli) into the maxillary tissues
Treatment: 3yl of nanocurcumin was injected
contralaterally from the left side into the gingival tissues

Zambrano et al.
(2018) [31]

twice a week.
Animals: 40 Wistar rats

Inhibition of inflammatory bone resorption and decreased
osteoclast count and inflammatory infiltrate; marked
attenuation of p38 MAPK and NF-kB activation

Disease model: Periodontitis induced by silk ligatures

Correa et al. around the first molars

(2017) [126]

Treatment: administration by gavage of placebo solution,

Diminished bone loss and inflaimmatory infiltrate for the
resveratrol+curcumin group

10 mg/kg resveratrol, 100 mg/kg curcumin, or 10mg/kg
resveratrol plus 100 mg/kg curcumin for 30 days

Animals: 35 male albino rats
de Almeida
Brandao et al
(2019) [120]

gingival tissues

Disease model: PD induced by LPS injections (E. coli) in

Treatment: oral gavage of chemically modified curcumin

Inhibited alveolar bone resorption, osteoclastogenesis, and
expression of TNF-a, regardless of dosages

(CMC2.24) at doses: 1, 3, 10, and 30uM for 28 days

Animals: 50 male rats

Curylofo-Zotti
et al (2018) [46]

Disease model: PD induced by LPS injections into the
gingival tissues in the maxilla three times a week
Treatment: 2% CMC, CMC2.24 30 mg/ kg, curcumin

CMC2.24 was able to reduce alveolar bone resorption

100 mg/kg. Administered by gavage for 15 days

Animals: 18 male Sprague-Dawley rats

Disease model diabetes induced by intravenous injection of

It inhibited alveolar bone loss and local and systemic
inflammation

Decreased alveolar bone loss, suppressed the inflammatory

Elburki et al. streptozotocin. PD induced by LPS injection into the
(2017) [127] maxilla
Treatment: CMC 2.24 daily administered by oral gavage
(30 mg/kg) for 3 weeks
Animals: 11 male Holtzman rats
. Disease model: PD induced by LPS injection into the
Elburki et al. ingival ti in th illa th R L £ da
(2014) [121] gingival tissue in the maxilla three times a week for 14 days.

kg) for 14 days

Treatment: daily oral administration of CMC 2.24 (30 mg/

rocess, and decreased the expression of matrix
P xp
metalloproteinases

The use of alendronate as adjunctive to scaling and root
planning (SRP) in rats with induced PD was evaluated by De
Almeida et al. [35]. Rats with ligature-induced PD received
SRP after ligature removal assodated with topical applica-
tion of alendronate. The animals assigned to receive SRP
plus alendronate showed less local inflammation and better
tissue repair, associated with higher expression of osteopro-
tegerin (OPG) immunolabeling, suggesting that the treat-
ment employed might be effective in the treatment of PD
in rats. A recent systematic review investigated the potential
use of bisphosphonate as an adjuvant to SRP in 13 clinical
trials [95]. The results of this systematic literature review
demonstrated that locally or systemically administered alen-
dronate reduced probing pocket depth and resulted in a gain
of clinical attachment level and improved radiographic
assessment. Indeed, bisphosphonate as an adjuvant to SRP

may result in clinical benefits in patients with PD. However,
the risk to ONJ development after bisphosphonate adminis-
tration limits their dinical use.

4. OPG-Fc and RANKL Inhibitors

The discovery of the RANK, RANK ligand (RANKL), and
OPG axis has revealed its pivotal role in regulating bone
metabolism and created a new field for the study of
bone-related diseases [12]. Binding of RANKL to RANK
results in the differentiation and maturation of osteoclast
precursor cells to activated osteoclasts. Therefore, blocking
the interaction between RANK and RANKL is accountable
for inhibiting osteodlast differentiation, and it is considered
an interesting alternative to inhibit bone loss in osteolytic
lesions. Acting as a soluble decoy receptor for RANKL,
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TasLE 7: Flavonoids.

Studies Study design Main outcomes

Animals: 32 male Wistar rats.
Lektemur Alpan Disease model: PD induced by ligatures in the lower first molars.
etal. (2020) [142] Treatment: Administration by oral gavage of taxifolin at doses:
1 mg/kg and 10 mg/kg for 29 days.
Animals: 6-week-old male mice
Disease model: LPS-induced bone loss (25 ug) on days 0, 2,
and 4 for 7 days
Treatment: flavonoids—nobiletin or tangeretin (30 uM) for 7
days

Reduced alveolar bone loss. High BMP-2, OCN,
ALP, and Col 1 expression and lower RANKL
immunoexpression

Both flavonoids suppressed osteoclast formation
and bone resorption. Decreased osteoclastogenesis
in
RAW264.7 macrophages

Tominari et al.
(2012) [145]

Animals: 40 male Sprague-Dawley rats

Disease model: PD induced by LPS injection (10 gg/ul) in the  Flavonoid improved the inflammatory process in

Gugliandolo et al

gingival tissue between the first and second molars

the gingival tissues. Decreased NF-«B activation
and proinflammatory cytokine levels

In vivo, it suppressed bone loss and increased
alveolar crest height
In vitro, it inhibited osteoclast formation and
bone resorption

Decreased alveolar bone loss and reduced
inflammatory cell infiltrate in connective tissue
Decreased LPS-induced osteoclast formation
in vitro

Inhibited periodontal inflimmation

Inhibited alveolar bone loss and the production
of proinflammatory mediators

Decreased bone loss in both groups. Greater
number of osteoblast cells and decreased number
of inflammatory cells

Decreased alveolar bone loss due to decreased

(2019) [140] Treatment: bergamot juice flavonoids, 20 mg/kg administered
by oral gavage for 14 days
Animals: 24 8-week-old ovariectomized female C57BL/6 mice
Huang et al. Disease model: ligature-induced PD in maxillary molars
(2016) [141] Treatment: intraperitoneal injections of low- or high-dose
myricetin (2 or 5mg) every other day for 30 days
Animals: 6-week-old male Sprague-Dawley rats
Ch Disease model: ligature-induced PD in the molars of the
eng et al. . .
(2010) [138] maxilla and mandible
Treatment: quercetin (75 mg/kg) for 5 days. LPS (5 mg/ml)
and quercetin plus LP§
Animals: 60 BALB/c 4-week-old male mice
Carvalho et al. Disease m;del:a]PDajmd:ed b{_;:ﬁ:oﬁm;echzjns of LPS on
(2021) [137] e palatal surface o rst molars
Treatment: food supplement of eriocitrin and eriodictyol
(25 and 50mg) for 30 days
Animals: 48 male rats
Kuo et al. Disease model: ligature-induced PD in the upper and lower first
(2019) [34] second molars
Treatment: hesperidin at doses 75 or 150 mg/kg by intragastric
gavage for 7 days
Animals: 28 male Wistar rats
Balci Yuce et al Disease model: hgal_ure—:::duceghPD around the lower
(2019) [32] right first molars
Treatment: luteolin 50 mg or 100 mg given by oral
gavage for 11 days
Animals: 32 female Wistar rats
Taskan et al. Disease model: ligature-induced PD in the lower right first molar
(2019) [135] Treatment: administration by oral gavage of oleuropein 12 or

25 mg/kg for 14 days

osteoclastic activity, inflammation, and apoptosis
and increased osteoblastic activity

OPG binds to RANKL and inhibits osteoclast development
preventing it from binding to RANK. OPG has been eval-
uated in preclinical studies of experimental PD as a thera-
peutic compound for counteracting bone loss (Figure 2).
The pioneering study that has used OPG to treat exper-
imental PD was performed by Teng etal. [96]. Using an oral
inoculation infection model with A. actinomycetemcomitans
in mice, the authors demonstrated that in vivo inhibition of
RANKL function with OPG treatment reduces alveolar bone
loss and decreases the number of osteoclasts after microbial
challenge. These data imply that OPG treatment may thus
have therapeutic value to prevent alveolar bone and/or tooth
loss in human periodontitis. In this context, Mahamed et al.
[97] showed diminished alveolar bone resorption in diabetic

mice treated with the RANKL antagonist OPG, which is in
agreement with the study of Teng et al. [96]. Using an acute
model of ligature-induced bone loss, Jin et al. [26] demon-
strated protective effects of OPG-Fc during experimental
PD with significant preservation of alveolar bone. Therefore,
OPG revealed robust preventive effects on alveolar bone
resorption in experimental PD, thus showing a promising
therapeutic potential of OPG for PD treatment.

Moreover, an anti-RANKL monoclonal antibody
denominated denosumab has been developed and used to
treat bone metabolic diseases such as osteoporosis and
metastatic bone cancers and other osteolytic bone conditions
such as periodontitis and arthritis,. Denosumab binds
directly to the RANKL to prevent its interaction with RANK
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TasLE 8: Specialized mediators in proresolution (SPM).

Studies Study design Main outcomes
Animals: chemR23tg mice
Gao et al. Disease mme::ﬁi:_u:en:nﬁﬁﬂlzﬂ;:yu:izagrﬂ left second Less destruction of the alveolar bone after ligatures. It
2 2 ; ; ; ation in a crani
(2013) [42] Treatment: RVE1 (100ng in 20l PBS) or vehicle was accelerated bone defect regeneration in a craniotomy model
injected subcutaneously during craniotomy every 2 days
Animals: 18 6-week-old male Wistar rats
Lee et al. Disease model: _Ingalurc-mduced PD placed on the upper It reversed bone loss and inflammatory gene expression and
(2016) [159] right and left second molars reduced osteoclast number for both dosages
Treatment: topical resolvin E1 at 0.28mM or 1.4 mM, 3
times a week for 4 weeks
Animals: 21 male white rabbits
Hasturk et al. D_nse;_ase{!'nf)d_cl:u!lgillur{-—m{;iuufed D l;:llolw{';};byllP. Less progression of PD, decreased proinflammatory
(2006) |40] gimgivatis injection d:::n:olu.r: second mandibutar mediators, and reduced inflammatory bone loss
Treatment: RvE1, 4 ug applied every other day for 6 weeks
Animals: 39 male white rabbits
Hasturk et al. Disease model: ligature-induced PD followed by P. Hard and soft tissue regeneration and decreased
(2007) [158]  gingivalis infection around the second mandibular premolar inflammation in the periodontal tissues

Treatment: RvE1, 4 ug applied every other day for 6 weeks

on osteoclasts. This binding inhibits osteoclast formation,
differentiation, and function [85], thus inhibiting bone
resorption. Denosumab does not bind to mouse RANKL;
therefore, studies have used an anti-mouse monoclonal
RANKL to investigate its potential effects on mice. In this
context, Kuritani et al. [98] investigated the effects of sys-
temic administration of anti-RANKL during the progression
of ligature-induced bone loss in mice. The study findings
showed that anti-RANKL antibody strongly suppressed
alveolar bone loss associated with periodontitis. However,
similar to bisphosphonates, the potential risk of develop-
ment of medication-related osteonecrosis of the jaw
[99-102] and the use of denosumab or RANKL inhibitors
as an adjunctive treatment for PD are not indicated.
Table 3 describes the main study outcomes with RANKL
inhibitors.

5. Strontium Ranelate (SR)

SR, an antiresorptive compound mainly used for osteoporo-
sis treatment, is a silver-white and soft metallic chemical ele-
ment. It is placed primarily in areas where mineralization of
new bone occurs, such as regions experiencing intramem-
branous or endochondral essification [103]. SR is known
as a divalent cation that has atomic and ionic properties
related to caldum and is also considered as a dual-acting
agent that diminishes bone resorption by decreasing osteo-
clastic activity and stimulating bone formation by prolifera-
tion of preosteoblast and secondarily increasing the activity
of functional cells and synthesis of bone matrix [104, 105].
This dual-acting mechanism of SR (concomitant antiresorp-
tive and osteoanabolic dual biological activity) represents an
advantage over bisphosphonates. Thus, SR is able to increase
biomechanical and structural properties of bone, such as
mineral density [106]. There are two possible mechanisms
of action presented in literature about SR: (1) activating

calcium-sensing receptor or another cation-sensing receptor
and (2) increasing expression of OPG in addition to decreas-
ing RANKL expression by osteoblasts [107].

One of the first studies investigating the efficacy of SR in
preventing bone resorption was made by Marie et al. [108].
This study tested low SR doses on bone loss induced by
estrogen defidency in female rats. Treatment for 60 days
with SR resulted in a dose-dependent increase in plasma,
urine, and bone strontium concentrations without any dele-
terious effect on total or skeletal growth. Furthermore, treat-
ment of OVX rats with SR prevented bone loss and bone
mineral content was restored to the values in sham rats.
Moreover, SR treatment increased the trabecular bone vol-
ume up to 30%. On the other hand, two other studies
showed that SR administration did not counteract the loss
in bone architecture and bone strength in ovariectomized
rats [109, 110]. These contradictory findings lead to a deeper
investigation of the potential role of SR in other inflamma-
tory diseases such as PD.

In this context, Karakan et al. [27] investigated the
effects of SR administration in rats with ligature-induced
PD. Three different dosages of SR were used: 300, 625, and
900 mg/kg, and the administration was performed daily by
oral gavage. The rats were euthanized 11 days after ligature
placement. The results indicated that SR leads to decreased
bone loss and reduced osteoclast number. In addition, the
number of osteoblast cells was significantly increased after
SR treatment. Collectively, the findings of this study sug-
gested that SR at 900 mg/kg might prevent alveolar bone loss
in this animal model. Another study conducted by Souza
et al. [111] has determined the effect of SR on ligature-
induced bone loss in rats. The authors showed that SR pre-
vented periodontal bone loss with concomitant upregulation
of heme oxygenase 1 mRNA levels. A recent study also dem-
onstrated the beneficial effects of SR on alveolar bone loss in
rats with concomitant PD and estrogen deficiency [43]. The



29

10 BioMed Research International
TasLE 9: Probiotics.
Studies Study design Main outcomes
Animals: 32 male rats
Moraes et al Disease model: ligature-induced PD; ligature and live L. reuferi
’ ligature and dead L. reufert, in the lower first molars Increased alveolar bone volume and trabecular number
(2020) [166] . ..
Treatment: live or dead L. reuteri given orally 30 days before
the disease and 14 days after
Animals: 32 male Wistar rats
Cardoso et al.  Disease model: ligature-induced PD and CIA arthritis model Reduced .J]\-ml.ir bone loss and TNF- and IL-6
L R . levels and increased IL-17 levels. Decreased levels
(2020) [167] Treatment: probiotic (HN019) in deionized water was f ACPA antibodi
supplied to animals (1.5 x 10° CFU/ml) for 39 days @ an s
. Animals: 32 adult male Wistar rats Reduced alveolar bone resorption and attachment
PR Disease model: ligature-induced PD around the lower . ..
Ricoldi et al. right first molars loss. Increased expression of anti-inflammatory
(2017) [168] 8 cytokines and reduced expression of proinflammatory

once daily for 15 days

Animals: 32 adult male Wistar rats
Disease model: PD induced by cotton ligatures around the

Oliveira et al.
lower first molars

Treatment: 10 ml of 10% skim milk with B. lactis HN019

cytokines

Less alveolar bone resorption and attachment loss

Reduced bone loss and gingival inflammation

Decreased bone loss and lower expression of TNF,
IL-1§, 1L-6, and IL-17A

Reduced alveolar bone loss and decreased TNF-x
and IL-6 expression in the gingival tissue

Decreased alveolar bone loss and increased bone
mineral density. Decreased expression of IL-10 and

(2017) [169] Treatment: Probiotic HN019 administered topically to the
subgingival region of molars on days 0, 3, and 7
Animals: 36 6-week old BALB/c mice
- Disease model: PD was induced by oral inoculation
Gatej et al. ith P. eincivali
(2018) [170] with P. gingivalis
- Treatment: probiotic Lactobacillus rhamnosus was given by
oral gavage before and during disease induction
Animals: C57BL male mice
Mackawa and Disease model: ligature-induced PD around the upper
Hajishengallis left second molar
(2014) [171] Treatment: L. brevis CD2 applied topically between the
gingiva and the buccal mucosa
Animals: 36 8-week-old BALB/c mice
Kobayashi et al. Disease model: Pinndfmcg;bjlmjm:;)n of P. gingivalis in
(2017) [172] e mandibular molars
. - Treatment: Lactobacillus gasseri SBT2055 (LG2055) given by
gavage daily for 5 weeks
Animals: 40 male Wistar rats
Levi et al Disease model: ligature-induced PD
(2018) [173] Treatment: Mannanoligosaccharide (MOS) added daily to the

food for 30 days prior to PD

IFN-y and TNF-a genes

results indicated that SR prevented ligature-induced bone
loss in an estrogen-deficiency condition and, to a certain
extent, increased trabecular bone area in the presence and
absence of periodontal collapse. Furthermore, SR also
decreased the expression levels of bone markers, such as
RANKL and osteocalcin, appearing to have acted predomi-
nantly as an antiresorptive agent. Taken together, the results
of these investigations demonstrated that SR plays an impor-
tant role in inhibiting bone loss in experimental PD
(Table 4).

6. Biological Therapies

Biological therapies are a novel class of compounds mainly
used to treat autoimmune diseases such as rheumatoid
arthritis and other chronic inﬂammator}r conditions, ie.,
Crohn’s disease, ankylosing spondylitis, and ulcerative colitis
[18]. Biological therapies include a range of anticytokine

agents, including anti-TNF-a, anti-IL-6, anti-IL-1, and T
and B cells. These specific agents are monoclonal antibodies
that act blocking the activity of cytokines and thus inhibiting
the immune-inflammatory response of the host, functioning
as an immune suppressant [13]. The use of biological agents
to manage experimental PD in animal models has demon-
strated potential efficacy for anticytokine therapies in ame-
liorating bone destruction and reducing inflammatory cell
infiltrate [112-114], as described below (Table 5).

6.2, Anti-IL-6. A recent study has investigated the effects of
systemic administration of anti-IL-6 monoclonal antibodies
in the progression of experimental PD in rats [114]. Toci-
lizumab was intraperitoneally injected immediately after lig-
ature placement, and the animals were sacrificed after 7 and
14 days postoperatively. The results indicated that toci-
lizumab diminished alveolar bone resorption and attach-
ment loss. Moreover, inflammatory infilirate was also
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Denosumab and bisphosphonates: mechanism of action
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Figure 2: Denosumab acts similarly to OPG, which is RANKL's natural decoy receptor; denosumab binds to RANKL, preventing the
binding of RANKL to its receptor, RANK, on the surface of osteoclasts and also on osteoclast precursors. Thus, the RANK signaling
pathway is not activated, resulting in impaired osteoclast precursor differentiation and function and possibly osteoclast apoptosis. All
these effects lead to inhibition of bone resorption. Bisphosphonates act on osteoclasts, but not on their precursors. Bisphosphonates are
internalized into osteoclasts possibly by endocytosis. Subsequently, bisphosphonates inhibit FPP synthase, a key enzyme in the
mevalonate signaling pathway. This leads to impaired intracellular protein prenylation impairing osteoclast function and apoptosis. Thus,

bone resorption is inhibited.

decreased after treatment. The authors suggested that mod-
ulatory therapy with biological agents might be an interest-
ing alternative to inhibit alveolar bone loss, and further
studies are warranted to confirm the data.

6.3. Anti-TNF-a. Tumor necrosis factor-alpha is a key sig-
naling modulator in the pathogenesis of PD, and its upregu-
lation is associated with increased osteoclastogenesis. Thus,
investigations targeting TNF-a have been evaluated to man-
age inflammatory bone resorption in animal models. In this
context, a recent study evaluated the effects of systemic
administration of Etanercept in mice with concomitant dia-
betes mellitus and periodontitis [115]. Obese diabetic Zucker
rats were systemically administered with Etanercept and one
week later received ligature to induce experimental PD. Ani-
mals were sacrificed after 5 weeks from the baseline. This
study indicates that blocking TNF-a improves the metabolic
status in obese rats with PD and decreases periodontal
breakdown associated with diabetes. The same research
group also confirmed that anti-TNF-u treatment positively
impacts the subgingival microbial profile in rats with diabe-
tes and ligature-induced bone loss [116]. Another study
investigated anti-TNF-a effects with pentoxifylline in an
experimental mouse model of chronic antigen-induced
arthritis- (AIA-) associated PD [117]. The authors demon-

strated that the treatment employed was able to diminish
joint inflammation, reduce the levels of TNF-a and IL-
17, and prevent signs of PD (decreased the number of
osteoclasts and recruitment of neutrophils in the connec-
tive tissue). In addition, the treatment employed showed
the anti-inflammatory and bone protective effects in mice
with AIA and concomitant PD. Accordingly, a previous
study also demonstrated the positive effects of anti-TNF-
a on the progression of experimental PD induced by ligature
placement by decreasing radiographical bone loss [113].
Finally, Cirelli et al. have used adenoassociated virus vector
based on serotype 1 (AAV2/1) to deliver the TNF receptor-
immunoglobulin Fc (TNFR:Fc) fusion gene to rats subjected
to experimental periodontitis by means of P. gingivalis LPS-
mediated bone loss [118]. The results showed that AAV2/1-
TNFR:Fc administration diminished the levels of several pro-
inflammatory cytokines and osteodast-like cells in the con-
nective tissue of rats. These data indicate that delivery of
AAV2/1-TNFR:Fc might be a feasible approach to modulate
PD progression.

7. Herbal Medicine

7.1. Curcumin. Curcumin is a bioactive compound of tur-
meric and derived from Curcuma longa, a tropical plant
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native to Southeast Asia [119]. It is a yellow hydrophobic
polyphenol composed of three curcuminoids, and it is
largely used in dietary spice. It has been reported that curcu-
min has a variety of biological activities, induding osteoim-
mune modulatory properties and anti-inflammatory,
antioxidant, antiangiogenic, and antibacterial effects with
the capacity to modulate the innate immune host response
(31, 46, 120-123]. Due to the innumerous beneficial effects
described in the literature with the use of curcumin to treat
experimental PD, natural or chemically modified curcumin
has been suggested as an interesting therapeutic approach to
managing inﬂammatory bone resarption [30, 31, 45, 46,
120-123]. Nevertheless, different variables, such as diverse
dosages (in vitro and in vivo), vehicle used, and administration
route (intraperitoneally, intravenously, and orally), have also
been described in the literature [30, 31, 46, 121, 123, 124].

Many investigations have been carried out to evaluate
curcumin effects during the progression of experimental
PD in murine [30, 31, 45, 46, 120-124] (Table 6). Recently,
Pimentel et al. [125] assessed the impact of curcumin
(100 mg/kg) on the progression of experimental PD in dia-
betic rats. The PD model was induced by placing cotton lig-
atures around the first mandibular molar and in the second
maxillary molar. An injection of streptozotocin was intra-
peritoneally administered in the animals to induce experi-
mental diabetes. Curcumin was administered daily by oral
gavage for 30 days. The results indicated that natural curcu-
min reduces alveolar bone loss and favorably modulates the
osteoimmune inflammatory process during disease progres-
sion. Interestingly, Zambrano et al. [31] investigate the local
administration of curcumin-loaded nanoparticles in an
experimental PD model. A model of Escherichia coli bacte-
rial lipopolysaccharide (LPS) injection was used to induce
PD. The curcumin nanoparticles were locally injected, 2
times per week for four weeks, in the palatal mucosa around
the first maxillary molar. Radiographical analysis (micro-
CT) showed significant reduction in the loss of alveolar bone
caused by LPS in the animals treated with curcumin nano-
particles. A previous study [126] using the silk ligature
model of PD in rats demonstrated the potent capacity of oral
administration of curcumin (100 mg/kg/day) for 30 days to
inhibit bone resorption, which is in agreement with the
above-reported studies [31, 125].

Previous studies have used different strategies to enhance
the clinical application of curcumin to treat experimental
PD. Indeed, chemically modified compounds have been
developed to increase their clinical efficacy, which resulted
in greater bioavailability maintaining its biological and safety
properties [46, 120, 121, 128]. de Almeida Brandao et al.
[120] evaluated the effects of a modified curcumin so-
called CM(C22.4 that is a novel bis-dimethoxy-4-phenylami-
nocarbonyl curcuminoid. In this study, rats underwent
experimental PD using direct microinjections of Escherichia
coli bacterial LPS into the gingival tissue around the first
maxillary molars three times per week. Curcumin was
administered daily by oral gavage immediately after LPS
injection and continued for the whole experimental period
of 28 days. The outcomes showed that CMC2.24 inhibited
bone loss, inflammation, and osteoclastogenesis in the LPS-
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induced periodontitis model even at a low dosage (1mg/
kg/day), suggesting that this compound is more effective
than previously documented. Curylofo-Zotti et al. [46] also
investigated the effects of CMC2.24 in a model of LPS-
induced PD. Similar to the study mentioned above [120],
the authors showed that oral administration of curcumin
CMC2.24 (30 mg/kg/day) significantly inhibited inflamma-
tory infiltrate in the gingival tissue, decreased the number
of osteoclasts, and abrogates bone resorption, pointing to
an interesting potential of CM(C2.24 in preventing bone
resorption in an inflammatory model of PD. Similarly,
Elburki et al. [127] showed that oral gavage with CMC2.24
(30mg/kg/day) also reduced inflammation-mediated con-
nective tissue breakdown in rats with diabetes (induced by
intravenous injection of streptozotodn) and PD (induced
by E. coli LPS injections) and prevented hyperglycemia-
induced tissue destruction. CMC2.24 was also able to atten-
uate the severity of inflammation and bone loss in the peri-
odontal tissues, acting as a potential therapeutic inhibitor of
bone resorption in inflammatory conditions. These findings
parallel previous observations by the same research group
[121] that demonstrated the positive effects of CMC2.24 in
inhibiting bone resorption during LPS-induced experimen-
tal PD in rats.

Taken together, several studies have demonstrated the
beneficial effects of natural curcumin or chemically modified
curcumin to treat experimental PD without adverse side
effects. Nevertheless, it is important to bear in mind that
the differences in dosages used in the studies, the low
absorption rate, reduced half-life, and rapid systemic elimi-
nation [129] might limit its dinical use to treat PD in
humans.

7.2, Chalcones. Chalcone is a medidnal plant that has been
conventionally used in Brazilian medicine to treat bleeding
gums [130]. It is a phenolic compound extracted from the
Mpyracrodruon urundeuva (Engl.). This compound presents
analgesic and anti-inflammatory properties as evidenced by
previous studies in experimental models of inflammation
[130, 131]. Moreover, antioxidant, antimicrobial, and antire-
sorptive properties were previously described during inflam-
matory conditions, incduding RA and inflammatory bowel
diseases [132, 133]. Therefore, based on the assumption that
chalcone presents beneficial properties in inflammation, pre-
vious studies have investigated its potential therapeutic
effects during experimental periodontitis in rats.

In a study of ligature-induced periodontal bone loss in
rats, Botelho et al. [134] assessed the effects of a gel contain-
ing chalcones during the progression of PD. Rats underwent
nylon ligature placement around the second maxillary
molars and received immediately after its placement the
chalcone gel (600 pg/g gel) topically applied to the gingival
tissues three times per day during the entire experimental
period (11 days). The results showed that chalcone gel pre-
vents alveolar bone resorption in the conditions studied
and presented with anti-inflammatory and antimicrobial
effects during the course of PD.

More recently, Femandes et al. [47] evaluated the effects
of chalcone T4 during the progression of experimental PD.
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In this study, PD was induced by plading a cotton ligature
around the first mandibular molar. Chalcone T4 was sys-
temically administered daily by intragastric gavage (5 and
50 mg/kg) starting on the same day of ligature placement.
After 15 days of treatment, the animals were sacrificed,
and measurements of radiographical, histological, and
molecular analyses were performed. The data indicate that
5mg/kg of chalcone T4 decreased bone resorption and cellu-
lar infiltrate in the connective tissue. Moreover, in vitro data
demonstrated that this treatment resulted in a reduced num-
ber of osteoclasts and resorption area in raw 267.4 cells. As a
proof-of-concept study, the data suggested the potential
effect of chalcone T4 as an adjuvant for experimental PD
treatment. More studies are warranted to investigate dose
response, the effects in different inflammatory models, and
the factors that might influence its bioavailability, to better
comprehend the pharmacokinetics and pharmacodynamic
behavior of chalcone T4 [47].

7.3, Havonoids. In an attempt to pursue natural products
with pharmacokinetic, anti-inflammatory, antioxidant, and
immunomodulatory effects, growing attention has been ded-
icated to searching phenolic compounds that might have
protective effects on bone and connective tissue [135]. Flavo-
noids, a group of polyphenolic compounds found in many
plants (soybean, olive), fruits (orange peel), vegetables, seeds
and beverages, have been suggested as a possible alternative
to treat inflammatory bone resorption due to its wide range
of biological properties and activities [136]. Therefore, the
dietary intake of natural ingredients, induding innumerous
flavonoids, might be beneficial for bone tissues and can pre-
vent PD progression and severity in different animal models
of periodontitis. In this context, many studies have used dif-
ferent types of flavonoids to prevent and treat experimental
periodontitis with beneficial effects on the alveolar bone tis-
sue without adverse effects [32-34, 135, 137-142].
Genistein, an isoflavone found in soybean, attenuates
alveolar bone loss in a rat model of ligature-induced peri-
odontitis [139]. It has also been reported that genistein
inhibits bone loss in ovariectomized (OVX) mice, pointing
to an important role in preventing experimental postmeno-
pausal osteoporosis [143]. Taxifolin is a flavanone with
potent antioxidant properties that has been shown to stimu-
late osteoblast differentiation and suppress osteoclastogene-
sis in vitro [144]. Recently, Leltemur Alpan et al. [142]
demonstrated that taxifolin attenuates inflammatory bone
resorption in a model of ligature-induced bone loss in rats,
decreases inflammatory infiltrate, and improves alveolar
bone formation. In an experimental model of LPS-induced
inflammatory bone loss, the administration of the flavonoids
nobiletin and tangeretin was able to suppress LPS-induced
osteoclast formation and bone loss. Furthermore, both flavo-
noids inhibited osteoclastogenesis in RAW264.7 macro-
phages [145]. Similarly, the effect of a flavonoid from the
bergamot juice could inhibit bone loss and decrease gingival
inflammation markers in a rat model of LPS-induced PD
[140]. Huang et al. [141] evaluated the effects of myricetin,
a naturally occurring flavonoid compound, in an experimen-
tal OVX mouse PD model. Systemic administration of myr-
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icetin prevented bone loss and enhanced alveolar crest
height in vivo, and attenuated osteoclast formation and bone
resorption in vitro [141] (Table 7).

Quercetin is an abundant flavonol-type flavonoid that
has been associated with innumerous beneficial effects
regarding the inflammatory process and immune functions
[146-148]. The effects of quercetin on the progression of
experimental PD were evaluated by Cheng et al. [138]. Uti-
lizing a model of ligature-induced bone loss, the authors
demonstrated decreased alveolar bone loss and reduced
inflammatory cell infiltrate in the connective tissue of rats
that have received systemic administration of quercetin.
Moreover, in vitro data demonstrated that quercetin dimin-
ished LPS-induced osteoclast formation, suggesting that it
might possess an ameliorative effect during PD progression
[138]. Recently, it was demonstrated that a citrus flavonoid
—eriocitrin and eriodictyol—diminished inflammatory cell
infiltration in the connective tissue of rats with induced PD
by means of LPS-injections suggesting that a diet supple-
mented with flavonoids might enhance local immunity and
host defense [137]. Finally, other studies showed beneficial
effects of hesperidin [34], luteolin [32], and oleuropein
[135] on alveolar bone loss and inflammation in a rat model
of ligature-induced PD indicating that flavonoids might be
an interesting candidate for modulating inflammatory
disease.

7.4. Colchicine. Colchicine, a natural compound extracted
from Colchicum autumnale, possesses innumerous pharma-
cological properties, such as anti-inflammatory, antioxidant,
antimitotic, and antiresorptive, that has been used to treat a
variety of inflammatory diseases [149, 150]. The anti-
inflammatory and antioxidant effects of colchicine rely on
the inhibition of adhesion, mobilization, and chemotaxis of
neutrophils and by the disruption of inflammasome activity
(NALP3) and IL-1? secretion. A previous study has shown
that colchicine inhibits bone resorption by preventing the
release of lysosomal enzymes and blocking osteodlast activity.
In this context, Aral et al. investigated the effects of colchicine
on cytokine production, apoptosis, alveolar bone loss, and oxi-
dative stress in rats with ligature-induced experimental peri-
odontitis [151]. The animals received two different dosages
of colchicine (30 and 100 pg/kg/day) immediately after liga-
ture placement and were sacrificed 11 days after initial treat-
ment. The results showed that colchicine treatment (both
dosages) significantly decreased the expression of IL-1, IL-
8, and RANKL; RANKL/OPG ratio; total oxidative stress level;
and bone volume ratio and increased total antioxidant sug-
gesting that colchicine has prophylactic potential to prevent
the progression of bone loss through anti-inflammatory and
antiresorptive properties.

8. Specialized Proresolving Mediators (SPM)

Current key discoveries in the mechanisms of inflammation
during PD initiation and progression encouraged the search
for new treatment alternatives for PD using proresolving
mediators. Resolution of inflammation comprises active bio-
chemical programs that allow inflamed tissue to return to
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homeostasis [152, 153]. SPMs are a novel family of oxylipids
mediators, induding resolvins, maresins, lipoxins, and pro-
tectins, derived from omega-3 polyunsaturated fatty acid
(PUFA), which regulate the inflammatory process without
immunosuppression [7]. The SPMs function in inflamma-
tion termination by activating specific mechanisms to
restore tissue homeostasis [152, 153). Briefly, they selectively
inhibit leukocyte recruitment, activate macrophage phagocy-
tosis of microorganisms, stimulate infiltration of monocytes,
and stimulate the expression of molecules involved in anti-
microbial defense [154]. Such SPMs promote tissue repair,
eliminate bacteria, increase the host defense, and impact
the responses of adaptive immune cells (Figure 3) [39].
The E-series resolvins (RvEL) are biosynthesized from the
eicosapentaenoic acid (EPA), and it is considered a stereose-
lective agonist that interacts with two identified G protein-
coupled receptors: BLT1 (expressed on neutrophils) and
chemerin receptor 23 (chemR23) expressed on macro-
phages, monocytes, dendritic cells, and osteoblasts [155,
156]. RvEl interacts with BLT1 or chemR23 to inhibit leu-
kocyte infiltration and cytokine production, thus promoting
the resolution of inflammation [154].

SPMs show significant effectiveness in treating inflam-
matory conditions including infllmmatory pain [157],
experimental PD [40, 158, 159], and bone preservation
[42]. Furthermore, it has been reported that SPM attenuates
atherosclerotic plaque formation in diet- and inflammation-
induced atherogenesis [160]. Gao et al. [42] showed that
transgenic mice overexpressing the human chemR23 were
able to diminish the destruction of the alveolar bone induced
by ligature placement. Moreover, local RvEl treatment
accelerated the regeneration of bone defects in a craniotomy
model. Taken together, RvEl modulates osteoclast differen-
tiation and bone remodeling, rescuing OPG production
and restoring a favorable RANKL/OPG ratio [42]. This data
agrees with the previous report that evaluated the impact of
EvEl on bone remodeling in mice, using a calvaria osteolytic
model with or without systemic administration of RvEl
[161]. The data demonstrated that RvEl reduced bone
resorption and osteoclastogenesis. RvE] also negatively reg-
ulated osteoclast differentiation, which resulted in a reduc-
tion in inflammatory bone resorption, suggesting that
RvEl may be a therapeutic potential for treating inflamma-
tory diseases [161]. Lee et al. [159] also demonstrated that
topical applicaion of RvEl downregulated bone loss
induced by ligature placement and decreased the inflamma-
tory process and the number and size of osteoclasts in rats.
In addition, RvEl induced changes in the composition of
the local microbiota suggesting the modulation of local
inflammation has an important role in forming the subgin-
gival microbiota composition [159].

Hasturk et al. demonstrated that topical application
RvEl was able to prevent initiation and progression of
experimental PD and even induce the regeneration of peri-
odontal tissues (alveolar bone, periodontal ligament, and
cement) in a rabbit model of ligature-induced bone loss
(40, 158]. RvEl downregulated the progression of PD by
decreasing proinflaimmatory mediators and reducing inflam-
matory bone loss. Furthermore, RvE1 is able to enhance the
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clearance of PD-assodated bacteria [40, 158]. These out-
comes suggest that PD-associated bacteria actively direct
the protective bactericidal immune response into a dysfunc-
tional state, which may be reversed by SPMs. The established
protective action of SPM aiming in promoting the resolution
of inflammation in innumerous animal models of PD makes
them an interesting alternative to treat PD [7, 162]. Table 8
describes the primary findings of the selected studies.

9. Probiotics

The manipulation of the intestinal microbiota through pro-
biotics has been proposed to alter bone remodeling during
the course of PD both in preclinical studies and in random-
ized clinical trials. The rationale for this approach is based
on the concept that bone health is affected by changes in
the intestinal microbiota and therefore, strategies to induce
beneficial effects through nutritional supplementation with
probiotics have been evidenced. The term probiotics were
introduced by Lilly and Stillwell in 1965 [163]. Probiotics
are live microorganisms that, when administered in ade-
quate amounts, confer benefidal effects on the host’s health.
They repopulate beneficial bacteria, which can help kill
pathogenic bacteria and fight infection. Orally administered
probiotics can benefit oral health by preventing microbiota
growth or modulating mucosal immunity in the oral cavity
[164]. Probiotics can help prevent and treat PD through sev-
eral mechanisms, including direct interaction, competitive
excusion, and modulation of the host’s immune response.
Studies show that the treatment strategies conferred by pro-
biotics against PD occur mainly by inhibiting specific path-
ogens or altering the host's immune response [165]
(Table 9).

Several studies have been published using probiotics for
the treatment of experimental PD. Moraes et al. investigated
the effects of L. reuteri administration during the develop-
ment of induced PD in rats [166). The results showed that
treatment with probiotics increased the percentage of bone
volume and the thickness and number of trabeculae and
decreased bone porosity and trabecular separation. Cardoso
et al. evaluated the effects of systemic administration of the
probiotic Bifidobacterium animalis HN019 on ligature-
induced periodontitis in rats with experimental RA [167].
Probiotic treatment in animals with experimental arthritis
and PD reduced alveolar bone loss, TNF-a, and IL-6 levels
and increased IL-17 levels compared to those without pro-
biotics. Furthermore, there was a decrease in the levels of
anticitrullinated protein antibodies in animals with experi-
mental RA. Ricoldi et al. [168] and Oliveira et al. [169]
found similar results using HN0O19 to treat experimental
PD, showing reductions in alveolar bone resorption and
connective tissue attachment loss. These results were also
observed using different strains of probiotics, including Lac-
tobacillus rhammnosus [170], Lactobacillus brevis CD2 [171],
and Lactobacillus gasseri SBT2055 [172].

Some limitations associated with the use of probiotic
therapy (difficulty of exogenously administered bacteria in
remaining in the oral environment) have stimulated the
search for other strategies capable of manipulating the
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Resolvin: mechanism of action
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Figure 3: Resolvins (RvEl) act to reduce ADP-stimulated platelet aggregation. In macrophages, RvE1 increases S6K (ribosomal protein 56
kinase) phosphorylation and phagocytosis. In monocytes, MAPK (mitogen-activated protein kinase) activation occurs. RvE1 acts on
osteoclasts decreasing their growth and differentiation. In dendritic cells, there is a decrease in their migration and in the production of
IL-12. In vitro, BvEl reduced calcium mobilization and activation of NE-kB, and in vivo, there was a lower infltration of PMN
(polymorphonuclear cell/neutrophil). In the blood, there is a decrease in L-selectin and CD18 in PMN and monocytes.

ecology of the oral biofilm [174]. An interesting approach
concemns the nutritional stimulation of beneficial native bac-
teria to promote oral health. Prebiotics favor changes in
microbial composition or activity, aiming to stimulate the
growth of health-promoting bacteria in the resident intesti-
nal microbiota, which provides local and systemic benefits
for the host’s health. By definition, prebiotics are selectively
fermented ingredients that allow specific changes, either in
the composition and/or activity of the gastrointestinal tract
microflora, that confer benefits to the host, well-being, and
health. They are substances not digested by enzymes, salts,
and acids produced by the body. Currently, only oligosaccha-
rides (fructooligosaccharides and galactooligosaccharides) can
be called prebiotics. Their mechanism of action occurs
through the following: (a) improvement in the growth of res-
ident commensal intestinal bacteria, particularly bifidobacteria
and lactobacilli; (b) they exert a direct effect on the host by
stimulating the expression of IL-10 and INF-g, increased
secretion of immunoglobulin (IgA), and modulation of
inflammatory responses in pathogens [174].

Prebiotics and probiotics often work synergistically and,
when combined in the same product, are known as symbi-
otics. Symbiotics contain both probiotic and prebiotic com-
ponents. The rationale for such products is that the
combination increases the survival of probiotic bacteria in
the passage through the proximal region of the gastrointesti-
nal tract, improving colonization of the probiotic in the large

intestine, stimulating the effect on the growth of endogenous
flora. The main prebiotics evaluated in humans are fructans
and galactans. Mannan oligosaccharides (MOS) are also
gaining importance. Levi et al. [173] performed a preclinical
study in rats demonstrating that animals with ligature-
induced PD showed changes in intestinal morphology com-
pared to animals without the disease, confirming the possi-
ble relationship between oral and intestinal dysbiosis.
When animals with experimental PD were treated with
MOS, the intestinal morphology became more similar to
that of animals without disease, demonstrating prebiotics’
protective role in the intestinal environment under condi-
tions of oral dysbiosis. Furthermore, animals with PD and
MOS had less severe PD than those not treated with MOS.
In fact, recent scientific evidence suggests that manipulating
the microbiota through prebiotics and probiotics confers
health benefits on the host through different mechanisms,
improving periodontal health and other common skeletal

diseases such as arthritis and osteoporosis.

10. Vitamins

10.1. Vitamin C. Vitamin C has powerful antioxidant prop-
erties and has been the focus of several investigations to
manage inflammatory diseases, including PD [175]. Defi-
ciency in the levels of systemic vitamin C might affect the
gingival and connective tissue increasing the expression of
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inflammatory cells and impairing collagen formation, thus
worsening the severity of periodontitis [176, 177]. A study
conducted by Akman et al. evaluated the therapeutic effect
of vitamin C on alveolar bone loss in rats with ligature-
induced experimental periodontitis [178]. The ligatures were
maintained for 5 weeks to induce periodontal breakdown,
and then, they were removed. Treatments with vitamin C
or vitamin C plus alpha lipoic acid (ALA—50 mg/kg) were
initiated immediately after ligature removal with a single
intragastric dose for 15 days. Levels of bone alkaline phos-
phatase and myeloperoxidase activity were measured in the
gingival tissues, and expressions of RANKL and bone den-
sity were determined histologically. The results indicated
that vitamin C and ALA inhibit inflammatory bone resorp-
tion and osteoclast activation suggesting its beneficial
improvements in osteoclast-mediated bone resorption [178].

10.2. Vitamin B. Previously published studies on the effects
of food and nutrients with antioxidant and anti-
inflammatory activities have constantly been linked to
improvements in the periodontal status in animal models
[179] and also in patients [180] when treated with vitamin
B. Vitamin B complex, a class of water-soluble vitamins, play
pivotal functions in cell metabolism [179]. The vitamin B
complex includes eight different vitamins which differ in
their chemical composition and pharmacological properties
[181]. Studies have shown that vitamin B complex is impor-
tant in soft wound healing and gingival health, and some
studies have indicated that vitamin B12 [182], vitamin B9
[183], vitamins B1, B2, B3, B5, B6, and B7 reduced the peri-
odontal destruction and tooth mobility [184]. Recently,
Akpmnar et al. investigated the effects of vitamin B complex
supplementation on the progression of experimental peri-
odontitis in rats. Daily systemic administration of vitamin
B by oral gavage was initiated immediately after ligature
placement and followed by 11 days. Then, animals were
sacrificed and bone tissue samples were collected for histo-
morphometric evaluation. The authors showed that vitamin
B administration increased osteoblast activity, diminished
osteoclast numbers, and reduced alveolar bone loss in rat
with experimental PD, suggesting beneficial effects of vita-
min B complex on the bone tissue.

10.3. Vitamins D and K. Vitamin D receptor has been found
on many immune cells, such as macrophages, dendritic cells,
and T and B cells [185]. Additionally, it has been shown that
vitamin D inhibits proinflammatory processes by suppress-
ing the overactivity of CD4+ Thl, Th2, and Th17 cells and
the production of their related cytokines such as IL-2, IFN-
gamma, and TNF-alpha [186, 187]. Vitamin D has also reg-
ulatory effects on bone formation markers, such as osteocal-
cn and osteopontin, and acts as an immune modulator in
inflammatory conditions [185]. Vitamin K plays important
roles on bone protection, in the proliferation of bone mar-
row mesenchymal stem cells, in stimulating osteoblast dif-
ferentiation and inhibiting adipocyte differentiation. In
addition, it can protect osteoblasts and reduce apoptosis.
Due to its anabolic effects on bone, the effect of vitamins B
and K on gingival inflammation and alveolar bone destruc-

35

BioMed Research International

tion in rats was investigated by Aral et al. [188]. In this study,
periodontitis was induced by placing cotton ligatures around
the maxillary first molar for 7 days. Then, ligatures were
removed, and tooth received scaling and root planning
followed by oral gavage with vitamins D and K or a combina-
tion of vitamins D and K for 10 days. The results indicated
that alveolar bone loss in rats administrated with vitamin D
or K did not differ from rats without treatment, suggesting
that this approach has no positive effects on alveolar bone
and in gingival inflammatory markers.

11. Conclusion

This comprehensive review of the literature summarizes the
main findings of studies that have used pharmacological
drugs to manage experimental PD. The use of modulators
of the immune host response or antiresorptive medications
offers interesting alternatives to inhibit bone loss and
decrease the inflammatory infiltrate in the connective tissue.
All those treatments tested can help modulate the host
inflammatory response and ameliorate the progression of
the experimental disease. As stated earlier, the primary treat-
ment of PD is through a mechanical approach, SRP, to
remove the attached biofilm into the tooth and root surface.
However, this local treatment does not respond equally well
in susceptible patients. Thus, adjunctive therapies that
decrease the inflammatory host response play an important
role in achieving better clinical outcomes, especially in
patients with associated comorbidities, such as diabetes mel-
litus and rheumatoid arthritis. It is important to bear in
mind that some of the included drugs in this review, i.e, bis-
phosphonate, biological agents, and RANKL and CtsK
inhibitors, possess some side effects that might limit their
clinical use. Therefore, herbal medicine and supplementa-
tion with omega 3 and probiotics have gained growing atten-
tion due to its modulatory and antiresorptive activities and
the lack of side effects being considered promising alterna-
tives as adjunctive to SRP in susceptible patients.
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Abstract

Aim: The aim of this systematic review was to answer the focused question: what
is the protective potential of biological agents against alveolar bone resorption during the

course of experimental periodontitis progression?

Material and Methods: A systematic literature search was performed in Pubmed,
Web of Science, Cochrane Library, Scopus, and Embase electronic datasets, complemented
by other sources and manual search until August 2022. The inclusion criteria comprised
pre-clinical studies in animal models of experimental periodontitis on the effects of
biological agents to protect against periodontal bone loss and tissue inflammation. The
criteria for eligibility of the studies were based in PI/ECOs strategy, as such (P) animal
models with periodontitis; (I/E) biological agents with protective potential against bone
resorption in periodontitis (prevention) or additional benefit as an adjunctive in the
treatment of periodontitis; (C) same intervention/exposition as the intervention group (1),
except for the use biological agents; (O) alveolar bone resorption (primary outcomes).
Secondary outcomes: periodontal parameters, effectiveness of periodontitis-treatment, and
adverse effects; (s) no restriction for study design on primary studies (exclusion criteria:
randomized clinical trials, clinical studies, and different types of review studies). Study
quality was assessed using Systematic Review Centre for Laboratory Animal

Experimentation (SYRCLE) Risk of Bias tool.

Results: Screening of the initially 5236 results from datasets, registers, other
sources and hand-searches resulted in 39 suitable studies that met the inclusion criteria.
Twenty-three biologicals were evaluated in the included studies. Most of the studies
utilized the ligature-model of experimental periodontitis (EP) to test the use of biologicals
as preventive or therapeutic strategies. The dosages of biologicals and the periods of
disease induction varied based on the EP model utilized. As the main outcome of all
studies, alveolar bone loss (the hallmark of EP) could be significantly inhibited applying

biologicals, and reduced pro-inflammatory mediators when compared to treated controls.

Conclusion: Collectively, this systematic review demonstrated that biological
agents possess beneficial effects in reducing bone loss and diminishing inflammation

during periodontitis progression in animal models. Randomized clinical trials using
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biologicals to treat periodontitis are warranted to corroborate the results achieved in these

pre-clinical studies.

Keywords: Alveolar bone; animal model; bone resorption, periodontal disease;

periodontitis

Introduction

Periodontitis, a chronic inflammatory condition of the supporting tissues around the
teeth, develop as a result of complex host-parasite interaction that progressively affects the
integrity of the periodontal tissues [1, 2]. It is described by bacterial-evoked inflammatory
responses and periodontal tissue destruction, including periodontal ligament, cement and
alveolar bone. The more severe forms of periodontitis (stage III and IV) affect over 700
million people, which represent around 11% of the worldwide population [3]. Indeed,
periodontal disease (PD) is the sixth-most prevalent chronic condition globally, and it is
considered the most important cause of teeth loss in the adult population [4, 5]. Hence, PD
is a public health challenge due to its high prevalence and the significant burden caused by
teeth loss and chewing disability negatively impacting quality of life. Meanwhile, there are
a growing number of studies linking periodontitis with systemic diseases, such as diabetes
mellitus, cardiovascular diseases, rheumatoid arthritis and others through the dissemination
of pathogenic bacteria and their products into the bloodstream [6-9]. Consequently, the
treatment of periodontitis plays pivotal roles in decreasing local and systemic

inflammation.

PD is characterized by the unique property in that tissue damage results
from the host innate and adaptive immune response to periodontal biofilm-associated
multiple microorganisms [1, 4]. Imbalance between the resident commensal microbiota
and the host immune response lead to the dysbiosis of the oral microbiome, and thus
increased bacterial load and persistent inflammatory process are the hallmark of disease
[10]. In individuals susceptible to periodontitis, the host immune response is usually
exacerbated, dysregulated and destructive leading to infiltration of immune (B and T cells)
and inflammatory cells (macrophages and neutrophils) [11]. Innumerous pro-inflammatory

cytokines such as interleukin (IL)-1, IL-6, IL-17, prostaglandin E> (PGE), tumor necrosis
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factor-o (TNF-a), and matrix-degrading enzymes (cathepsin and matrix metalloproteinases
- MMPs) produced by lymphocytes, fibroblast, leukocytes and epithelial cells have been
identified as key molecules inducing tissue destruction, and the expression of these
molecules are significantly increased during disease progression [11]. More specifically,
these cytokines enable the increased activation of receptor activator of nuclear factor kappa
B ligand (RANKL) pathway in osteoblast, fibroblast or lymphocytes, which ultimately
results in the differentiation and activation of osteoclasts, and consequently the destruction
of mineralized connective tissue [12]. Therefore, the regulation of the immune response
and the inhibition of osteoclastogenesis are key factors that should be considered when

testing potential new treatment modalities for PD.

According to the clinical practice guideline from the European Federation of
Periodontology, the recommendations for treatment of stage I-III periodontitis are based on
four different interventions [13]. The first step of therapy is behavioral changes, and
control of supragingival biofilm, gingival inflammation and associated risk factors. The
second step of therapy is aimed at controlling the supra- and sub-gingival biofilm and
calculus through subgingival instrumentation with the goal of controlling the infection and
arresting the inflammatory process. Subgingival instrumentation may include adjunctive
local or systemic medications. The third step consisted of treating unresponsive areas to the
second step and include different types of periodontal surgical interventions. Finally, the
supportive periodontal care should be implemented to extend benefits and to maintain

periodontal stability over time [13].

The non-surgical periodontal therapy (NSPT), the term used to describe
subgingival instrumentation, is accomplished through scaling and root planning (SRP), the
gold standard treatment for stage I to III periodontitis [13]. The use of adjunctive therapies
to treat periodontitis relies on the premise that not all the individuals responds well to
NSPT especially in non-compliant and susceptible patients, and also in patients with
systemic comorbidities (diabetes) associated with the presence of common risk factors for
disease progression, such as local factors (deep periodontal pockets and complex root
anatomy), environmental factors (smoking) and genetic background (polymorphisms) [11].
Therefore, the use of adjunctive therapies (biological) aiming at modulate the destructive

events of the innate and adaptive immune host response have been proposed in pre-clinical
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and clinical studies as a potential therapeutic strategy to treat periodontitis targeting

inflammatory mediators and bone-resorbing osteoclasts [2, 11].

In the past years, a growing number of studies investigating the beneficial
effects of adjunctive therapies in clinical trials aiming at decreasing inflammation and
alveolar bone destruction and improving the outcomes of NSPT alone have been
performed [14-17]. Moreover, different animal models of periodontitis have been used to
test the efficacy of different compounds, and the molecular mechanisms involved in the
inhibition of bone resorption [12, 18, 19]. In this context, pharmacological therapies,
natural compounds, and biological agents have been studied to suppress the inflammatory
process and bone destruction during periodontitis progression. Therefore, the current
systematic review sought to investigate the evidence on the beneficial effects of biological

agents against inflammation and bone resorption in experimental periodontitis.
Materials and Methods
Protocol and Registration

This study was conducted at the Systematic Review Facility (SyRF)
(https://syrf.org.uk/projects) [20] as recommended by the Collaborative Approach to
Meta Analysis and Review of Animal Experimental Studies (CAMARADES)
(https://www.ed.ac.uk/clinical-brain-sciences/research/camarades/about-camarades). The
structure of this paper was organized according to the PRISMA 2020 statement [21]
(https://prisma-statement.org).

Focused question
Based on the PICOD principle.
- Population (P): Animal models with experimental periodontitis;

- Intervention (I): Biological factors used/tested for prevention/control of
alveolar bone resorption in experimental periodontitis. Biological factors are defined as
endogenously synthesized compounds that influence biological processes not otherwise
classified under enzymes, hormones or hormone antagonists (i.e., antigens, antioxidants,

biomarkers, blood coagulation factor inhibitors, blood coagulation factors, chemotactic



factors, host-derived cellular factors, immune checkpoint proteins, inflammation
mediators, intercellular signaling peptides and proteins, pathogen-associated molecular
pattern molecules [PAMPs], pheromones, phytochemicals, biological pigments, and

biological toxins);
- Comparator (C): Sham or placebo group;

- Outcome of interest (O): Main outcomes — i) prevention/control of alveolar
bone resorption by biological factors, ii) effect of biological factors on alveolar bone,
including cellular, molecular, tissue, and functional assessment—Additional outcomes —
1) harmful consequences, adverse events and systemic impact of biological factors
used/tested for prevention/control of alveolar bone resorption in experimental
periodontitis; i) benefit-to-harm ratio of biological factors used/tested for
prevention/control of alveolar bone resorption in experimental periodontitis; 1iii)
mechanistic insights of biological factors used/tested for prevention/control of alveolar
bone resorption in experimental periodontitis; and iv) hierarchy of biological factors
with greater effectiveness (prevention/control of alveolar bone resorption), safety
(harmful consequences, adverse events and systemic impact), evidence (study quality
and risk of bias assessment) and lack of evidence from preclinical studies to support

Phase I studies (clinical trial design) on the subject;

- Primary study Design (D): Preclinical study (in vivo) referring to tests,
experiments, and procedures that researchers perform in or on a laboratory animal, this
systematic review aimed to answer the focused question: What is the protective potential

of biological factors against alveolar bone resorption in experimental periodontitis?
Study selection criteria

We included in this systematic review only preclinical studies (in vivo) on the
protective potential of biological factors against alveolar bone resorption in experimental
periodontitis. We excluded studies that: 1) animal model of non-induced periodontitis; ii)
antimicrobial agents; 1iii) prebiotics and probiotics; iv) inaccurate or unavailable
information related to the intervention or outcomes; and v) inability to access the full
text. No restrictions were placed on the language or date of publication when searching

the electronic databases.
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Information sources

An extensive literature search was performed among five electronic databases,
namely MEDLINE via PubMed (http://www.ncbi.nlm.nih.gov/sites/pubmed), Web of
Science — WOS (https://www.webofknowledge.com) accessed through the Clarivate
Analytics (https://clarivate.com), Cochrane Central Register of Controlled Trials
(CENTRAL) (https://www.cochranelibrary.com), Embase (https://www.embase.com)
and Scopus (http://www.scopus.com) through Elsevier (https://www.elsevier.com).
Other sources (grey literature) were consulted through Google Scholar
(https://scholar.google.com.br) and System for Information on Grey Literature in Europe
(SIGLE) through OpenGrey (https://easy.dans.knaw.nl/ui/datasets/id/easy-
dataset:200362/tab/2) databases. Handsearch was performed in specialized periodicals
and in reference lists of selected articles. Experts were identified using expertscape.com

(https://expertscape.com) and contacted for other data sources.

Search strategy

Database search strategies included MeSH terms, entry terms and keywords to
query in PubMed, Web of Science, Cochrane Library, other sources (gray literature),
and protocol record. The search strategies for Embase and Scopus databases added
Entree, Index and DeCS/MeSH terms, respectively. All terms were combined by the
Boolean operators "OR" and "AND" connecting the key concepts in a “building blocks”
strategy (Table 1). The electronic searches were performed in December 2022 and
databases alerts were created to identify studies published after the time of the search,

until the manuscript submission process.

Selection process

The retrieved articles were exported to rayyan reference manager
(https://www.rayyan.ai) and duplicates were removed by the program (perfect match)
and manually. The selection process was conducted in two phases: Phase 1, three
researchers (BSM, MSF, and RSM) independently examined the titles and abstracts of
all retrieved references, applying the inclusion criteria; and Phase 2, the same three
reviewers independently applied the exclusion criteria in the full text screening. The full

texts were evaluated and judged in the entire document. Inter-reviewer reliability in the
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study selection process was determined by the Cohen « test, assuming an acceptable
threshold value of 0.80 [22]. The disagreement at any stage was resolved by discussion
and mutual decision with a third reviewer (DSB). The final decision was always based

on the full text reading—for more details on reasons for exclusion, see Figure 1.
Data collection process

Data were independently extracted by the three reviewers (BSM, MSF, and
RSM) using a standardized form. The qualitative results were described in the article in
a consensus meeting, in the order of the PICO contents: study, population, intervention,
comparator, combination therapies, alveolar bone resorption, and main findings. Adverse
effects were also assessed as secondary outcomes. Authors were contacted by email for

five consecutive weeks as needed to obtain details on study design and data clarification.

Study risk of bias assessment

Three reviewers (BSM, MSF, and RSM) independently evaluated the quality of
the included pre clinical studies using the SYRCLE's risk of bias tool for animal studies
[23], as presented in Table 3. This tool is based on the Cochrane RoB tool and has been
adjusted for aspects of bias that play a specific role in animal intervention studies.
SYRCLE'’s is structured into a fixed set of 10 domains of bias: sequence generation,
baseline characteristics, allocation concealment, random housing—Dblinding, random
outcome assessment—Dblinding incomplete outcome data, selective outcome reporting,
and other sources of bias. These entries are related to 6 types of bias: selection bias,
performance bias, detection bias, attrition bias, reporting bias, and other biases. A “yes”
judgment indicates a low risk of bias; a “no” judgment indicates high risk of bias; the
judgment will be “unclear” if insufficient details have been reported to assess the risk of
bias properly. Risk of bias analysis was conducted in an independent blinded process. In
case of divergence, agreement was reached in a consensus meeting with a third reviewer
(DSB).

Synthesis methods and effect measures

The study selection process, study characteristics, risk of bias in studies, results
of individual studies, results of syntheses, reporting biases, and certainty of evidence, are

described in the form of text, figure, and tables. Only studies with low risk of bias were
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considered for the quantitative synthesis and certainty of the evidence. The synthesis of

qualitative results followed the SWiM reporting guideline [24].

The effect estimation meta-analysis consisted of standard pairwise meta-analyses
of direct comparisons using a fixed-effect model. The results were expressed as mean
difference and relative 95% confidence interval (CI). Heterogeneity was assessed by Q-
statistic method (p < 0.1) and inconsistency measurement (I> > 75% suggesting high
heterogeneity) [25-27]. Meta-analyses with p < 0.1 in the ¥ and 1> > 75 % and primary

studies with high risk of bias were not included in the data synthesis.

The protective potential of biological factors/agents against alveolar bone
resorption in experimental periodontitis was consistent if the mean difference between
comparator and intervention groups was > 10%. Statistical tests were performed using
RevMan 5.4 software (Review Manager (RevMan) [Computer program]. Version 5.4,
The Cochrane Collaboration, 2020. Available at: https:/training.cochrane.org/online-

learning /core-software-cochrane-reviews/revman/revman-5-download).

The protective potential was considered the difference between the X(c) of
alveolar bone resorption (ABR) of intervention group and comparator group. The

difference was calculated using the formula:

cABR =

2{/(csComparator2 + olntervention?) — (2. R. cComparator. cIntervention)

Sensitivity analyses used to assess robustness of the synthesized results and the
potential impact of confounding factors consisted of independent subgroup analysis for
animal model, experimental protocol, biological factors, and method to assess alveolar

bone resorption, cellular, molecular, tissue and functional outcomes.

Reporting bias assessment

Confounding factors such as animal model, experimental protocol, biological
factors, and method to assess alveolar bone resorption, cellular, molecular, tissue and
functional outcomes were considered in the result synthesis, including subgroup
analysis. The presence of publication bias was investigated through visual

detection/analysis of the funnel plot [27, 28].
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Certainty assessment

The Classification of Assessment, Development and Assessment
Recommendations (GRADE) was used to assess the quality of responses in this
systematic review, based on five factors: serious risk of bias, serious inconsistence
between studies, serious indirectness, serious imprecision, and likely publication bias
[29, 30]. Thus, the evidence quality index was defined in four categories: high,

moderate, low, and very low applied to the primary outcomes [31-33].

Results
Study selection

Figure 1 demonstrates a flowchart that summarizes the identification of study
selection via databases and registers of studies that assessed the beneficial effects of
biological agents on experimental periodontitis. Following databases screening, 5236
studies were identified by the authors, which were carried out into five databases
(Pubmed, Scopus, Embase, Cochrane and Web of Science). After the removal of
duplicates (969), the search strategies identified 4267 possible eligible articles, of which
4202 were immediately excluded after reading the titles and the abstracts. The full text
of the 65 remaining manuscripts was assessed and 18 articles were then excluded, as
they did not fulfill the eligibility criteria, totaling 49 studies. During the process for
study eligibility, 10 studies were excluded after reading the full text due to wrong animal
model and wrong medication used. Therefore, 39 manuscripts were included to serve as

the basis for this systematic review.
Study characteristics

The thirty-nine included reports were published between 2000 and 2022 (Table
1). Different animal models were used in those studies, comprising mainly rodents. Ten
studies have used Wistar rats as animal model [34-43], fourteen studies [44-57] have
used C57BL/6 mice, eight studies [58-65] employed Sprague-Dawley rats, one study
[66] have used Macaca fasciculares as an animal model, two studies [67, 68] used the

F344 inbred rats, one study [69] used BALB/c as a mouse model, two studies [70, 71]



have used the DIO mouse model (C57BL/6 background), and finally one study [72] did

not report the mice strain utilized.

Most of the included studies utilized a ligature-induced experimental
periodontitis (EP) model, totalizing 23 articles [34-41, 43-46, 52, 56, 58, 59, 61, 63, 65,
67-70] varying in different thread materials, such as silk, cotton and dental floss. LPS
injection as EP model was used in three studies [60, 62, 64], in which Cirelli et al.
(2009) [60] used LPS from P. gingivalis, while Kirkwood et al. (2007) and Rogers et al.
(2007) used LPS from A. actinomycetemcomitans [62, 64]; ligatures soaked with P.
gingivalis as animal model was also used in four studies [51, 57, 66, 71]. Oral bacteria
inoculation with live P. gingivalis was used in five studies [47-49, 54, 55], oral
inoculation with 4. actinomycetemcomitans was used in three studies [50, 53, 72], and

one study [42] has used P. gingivalis plus F. nucleatum to induce EP via oral inoculation.

Studies using the ligature-induced bone loss have applied the therapeutic
approach in six reports [35-37, 43, 63, 65] (treatment starting after the disease onset),
while another thirty-three studies have used preventive strategies against alveolar bone
destruction using the ligature model (treatment started immediately after ligature
placement) or oral inoculation of periodontopathogenic bacteria or LPS injection.
Additionally, eight studies have utilized local treatment (injection on the gingival tissue)
[37, 43-45, 56, 65, 66, 69], and the other included reports used the systemic
administration of biologicals to treat EP by means of intraperitoneal injection [34, 35,
41, 46-49, 51-53, 55, 63, 67], oral gavage [36, 62, 64, 70, 72], subcutaneous injection
[38, 40, 50, 57-59, 61, 65, 68], intramuscular injection [60], intravenously injection [39],
adoptive cell transfer [54], biological dissolved in the drinking water [42], and finally
systemic infusion [43]. The follow-up period of evaluation in the included studies

ranged from 5 days to eight weeks.

The key biological agents evaluated in these studies were: the humanized
monoclonal anti-human interleukin (IL)-6 receptor (Tocilizumab) [34]; Melatonin, a
hormone synthetized in the pineal gland and other organs, were tested in four studies
[35, 41, 42, 63]; Vitamins K2 [36], and D3 [36, 48, 49, 55] tested in another 4 studies;
the second generation concentrate named injectable platelet-rich fibrin (i-PRF) [37] and

an autologous hemoderivate material obtained by the disruption of platelets; the platelet
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lysate [43]; an immunoregulatory cytokine with anti-inflammatory properties, 1L-35
[44]; a protein secreted primarily by osteocytes that regulates osteoblast mediated bone
formation named sclerostin (sclerostin monoclonal antibody - Scl-Ab) [59, 65]; a major
regulator of bone remodeling and calcium homeostasis, a protein composed of 84 amino
acids, the parathyroid hormone (PTH) [40, 58, 68]; TNF-a blockers (TNFR:Fc -
monoclonal anti-TNF-a antibodies or fusion proteins containing p75 TNFR linked to the
Fc portion of human IgG1l) [60]; The soluble IL-1 receptor type 1 (sIL-1R1) that
function as a competitive inhibitor of IL-1 [66]; The nerve growth factor (NGF)
neutralizing antibody [38]; the infliximab, a chimeric, human IgG1 TNF-a monoclonal
antibody [39, 67]; CD40, a membrane-associated protein and a member of the TNF
receptor superfamily [45]; the human recombinant OPG fusion protein (rhOPG-Fc) [57,
61]; a competitive inhibitor of p38a Mitogen-activated protein kinase (MAPK), the
SD282 [62, 64]; a human monoclonal antibody that bind to RANKL, a TNF-super
family cytokine produced by osteoblasts and stromal cells in bone tissues, (anti-mouse
RANKL monoclonal antibody) [46, 57]; the sSRAGE, an extracellular domain of the
receptor, which binds ligand and blocks interaction with, and activation of, cell-surface
RAGE [47]; the BET (bromodomain and extraterminal domain) inhibitor JQI1 (a cell-
permeable small molecule) [51]; the Cytotoxic T lymphocyte-associated antigen 4
(CTLA-4) [52]; the soluble epoxide hydrolase inhibitor (she) TPPU [72]; the IL-17A
neutralizing antibody [69]; the met-RANTES (specific antagonist of CCR1 and CCR5
receptors) [53]; B10 cells [54]; a novel adiponectin receptor agonist (AdipoAl) [70] and
the adiponectin (APN) [71]; and finally, the TLR9 agonist cytidine-phosphatase-
guanosine oligodeoxynucleotide (CpG), CD40 ligand [56].

Outcomes of interest

The majority of the included studies have utilized morphometric analysis [39, 45,
47, 48, 50, 51, 53-56, 71, 72] and microcomputed tomography (micro-CT) [34, 37, 43,
44, 46, 52, 58-62, 64, 65, 69, 70] to quantitate the bone level changes, an important
parameter to assess periodontal status. Morphometric analyses were accomplished

measuring the distance between the cement-enamel junction (CEJ) to the alveolar bone
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crest (ABC) (2D linear measurements) after staining the jawbones with methylene blue,
using specific software as reference to perform the measurements. A more accurate
method of analysis, the micro-CT, is able to quantitate the tridimensional volumetric
alterations and the architectural parameters of bone. One study employed scanning
electronic microscopy (SEM) [49], two studies used conventional 2D radiography [35,
38], and seven studies utilized histological analysis to measure alveolar bone loss [36,
41, 57, 63, 66-68]. Histomorphological measurements using histologic images allow
quantitation of bone destruction through linear measurements or by analyzing the total
area of bone loss in the furcation or in the interproximal area. Two studies [40, 42] did
not quantify the amount of bone loss inhibition after experimental periodontitis
treatment. It is noteworthy to mention that almost all studies have demonstrated that
biological agents protected the host from the progression of alveolar bone loss when
compared to the control groups, except by one study [36] that used vitamin K2, D3 or
combination of both. Taken together, based on the presented results, the biological
agents are considered as a safe adjunctive treatment of EP (without side effects) to be
used as a systemic or local compound. Furthermore, all of them showed encouraging

data regarding prevention and treatment of EP.

Furthermore, gene expression analysis by real time polymerase chain
reaction (RT-qPCR) was performed by fifteen studies do investigate the effects of
biological agents on the expression levels of pro-inflammatory cytokine markers, such
as IL-1B, TNF-a, IL-6, IL-17, IL-10, INF-y, RANKL, and OPG [34, 38, 40, 43-45, 50,
51, 53, 54, 56, 60, 67, 69, 70]. Immunohistochemistry (IHC) analysis and TRAP staining
were performed by twenty-one studies [37-40, 45-47, 49, 52, 54-56, 58, 60-64, 67, 68,
71] to investigate the effects of biologicals on protein levels, especially RANKL, OPG,
MMPY, and in the number of positive-stained osteoclasts. Biochemical analysis of
serum was performed by three studies [35, 36, 63] mainly to investigate the levels of
TRAP-5b (marker for osteoclast), and bone formation markers, such as osteocalcin
(OCN) and C-terminal telopeptide of type 1 collagen CTx-1). ELISA was made by
another twelve studies [36, 39, 41, 44, 47, 48, 50, 53-55, 59, 65] to investigate protein
levels in serum, and finally western blot analysis was accomplished by seven studies
[39, 41, 48, 49, 55, 70, 72] to investigate the phosphorylation of signaling pathways

involved in bone resorption, such as Janus family kinase 1 (JAK1), nuclear factor kappa-



light-chain-enhancer of activated B cells (NF-kB)- p65, and signal transducer and
activator of transcription (STAT)-3. Collectively, the main outcomes of the selected
studies regarding diminishing of bone loss, decreased expression of pro-inflammatory
cytokines as well as inhibition of signaling pathways phosphorylation were achieved in

all studies suggesting a promising alternative to use as adjuvant approach to treat EP.
Quality assessment of evidence

The assessment of evidence of the included studies was considered following the
ARRIVE guidelines checklist containing a 21-itens, and the scores varied from 14 to 19
(Table 2a-c). None of the included articles reported information regarding animal
inclusion or exclusion criteria. Only two studies reported data access (where study data
are available) [52, 68]. Additionally, just four studies [34, 52, 64, 67] described the
sample size calculation for study power, and information about conflict of interest was
described in 11 studies [37, 42-44, 52, 54, 58, 59, 68-70]. Almost half of the included
studies reported the randomization process of experimental groups [34-37, 41-44, 48,
49, 52, 55-58, 63, 71] and seventeen studies did not provide information about blinding
process during the analysis [37, 39, 41, 43, 45-47, 51, 53, 54, 56, 58, 59, 63, 65, 68, 70,
71]. No information was found in twenty-four articles on animal care [38, 40, 41, 43, 45-
47, 49-51, 53, 54, 56, 57, 61, 62, 64-66, 68-72]. Overall, all the articles were supported
by strong study design, outcomes measures, statistical methods, interpretation of
scientific evidence, generalizability translation, protocol registration, experimental

animals and procedure, results, abstract, background, objectives and ethical statement.
Risk of bias within studies

To assess the risk of bias (ROB) of included studies, the SYRCLE checklist that
is specific to pre-clinical studies was utilized. As reported in Table 3A and B, the
included studies proceeded well in a majority of domains and checklist items, but with
some deficiencies noted. It is important to mention that the domains ‘“allocation
concealment”, “random outcome assessment” and “attrition bias - incomplete outcome
data” were all unclear in those included studies. Furthermore, the sequence generation
(randomly animal allocation) when it comes to treatment assignments and random

outcome assessment were not described in twenty-two studies [38-40, 45-47, 50, 51, 53,

54, 59-62, 64-70, 72]. Taken together, seventeen studies were classified as low risk of
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bias [34-37, 41-44, 48, 49, 52, 55-58, 63, 71], fifteen reports were classified as to have
moderate risk of bias [38, 40, 50, 53, 59-62, 64, 66-70, 72], and seven studies were
considered to have high risk of bias [39, 45-47, 51, 54, 65].

Results of syntheses
Reporting biases
Discussion

A biological agent, according to the Food and Drug Administration, is defined as
“a virus, therapeutic serum, toxin, antitoxin, vaccine, blood component or derivative,
allergenic product, protein, or analogous product, applicable to the prevention,
treatment, or cure of a disease or condition of human beings” [73]. In the field of
periodontitis, the term “biologic” can be more closely defined as a therapeutic agent
with biological activity that is administered to inhibit alveolar bone loss (the hallmark of
periodontal disease). Biologics can be subclassified into stem cells, gene therapy agents,
autologous blood-derived products (ABPs), and bioactive factors [74]. Therefore, this
systematic review evaluated the beneficial effects of biologicals on experimental
periodontitis. Based on the main outcomes of the included reports, biological agents
have been recognized as a host-modulator of the inflammatory response and a potent
inhibitor of alveolar bone resorption in the different animal models utilized in both
preventive and therapeutic approaches. Their possible role in arresting the alveolar bone
resorption turn them a promising therapeutic compound for periodontal disease
treatment. Accordingly, a recent consensus statement on the use of biologicals in clinical
practice [75] stated that the use of biologics in periodontal practice is usually safe and

offers further benefits to periodontal conventional treatment.

Studies using animal models to mimic experimental conditions are widely
used in various human-related diseases. The use of experimental models of PD permits
the study of the molecular mechanisms involved in the immunopathogenesis of chronic
inflammatory diseases [76, 77]. The ligature-induced bone loss, oral inoculation and

LPS injection EP models, the main models utilized in the included studies, assist in the
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understanding of events that lead to protection or tissue damage as consequence of
bacterial dysbiosis and the dysregulation of the host immune response [76]. Animal
models of EP stimulate an infection/inflammatory process similar to that seen in
humans, while mimicking the natural disease pathogenesis. The advantages of rodent
models of EP included: more cost-effective model for scientific research, easy to handle,
and the cost are relatively low. Besides, the physiological systems and anatomic
structures are well known [78]. Of importance, they can also contribute to the
development of more successful therapeutic strategies, provide hypothesis validation
and demonstrate the effectiveness of new treatment therapies supporting decisions about
human clinical research [79, 80]. Systematic reviews of pre-clinical studies are
recognized for their importance in identifying interventions with the best preventive or
therapeutic potential for testing in randomized clinical studies since they might offer
robust and comprehensive descriptions of those animal studies [81]. In making these
decisions, the level of certainty in the evidence is fundamental. In this current systematic
review, the ARRIVE checklist, comprising 21 items, was employed to evaluate the
quality and reliability of the included manuscripts [82]. The 14-19 scores achieved in the

quality assessment demonstrated that these reports were reliable and of high quality.

The included studies in this systematic review demonstrated innumerous
methodological variations regarding the EP induction models (ligature, oral gavage, LPS
inoculation), animals used (mouse and rat), inoculation of bacteria (P. gingivalis, F.
nucleatum, A. actinomycetemcomitans), materials for ligature (cotton, silk and dental
floss), number of days of for disease induction, and treatment duration with the
biologicals (Table 1). After a comprehensive analysis of data on the characteristics of
each included manuscript, it was observed that the most common used animal strain was
de C57BL/6 mouse and the most common EP model was the ligature-induced bone loss
placed in the first and second maxillary molar in most of the cases. The most common
method for bone loss evaluation was the micro-CT and histological analyzes. Thus,
despite the inconsistency of the models found in the literature, limited reports investigate
and compare the temporal progression and the local and systemic results of EP through

different biological regimens.

The hallmark of PD is the alveolar bone resorption that occurs in

consequence of the imbalance between the bacterial insult and the host immune
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response. Therefore, inhibition of bone loss was set as the main outcome parameter in
this systematic review. Quantification of bone resorption in the included studies was
performed by means of morphometric analysis [39, 45, 47, 48, 50, 51, 53-56, 71, 72],
micro-CT [34, 37, 43, 44, 46, 52, 58-62, 64, 65, 69, 70], conventional radiograph [35,
38], SEM [49], and histomorphometric analysis [36, 41, 57, 63, 66-68]. Except by one
study [36] that fail to show inhibition of bone loss after treatment, and by two studies
that did not quantify the resorption of the alveolar bone [40, 42], all the other studies
showed remarkable ameliorative effects regarding inhibition of bone loss. Osteoclasts,
the cells responsible for resorbing the bone tissue, were evaluated in several studies [37-
40, 45-47, 49, 52, 54-56, 58, 60-64, 67, 68, 71] utilizing the TRAP staining analysis.
Decreased osteoclast activity and osteoclast number after biological treatment seems to
significantly regulate alveolar bone resorption in those studies. Most of the biological
investigated prevented alveolar bone loss by suppressing RANK-L mediated osteoclast

development decreasing the ratio of RANKL/OPG.

In this current systematic review, the systemic administration of
biologicals appeared to effectively inhibit alveolar bone destruction in the different
animals models used [34-36, 38-43, 46-55, 57-65, 67, 68, 70, 72], as well as the local
treatment [37, 43-45, 56, 65, 66, 69]. Both local and systemic administration of
biologicals seems to control systemic and local inflammation induced by bacteria.
However, the local treatment (injection directly into the gingival tissue) appeared to be
more practical and reliable approach to treat periodontal disease in humans, as compared
to the systemic administration, since the compound is applied directly into the
periodontal pocket/sulcus enhancing the local effects against inflammation-induced bone
loss. Of importance, some studies included showed that biologicals are effective in
ameliorate systemic conditions associated with periodontitis, such as diabetes mellitus
[47, 48, 55, 58, 63, 67, 68, 70], obesity [42, 71], and ovariectomized osteoporosis animal
models [59] evidencing that these compounds have direct actions on the systemic
inflammatory response of others inflammatory (diabetes and obesity) and non-
inflammatory (osteoporosis) conditions. Therefore, further investigations are warranted
to explore the influence of these biologicals in other systemic inflammatory conditions

in clinical trials.
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This systematic review included 39 studies that met the inclusion criteria,
and these relatively high numbers of studies strengthen the achieved findings and
support the use of biologicals in pre-clinical studies. When analyzing the data for risk of
bias according to the SYRCLES’s checklist specific for pre-clinical studies, most of the
included reports demonstrated a low risk [34-37, 41-44, 48, 49, 52, 55-58, 63, 71] or
moderate risk [38, 40, 50, 53, 59-62, 64, 66-70, 72] of bias. The studies classified as
moderate and of high risk of bias were correlated with missing information regarding
attrition bias, allocation concealment, and sequence generation. Consequently, we can
infer that the studies included in this review are, most of them, of quality, reproducible,

and reliable studies.
Conclusion

Collectively, the results of this systematic review, demonstrated that the use of
biologicals agents are promising alternative to treat EP in pre-clinical studies when
applied systemically or locally. The fact that these are biological molecules with the
unique ability to both arrests the progression of bone loss as well as to decrease the
inflammatory process, without any additional side effect, makes them attractive potential
agents for preventing and treating periodontal disease. Although the results have showed
promising results, randomized clinical trials are warranted to assess the effectiveness of

biologicals in humans.
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Figure legends
Fig. 1: Screening and enrolment according to the PRISMA flow diagram.
Table legends
Table 1: Characteristics of the included studies.

Table 2A-C: The quality assessment of the included studies assessed by the
ARRIVE guidelines containing a 21-item checklist.

Table 3A-B: Risk-of-bias assessment for animal studies using SYRCLE’s tool.

Supplemental Table 1: Search strategies
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only
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Author / Animal Intervention / Type of Follow-up Assessed Summary of
Year model comparison biological time outcomes findings
groups therapy
Apolinario 90 male  Experimental Tocilizumab 7 and 14 Micro-CT TCZ reduced
-Vieira et ~ Wistar periodontitis (EP) (TCZ)-2.4 days of Histology alveolar bone
al. (2021) Hammover was induced by and 8 mg/kg. TCZ Gene loss and
[1] SPF rats  placing Cotton treatment expression attachment loss:
10-12 wk ligature around the Intraperitoneal (qPCR) diminished
old lower 1¥ molar injection inflammatory
a) Control (daily) infiltrate and
b) Ligature reduced pro-
c) Ligature + TCZ2 inflammatory
d) Ligature + TCZ4 cytokines
e) Ligature + TCZ8
Arabaciet 24 male EP was induced by Melatonin 15 days of Radiographic MEL freatment
al. (2015)  Wistar placing 3-0 silk (MEL) 10 MEL Histology decreased
[2] rats ligatures around the mg/kg treatment Biochemical alveolar bone
12 wkold lower 1¥molar for 4 after analyses resorption,
(220- wks. Intraperitoneal ligature MPO and
250g a) Confrol injection removal osteoclastic
body b) Ligature (daily) activity
weight) c) Ligature + MEL
Araletal. 72male  EPwasinduced by Vitamin K2 - 10 days of  Histology Vit D3 and K2
(2015)[3] Wistar placing 4-0 cofton  menatetrenone  vitamin Serum levels of alone or in
rats ligature around the 30 mg/kg treatment ALP and combination did
(270- upper 1¥ molar for 1 after TRAP-5b not influence
330g wk. Vitamin D3 - ligature ELISA (IL-1p the levels of
body a) Control (2ugkg) removal and IL-10) alveolar bone
weight) b) Periodontitis (P) neither IL-1.
¢) P+ SRP Oral gavage / IL-10. ALP and
d) SRP + Vit D3 daily TRAP-5D levels
€) SRP + VitK
f) SRP + Vit D3 +
Vit K
Aydinyurt 30 Wistar EP was induced by Injectable 10 days Micro-CT No significant
et al albino placing 4-0 silk platelet-rich after Histology differences
(2021) [4] rats (180- ligatures around fibrin (i-PRF)  ligature [HC were observed
250g lower molar for 3 removal among groups
body wks. Subgingival regarding bone
weight) a) SRP injection (3 resorption,
b) SRP + iPRF applications) inflammation
c) i-PRF and TNF-a. IL-

1p. INF-y and
VEGF levels.



Cafferata
et al.
(2019) [5]

Chen et al.
(2015) [6]

Chen et al.

(2017) [7]

C57BL/6
mice
8 wk old

60 female
Sprague-
Dawley
rats

4 month-
old

50 male
Sprague-
Dawley
rats

6-8 wks
old
180-220g
body
weight

EP was induced by
placing 5-0 silk
ligature around the
upper 2* molar

a) Control (sham)
b) PD group

¢)PD + 2ng of IL-
35 (ip)

d) PD + Ing of IL-
35 (ig)

e) PD + 10ng of
IL-35 (ig)

f) PD + 100ng of
IL-35 (ig)

Bilaterally
ovariectomy (OVX)

EP was induced by
placing 3-0 silk
ligature around the
upper 1% and 24
molars for 4 wks 30
days after OVX

a) Control (Sham)
b) Sham + ligature
¢) OVX + ligature
d) OVX + ligature +
Scl-Ab

Diabetes induced
(65 mg/kg
streptozotocin -
STZ)

EP was induced by
placing 4-0 silk
ligature around the
upper 1% molar
one day after
diabetes
confirmation

a) Control

b) PTH

¢) Ligature (L)
d)L+STZ
e)L+STZ +PTH

IL-35 daily 15daysof  Micro-CT

injections IL-35 Histology
treatment ELISA

Intragingival (RANKL and

(ig) injection of OPG)

1. 10 or 100ng mRNA

of IL-35 expression

levels

Intraperitoneal Flow cytometry

injection of

2ug of IL-35

Sclerostin 6 weeks Micro-CT

antibody (Scl-  Scl-Ab ELISA (OCN,

Ab) 25mg/kg  treatment TRAPS5D and

CTx-1)

Twice weekly Histology

Subcutaneous

injection

Parathyroid 4 wks of Micro-CT

hormone PTH Histology

(PTH) treatment THC

Subcutaneous

injection of 75
ng/'kg PTH

4 times/wk for
4 wks one day
after ligature
placement
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IL-35 treatment
inhibited
alveolar bone
loss. decreased
osteoclast and
downregulated
RANKL
expression, IL-
35 upregulated
Treg-related
cytokines and
downregulated
Thl7-related
cytokines.

Treatment of
OVX rats with
Scl-Ab that
underwent
ligature-induced
PD decreased
alveolar bone
loss (higher
values of
mineral
apposition rate
and
mineralizing
bone surface).
Increased serum
OCN and OPG
and decreased
TRAP and CTx-
1 levels

Diabetes
significantly
aggravated
alveolar bone
destruction
induced by
ligature
placement and
PTH decreased
alveolar bone
loss, and tissue
inflammation.
PTH increased
osteoblastic
activity and
decreased
RANKL/OPG



Cirelli et
al. (2009)
[8]

Delima et
al. (2002)
[°]

Gaspersic
et al.
(2010)
[10]

Goncalves
et al.
(2014)
[11]

45 male
Sprague-
Dawley
rats

8-10 wks-
old

200g
body
weight

9 Macaca
fascicular
is model
3-6 years
old

18 female
Wistar
rats
200-250g
body
weight

Wistar
rats
200-250g
body
weight

Pg-LPS-induced
periodontal disease
10 pL of Pg W83
LPS (4 palatal
gingival sites - total
of 40ul per animal);
Injections 3
times/wk

a) TNFR:Fc

b) TNFR:Fc + LPS
c) Pg-LPS

d) Control

EP was induced by
placing silk
ligatures inoculated
with P. gingivalis
(strain A7436)
around the lower
molar

a) control

b) Ligature + PBS
¢) Ligature + sIL-
1R1

EP was induced by
placing ligature
around the upper 2*
molar

a) Control

b) Ligature 1 wk

c) Ligature 2 wks
d) Ligature 2 wk +
anti-NGF

EP was induced by
placing 3-0 nylon
ligature around the
upper 2* molar

a) Control

b) Ligature

¢) Ligature +
infliximab

TNFR:Fc (100
ul of 1x10"
DRP)

intramuscular
administration;

4 wks before
Pg-LPS
injection

Soluble
interleukin-1
receptor type I
(sIL-1R1) -

6 g per
injection info
the gingival
tissue around
the maxillary
molars

3 times weekly

anti-NGF
(nerve growth
factor) ab

30 ug
Subcutaneous
injection

Infliximab
(Remicade®
100mg)

5mgkg
intravenously
1h before
ligature
placement

4 and 8
wks after
the first
injection

6 wks

1and 2
wks

11 days
after PD
induction

Micro-CT
Histology
qPCR
[HC

Histology

qPCR

[HC

X-ray
measurement

Morphometric
analysis
Histology
MPO

Flow cytometry
Western blot
ELISA (IL-1 B
and TNF-o)
[HC
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ratio.

TNFR:Fc
protected
against Pg-LPS-
mediated
alveolar bone
loss and
reduced the
level of pro-
inflammatory
cytokines and
osteoclasts cells
in the
periodontal
tissues

Inhibition of IL-
1 with soluble
human ITL-1R1
significantly
reduced
inflammation
and bone
resorption
induced by
ligature
placement.

Systemic anti-
NGF treatment
reduced IL-1p
expression and
alveolar bone
resorption.

Infliximab
reduced IL-1pB,
TNF-o and
MPO:
diminished
MMPI-8,
RANK and
RANKL: and
attenuated
alveolar bone
loss.



Hu et al. C57BL/6
(2017) mice
[12] 8-10 wks-
age
Jin et al. 32 male
(2007) Sprague-
[13] Dawley
rats
250-300g
body
weight
Kimetal. 56 Male
(2017) inbred
[14] F344 rats
6 wk-old
Kimetal. Male
(2018) F344 rats
[15]

EP was induced by
placing 7-0 silk
ligatures around the
upper 2* molar for
14 days

EP was induced by
placing 3-0 cotton
ligature around the
lower 1* molar

a) Control

b) thOPG-Fc

¢) Ligature +
rthOPG-Fe

d) Ligature +
vehicle

Diabetes induced by
iv STZ
administration

EP was induced by
placing ligature
(dental floss)
around the lower 1*
molar

a) Control

b) Periodontitis

¢) Diabetes +
Periodontitis

d) Diabetes +
periodontitis +
125.4

Diabetes induced by
iv STZ injection

EP was induced by
placing ligature
(dental floss)
around the lower 1
molars

a) Control

b) Periodonfitis
(PD)

¢) PD + PTH

Combination of

CD40L
(1pg/ml)

IL-21 (1pg/ml)
anti-Timl
(5ng/ml)

Interdental
papilla
injection on
days 3, 6 and 9

Human
recombinant
OPG fusion
protein
(thOPG-Fc)

10 mg/kg
subcutaneously
Twice a week

Infliximab
(IFX)
Smg/kg

Intraperitoneal;
once for 3 days
group (on day
0) and twice
for the 20 days
group (day 7
and 14)

Parathyroid
hormone
(PTH)
administered
after ligature
placement
subcutaneously

3 times per wk
(40 ng/kg)

2 wks

Jand 6
wks

3 days and
20 days

after

ligature
placement

30 days

qPCR

Morphometric

analysis
TRAP

Micro-CT
Histology
TRAP

Histology
THC
qPCR

Histology

Fluorescence

IHC
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Combination of
IL-21/anti-
Tim1/CD40
increased IL-10
gingival mMRNA
and protein
levels.
decreased
RANKL
expression and
alveolar bone
loss.

OPG-Fc
treatment
decreased the
levels of TRAP-
5b, preserved
alveolar bone
volume. and
suppressed
osteoclast
surface area.
IFX treatment
demonstrated
lower alveolar
bone loss.
decreased
osteoclast
formation and
lower RANKL
positive
osteocytes.

Rats with
diabetes and
periodontitis
treated with
PTH presented
with greater
osteoid
formation. more
mineral
deposition and
lower
percentage of



Kirkwood
et al.
(2007)
[16]

Kose et al.
(2016)
[17]

Kuritani et
al (2018)
[18]

40 female
Sprague-
Dawley
rats

250g
body
weight

70 male
Sprague-
Dawley
rats
200-220g
body
weight

C57BL/6
male
mice
8 wk-old

d) Diabetes + PD
¢) Diabetes + PD +
PTH

EP induced by 4a
LPS (2pl of
10mg/ml solution)
injected in the
palatal mucosa 3x
per wk for & wks;
a) Aa LPS

b) LPS + SD-282
(15mg/kg)

c) LPS + SD-282
(45mg/kg)

d) Control +vehicle
e) Control + SD-
282 (45 mg/kg)

Diabetes (DM)
induced by single
dose of 120 mg/kg
alloxan (ip):

EP was induced by
placing 3-0 silk
ligature around the
lower 1% molar
kept for 4 wks.

a) Control

b) EP

¢) DM

d) EP + DM

e) EP + melatonin
f) DM + melatonin
g) EP + DM +
melatonin

LPS (E. coli
026:B6) injected
into the calvarial
bone;

EP was induced by
placing 5-0 silk
ligature around the
upper 2* molar.
a) LPS (25 mg'kg)

ATP-
competitive
inhibitor of p38
MAPK SD-282

Twice daily by
oral gavage

Melatonin
(Ketalar®,
Pfizer)
10mg/bw

Administered
by ip injection
for 14 days
after ligature
removal

anti-RANKL
Ab (3mg/kg)

given at 0, 1
and 2 weeks
after ligation
via ip.

period

8 wk Micro-CT
Histology
IHC

TRAP

2 wks Biochemical
assay

MPO activity
Histology
[HC

Micro-CT
TRAP

2 wks
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sclerostin-
positive
osteocytes: and
diminished
alveolar bone
loss.

Both doses of
SD-282 showed
significant
protection from
LPS induced
bone loss;
significantly
fewer TRAP-
positive
osteoclasts and
a significant
decrease in
IL-6, IL-1p and
TNF-u
expression.

Melatonin
treatment
reduced serum
oxidative stress
index and
alveolar bone
loss and
decreased MPO
activity and
osteoclast
densities,

anti-RANKL
administration
inhibited
osteoclast
formation and
bone resorption
in calvaria: anfi-
RANKL also
inhibited
alveolar bone



Lalla et al.
(2000)
[19]

Lietal
(2013)
[20]

Lietal
(2019)
[21]

C57BL/6
male
mice

6-7 wk-
old

50 male

C57BL/6
WT mice
4 wk-old

30 male
C57BL/6
WT mice
6 wk-old
20-228g
body
weight

b) anti-RANKL
¢) Zolendronate
d) Control

DM induced by 4 ip
injection of STZ
(55mg/kg)

EP was induced by
oral inoculation of
P. gingivalis (0.2 m
of 1.5x10" cells/ml)
every other day for
a total of 4 days one
month after DM
induction;

a) control (no DM)
b) DM

¢) DM + sRAGE

DM was induced by
ip injection of STZ
(40 mg/kg/bw)

EP was induced by
oral inoculation of
P. gingivalis
(ATCC33277) with
100ul of 10°CFU of
live P.g.

a) Control

b) Periodontitis (P)
¢)DM +P

d)P + Vit D3

e) DM + P + Vit D3

EP was induced by
oral inoculation
with P. gingivalis
(ATTC 33277). 3
times at 2-day
intervals within 5
days (10°CFU)

a) Control

b)) P

¢)P+ VD3

sRAGE at
dosage ranging
from 3.5 to
100pg per day.

Commencing
the day after
administration
of P. gingivalis
was completed
and continuing
for a fotal of 2
months;

Daily ip
injection

Vitamin D3 8 wks
hydroxylated to

K=

hydroxyvitami

nD3-

25(0OH)D;

Sng/kg/bw
ip injection
every other day

Vitamin D3 8 wks
was ip injected
(2.5ngkgvw)

every other day
starting 5 wks

after oral

inoculation.

and mice were

injected for

another § wks.

2 months

Morphomefric
analysis

ELISA

[HC
Immunoblotting
MMP protein
and activity

ELISA (TNEF-
o)
Morphomefric
analysis
Western blot

Scanning
electron
microscopy
(SEM)
Western blot
[HC
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destruction in
the EP mouse
model.

sRAGE
administration
lead to reduced
alveolar bone
loss in a dose-
dependent
manner
independently
of the glycemic
level. The levels
of MMP-2. 3
and 9, TNF-a.
and IL-6 were
significantly
reduced in
sRAGE treated-
mice

Administration
of 25(0H)D,
(ip) reduced
fasting glucose
and TNF-u
levels.
decreased
alveolar bone
loss and
attenuated the
phosphorylation
of Janus family
kinase 1 (JAK1)

Ip injection of
vitamin D3 for
8 wks
significantly
decreased
alveolar bone
loss. Vit D3
decreased NF-
KB p65
phosphorylation
and NLRP3,
capase 1, IL-1p
and IL-6 protein



Madeira et
al. (2016)

[22]

Marques
etal
(2009)
[23]

Meng et
al. (2014)
[24]

Nakane et
al. (2021)

[25

15

C57BL/6
WT mice
8 wk-old

76 male
Wistar
rats

4 wk-old
78+ Tg

31 male
C57BL/6
mice

12 wk-old

20 male
C57BL/6
mice
8-10 wk-
old

EP was induced by
oral inoculation (3
times) with 4a
(1x10°CFU)

a) Control

b) Aa

¢) Aa+ DTrp*-MSE

EP was induced by
placing cotton
ligature around the
lower 1* molar

a) Control

b) PTH

EP was induced by
placing 6-0 silk
ligatures pre-soaked
with P. gingivalis
around the upper 2*
molar

a)P

b) P + JQ1

¢) Control

EP was induced by
placing 6-0 silk
ligature around the
upper 2* molar for
5 days.

aPp

b) P+ CTLA-4

Melanocortin
agonist -
DTrp®-gMSH
subcutaneously
10pg/mouse

30 days

15 and 30
days

Human
parathyroid
hormone
(PTH) 40pg/kg
3x/wk
subcutaneously
15 days of
treatment

Bromodomain 10 days
after
ligature

placement

and
extraterminal
domain (BET)
inhibitor JQ1
(50 mg/kg)
Daily ip
injection

Cytotoxic T
lymphocyte-
associated
antigen 4
(CTLA-4)

50 mg/kg

ip injection at 1
and 3 days
after ligature
placement

5 days
after
ligature
placement

Morphometric
analysis
Histology

MPO

ELISA

Flow cytometry
gPCR

qPCR
Zymography
Immunoprecipit
ation

TRAP

[HC

Histology
gPCR
Morphometric
analysis

Micro-CT
Histology
TRAP
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expression.

Treatment with
melanocortin
agonist - DTrp*-
gMSH
decreased
alveolar bone
loss and
lowered the
degree of
neutrophil
infiltration; and
reduced levels
of TNF-a. IFN-
v.and TL-17A.

PTH treatment
decreased
MMP-9
activity:
decreased
osteoclast
numbers; and
reduced the
levels of mRNA
for IL-6 and
MMP-2.

Systemic
administration
of JQ1
significantly
inhibited
inflammatory
cytokine
expression and
alveolar bone
loss.

Systemic
administration
of CTLA-4
significantly
decrease the
number of
osteoclasts and
reduced
alveolar bone
loss.



Napimoga 18 Male
et al. mice
(2018) 20-25¢
[26] body
weight
Pacheco et 15 male
al. (2021) BALB/c
[27 mice
Rennetal. 56 male
(2018) Wistar
[28] rats
250-300g
body
weight

EP was induced by
oral inoculation
with Aa (JP2 -
1x10° CFU) - 3
inoculations:

a) Control

b)P

¢) P+ TPPU

EP was induced by
placing 6-0 silk
ligature around

the upper 2* molar
a) Ligature

b) Ligature + anti-
IL17 on day O

¢) Ligature + anti-
IL17 on day 2

EP was induced by
placing 3-0 silk
ligature around the
upper 2™ molar

a) PD + 10 mg
melatonin (28 days)
b) PD + 50 mg
melatonin (28 days)
¢) PD + 100 mg
melatonin (28 days)
d)PD + 10 mg
melatonin (14 days)
e) PD + 50 mg
melatonin (14 days)
) PD + 100 mg
melatonin (14 days)
g PD

h) Control

Soluble
epoxide
hydrolase
(sEH) inhibitor
(1trifluorometh
oxyphenyl-3-
(1lpropionylpip
eridin-4-yl)
urea

- TPP1I
lmg/kg/day for
15 days by oral
gavage

anti-IL-17A
carried with
microparticles
(MP) locally
delivered into
four sites
(buccal and
palatal gingiva)

Melatonin

ip injection in
the dosage of
10, 50 and 100
mg/kg

14 and 28 days
of treatment

15 days Morphometric
analysis
Western blott
PCR array

8 days Micro-CT

after Histology

ligature qPCR

placement

4 wks Histology
ELISA
Western blot
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Systemic
treatment with
TPPU showed
inhibition of
alveolar bone
resorption:
increased
expression

of sEH: and
downregulation
of cytokines and
molecular
markers in the
gingival tissue.

Local delivery
of anti-IL-17A
MP after
periodontitis
induction
inhibited
alveolar bone
loss and
osteoclastic
activity and
decreased the
expression
levels of IL-6.
an IL-17A
target genes,

Melatonin
treatment
depressed the
TLR4/
MyDS88-
mediated

ERK
phosphorylation
pathway,
reduced pro-
inflammatory
cytokine levels,
decreased the
ratio of
RANKL/OPG,
decreased the
extent of bone
resorption. and
preserved the
micro-structure
and BMD.



Repeke et
al. (2011)
[29]

Rogers et
al. (2007)
[30]

Shi et al.
(2020)
[31]

Male
C57BL/6
WT mice
8 wk-old
(12 mice/
group)

36
Female
Sprague-
Dawley
rats

C57BL/6
WT mice
6-8 wk-
old

EP was induced by
oral inoculation
with 4a JP2 (1x10°
CFU) for 3 times.
a) Control

b) PD

¢)PD +
metRANTES
0.05mg

d)PD +
metRANTES 0.1mg
e)PD +
metRANTES 0.5mg
) PD+
metRANTES 1.5mg
g)PD +
metRANTES 5Smg

EP was induced by
LPS injection of 4a
(Y4)

2ul LPS into the
palatal gingiva 3
times/wk for 8 wks.
a) LPS (4 wks) +
SD 282

b) LPS (4 wks) +
vehicle

¢) LPS (8 wks)

d) LPS (4 wks)

EP was induced by
oral inoculation
with P. gingivalis
(W83)

110" CFU in
100ul performed
twice a day for 1
wk.

a) Control

b} Periodontitis

¢) Adoptive transfer

Specific
anftagonist of
CCR1 and 5
receptors -
met-RANTES:
ip injection of
0.05.0.1. 0.5,
1.5 and Smg/kg
on alternative
days initiated
with PD
induction until
30 days post-
infection

30 days

8 wks;
4 wks of
treatment

p38 MAPK
inhibitor
SD282 (45
mg/kg)
administered
via oral gavage
twice daily
starting in the
fifth week

4 wks after
last oral
inoculation

Adoptive
transfer of 10°
B10 cells by
tail vain
injection

Morphometric
analysis

Flow cytometry
ELISA

CRP
measurement
MPO

qPCR

Micro-CT
IHC
TRAP

Morphometric
analysis

TRAP

Flow cytometry
ELISA

qPCR
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At 0.5 mgup to
5 mg doses, a
strong reduction
in the

alveolar bone
loss and
inflammatory
cell migration
were observed.
Smg dose
resulted in the
maximum
inhibition of
inflammatory
cell migration;
Systemic
treatment also
downregulated
the levels of
inflammatory.
Thl-type and
osteoclastogenic
cytokines, and
CD3+ and
F4/80+ cells.

Administration
of SD282
significantly
blocked
alveolar bone
destruction and
significantly
reduced IL-1.
TNF- a. and
osteoclast
formation

Transter of B10
cells alleviated
alveolar bone
resorption

by reducing
osteoclastogene
sis: increased
IL-10.decreased
IL-17 and
RANKL gene
and protein
expression; and
reduced the



Taut et al.
(2013)

[32]

Virto et al.
(2018)
[33]

Male
Sprague-
Dawley
rats

9-10 wks-
old
250-300g
body
weight

42 Wistar
rats

8 wk-old
180g
body
weight

EP was induced by Sclerostin (Scl-

placing 3-0 silk
ligatures around the
upper 1% and 2™
molars for 4 wks
and then was
removed.

a) Control + veh
(PBS) 2 and 4 wks
b) Confrol + Scl-Ab
2 and 4 wks

¢) EP + veh

3 and 6 wks

d) EP + Scl-Ab

3 and 6 wks

Obesity induced by
HFD.

EP was induced by
oral inoculation
with P. gingivalis
(W83) and F.
nucleatum (DMSZ
20482).

1ml of bacterial
suspension (1x10°
CFU) inoculated for
4 consecutive days
during 12 wks.

a) HFD + EP
b) Normal rats + EF
Experimental
treatment consisted
of SRP + melatonin

Ab)

administered sc
at dosage of 25

mg/kg twice

weekly for

therapeutic

periods of 3

and 6 wks.

Scl-Ab was
also locally
applied twice

weekly for 3

and 6 wks into
the palatal

gingiva (5 pl of

35.6 mg/ml
solution)

Melatonin
25pg/ml
dissolved in
drinking water
for 4 wks.

2 wks
3 wks
4 wks
6 wks

3 wks after
treatment
initiation

Micro-CT
ELISA
Histology
Fluorescent
calcein labeling

Clinical
parameters
Luminex

Flow cytometry
Micro-CT
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proportion of
Th17 cells in
the gingival
tissue.

Scl-Ab
treatment
significantly
improved
maxillary bone
healing, as
measured by
BVF. TMD and
ABL: After 6
wks of
treatment. BVF
and TMD
values in the
Scl-Ab EP
group were
similar fo those
of healthy
controls. Serum
analysis
demonstrated
higher levels of
osteocalcin and
PINP.

Melatonin
resulted in
reduced
gingival
inflammation
and BOP. with
reductions in
probing

depth and
enhanced bone
repair in the
HFD-EP
group and
significantly
reduction in
pro-
inflammatory
cytokines, IL-
1p. IL-6. MCP-
1 and TNF-a.



Wang et
al. (2013)
[34]

Wu et al.
(2022

[35]

Yu et al.
(2017)
[36]

50 male

C57BL/6
WT mice
4 wk-old

DIO
(C57BL/6
backgrou
nd)

33 male
C57BL/6
WT mice
8-10 wks-
old

Diabetes induced by 25-OHD;

ip injection of STZ
(40mg/kg) for 5
days.

EP was induced by
oral inoculation
with P. gingivalis
(ATCC 33277

10° CFU dispersed
in 100pul. 3 times
every other day for
5 days.

a) Normal control
b) EP

¢) EP + DM

¢) EP + 25-OHD;
d) DM + EP + 25-
OHD;

EP was induced by
placing 5-0 silk
ligature around the
upper 2* molar for
2 wks.

a) EP
b) EP + AdipoRon
¢) EP + AdipoAT

EP was induced by
placing 7-0 silk
ligatures around the
upper 2* molar and
maintained for 2
wks.

a) EP

b) EP + CD40L +
1 uM CpG

¢) EP + CD40L +
10 pM CpG

administered
by ip injection
at dose of
Spg/kg/bw at 2
day interval

AdipoRon
50 mg/'kg/bw

AdipoAl
25 mg/kg/bw

Oral gavage for
2 weeks
concurrently
with EP
induction

CD40 ligand
(CD40L) and
TLRY agonist
cytidine-
phosphatase-
guanosine
oligodeoxynucl
eotide (CpG)

Palatal
injections on
days 3. 6. and
9.

8 wks

2 wks

2 wks

ELISA
Morphometric
analysis

IHC

Western blot

Micro-CT
Histology
qPCR
Western blot
Immunofluores
cence

qPCR
Morphometric
analysis
Histology
IHC
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25-0OHD;
treatment
attenuated DM-
EP by reducing
serum fasting
blood glucose,
glycosylated
hemoglobin
and TNF-a
levels, which
led to decreased
alveolar bone
loss. The
expressions of
Janus family
kinase (JAK) 1
and signal
transducer and
activator of
transcription
(STAT) 3 as
well as their
phosphorylation
were inhibited.

AdipoRon and
AdipoAl
decreased
alveolar bone
loss. osteoclast
mumber. and
inhibited the
expression of
inflammatory
markers in the
periodontium of
DIO animals.

CD40L and
CpG treatment
reduced the IL-
10 mRNA
expression and
the number

of IL-107
CDA45%.
Alveolar bone
loss was
decreased and
the gingival
expression

of IL-1B. TNF-



Yuan et al.
(2011)
[37]

Zhang et
al. (2014)
[38]

34 male
C57BL/6
WT mice
12 wk-old

Male
APN-"
(n=15),
DIO
(n=10)
and WT
(n=10)
mice,

EP was induced by

placing 5-0 silk

ligature soaked with
P. gingivalis (WT

strain A7436)

around the upper 2*

molar

a) Vehicle

b) EP

¢) EP + Hu-Fc

d) EP + Kavain

¢) EP + OPG-Fc
f) EP + RANK-Fe

EP was induced by

placing 5-0 silk

ligature soaked with
P. gingivalis.
-APN*divided in 3

groups:
a) EP

b) EP + APN

c) Control

-WT divided in 2
groups:

a) EP

b) Control

-DIO divided in 2
groups:

- Hu-Fe (5
mg/kg,
twice/week), -
OPG-Fc (5
mg/kg, twice/
week)

- RANK-Fc (5
mg/kg, twice/
week)

subcutaneously

delivered

-Kavain

(40 mg/kg.
twice/week)
intraperitoneal
injection

Injections were
performed at
day 0. 3.and 7.

Adiponectin

(APN)

- APN
administered
by systemic
infusion (pump
delivering
2.5ng per day)
with 1mg/ml
concentration

10 days

10 days
after EP
induction

Histology
Cytokine
measurement
(BioPlex)

Morphometric
analysis
Histology
TRAP
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a. and RANKL
was reduced.
The number of
TRAP positive
cells was also
decreased after
treatment.

OPG-Fc.
RANK-Fc and
Kavain
treatment
showed
significant bone
loss reduction.
Epithelial
down-growth
showed
significant
reduction in
treatment
groups with
OPG-Fc
performing
better than
Kavain or
RANK-Fc.
Kavain. OPG-
Fc and RANK-
Fc-treated mice
displayed
reduced
inflammatory
cell counts and
cytokine
expression.

Systemic APN
infusion
reduced
alveolar bone
loss. osteoclast
activity and
infiltration of
inflammatory
cells in both EP
mouse models.
Furthermore.
adiponectin
treatment
decreased the
levels of pro



Zhang et
al. (2020)
[39]

36 female
Wistar
rats

8 wk-old
200-250g
body
weight

a) EP
b) EP + APN

- EP was induced by Super activated

placing 3-0 cotton

ligature around the

upper 2* molar.

- Ligatures were

removed after 4wks

a) Control
b) EP
¢)EP + SPL

platelet Lysate
(SPL)

- 50pl of SPL
injected locally
into the
alveolar bone
area. below the
gingival
margin every
other day (&
times) for 2
wks.

16 days

Micro-CT
Histology
qPCR
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inflammatory
cytokines in
white adipose
tissue of diet-
induced obesity
mice with EP.

SPL treatment
diminished
alveolar bone
loss and
reduced the
gene expression
levels of CCL2.
CXCL2. IL-6.
IL-18. IL-1a.
IL-1B.
CXCL10.
CXCLI16.
CCL5. SPL
treatment
downregulated
NLRP3. AIM2.
and CASP1
inflammasome.
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Table 2A: The quality assessment of the included studies assessed by the ARRIVE

guidelines containing a 21-item checklist.

ARRIVE Study  Sample  Inclusion Randomization Blinding Qutcome  Statistical
checklist design size exclusion measures  methods
itens criteria
Apolinario- 1 1 0 | 1 | 1
Vierra et al.
2021 [1]
Arabaci et al. 1 0 0 | 1 | 1
(2013) [2]
Aral et al. 1 0 0 | 1 | 1
(2013) [3]
Aydinyurt et al. 1 0 0 1 ] 1 1
(2021) 4]
Cafferata et al. 1 0 0 1 1 1 1
(2019) [5]
Chen et al. 1 0 0 0 0 | 1
(2015) [6]
Chen et al. 1 0 0 | 0 | 1
(2017 [7]
Cirelli et al. 1 0 0 0 1 | 1
(2009) [8]
Delima et al. 1 0 0 0 1 | 1
(2002) [9]
Gaspersic et al. 1 0 0 0 1 1 1
(2010) [10]
Goncalves et al. 1 0 0 0 0 1 1
(2014) [11]
Huetal. (2017) 1 0 0 0 ] | 1
[12]
Jin et al. (2007) 1 0 0 0 1 | 1
[13]
Kim et al. 1 1 0 0 1 | 1
(2017) [14]
Kim et al. 1 0 0 0 0 | 1
(2018) [15]
Kirkwood et al. 1 0 0 0 1 1 1
(2007) [16]
Kose et al. 1 0 0 | 0 | 1
(2016) [17]
Kuritani et al 1 0 0 0 0 | 1
(2018) [18]
Lalla et al. 1 0 0 0 0 1 1
(2000) [19]
Lietal (2013) 1 0 0 | 1 | 1
[20]
Lietal (2019) 1 0 0 | 1 | 1
[21]

Madeira et al. 1 0 0 0 1 1 1



(2016) [22]
Marques et al.
(2009) [23]
Meng et al.
(2014) [24]
Nakane et al.
(2021) [25]
Napimoga et
al. (2018) [26]
Pacheco et al.
(2021) [27]
Renn et al.
(2018) [28]
Repeke et al.
(2011) [29]
Rogers et al.
(2007) [30]
Shi et al.
(20207 [31]
Taut et al.
(2013) [32]
Virto et al.
(2018) [33]
Wang et al.
(2013) [34]
Wu et al.
(2022) [35]
Yuetal
(2017) [36]
Yuan et al.
(2011) [37]
Zhang et al.
(2014) [38]
Lhang et al.
(20207 [39]
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Table 2B: The quality assessment of the included studies assessed by the ARRIVE

guidelines containing a 21-item checklist.

ARRIVE
checklist
ifens

Experimental

animals

Experimental Results Abstract

procedure

Background Objectives  Ethical

sfatement

Apolinario-
Vietra et al.
(2021) [1]
Arabaci et al.
(2013) [2]
Aral et al.
(2015) [3]
Avydinyurt et
al (2021) [4]
Cafferata et
al. (2019) [3]
Chen et al.
(2013) [6]
Chen et al.
(2017 [7]
Cirelli et al.
(2009) [8]
Delima et al.
(2002) [9]
Gaspersic et al
(2010) [10]
Goncalves et
al. (2014) [11]
Hu et al.
2017y [12]
Jin et al.
(2007) [13]
Kim et al.
(2017) [14]
Kim et al.
(2018) [13]
Kirlkowood et
al. (2007)[16]
Kose et al.
(2016) [17]
Kuritani et al
(2018) [18]
Lalla et al.
(2000) [19]
Lietal
(2013) [20]
Lietal
(2019) [21]
Madeira et al.
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(2016) [22]
Marques et al. 1 1 1 1 1 1 1
(2009) [23]
Meng et al. 1 1 1 1 1 1 1
(2014) [24]
Nakane et al. 1 1 1 1 1 1 1
(2021) [25]
Napimoga et 1 1 1 1 1 1 1
al (2018)[26]
Pacheco et al. 1 1 1 1 1 1 1
(2021) [27]
Renn et al. 1 1 1 1 1 1 1
(2018) [28]
Repeke et al. 1 1 1 1 1 1 1
(2011) [29]
Rogers et al. 1 1 1 1 1 1 1
(2007) [30]
Shietal 1 1 1 1 1 1 1
(2020) [31]
Taut et al. 1 1 1 1 1 1 1
(2013) [32]
Virto et al. 1 1 1 1 1 1 1
(2018) [33]
Wang et al. 1 1 1 1 1 1 1
(2013) [34]
Wu et al. 1 1 1 1 1 1 1
(2022) [35]
Yuetal 1 1 1 1 1 1 1
(2017) [36]
Yuan et al. 1 1 1 1 1 1 1
(2011) [37]
Zhang et al. 1 1 1 1 1 1 1
(2014) [38]
Zhang et al. 1 1 1 1 1 1 1

(2020) [39]




88

Table 2C: The quality assessment of the included studies assessed by the ARRIVE

guidelines containing a 21-item checklist.

ARRIVE  Housing /' Animal Interpretation Generalizability  Profocol Data  Declaration

checklist husbandry  care scientific translation registration access  of interest
itens implications
Apolinario- 1 1 1 1 1 0 0
Viewa et al.
(2021) 1]
Arabaci et al 1 1 1 1 1 0 0
(2015) [2]
Aral et al. 1 1 1 1 1 0 0
(20135) [3]
Aydmyurt et 1 1 1 1 1 0 1
al. (2021) [4]
Cafferata et 1 1 1 1 1 0 1
al. (2019) [3]
Chen et al. 1 1 1 1 1 0 1
(2015) [6]
Chen et al. 1 1 1 1 1 0 1
2017 [N
Cirelli et al. 1 1 1 1 1 0 0
(2009) [8]
Delima et al. 0 0 1 1 1 0 0
(2002) [9]
Gaspersic et 0 0 1 1 1 0 0
al. (20100[10]
Goncalves et 1 1 1 1 1 0 0
al. (2014)[11]
Hu etal. 0 0 1 1 1 0 0
(2017 [12]
Jin et al. 0 0 1 1 1 0 0
(2007) [13]
Kim et al. 1 1 1 1 1 0 0
(2017) [14]
Kim et al. 0 0 1 1 1 1 1
(2018) [15]
Kirkwood et 0 0 1 1 1 0 0
al. (2007)[16]
Kose et al. 1 1 1 1 1 0 0
(2016) [17]
Kuritani et al 0 0 1 1 1 0 0
(2018) [18]
Lalla et al. 0 0 1 1 1 0 0
(2000) [19]
Lietal 1 1 1 1 1 0 0
(2013) [20]
Lietal 1 0 1 1 1 0 0
(2019) [21]

Madeira et al. 0 0 1 1 1 0 0



(2016) [22]
Marques et
al (2009)[23]
Meng et al.
(2014) 24]
Nakane et al.
(2021)[25]
Napimoga et
al. (2018)[26]
Pacheco et al.
(2021) [27]
Renn et al.
(2018) [28]
Repeke et al.
(2011) [29]
Rogers et al.
(2007) [30]
Shi et al.
(2020) [31]
Taut et al.
(2013) [32]
Virto et al.
(2018) [33]
Wang et al.
(2013) [34]
Whu et al.
(2022) [35]
Yuetal
(2017) [36]
Yuan et al.
(2011) [37]
Zhang et al.
(2014) [38]
Zhang et al.
(2020) [39]
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Table 3A: Risk-of-bias assessment for animal studies using SYRCLE’s tool.

Table 3A: Summary of the risk of bias

Authors, Sequence Baseline Allocation Random Performance Random
vear generation characteristics concealment housing bias blinding outcome
reference assessment
Randomly  Were the groups Could the Did the Were the Did the
allocated similar at investigator authors caregivers/investi investigators
baseline or were  allocating the randomly gators blinded randomly pick
they adjusted animals to place the cage  from knowledge as animal
for confounders intervention or amimals which during
in the analysis? or control within the intervention each outcome
group not animal room? animal received  assessment, or
foresee during the did they use a
assignment? experiment? random
component in

the sequence
generation for

outcome
assessment?
Apolinario Yes Yes Unclear Yes Yes Unclear
Vieira et al.
(2021) [1]
Arabaci et Yes Yes Unclear Yes Yes Unclear
al (2015)
[2]
Araletal Yes Yes Unclear Yes Yes Unclear
(2015)[31
Aydinyurt Yes Yes Unclear Yes No Unclear
etal (2021)
[4]
Cafferata et Yes Yes Unclear Yes Yes Unclear
al. (2019)
[51]
Chen et al. No Yes Unclear No No Unclear
(2015) [6]
Chen et al. Yes Yes Unclear Yes No Unclear
(2017 [71
Cirelli et al. No Yes Unclear No Yes Unclear
(2009) [8]
Delima et No Yes Unclear No Yes Unclear
al. (2002)
[
Gaspersic et No Yes Unclear No Yes Unclear
al (2010)
[10]
Goncalves No Yes Unclear No No Unclear
et al (2014)
i
Huetal No Yes Unclear No No Unclear
(20177121
Jinetal No Yes Unclear No Yes Unclear
(2007 [13]
Kim et al. No Yes Unclear No Yes Unclear
(20177141
Kim et al. No Yes Unclear No No Unclear
(2018) [15]
Kirkwood No Yes Unclear No Yes Unclear

et al (2007)



[16]
Kose et al.
(2016) [17]
Kuritani et

al (2018)

[18]
Lalla et al.
(20007 [19]

Lietal
(2013) [20]
Lietal
(2019) [21]
Madeira et
al. (2016)
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Marques et

al. (2009)

23]
Meng et al.
(2014) [24]
Nakane et

al. (2021)

[25]
Napimoga
etal. (2018)

[26]
Pacheco et

al. (2021)
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Renn etal.
(2018) [28]
Repeke et
al. (2011)
[29]
Rogers et
al. (2007)
[30]
Shi et al.
(2020) [31]
Taut et al.
(2013) [32]
Virto et al.
(2018) [33]
Wang et al.
(2013) 1341
Wu et al.
(2022) [35]
Yuetal
(2017) [36]
Yuan et al
(2011) [37]
Zhang et al.
(2014) [38]
Zhang et al.
(2020) [39]

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes
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Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Yes

Yes

Yes
Yes
Yes
Yes
Yes
Yes
Yes
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Unclear

Unclear

Unclear
Unclear
Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

Unclear

Yes

No

No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Unclear
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Unclear
Unclear
Unclear
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Unclear
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Unclear

Unclear
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Unclear
Unclear
Unclear
Unclear
Unclear
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Unclear
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Table 3B: Summary of the risk of bias (continued)

Authors,
year
reference

Apolinario
Viewra et al.

(2021) [1]

Arabaci et al.

(2015) [2]
Aral et al.
(2015) [3]
Avdmyurt et
al (2021) [4]
Cafferata et
al. (2019 [3]
Chen et al.
(2015) [6]
Chen et al.
(2017 [7]
Cirelh et al.
(2009) [8]
Delima et al.
(2002) [9]
Gaspersic et
al. (2010)
[10]
Goncalves et
al (2014)
[11]

Hu et al
(2017 [12]
Jin et al.
(2007) [13]
Kim et al.
(2017 [14]
Kim et al.
(2018) [15]
Kirkwood et
al. (2007)
[16]
Kose et al.
(2016) [17]
Kurnitam et al
(2018) [18]
Lalla et al.
(2000) [19]
Lietal

Detection
bias
Blinding

Was the
outcome
ASSEISO0T
blinded

Yes

Yes
Yes
Yes

Yes

Attrition bias
Incomplete
outcome
data
Were
incomplete
outcome data
adequately
addressed?

Unclear

Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear
Unclear

Unclear

Unclear

Unclear
Unclear
Unclear
Unclear

Unclear

Unclear
Unclear
Unclear

Unclear

Selective
outcome
reporiing

Are reports of the

study free of

selective outcome

reporting?

Yes

Yes
Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Other sources of

bias

Was the study

apparently free of
other problems that
could result in igh

risk of bias?

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Risk of bias

Qualification

Low

Low
Low
Low
Low
Moderate
Low
Moderate
Moderate

Moderate

High

High
Moderate
Moderate
Moderate

Moderate

Low
High
High

Low



(2013) [20]
Lietal
(2019) [21]

Madeira et
al. (2016)
[22]
Marques et
al (2009)
[23]
Meng et al.
(2014) [24]
Nakane et al.
(2021) [25]
Napimoga et
al. (2018)
[26]
Pacheco et
al (2021)
[27]
Renn et al.
(2018) [28]
Repeke et al.
(2011) [29]
Rogers et al.
(2007) [30]
Sha et al.
(2020) [31]
Taut et al.
(2013) [32]
Virto et al.
(2018) [33]
Wang et al.
(2013) [34]
Wu et al.
(2022) [35]
Yuetal
(2017) [36]
Yuan et al.
(2011) [37]
Zhang et al.
(2014) [38]
Zhang et al.
(2020} [39]

Yes

No

No

Yes

No

No

Yes

Yes

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Unclear

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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Moderate

Moderate

High

Low

Moderate

Moderate

Moderate
Moderate
High
High
Low
Low

Moderate
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Table 1 Search strategies

Search Strategy

Electronic databases

(“biological products” OR “biological factors” OR
“products. biological” OR “Dbiological product” OR
“product, biological”™ OR “biologic product™ OR
“product, biologic™ OR “biologic products™ OR
biopharmaceuticals OR  biopharmaceutical OR
biological OR biologic OR “biological drug” OR
“drug. biological” OR *biologic drugs” OR “drugs,
biologic™ OR *biological medicine” OR “medicine,
biological® OR  “biological medicines™ OR
“medicines. biological” OR biologicals OR “biologic
medicines” OR “medicines. biologic” OR *biologic
pharmaceuticals™ OR “pharmaceuticals. biologic” OR
biologics OR “biologic dmg” OR “drug. biologic”
OR *“biological drugs” OR *“drugs. biological” OR
“natural products™ OR *“natural product”™ OR
“product, natural” OR “organic chemicals” OR
“chemicals, organic™ OR “organic chemical” OR
“chemical. organic” OR "biological products
therapeutic use" OR *“biologic factors and agents
acting on the immune system”™ OR "natural products
and their synthetic derivatives") AND (“periodontal
diseases™ OR periodontitis OR “chronic periodontitis™
OR “aggressive periodontitis” OR *“periodontitis,
aggressive, 27 OR periodont* OR parodont* OR
“pyorrthea  alveolaris” OR  pericement* OR
“experimental  periodontitis™) AND (“bone
resorption” OR “bone resorptions™ OR “resorption,
bone” OR “resorptions, bone™ OR “osteoclastic bone
loss” OR “bone loss. osteoclastic” OR “bone losses,

osteoclastic” OR “loss. osteoclastic bone” OR “losses.

MEDLINE|[PubMed
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osteoclastic bone™ OR *‘osteoclastic bone losses” OR
osteoclasts OR “alveolar bone loss” OR “alveolar
bone losses”™ OR *“alveolar process atrophy” OR
“alveolar process atrophies™ OR *alveolar resorption™
OR “alveolar resorptions™ OR “resorption. alveolar”
OR.  “resorptions. alveolar™ OR “bone loss,
periodontal” OR “bone losses, periodontal® OR
“periodontal bone losses™ OR “periodontal bone loss™
OR  “periodontal resorption” OR “‘periodontal
resorptions” OR  “resorption. periodontal” OR
“alveolar bone atrophy™ OR *‘alveolar bone atrophies™
OR. “bone atrophies, alveolar”™ OR *bone atrophy.
alveolar” OR “bone loss, alveolar” OR “experimental
bone loss™) NOT (**dental implants” OR “implant,
dental” OR ‘“implants, dental” OR *“‘dental implant”
OR “dental implants, mini” OR *“dental implant,
mini” OR “mini dental implant”™ OR *mini dental
immplants” OR  “dental prostheses. surgical” OR
“dental prosthesis. surgical” OR *surgical dental
prostheses™ OR “surgical dental prosthesis”™ OR
“prostheses, surgical dental” OR “prosthesis, surgical
dental” OR “dental implantation” OR “tooth,
artificial”) NOT (review OR reviews OR systematic
review[Publication type] OR “systematic reviews as
topic” OR “systematic reviews” OR ‘“systematic
review” OR meta-analysis[Publication type] OR
“meta-analysis as topic” OR “meta-analysis”™ OR
“meta-analyses” OR “meta analysis” OR “meta

analyses” OR overview OR “umbrella review™)

(“biological products™ OR *biological factors™ OR
biopharmaceuticals OR biological OR biologic OR
“biological drug”™ OR “biological medicine” OR

“biologic medicines” OR *“biologic pharmaceuticals™

Web of Science. Cochrane
CENTRAIL, LILACS|VHL,

and other sources
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OR “biologic dmg” OR “biclogical drugs” OR
“natural products™ OR “natural product™ OR “organic
chemicals™ OR “organic chemical” OR "biological
products therapeutic use” OR *“biologic factors and
agents acting on the immune system”™ OR "natural
products and their synthetic derivatives") AND
(“periodontal diseases™ OR periodontitis OR “chronic
periodontitis” OR ‘“aggressive periodontitis™ OR
“periodontitis, aggressive. 2”7 OR periodont* OR
parodont* OR “‘pyorrhea alveolaris™ OR pericement®
OR “experimental periodontitis™) AND (“bone
resorption” OR “bone resorption” OR *osteoclastic
bone loss™ OR osteoclasts OR “‘alveolar bone loss”
OR “alveolar bone losses™ OR *alveolar process
atrophy™ OR “alveolar process afrophies™ OR
“alveolar resorption” OR *“alveolar resorption” OR
“periodontal bone losses” OR “periodontal bone loss”
OR  “periodontal resorption” OR “periodontal
resorption” OR *“alveolar bone atrophy™ OR “alveolar

bone atrophies™ OR *“‘experimental bone loss™)

( ALL { 'biological AND products’ OR 'biological
AND factors' OR 'products, AND biologicall OR
biological AND product’ OR ‘product., AND
biologicall! OR  'biologic AND product’ OR
'‘product, AND biologic' OR ‘'biologic AND
products’ OR biopharmaceutical OR
biopharmaceutical OR biological OR biologic OR
'biological AND drug' OR 'drug, AND biological'
OR 'biologic AND dmugs' OR ‘'dmugs, AND
biologic' OR 'biological AND medicine'’ OR
'medicine, AND biological'! OR 'biological AND
medicines’ OR 'medicines, AND biological! OR

biologicals OR 'biologic AND medicines' OR

Scopus



'medicines, AND biologic’ OR 'biologic AND
pharmaceuticals’ OR  'pharmaceuticals, AND
biologic' OR biologics OR 'biologic AND drug'
OR 'drug. AND biologic’ OR ‘'biological AND
drugs' OR ‘'drugs, AND biologicall OR 'matural
AND products’ OR 'natural AND product’ OR
'product. AND natuwral! OR  'organic AND
chemicals’ OR 'chemicals, AND organic’ OR
'organic AND chemicall OR 'chemical. AND
organic’ OR 'biological AND products AND
therapeutic AND use'’ OR ‘'biologic AND factors
AND agents AND acting AND on AND the AND
mmune AND system' OR 'natural AND products
AND their AND synthetic AND derivatives' ) )
AND ( ALL ( 'periodontal AND diseases’ OR
periodontitis OR  'chronic AND periodontitis' OR
'aggressive AND periodontitis' OR  'periodontfitis.
AND aggressive, AND 2' OR periodont* OR
parodont* OR  'pyorthea AND alveolaris' OR
pericement* OR 'experimental AND periodontitis' )
) AND ( ALL ( 'bone AND resorption’ OR 'bone
AND resorption’ OR  'resorption. AND bone' OR
'resorption. AND bone' OR 'osteoclastic AND bone
AND loss' OR 'bone AND loss, AND osteoclastic'
OR 'bone AND losses. AND osteoclastic' OR ’loss,
AND osteoclastic AND bone' OR 'losses, AND
osteoclastic AND bone' OR ‘osteoclastic AND
bone AND losses' OR osteoclasts OR ‘alveolar
AND bone AND loss' OR ‘alveolar AND bone
AND losses’ OR ‘alveolar AND process AND
atrophy' OR 'alveolar AND process AND atrophies’
OR. ‘alveolar AND resorption’ OR. ‘alveolar AND
resorption’ OR  'resorption, AND alveolar’ OR
'resorption, AND alveolar' OR 'bone AND loss,
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AND periodontal' OR 'bone AND losses, AND
periodontal' OR ‘periodontal AND bone AND
losses' OR 'periodontal AND bone AND loss' OR
'‘periodontal AND resorption’ OR ‘periodontal AND
resorption’ OR  'resorption, AND periodontal! OR
'alveolar AND bone AND atrophy’ OR ‘alveolar
AND bone AND atrophies' OR 'bone AND
atrophies. AND alveolar’ OR 'bone AND atrophy,
AND alveolar' OR 'bone AND loss, AND alveolar'
OR 'experimental AND bone AND loss'))

98

#1 'biological products' OR 'biological factors' OR
'‘products. biological! OR 'biological product’ OR
'‘product. biologicall OR 'biologic product’ OR
'‘product. biologic' OR 'biologic products’ OR
biopharmaceuticals OR  biopharmaceutical OR
biological OR biologic OR 'biological drug' OR 'drug,
biological' OR 'biologic drugs' OR 'drugs, biologic'
OR 'biological medicine' OR 'medicine, biological'
OR 'biological medicines' OR 'medicines, biological'
OR Dbiological OR 'biologic medicines' OR
'medicines. biologic' OR ’'biologic pharmaceuticals’
OR ‘'pharmaceuticals. biologic' OR biologics OR
'biologic drug' OR ‘'dmg. biologic' OR 'biological
drugs' OR 'drugs. biological' OR 'natural products’ OR
'natural product’ OR 'product. natural' OR 'organic
chemicals' OR 'chemicals. organic' OR 'organic
chemical' OR 'chemical. organic’ OR 'biological
products therapeutic use’ OR 'biologic factors and
agents acting on the immune system' OR 'natural

products and their synthetic derivatives'

#2 'periodontal diseases’ OR periodontitis OR 'chronic

periodontitis’ OR ‘'aggressive periodontitis'’ OR

Embase
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'periodontitis, aggressive. 2' OR periodont* OR
parodont* OR 'pyorrhea alveolaris’ OR pericement™

OR 'experimental periodontifis'

#3 'bone resorption’ OR 'bone resorption’ OR
'resorption. bone' OR  'resorption. bone' OR
'osteoclastic bone loss' OR 'bone loss. osteoclastic'
OR 'bone losses. osteoclastic' OR ’loss. osteoclastic
bone' OR 'losses, osteoclastic bone' OR 'osteoclastic
bone losses' OR osteoclasts OR 'alveolar bone loss'
OR ‘alveolar bone losses’ OR ‘'alveolar process
atrophy' OR 'alveolar process atrophies’ OR 'alveolar
resorption’ OR ‘'alveolar resorption’ OR 'resorption.
alveolar’ OR ‘'resorption. alveolar' OR 'bone loss.
periodontal' OR ‘'bone losses. periodontal! OR
'‘periodontal bone losses' OR 'periodontal bone loss'
OR  'periodontal resorption’ OR  'periodontal
resorption’ OR 'resorption. periodontal' OR 'alveolar
bone atrophy’ OR 'alveolar bone atrophies’ OR 'bone
atrophies. alveolar’ OR 'bone atrophy. alveolar’ OR

'bone loss. alveolar’ OR 'experimental bone loss'

#1 AND #2 AND #3
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5 CONSIDERACOES FINAIS

O uso de moduladores da resposta imune do hospedeiro ou de medicamentos
antirreabsortivos oferece alternativas para inibir a perda o6ssea e diminuir o infiltrado
inflamatério no tecido conjuntivo. Todos esses tratamentos testados podem ajudar a
modular a resposta inflamatoria do hospedeiro e melhorar a progressao da doenca
experimental. Como dito anteriormente, o tratamento primario da DP ¢ por meio de uma
abordagem mecanica, TPNC, para remover o biofilme aderido na superficie do dente e da
raiz. Entretanto, esse tratamento local ndo responde da mesma maneira em todos os
pacientes. Assim, as terapias adjuvantes que diminuem a resposta inflamatéria do
hospedeiro desempenham um papel importante na obtencdo de melhores resultados
clinicos, especialmente em pacientes com comorbidades associadas, como diabetes
mellitus tipo 2 e artrite reumatoide. E importante ter em mente que alguns dos
medicamentos incluidos na revisdo de estudos pré-clinicos, ou seja, bisfosfonatos, agentes
bioldgicos e inibidores de RANKL e CtsK possuem alguns efeitos colaterais que podem

limitar seu uso clinico.

A medicina herbal e a suplementacdo com 6mega 3 e probioticos tém ganhado cada
vez mais aten¢do devido as suas atividades moduladoras e antirreabsortivas e a auséncia de
efeitos colaterais, sendo consideradas alternativas promissoras como adjuvantes da TPNC
em pacientes suscetiveis. Na revisao sistematica, os resultados se mostraram promissores,
porém ensaios clinicos randomizados sdo necessarios para avaliar a eficacia dos agentes

biologicos em humanos.
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6 CONCLUSOES

Os agentes biologicos se mostram seguros e eficazes quando testados em animais e

testes em humanos podem ser bastante promissores.

e O uso de moduladores da resposta imune do hospedeiro ou de medicamentos
antirreabsortivos que foram abordados no artigo 1, oferecem alternativas para inibir
a perda 6ssea e diminuir o infiltrado inflamatério no tecido conjuntivo. Todos 0s
tratamentos testados podem ajudar a modular a resposta inflamatoria do hospedeiro
e melhorar a progresséo da doenga experimental.

e Na revisdo sistematica foi demonstrado que o uso de agentes bioldgicos é uma
alternativa promissora para tratar a periodontite experimental em estudos pré-
clinicos quando aplicados sistemicamente ou localmente. O fato de serem
moléculas bioldgicas com a capacidade Gnica de interromper a progressdo da perda
6ssea e diminuir o processo inflamatorio, sem nenhum efeito colateral adicional,
torna-as agentes potenciais e atraentes para a prevencdo e o tratamento da doenga
periodontal.
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