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RESUMO

A doenca periodontal é caracterizada por um procésftamatorio
crbnico dos tecidos de suporte dos dentes, dependdsm resposta do
hospedeiro, em reacdo a presenca de periodontepa®gno biofilme
subgengival. Medidas locais e sistémicas de moéalda resposta imunolégica
e do ambiente microbiano tém sido investigadassé&lespntexto surgem o0s
probidticos que sdo organismos vivos que quandorestnados em quantidades
adequadas conferem beneficios & salde, despedanivesse de sua aplicacdo
na terapia periodontal. O presente estudo foi @iwicem dois capitulos. No
primeiro, foi feita uma revisdo sistematica avalase a eficacia dos
probidticos na resposta imune em ratos submetidizsafios experimentais. Os
trabalhos foram pesquisados em trés bases Pubi®edVeéb of Science e
Scielo. As espécies bacterianas mais empregadas am for
oslLactobacilluse BifidobacteriumQitenta e seis porcento dos artigos
selecionados mostraram efeito benéfico na respmstae associado ao uso de
probidticos. No segundo capitulo foi avaliado dtefea terapia probidtica em
ratos com inducdo de doenca periodontal associadssteesse de restricdo. O
delineamento experimental foi inteiramente casadtizem esquema fatorial
2x2x2 (com e sem doenca periodontal (DP), com eestnesse crénico (EC),
com e sem o0 uso de probidticos) com seis repeticéas cada
grupo. O probiéticdBacillus subtilisfoi administrado oralmente na proporcao de
1,5x16 unidades formadoras de colénia (UFC)/mL na &aguabelgida dos
animais durante 45 dias. O EC foi realizado porondei imobilizacéo diaria por
2,5 horas a partir do 46ia durante 30 dias, enquanto que a DP foi induzish o
protocolo de ligadura nos primeiros molares maraliibs direito e esquerdo a partir
do 3fdia por 14 dias. Foram medidas a altura de viod e profundidade de
criptas do duodeno, jejuno e ileo. A eutanasifefta no 45° dia do experimento. O
nivel de significancia foi fixado em p <0,05. A Ddmentou a perda 6ssea
alveolar, os niveis de ciclooxigenase-2 (COX-2ppeptideo carboxiterminal do
colageno tipo-1 (CTX), p38 quinases ativadas podgeno (MAPK), ligante do
receptor ativador da NEB (RANKL) e diminuiu os niveis de osteoprotegerina
(OPG) (p <0,05). Os ratos estressados apresentaraeis mais altos de
peptideo-C, corticosterona e glicose (p <0.05)résenca do estresse reduziu a
expressado de CTX e p38 (p<0.05). O probidtico redazperda 6ssea alveolar
nos ratos nao estressados, bem como diminuiu @ssgw do CTX e induziu ao
aumento da expressdo da OPG em ratos ndo estressamioDP (p <0,05).
Embora o probidtico ndo tenha sido efetivo na prefie da perda 6ssea ou
alteracdo da expressdo dos marcadores inflamaténosatos estressados, o
ndamero de células inflamatérias diminuiu (p <0.08%. grupos com estresse e



DP apresentaram diminuicdo na altura das vilosgladgrofundidade de criptas
intestinais (p <0,05). Em conclusdo geral, os ptitms foram benéficos na
modulagdo da resposta imune e se mostraram praessso controle da doenga

periodontal.

Palavras-chave: Modelos animais. Estresse. Periodontite. LigadBexda de
insercéo periodontal.



ABSTRACT

Periodontal disease is characterized by chronianmmhation of the tissues
supporting the teeth, depending on the host respamseaction to the presence of
periodontal pathogens in sub-gingival biofilm. Lband systemic measures
modulation of the immune response and of microkiaironment has been
investigated. In this context emerge probioticscivtare live organisms that when
administered in adequate amounts give beneficialttheeffects, arousing the
interest of its application in periodontal therapye present study was divided in
two chapters. In the first, it was made a systarmatiiew evaluating the probiotics
effect on immune response in rats submitted temdifft experimental challenges.
The survey was using PubMed, ISI Web of Science 3eidlo databases. The
bacteria species most used weémctobacillus and Bifidobacterium Eighty-six
percent of the selected articles reported a beéalefiffect on the immune response
associated to the probiotics use. In the secorutehih was evaluated the probiotic
therapy effect in rats with periodontal diseasai@tion associated with restriction
stress. The experimental design was completelyoraizd factorial 2x2x2 (with
and without periodontal disease (PD), with and evthchronic stress (CS), with
and without probiotics use) with six replicategach group. The probiotigacillus
subtilis was administered orally at 1.5 x®1froportion of colony-forming units
(CFU)/mL to the drinking water of the animals fd& days. The CS was performed
by immobilization daily for 2.5 hours from the"™6ay during 30 days, while the
PD was induced by the ligation protocol in thetfiight and left mandibular molars
from 31" day for 14 days. Villus height and crypt depttthef duodenum, jejunum
and ileum were measured. Euthanasia was performethe 4% day of the
experiment. The significance level was set at 0D increased alveolar bone
loss, levels of cyclooxygenase-2 (COX-2), carbaxwyiral telopeptide of collagen
type-1 (CTX), p38 mitogen-activated kinases (MAPIgand receptor activator of
NF«B (RANKL) and decreased levels of osteoprotege@®®) (p<0.05). The
stressed rats had higher levels of C-peptide,costttrone and glucose (p<0.05).
The presence of stress decreased expression ofapd8CTX (p<0.05). The
probiotic reduced alveolar bone loss in the noesstd rats, as well as decreased
expression of CTX and induced the increased expres§ OPG in unstressed rats
with PD (p<0.05). Although the probiotic has noebeffective in preventing bone
loss or alteration of the expression of inflammgatorarkers in stressed rats, the
number of inflammatory cells decreased (p<0.05puds with stress and PD
showed decrease in villous height and depth ostintd crypts (p<0.05). In general
conclusion, probiotics were beneficial in the madioh of immune response and
have a promising in the control of periodontal dése

Keywords: Animal models. Stress. Periodontitis. Ligatureeri@dontal
attachment loss.
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PRIMEIRA PARTE

1 INTRODUCAO

A doenca periodontal é caracterizada por um procéstamatorio
crbnico dos tecidos de suporte dos dentes, dependdm resposta do
hospedeiro, em reacdo a presenca de periodontepatgno biofilme
subgengival (HAYTAC et al., 2014). A etiologia darha mais comum de DP —
a gengivite - esta relacionada a presenca derbmfihicrobiano (estrutura bem
organizada de bactérias) aderido a superficie dentiERHEYDEN et al.,
2014). As principais espécies patdgenas que compdeiofilme dentario e que
determinam as varias formas de periodontite Sawphyromonas gingivalis,
Prevotella intermedia, Actinobacillus actinomycetemitans, Fusobacterium
nucleatumentre outros (SOCRANSKY et al., 1998).

Adicionalmente aos microrganismos existentes nadade bucal, o
estresse pode ter efeitos negativos sobre o sisi@omaologico e/ou mediar
efeitos comportamentais nas defesas do organisomirikmindo sobremaneira
na etiologia e perpetuacédo da periodontite crofBcxy APATI; WANG, 2007).
O estresse pode alterar a resisténcia tecidualodpeldeiro por mecanismos
autonémicos e enddécrinos, resultando principalmeatelevacdo dos niveis de
corticosteroides e catecolaminas, reduzindo a wircwacdo da gengiva e do
fluxo salivar, com relatos de reducdo das func@eseltrofilos e linfécitos, o
que facilita a invasdo bacteriana e o dano teciiB@yYAPATI; WANG, 2007;
HORNING; COHEN, 1995; JOHNSON; ENGEL, 1986).

A remocéo do biofilme e diminui¢do do nimero dendg bacterianos
por meios fisicos, como: escovacdo, raspagem anaisto coronoradicular,
irradiacéo laser, fototerapia (ALMEIDA et al., 20@07ARVALHO et al., 2011,

LOPES et al, 2010) e quimicos locais - clorexidindeos essenciais
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(HAFFAJEE et al., 2009; KRAYER et al., 2010) sadizados no tratamento
convencional da periodontite cronica. Porém, outnasdidas, tais como
antibioticoterapia local ou sistémica também tédo s#mpregadas em casos
graves especialmente (FERNANDES et al., 2010). Madesenvolvimento da
resisténcia aos antibiéticos por certos patdgesmsaumentado a possibilidade
do retorno a uma época pré-antibiéticos (HAYTA@Iet2014).

Portanto, uma vez que o processo inflamatério €mfignte da reacdo
imunoldgica individual frente & presenca do bioéilnuma resposta inadequada
ou excessiva a agressao bacteriana é também fafmnuerante na progressao
da doenca periodontal (DOMON et al., 2014; TAKAHASEL al., 2014;
TERHEYDEN et al., 2014). O controle da respostaniatdgica e do ambiente
microbiano, como por exemplo, 0 emprego de prai®éti tem surgido como
terapia adjuvante no controle da doenca period¢btaVINE; MARSH, 2009).
Esses podem promover uma defesa natural contrérizecpatéogenas, o que
pode ser favoravel para manutencdo da saude lRmaim, a identificacdo de
probidticos Uteis, o estabelecimento da dose nmaipaada e o veiculo de seu
uso necessitam de mais investigacfes (HAYTAC gp@l4).

Nos sistemas imune e inflamatério a comunicacaalareé organizada
por proteinas, peptideos ou moléculas mensagdi@sarias citocinas. Essas
moléculas interagem seletivamente com receptoeasitembranas, ativando
outros mensageiros intracelulares que amplificammsportam o sinal ao nucleo
celular, onde modulam a atividade génica e siresteica (TERHEYDEN et
al.,, 2014). O entendimento dessas vias de sinalizata imunologia da
periodontite é fundamental para o entendimento aitasinas e quimiocinas
envolvidas na comunicagéo celular e na defesa gan@mo (EBERSOLE et
al.,, 2013) de forma a propociar e desenvolver nidaldés terapéuticas

alternativas.
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Diante do exposto, no presente estudo objetivoavabiar os efeitos da
ingestao de probidticos em uma revisdo sistemétisau uso em ratodistar
com ou sem inducdo da doenca periodontal por ligadasociado ou ndo ao
estresse crénico de imobilizacao.
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2 REFERENCIAL TEORICO

2.1 Doenca periodontal

A doenca periodontal afeta extensivamente as pofedae € o principal
fator de risco para a perda dentaria (DYE 20G2IZONI et al., 2012;
HUMPHREY et al., 2008KURITA-OCHIAI et al., 2014; MACRI et al., 2014;
OLIVER et al., 1998

Segundo aAmerican Academy of Periodontolo@®000), a gengivite
induzida pelo biofilme é definida como uma inflaagla gengiva sem a perda
da insercdo epitelial. Pode ser caracterizada petgenca de alguns dos
seguintes sinais: vermelhiddo e edema dos teciéogivis, sangramento
provocado, mudancas do contorno e consisténciaepga de célculo e/ou
biofilme e sem evidéncia radiogréafica de perda ritacdsseaE caracterizada
pela presenca de bactérias Gram-negativa, bastanéteis e filamentos.

A periodontite crénica com leve a moderada perda sdporte
periodontal é definida como a inflamacao da gengktandendo aos tecidos de
suporte adjacentes. A doenca é caracterizada pada pe insercdo associada a
destruicdo do ligamento periodontal e perda do oessuporte adjacente. A
destruicao leve & moderada é geralmente caraatara sondagem das bolsas
periodontais até 6 mm com perda de insercdo cl@iéadmm. As evidéncias
radiograficas mostram perda 6ssea e aumento ddidacdlel dentaria que pode
estar presente. Apresenta uma populacdo predomirdmtbactérias Gram-
negativa, com uma grande proporcdo de espiroquétldERICAN
ACADEMY OF PERIODONTOLOGY, 2000).

A periodontite crénica com perda avancada de seipoetiodontal é
definida como inflamag¢do da gengiva e tecidos adjms. A doenca é

caracterizada pela perda de insercdo clinica acamapa pela destruicdo do
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ligamento periodontal e perda do tecido ésseo adjaale suporte. A destruicéo
€ geralmente caracterizada pela sondagem das Ipglsadontais maiores que
6mm com perda de insercdo maior que 4mm. A evidérdiografica de perda
Ossea é aparente e 0 aumento da mobilidade paiepessente. Apresenta uma
populacdo predominante de bactérias Gram-negatbean uma grande
propor¢ao de espiroquetas (AMERICAN ACADEMY OF
PERIODONTOLOGY, 2000). Na periodontite cronica A.
actinomycetemcomitans P. gingivalis mostraram ser capazes de invadir o
epitélio gengivaln vitro (FERES et al., 2004).

A periodontite agressiva envolve diferentes tipes pariodontia que
afetam as pessoas que, na maioria dos casos, padeaer saudaveis. Pode ser
familiar e hd uma rapida taxa de progressao dagdodnperiodontite agressiva
ocorre de forma localizada e generalizada (AMERICARADEMY OF
PERIODONTOLOGY, 2000).

A periodontite agressiva localizada, usualmenten tem comeco
circumpubertal com o inicio da destrui¢do periodbhttcalizado nos primeiros
molares permanentes e incisivos, embora padropiscatide dentes afetados
serem possiveis. A doenca é frequentemente asaocadmh 0 patdégeno
periodontalActinobacillus actinomycetemcomita@sanomalias das funcdes dos
neutrofilos, além de coccos e bastonetes faculiatiyma forte resposta dos
anticorpos séricos aos agentes infectantes é ddtecfrequentemente
(AMERICAN ACADEMY OF PERIODONTOLOGY, 2000).

A periodontite agressiva generalizada, usualmeifitéa pessoas com 30
anos ou menos, mas podem ser em mais velhos. ldanpmios trés dentes
permanentes, sem ser 0s primeiros molares e iosjsafetados pela perda de
insercao interproximal. A perda de inser¢cdo ocemeperiodos pronunciados de
destruicdo. A doenca é frequentemente associadgaiégenos periodontais
Actinobacillus actinomycetemcomita@®orphyromonas gingivalis anomalias
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das funcdes dos neutréfilos, além de coccos e rEts® facultativos. Uma
pobre resposta dos anticorpos séricos aos agenfiestantes é detectada
frequentemente (AMERICAN ACADEMY OF PERIODONTOLOGZ000).

A doenca periodontal é uma infecgdo cronica, awwmiatica, com
incidéncia mundial e especialmente prevalente epulpgdes mais idosas.
Relatos recentes mostram as associacbes e o pbtelas mecanismos
biolégicos entre a doenca periodontal e outras gieristémicas, associando a
doenca periodontal como um fator de risco pararendades cardiacas,
aterosclerose, doenga cronica pulmonar obstrutiieetesmellitus e cancer,
além de causar um estado crénico de inflamacaénsisa (BOYLAN et al.,
2014; GHIZONI et al., 2012; KURITA-OCHIAI et al.,024; MACRI et al.,
2014; SCARABELOTet al., 2014TSAl et al., 2014).

As bactérias Porphyromonas gingivalis e  Aggregatibacter
actinomycetemcomitanagentes periodontopatégenos muito prevalentesnpod
acelerar a deposicado de ateromas em modelos ar(iGtdIiZONI et al., 2012;
KURITA-OCHIAI et al., 2014). Além dessas bactériaisda existem outras
espécies que estdo fortemente ligadas a progrdssdoenca periodontal, tais
comoBacteroides forsythy®revotella intermedigPeptostreptococcus micres
Fusobacterium nucleatu(hLJEHANI, 2014).

A doenga periodontal é caracterizada pela destruigéversivel das
estruturas de suporte dos dentes, incluindo ligéoneeriodontal, osso alveolar
e tecidos gengivais, levando a um colapso do cemgeia condicdo
inflamatdria dos tecidos moles ao redor dos defK&RITA-OCHIAI et al.,
2014; MACRI et al., 2014). A reabsorcdo Ossea ddwepatoldgica na
periodontite € um resultado da infecgéo crbnica cemissbes e progressoes,
apresentando patogénese semelhante a outras dogugaafetam oS 0SS0s
(GURSQY et al.,, 2013). Assim, o0 plano de tratamedéve incluir tanto

consideracdes locais como sistémicas (TSAI e2@l4).
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Existem microrganismos colonizadores da pele, binatngs digestivo e
reprodutivo, que constituem estruturas tridimerai®ie agregados de bactérias
gue se unem umas as outras e também a superfiti@arido biofilmes.
Principalmente aqueles associados a bactérias én@ergram-negativas, tém
uma participacdo bem estabelecida nas doencas tm@mscomo nas caries
dentéria, gengivite e periodontite, existindo mais quinhentas espécies
bacterianas distintas (KURITA-OCHIAI et al., 201MANCL; KIRSNER;
AJDIC, 2013). Porém, somente um pequeno numeroassticiado a doenca e
considerado etiologicamente importante (ALJEHAND12). Estudos sugerem
gue o0s agentes etiologicos especificos da doengadpsetal incluem
espiroquetas, fusiformes e estreptococos (FERES €004).

Os patégenos periodontais presentes nos biofilme®bmanos iniciam
a doencga difundindo produtos deletérios e enzinas,como hialuronidases,
colagenases e proteases que quebram as matrizaseéxares, tais como
colageno e membranas celulares, com o intuito déugir nutrientes para seu
crescimento e subsequente invasao tecidual (GUIeAHI., 2014), levando os
tecidos periodontais a atuar como reservatérioseadotoxinas, citocinas,
lipideos e mediadores inflamatérios que podem mafetaras partes do
organismo (SCARABELO®Et al., 2014).

A invasdo bacteriana resulta em uma resposta iaftaia nos tecidos
periodontais caracterizada por uma producdo decic#ts, tais como
interleucinas (IL), fator de necrose tumoral (ThE-prostanoides, tais como
prostaglandina E2 e enzimas incluindo as matrizetloproteinases (MMPS)
(ALJEHANI 2014 GULATI et al.,, 2014; SCARABELOTet al., 201} e
diminuic@o dos niveis de osteoprotegerina (OPG)sidé&nos tecidos gengivais e
saliva, mas também no plasma em individuos afetpdlasdoenca periodontal
(JIANG et al., 2013)Em individuos saudaveis, os niveis desses madiatms

tecidos periodontais sdo equilibrados pelas cigscire enzimas anti-
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inflamatérias do sistema imune que tem a funcédceldeinar os patégenos

microbianos e proteger o hospedeiro (GULATI et2014).

2.2 Modelos experimentais de doenca periodontal

Modelos animais podem ser utilizados para se avaligrogressdo e o
efeito de diferentes tratamentos em doenca periabioduzida (MOLON et al.,
2014; WEINBERG; BRAL, 1999), bem como os efeitos ekiresse sobre a
progressao da perda 6ssea alveolar (TAKADA eR@D4; ZHAO et al., 2012).

O modelo experimental de inducéo da doenga perialem ratos por
ligadura com fio de algoddo mostra ser adequadubtencédo das alteracfes na
estrutura 0ssea periodontal, atuando como um tealolonizacdo bacteriana
(MOLON et al., 2014; OZ; PULEO, 2011; YAGAN et aR014). Os ratos
também tém varias similaridades com os humanos @agdo a anatomia
periodontal, formacdo e composicdo do biofilme denhistopatologia das
lesBes periodontais e imunologia basica (CHANGI.et2814; EBERSOLE et
al., 2013; MACRI et al., 2014), facilitando dessanfa a extrapolacdo dos
resultados (GENCO et al.,, 1999; KLAUSEN; EVANS; SFESCU, 1989;
MOLON et al., 2014).

O modelo experimental de indu¢édo da doenca periatipar ligadura é
caracterizado pelo acamulo de biofilme, aplainamentieslocamento da crista
gengival, aumento da proliferacdo do epitélio abada linha do tecido
conjuntivo e infiltracdo de células mononucleargamatérias (ALMEIDA et
al., 2007). A inflamacéao associada a inducédo dagioperiodontal por ligadura
iniciada na margem gengival é causada tanto pelona mecanico bem como o
aumento do acumulo de microrganismos no biofim®IBAHAUSEN et al.,
2002). O modelo experimental de indu¢édo da doeagagontal por injecao de

lipopolissacarideo (LPS) é um método relativameirtgles em que uma Unica
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bactéria infecta o animal levando a destruicdooderital (NAKAJIMA et al.,
2006). O lipopolissacarideo compreende a superfécierior de todas as
bactérias gram-negativas subgengivais, capaz deectrpennos tecidos
conjuntivos (CHANG et al.,, 2014) e pode induzir rdlamacdo no tecido
periodontal, podendo afetar os leucdcitos circelardiretamente e ativar os
osteoclastos (DO et al., 2013). Existem diferemgas métodos de inducéo de
doenca periodontal em modelo de rato na ativacaeim@tica das vias de
sinalizacdo inflamatérias, dependendo do tipo dgasta do hospedeiro. A
inducao por lipopolissacarideo (LPS) foi associzmfa uma ativacéo mais lenta
das vias de sinalizagdo comparada com o modeligyaldura, exceto para ERK
MAPK (AQUINO et al., 2009).

A partir da inducdo, varios métodos podem ser egages para
avaliacdo da evolucdo da doenga periodontal, ta®®s métodos radiografico
(KESAVALU et al., 2006; REED; POLSON, 1984), morfétrico (BAKER et
al., 1983; YU et al., 2008 histométrico (ALMEIDA et al., 2007; WOLFSON;
SELTZER, 1975).

Os sinalizadores inflamatérios podem destruir &gntlade tecidual
levando ao acesso bacteriano mais profundo no degbdendo estar
relacionado a gravidade da doenca periodontal (EBAl., 2014). Além disso, a
sinalizacdo e a regulagdo da expressdo desses dm@sainflamatorios
representam um papel critico na remodelacédo 6ss@eribdonto (KANZAKI
et al., 2002).

No processo inflamatorio ocorre a liberacdo deciitis que interagem
com os tecidos (células endoteliais, macréfagoagudtas, entre outras),
promovendo a ativacdo de vias inflamatorias disersamo por exemplo, a do
acido araquidbnico. A ativacdo da fosfolipase Alapeitocinas promove a
conversao dos fosfolipideos da membrana em acafjueonico, que por sua

vez é utilizado como substrato das cicloxigenag&8X) para formacédo de
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prostaglandinas e prostaciclinas que sao impodangdiadores da inflamagéo
(MESA et al.,, 2012; TSAIl et al., 2014). Existem slussoformas de
cicloxigenase: COX-1 e COX-2. A COX-1 é uma enzirgaralmente
constitutiva responsavel pela formacdo de progtdgias nas funcdes
fisiolégicas (protecdo gastrintestinal, por exefpknquanto COX-2 é uma
enzima induzida principalmente por citocinas prlaimatorias envolvidas nos
processos patofisiolégicos, tais como vasodilatagéimento da permeabilidade
vascular, diapedese e migracdo leucocitéria. Astpgtandinas s@o potentes
estimuladores da formagdo e reabsorgdo Ossea epsEzidas pelos
osteoblastos e células do ligamento periodontal KA et al., 2013). A
prostaglandina HPGE) é associada como potente estimuladora na reduasorg
Ossea e perda de insercéo epitelial na doencadpata (TSAI et al., 2014). A
expressao de COX-2 nos tecidos gengivais tem sldcionada a severidade da
doenca periodontal e inflamag&o gengival, indicamahogpapel importante dessa
proteina na patogenia da periodontite cronica (MESAl., 2012).

O receptor ativador do fator kappa B (RANK), o figg do receptor
ativador do fator kappa B (RANKL) e osteoproteger®©PG) sdo citocinas
pertencentes a super familia de fator de necraseral alfa (TNFk) (KAYAL
et al., 2013). O RANK esta presente nos precursigassteoclastos e é capaz de
iniciar a sinalizagdo da transducdo osteoclastogémepois da ligacdo com
RANKL ou com o agonista anti-RANK. O RANK é um reter capaz de
mediar a fungcdo do RANKL durante a homeostasiasso mormal e na doenca
e nenhum outro receptor para RANKL foi identificado

O RANKL é produzido pelas células T ativadas e empressao é
regulada para cima por muitos fatores sollveisajagam a reabsorcdo 0ssea,
incluindo citocinas pré-inflamatérias. O RANKL é uiattor critico no sistema
imune como um importante coestimulador na ativag@océlulas T, aparecendo

também como um elo entre a inflamacéo e a perd=a&BERSOLE et al.,
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2013; KANZAKI et al., 2002). Esse sistema é regalgela osteoprotegerina
(OPG) que neutraliza a habilidade do RANKL se ligam RANK e induzir o
sinal para diferenciacdo dos osteoclastos (DOMONalet 2014). A via
OPG/RANKL é a chave reguladora do metabolismo 6sseeu efeito produz o
desenvolvimento e ativacdo ou ndo dos osteoclastos.

Ainda no processo inflamatério periodontatetopeptideo do colageno
tipo | de ligacdo cruzada carboxitermif@TX) € um marcador bioquimico de
reabsorcdo e formacdo 6sqEAEISHER et al., 2010KWON et al., 2009
Trata-se de um produto da degradacdo do colageado usomo medidor de
reabsorcdo 0ss€BLEISHER et al., 2010).

Outros fatores de transcricdo, tais como fator earatB (NF- kB),

proteina ativadora-1 (AP-1) e p38 sao expressosjuantidade aumentada no
processo inflamatério, estimulando a producao dexw&itocinas, muitas delas
direta ou indiretamente estimuladoras da formagioabteoclastos (KAYAL,
2013).

As quinases ativadas por mitdgeno (MAPKSs) sao wmndlia evolutiva
e mediam processos fundamentais bioldgicos e regposlulares a diferentes
estimulos extracelulares por receptores multipdsstrés principais subfamilias
de MAPKs sdo quinases reguladoras extracelulardé®K{E-2), quinases
ativadoras do c-Jun N-terminal (JNK) e p38. Os fdiissacarideos (LPS)
facilitam a ativac@o dessas trés principais subfasnfFUJITA et al., 2014). A
ativacdo da p38 leva ao aumento da expressao s g@nes de citocinas pela
modulacdo de ambos os mecanismos transcricionalse tpanscricional. A
contribuicdo de cada mecanismo na mudanca globakpl@esséo génica varia
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de acordo com o tipo de células e natureza do @stiexterno, mas os genes
que sdo modulados pelos mecanismos pés-transaigioanvolvendo a
modificacdo das proteinas que se ligam ao RNA csubstratos para p38 sao
TNF-a, IL-8, IL-6, IL-2 e ciclooxigenase-2 (FUJITA et.aR014;LIANG et al.,
2014; SOUZA et al., 2012; TRAVAN et al., 2013).

A sinalizagdo da MAPK p38 é requerida na inflamag&associada a
perda Gssea decorrente de doenca periodontal ndslascanimais, com uma
significativa correlacdo positiva na severidade dieenga. Os sinalizadores
MAPK séo vitais para a sintese e amplificacdo ddiaderes pro-inflamatoérios
e matriz metaloproteinases pelas células sinoviignioatracdo de células
mononucleares e angiogénese de células endotdleais,como a apoptose de
células sinoviais. Assim, a p38 parece estar predotemente envolvida nos
processos inflamatérios (TRAVAN et al., 2013).

2.3 Estresse e doenca periodontal

O estresse é um estado de tenséo fisiolégico colpgico causado por
estimulos adversos, tais como fisico, mental oucenal, interno ou externo,
que tende a perturbar o funcionamento do organ{&@YAL et al., 2013). O
fator socioecondmico, tipo de ocupacdo, rotina, petitividade no trabalho,
distdrbios emocionais podem levar ao aumento desimide estresse. Em
modelos animais existe a influéncia de alguns déatotomo imobilizacéo,
temperaturas adversas, restricdo, conflitos nanostecial, caréncia de agua ou
comida, manipulagdo, acomodac¢des na gaiola (umidadteclinacdo), entre
outros e tém um efeito direto no eixo hipotalamméfise-adrenal (SUTANTO;
KLOET, 1994).

Ha a hip6tese que a ativacdo prolongada dessepedte deteriorar a

salde e pode promover um elo entre o estresse Imemtdoenca fisica (doenca
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periodontal, por exemplo). A secre¢cdo de hormdudiosestresse prejudica a
defesa do hospedeiro e ajuda no crescimento denisngas oportunistas no
sulco gengival (GOYAL et al., 2013). Doencas sist&s) tais como gastrite e
colite ulcerativa também estéo ligadas ao estréssm, o impacto do estresse
sobre a salde periodontal ndo é apenas pela ssengaeou auséncia, mas o
tipo, duragdo e como um individuo lida com ele. iividuos sob estresse
tendem a adotar mudancas comportamentais, como &éahigiene bucal,
tabagismo, apertamento ou ranger de dentes (GOYAL,011).

O estresse pode mediar efeitos na imunidade e/comportamento das
defesas do organismo, contribuindo com a etiolegigerpetuacdo da doenca
periodontal. O estresse pode mudar a resisténsidedgaos do hospedeiro por
mecanismos autondmicos e enddécrinos, resultandmapamente em aumento
dos niveis de catecolaminas e corticoides (FOUREA&UX., 2014).

O estresse psicologico resulta em secre¢do deadidiieie noradrenalina
das células da medula adrenal. Através da interagdm receptores
adrenérgicos, noradrenalina e adrenalina mediantogfeardiovasculares e
metabdlicos. Em amostras de sangue coletadas irmediate antes e depois de
uma situacao de estresse emocional, a concentcacéitante de linfécitos T-
helper, células T citotéxicas (CD8 +) e as célulatural killer (células NK), é
aumentada, mas uma hora depois é reduzida pamaresiniciais. Além disso,
0s niveis plasmaticos de imunoglobulinas IgM, Ig&mponente C3 do sistema
complemento sdo elevados depois de uma situacdstdesse agudo. Além
disso, a liberacdo de neuropeptidos, tais comobat&uocia P (SP) queausa
dilatagdo e aumento da permeabilidade vasculdn thretamente como atraves
do estimulo a liberacdo e a producdo de eucosanfdestaglandinas e
leucotrienos) pelos mastécitosambém modulam a atividade do sistema

imunoldgico e a liberagéo de citocinas (GOYAL et 2013).
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Durante uma resposta ao estresse, o hipotalametaecfator liberador
de corticotropina (CRF), o que estimula ainda noartex adrenal e induz a
producéo e liberacdo de hormonios glicocorticoidesses glicocorticoides
exercem 0s seus principais efeitos supressoraszinglh 0 nimero e atividade
(quimiotaxia, secrecdo e degranulacdo) de célulamatorias, incluindo os
linfécitos, mondcitos, macrofagos, neutréfilos, ir68los e mastocitos e
também inibem a producdo de mediadores pré-inflamneas, citocinas IL-1, IL-
2, IL-3, IL-6, fator de necrose tumoral (TNF), irfegon+y, de granuldcitos e
monocitos e da cascata da resposta imunitéria éstrala inibicdo da
apresentacdo de antigeno de macrdfagos, proliferagl linfocitos, e a
diferenciacdo de células efetoras de linfocitos, ¢camo linfocitos auxiliares,
linfécitos citotoxicos, as células NK e as célulasmadoras de anticorpos B
(GOYAL et al., 2013).

Os dois horménios do eixo HPA, hormdnio corticdtdf(CRF) e
horménio adrenocorticotréfico (ACTH), além de autaeem e manterem a
resposta inflamatéria (MOLON et al., 2014), tamb@pdulam separadamente a
atividade do sistema imunolégico, regulando a pgédude substancias
sinalizadoras a partir de células do sistema infgitecinas), tais como IL-1
pelos mondcitos e bloqueando a ativagdo dos mam®faEles também
promovem a proliferacdo de células B, mas inibepraducéo de anticorpo
(GOYAL et al., 2013).

A periodontite € uma doenca multifatorial causaden@riamente por
microrganismos, mas € significativamente dependimiesposta do hospedeiro
a invasao bacteriana (MUWAZI et al., 2014; TSAhAkt 2014). Individuos com
comportamento inadequado frente ao estresse téor nwio de desenvolver a
doenca periodontal severa. O estresse esti assaciidiene oral deficiente,

aumento da secrecdo de glicocorticoides que podepringdr a funcao
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imunolégica, aumento da resisténcia a insulinaneeatia 0 risco da periodontite
(ALJEHANI et al., 2014).

Mousavi Jazi et al. (2013) mostraram que o0 estrpede aumentar 0s
niveis de citocinas pré-inflamatérias 1[3;1L-6 e IL-10 e diminuir a producéo
de IFNv que pode induzir a resposta Thl, sugerindo quseexima interacao
entre os sistemas endécrino e a resposta imune estigsse fisioldgico. Além
disso, os individuos com transtornos de humor tamti¢eram uma resposta
inflamatdria exagerada ao estresse psicolégico @amparacdo com individuos
saudaveis. Nesses estudos o valor médio depllnd grupo periodontite
agressiva foi observado como sendo cerca de duas weaior do que no grupo
de pacientes com periodontite cronica e cerca deéa@uezes mais elevada do
que o grupo saudavel.

Os niveis totais de ILfl IL-6 e IL-8 sdo, significativamente, elevados
em pacientes com doencga periodontal, quando codgsmreom individuos
saudaveis. Adicionalmente, a gravidade do esttesseima forte relacdo com a
quantidade de IL{}, tanto em pacientes com periodonte agressiva coémica
(GIANNOPOULOWU et al., 2003).

2.4 Probidticos e doenca periodontal

A Food and Agriculture Organization(FAO) e World Health
Organization (WHO) definiram como probidticos os organismososgivque
guando administrados em quantidades adequadasr@mnieneficios a salude
do hospedeiro (FOOD AND AGRICULTURE ORGANIZATION FAO /
WORLD HEALTH ORGANIZATION - WHO, 2002).

O objetivo do tratamento periodontal € reduzir f@dgao dos tecidos
periodontais através de rigorosa educacgdo paraneigiral e pelo tratamento

mecéanico (raspagem e alisamento corono-radicutar €ifurgia periodontal),
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associados a terapia antimicrobiana quimica indtuenadministragcdo sistémica
de antibiéticos nas formas crbénicas graves e formgasssivas de periodontite
(HUCK et al., 2011).

Porém, o biofilme apresenta um problema terapéuiianedida que
oferece resisténcia a terapéutica microbiana canweal (MANCL; KIRSNER,;
AJDIC, 2013). Teughels et al. (2011) investigaranusp dos probidticos
influenciando a microbiota e a salde periodontatoacluiram que os
probidticos podem melhorar a saude periodontal jméaiacdo microbioldgica
ou pela interacdo imunomodulatéria.

Assim, a identificagdo de probidticos Uteis, o lesliecimento da dose
mais apropriada e o veiculo para seu uso sao dedasestigacdo ativa. Embora
0s probidticos estejam nos estgios iniciais dajyea cientifica e de sua
aplicacdo, eles aparentam ser uma ferramenta moraigHAYTAC et al.,
2014). O impacto dos probioéticos na saude oraladivamente novo com varias
pesquisas surgindo (KARUPPAIAH et al., 2013).

Os mecanismos de acdo dos probidticos variam ded@coom a
linhagem ou combinacdes de linhagens especifidizadas, a presenca de
prebidticos e da condicdo de tratamento, bem cofaseado processo da doenca
em que o probidtico é administrado. Existem disBes€omuns emergentes nos
estudos sobre 0s mecanismos de acao dos probiétinamerosas hipdteses tém
sido propostas, incluindo:

a) a inibicdo da adesdo de patdgenos, colonizacddoerecdo do

biofilme;

b) ainducédo de expressdo de proteinas citoprotatarasiperficie das

células hospedeiras;

c) inibicdo de colagenases e reducdo de moléculamftlemacao

associadas;
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d) a estimulacdo e modulacdo da resposta imune dadeisp, por
exemplo, por reducdo da producdo de citocinas rt@mnatérias
através de acbes sobre NFkB aumentando a prodecéitodinas
anti-inflamatérias tais como IL-10;

e) modulacdo da proliferacdo celular e da apoptose;

f) destruicdo ou inibicdo do crescimento de patdégeatomvés da
producdo de bacteriocinas ou outros produtosctai® o acido ou
peroxido, que sdo antagbnicos em relacdo a baxatagénicas;

g) os probiéticos também podem modificar o ambientegvas da
modulacéo do pH e/ou o potencial de oxidacédo-refugde pode
comprometer a capacidade de agentes patogénices ttgnarem
estabelecidos (GUPTA, 2011).

Nos estudos de Teughels et al. (2011) foram awsiazs efeitos de
pastilhas dd.actobacillus reutericontendo probiéticos como um adjunto para
raspagem e alisamento radicular (RAR). Apé6s 12 samde tratamento, todos
os parametros clinicos foram significativamenteidiidos, com destaque para
a reducéo da profundidade da bolsa, ganho de &segs bolsas moderadas e
profunda e reducdo da contagenPadephyromonas gingivalis

Um estudo prévio do nosso grupo avaliou a infl&gndd uso do
probidticoBacillus subtilisfCH201) administrado oralmente e os niveis de perda
Ossea alveolar foram significativamente reduzidos @imais com doenca
periodontal que receberam probiético (MESSORA .eR8i13).

No trabalho de Maekawa e Hajishengallis (2014)mais com doenca
periodontal e tratados colm brevisCD2 mostraram significativa diminui¢cdo da
perda 6ssea e menor expressédo do fator de nearoseat e interleucinafl, IL-

6 e IL-17A quando comparados com o tratamento clentr
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2.5 Probibticos e imunidade

O trato gastrintestinal € um local onde a micr@bmantigenos sdo mais
expostos ao sistema imune (VITETTA et al., 2013mTsido sugerido que a
composi¢do da microbiota intestinal esteja assaciadcondigbes alérgicas,
doencas inflamatérias intestinais, cancer, diabetesncas cardiovasculares e
dislipdemia (GOMES et al., 2014).

A microbiota do trato gastrintestinal é altamerns&gurada e exerce
ampla influéncia protetora, estrutural, metabéécanune dentro do intestino e
de forma sistémica. A microbiota comunica-se consisgtema imune do
hospedeiro e, além disso, sinaliza vias de interagén 6rgaos tais como figado,
musculos e cérebro, compreendendo uma série deddiga metabodlicas
hospedeiro-microrganismos (VITETTA et al., 2013).

Os probidticos tém sido mostrados como moderad@ms uma
variedade de funcdes fisiol6gicas do trato gastsiimal que incluem controle
regulador sobre as respostas imunes, a funcaoragraapitelial e proliferacédo
celular (GOMES et al., 2014; VITETTA et al., 2013).

A resposta do sistema imune, fatores genéticostazefa ambientais
afetam o risco de desenvolvimento de doencas periaid (MESA et al., 2014),
dependendo de como o hospedeiro responde a miaptaato comensal como
patégena (EBERSOLE et al., 2013).
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3 CONSIDERACOES GERAIS

O uso de probiéticos e suas aplicagcdes vém gantespigo. Existe um
aumento de evidéncias de que a espécies de poolsifiodem ser benéficas a
salde oral e sistémica. Mais estudos serdo neimsspara otimizar o uso, dose,
administracdo e quantificar a extensdo dos bepsfidlem como entender a
habilidade de sobrevivéncia da bactéria, o crestiome o mecanismo de acdo
sobre as diferentes doengas em que 0s organismassados. Foi observado
gue o estresse cronico diminuiu os efeitos dosiftiobs diminuindo os efeitos
imuno-modulatérios nos tecidos periodontais e aindaiso de probiético

protegeu o tecido intestinal.
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ABSTRACT

The probiotic influence on the immune system, ésheander pathogenic
challenge conditions, still remains controversiab address this, a systematic
review of current studies concerning the efficatypmbiotics on the immune
response of rats subjected to experimental chaflengas conducted. The
survey was conducted using PubMed, ISI Web of &rieend Scielo
databases. Only studies which tested probiotigsvivo in rats were
included. The experimental design, methodologicallity, and results of the
articles were analyzed. In total 21 articles wemdested for this study. The
most commonly used microorganisms in the expersneste those of the
genusLactobacillus which was reported in 12 articles. The secondtrofisn
used genus waBifidobacterium(B. animalisand B.longun). In general, the
probiotics use against experimental pathogenic leingles was successful:
86% of the selected articles reported a benefi@éfect on the immune
response associated with the use of probiotics.

Keywords: immunity, probiotics, rats, dietary supplements
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1 INTRODUCTION

It is well known that the nutrition, through a sexiof complex
interactions, is able to improve the health statfisthe animals. In animal
production, several substances have been usedoashgpromoters, including
probiotics, which are live microorganisms that ioye the microbial balance in
the gastrointestinal tract, thereby increasing dfficiency with which the
nutrients are used. In other areas, probiotics Haen used for preventive
purposes, to inhibit the proliferation of microonggms that cause
gastrointestinal disturbances (Chaucheyras-Duraat 2008; Vanderpool et al.
2008; Mountzouris et al. 2009; Chaucheyras-Duramdl ®urant 2010;
Maragkoudakis et al. 2010).

By definition, probiotics are microorganisms thae aegulated as
dietary supplements when ingested in sufficientntjtias, have beneficial
effects on the health of the host (FAO 2002; Bad#f al. 2005; Siré et al.
2008; Tsubura et al., 2009). Most probiotics canthacteria of the genus
Lactobacillusand Bifidobacterium(Brizuela et al. 2001; Peran et al. 2006;
Zeng et al. 2009; Bloise et al. 2010; de RoocH.e2G10).

However, certain bacteria of the gertrgerococcugMaragkoudakis et
al. 2010),Leuconosto@nd StreptococcugZanini et al. 2007) and yeasts, such
as Saccharomyces cerevisiaand Saccharomyces boulardi{Baptista et al.
2005; Generoso et al. 2010) can be considered podixotic microorganisms.

Numerous studies have demonstrated the effectigerads these
microorganisms at improving the intestinal healfithee animals and, thereby,
their metabolic and physiological status Brizuetaaé 2001). Besides the
direct effect of probiotics on the adherence ofhpgénic bacteria in the
intestinal  epithelium, several studies have alsorretated probiotic
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administration with the positive effects on the ioma response in animals
(Borchers et al. 2009; Amit-Romach et al. 2010; &egro et al. 2010; Fink
2010) and humans (Nomoto 2005; Salminen et al. 200%ax and Calder
2009). Other benefits identified inn vitro studies include significant
inhibition of infection by L. monocytogenefCorr et al., 2007); strong
induction of IL-12 and TNFe in monocytes and cultured human peripheral
blood mononuclear cells (PBMC) (Fink 2010); andihition of the growth
of C. albicans(Verdenelli et al., 2009), among others. However consensus
exists in the literature on the preventive or tperdic use of probiotics to
improve the immune system’s ability to defend aghidifferent infectious
agents.

Animal models, such as rats, are often used tolatmthe physiological
and pathological mechanisniis vivo. Results are then extrapolated to other
species, which cannot be directly investigated, tuethical, financial and/or
facilities management issues, or simply becausa tdck of physical space
(Fagundes and Taha 2004; Da Matta 2010). Thusiletktstudies on a single
species are necessary for comparative analysiseftine, the objective of the
present study was to conduct a systematic reviethefefficacy of probiotics
on the immune response in rats.
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2 MATERIALS AND METHODS

Research strategy
An electronic search of the PubMed database

(http://www.ncbi.nim.nih.gov) was conducted in Cmto 2010, using the
following keywords: immunity, probiotics, rats. Tannfirm the findings and
obtain supplementary studies, a similar strategy evaployed for the I1SI Web of
Science database (http://apps.isiknowledge.com) a8dielo database
(http://www.scielo.org/php/index.php), using the msa keywords (also in
Portuguese and Spanish, when applicable).

Study Selection

For the present review, only in vivo studies usgimgbiotics and rats
were selected. Studies conducted on mice, ralthiisea pigs, or other types of
animal models were excluded.

No restrictions were made for the type of probiatsed in the study,
administration form, or administration period agaian experimental challenge
(for prevention and treatment). Additionally, naealalanguage or number of

animals were restricted as selection criteria.

Data extraction and Quality criteria

Two researchers conducted article searches selyaragnd
independently verified the compliance of the selégapers with the inclusion
criteria. In the cases of divergence between theensa all the criteria were
reviewed and discussed. Table 1 displays the dddded to the experimental
design of the retrieved articles. After study sttec quality analysis was
conducted and scores were assigned to specifictdicieriteria as described in
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Table 2. Selection criteria were defined to evauabth the protective effects
of probiotics in relation to the immune system athg methodological
quality of the selected articles.

However, not all the parameters used were scordthemguality scale

(such as animal strain, type of microorganism used evaluated technique,
among others), but were taken into consideratiotihey were relevant to the
subsequent discussion. The scientific criteria usede adapted from other
systematic reviews (Noli and Auxilia 2005; Negreaét 2009; Pereira et al.
2010). The parameters were classified as eithequade (score: 2) or
unclear/partially adequate (score: 1). The follayjrarameters were scored:

e Sample number: Studies with sample groups conirkn 6
animals received a score of 2 and studies withthess 6 animals
per group received a score of 1.

* Randomization: Studies reporting nonrandomized mx@ats or
studies for which the degree of randomization was clearly
described in the text received a score of 1, whiledies using
randomized experimental designs received a scdze of

» Control group: Studies that included a control graeceived a
score of 2, while studies that did not include atem group or did
not clearly mention a control group in the textaiged a score of 1.

* Blind evaluation: Studies which included blind asseents in their
experimental design received a score of 2, whileliss whose
experimental designs did not include blind assestsneor for
which blind assessments were not clearly reportedhe text
received a score of 1.

* Interference factors: Studies that did not evaluaterference

factors received a score of 1, while studies whedmsidered
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additional factors, such as stress, hormonal etialya and
variations between the males and females receigedra of 2.

» Pathogenic challenge: Studies which did not include
experimental challenge received a score of 1, wétilelies which
subjected the animals to an experimental challeregeived a
score of 2.

The maximum total score was 12 points.
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3 RESULTS

An initial search of the PubMed database retric2articles. Of these,
three were excluded because were conducted in ruoramice; one evaluated
the isolated action of prebiotics;three others wals® excluded because they
were literature reviews. Thus, of the initial 24ticles retrieved, 18 were
selected for this study.

A search of the ISI Web of Science database alsieved 24 articles,
eight of which were duplicates of articles retriévieom PubMed. Of the 16
remaining articles, five were excluded because these studies on humans,
sows and piglets, prebiotics, or were performedvitro; two others were
excluded because they did not evaluate probiatied,six more were excluded
because they were literature reviews. Thereforegetladditional papers were
selected from this search. A search of the datalsmselo did not identify
additional articles. Thus, in total 21 articles ntké inclusion and exclusion
criteria, and were selected for this review. Tableresents a summary of the
selected studies.

The following rat lineages were used in the studieduded in this
review: Wistar, Lewis, Sprague Dawley and Fiscfidre combinations of two
distinct lineages of rats were also used, as vgelha combinations of rats with
Balb-C mice. In three studies, the authors didraepbrt the rat lineages used.

Bacteria from the genusactobacilluswere the most commonly used
microorganisms in the selected studies, and wererted in 57% of the papers.
The second most common genus J&ifdobacterium(B. animalisand B.
longun). The combinations of microorganisms were used3&% of the
papers, such adactobacillus helveticust Streptococcus thermophilusr
Streptococcus thermophilus Lactobacillus acidophilus+ Bifidobacterium

lactis, among others.
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In 48% of the articles, probiotics were administeria the feeding,
while in 38% of the studies, probiotics were adsteied by gavage. Other
forms of administration, such as water or castbiere also mentioned. There
was a large variability in the amount of colonyrfiimg units (CFU) used among
the surveys, and no consensus technique emerged, awong the studies
dealing with the same species of bacilli. The darabf probiotic administration
(e.g. before, during or after experimental chalégnglso varied considerably:
probiotics were administered both before and dfterchallenge in 33% of the
studies; only during the challenge in 14%; and after the challenge in 19%.
In 19% of the studies, probiotics were administahedughout the study period,
independent of the timing of the experimental avaje. Other studies
administered probiotics only a few days before ahanals were killed, in the
pre- and post-operatory period.

Of the 21 selected articles, only one reportedritagionducted a blind
evaluation (So et al. 2008), while 16 articles rggmb randomization of the
sample. The number of animals per group ranged ftaim 32, although three
papers did not report the number of animals useéx@erimental group.

A total of 90% of the articles induced a pathogectiallenge: 38%
introduced an intestinal challenge (e.g. colitigwnors, among others); 9.5%
introduced encephalomyelitis; 9.5% induced livejuiyy 4.8% induced
respiratory allergies; 4.8 % induced arthritis;%4.8hallenged the animals with
Escherichia coli 4.8% induced ischemia and infusion; 4.8% induced
intracerebroventricular cannulation; and 4.8% werkallenged by the
introduction of air pockets into the back of thdnaas. In 4.8% of the
papers, both encephalomyelitis and respiratory rgglle were induced
simultaneously (Ezendam et al. 2008).

With respect to the interference factors 24% of dhecles separated

male and female groups, while 5% used the modektrefs. However, the
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vast majority (71% of the articles) did not reparty interference factor. In
the work of Laudanno et al. (2008), both the sefxeale/female) and stress

were evaluated. All the studies used control groups
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4 DISCUSSION

Literature reviews are useful to the scientific coamity in general, and
can provide significant insight into a particulasearch field, since they enable
a more complete view of current results. In additithey can suggest the best
protocols to be employed and/or future directions fesearch (Snodgrass
2006). The present literature review on the effycat probiotics at improving
the immune response in rats focused on targetinghwtherapeutic protocols
were associated with the best (or more promisirggults in this species,
and could be used as a guide to future studiemptiteg to reproduce these
experiments in other species.

Research using animal models are important, edpeaien the
limitations of investigating certain diseases disein humans, which often
involves the ethical issues and/or risks relatedhto disease under study.
Diseases which can be induced in animal models ttevepotential to reveal
the pathological mechanisms that can be extragbtatbumans, increasing the
understanding of human disease. Thus, the use iofahmodels can help
overcoming numerous research limitations and oft@movides causal
relationships more quickly. For these reasons, mxgatation on animal
systems often represents the first step in mangarel projects (Taha and
Fagundes 2004; DaMatta 2010).

According to Nomoto (2005), excessive use of thébantics can
induce an imbalance in the intestinal microbiotacaeiraging the emergence
of antibiotic-resistant bacterial infections, arad,the same time, reducing the
possible activation of the immune system prior niedtion. Because of this
problem, interest in the use of probiotics as amlement to antibiotics has

been growing.
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Although it is known that probiotics have differeptoperties and
functions, the mechanisms by which individual pobiss act in a host are
not fully understood. As described in the literafuprobiotics are assumed to
act via several mechanisms, including: a) competitiexclusion, where
probiotics compete with the pathogens for fixatgites and nutrients, thereby
temporarily preventing the pathogenic action; bddoiction of antimicrobial
substances, such as bacteriocins, hydrogen peroaitk volatile organic
acids; c) induction of direct changes in the immuesponse, through immune
stimulation of residing cells in the enteric trastich then initiate activation
of macrophages, increasing phagocytosis; and d)ulaton of enzyme
activity by changing the microbial metabolism (Asidi et al. 2000; de Vrese
et al. 2001; Ogawa et al. 2001; Cross 2002; Puugmpétimia et al. 2002;
Hamilton-Miller 2004; Boirivant and Strober 2007;illé&r et al. 2008;
Borchers et al. 2009; Ng et al. 2009; Rijkers e6ll0; Yan and Polk, 2010).

Of the 21 articles selected, 86% reported the heakéffects from the
administration of probiotics on the immune respoinseats. Two studies, one
conducted by Baken et al. (2006) and one by Guitdrdl. (2006) reported
unsatisfactory results from the use of probiotitgygesting that further studies
were necessary. Baken et al. (2006) induced autoimanencephalomyelitis,
the same challenge experiment used by Maassen @08B), who concluded
that probiotics could suppress this disease. Ezerataal. (2008) observed a
significant reduction in the duration of clinicairsptoms, and an improvement
in weight gain versus the control group. Guitarchlet(2006) investigated the
effect of probiotic administration on the developin@and progression of an
experimental parasite infection (cryptosporidiosis)lactating rats. Although
the rats administered probiotics tended to dispéester parasite clearance
than the controls, no significant effect was obedrin terms of weight gain,

parasite burden, mucosal damage or cytokine kimé@tithe mucosa during the
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course of the infection. Overall, these authorstbthat daily administration of

probiotic mixtures containingactobacillus caseivas not able to eradicate the
parasite in their experimental model. However,edghces in probiotic strains
and dosages could justify the discrepancies bettimme studies.

The animals underwent intestinal challenge in 48%he assessed
studies, and all responded positively to the uggraliotics, with the exception
of Guitard et al. (2006). The immunostimulant effassociated with probiotic
administration could be related to the abilityloése microorganisms to interact
with Payer’'s patches and intestinal epithelial s;ethereby activating the
mucosal immunity by stimulating the plasma celig\ becretion and migration
of intestinal T cells (Park et al. 2002; de Vretale2005).

Of the articles investigating induced respiratdigrgies (n=4 articles),
only two reported a positive response. Howeverbiotcs were found to
increase the phagocytic activity of alveolar mabamges, suggesting that they
could act systemically by inducing the secretiommefliators which could then
stimulate the adaptive immune system (Cross 2002).

Significant differences were observed with respectthe doses of
probiotics used. However, no differences in reswtre noted between the
highest (Beaulieu et al. 2007) and lowest admirgste doses (Aguilar-
Nascimento et al 2006): both showed positive immune responses. The
immune response to the use of probiotics was asaependent on the time
of administration: positive responses were notederwtprobiotics were
administered before pathogen challenge, duringctialenge, or both before
and after the challenge.

However, no trend was found among the studies aedlyegarding the
type of microorganism used for the treatment, prékg the establishment of a
general protocollLactobacilluswere used against several different types of

pathogenic challenges, including encephalomyelfisken et al 2006;
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Maassen and Claassen 2008); colitis (Amit-Romaclale2010); laparotomy

with colon anastomosis (Aguilar-Nascimento et 80&); and E. coli infection

(Ishida-Fujii et al. 2007), among others. With tleception of Baken et al.
(2006), all of these articles reported satisfact@sults associated with the
probiotic administration. However, numerous othécroorganisms were also
used in the analyzed studies, both alone and inbiration. This variation

probably stemmed from the fact that the objectifeth® research was to
generally stimulate the immune response of the alsirmot to evaluate the
specific infections. No relationship was identifiegtween the type of probiotic,
pathogenic challenge and the effectiveness of ptichadministration.

Only one of the papers analyzed was conducted ibg lalssessment.
However, 71% of the articles included a randomizgperimental design (the
remaining 29% did not clearly state if the studyswandomized or not).
Use of blind assessments and randomized evaluatigmeved the reliability
of scientific works, by preventing study investigat from knowing which
treatment was administered and in the case of mizéd trials, distribution
was done randomly (Snodgrass 2006; Taylor and rifild2011).
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5 CONCLUSION

In the studies assessed in this review, the adtratisn of probiotics has
been shown to be associated with a positive indnaif the immune response in
the presence of a wide range of experimental pathioghallenges. Therefore,
further studies should be encouraged in this fieldbrder to develop new
protocols with respect to the microorganism typesadje and the timing of

probiotic administration for specific illnesses.
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Table 1- Summary of the Selected Studies._
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1 2 3 4 5 6 7 & 10 11 12 13
A Wistar Lactobacillus Y Pre- 30 Y U Y U Laparotomy Intestine Evaluation of the IGA, total
helveticus and and post- with colon (colon) protein, albumin and globulin;
Streptococcus operative anastomosis analysis of DNA content by the
thermophilus ¢ period method Gyles and Meyers.
CFU
B  Wistar Streptococcus Y Beforethe 6 Y U Y N Induction Intestine Evaluation of colonized tissues
thermophilus, challenge of colitis (colon and by real-time PCR. Morphology
Lactobacillus and lower end of of the colon and damaged
acidophilus and throughout the ileum)  tissue were histologically
Bifidobacterium the evaluated.
lactis 10° CFU experiment
C  Lewis, Lactobacillus caseiN Beforethe 16 Y U Y U EAEimtion Ears Isolation and proliferation of
Wistar 10°CFU challenge (epidermis) or lymph nodes, IL-4 and IRN-
and and central by ELISA, cytokine through
Balb/c throughout nervous standard curves of recombinant
the system IL-4 or IFN-y, analysis of gene
experiment expression in liver and thymus
tissue, as well as frozen MLN;
analysis of the amount of RNA
by  spectrophotometry  and
RNA  integrity by  gel
electrophoresis; microarray
analysis
D  Wistar Lactobacillus N Throughou 5 N U Y Y N - ELISA and blood cell count
and kefiranofacien$ x tthe
Lewis 10" CFU experiment
E Spraguelactobacillussp. U Beforethe 3 Y U Y N Cecum Cecum Intestine histology, counting
Dawley 10°CFU challenge perforation for bacterial colonies; Backlight
and 9,3 polymicrobial analysis; serum TNF analysis
and 10 infection by ELISA.
days after
challenge
F  Wistar LactobacilluscaseiU Beforeand 6 Y U Y N Listeria Gastro- Bacteriological analysis; liver
2x10°CFU. after the monocytogenesintestinal tract and spleen histaaly
challenge (sensitization and visceral analysis; ALT levels and
caused by oral organs concentration of total serum
infection) bile acids by a Beckman
Synchron CX7, cell-mediated
immunity measured using the
DTH assay
G  Wistar Lactobacillus 2x{ON Afterthe 4 Y U Y U Lsteria Spleen and  Liver and spleen
CFU challenge monocytogenediver bacteriological analysis and
infection. measurement of L.
monocytogenespecific DTH.
H SpragueBifidobacterum N Fombith 10 U U Y U N - RNA concentration by
Dawley longum1x10' CFU until the spectrophotometry, reverse
end of the transcription, RT-PCR,
experiment cytokine and immunoglobulin

_ (byELISA)
(Cont. ...)
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1 2 3 4 5 6 7 ® 10 11 12 13

| Lewis Lactobacillus caseiN Beforethe 8 Y U Y Y  Allergy Lymphocytes Specific ovalbumin IgE and
and 2-4x16CFUor1-  challenge Induction inthelungs 1gG1 titres in sera were
Balb/c 2x10°CFU and and determined by ELISA. Th1 and

throughout ovalbumin- Th2 cytokines were measured
the specific in the supernatants of spleen
experiment cytokines in cells that were cultured with
the spleen  ovalbumin; IL-4, IL-5, IL-10,
IL-13 and IFNy analysis.

J Lewis Bifidobacterium N Beforethe 16 Y U Y Y OVA Lung or OVA-specific antibodies;
and animalis1x10° CFU challenge (respiratory  central Cytokine; IgE ova-specific (by
Balb/c and allergy) or nervous ELISA)

throughout EAE system
the
experiment
K Abino Lactobacillussp. N Throughout 6 Y U Y Y  Induction of Gastro- Protein levels were determined
rats 10°CFU the diarrhea intestinal tract by the method of Buiret; blood
experiment (castor ol cell count
used as a
laxative)
L Spraguelactobacillus caseiY Fomthe 1 U U Y U Cryptosporidi Small Estimated amount of parasites
Dawley Lactobacillus second day osis intestine in the mucosa of the cecum by
bulgaricus, of the (cecum) Ziehl-Neelsen staining an€.
Streptococus experiment parvum by realtime PCR,
thermophilus, until histological analysis of the
Lactobacillus sacrifice cecum; IFNy, IL-10 and TNF-
acidophilus, o
Lactobacillus
plantarum and
Bifidobacterium
infantis2x10 CFU
or 4x1¢ CFU
M U LactobacilluscaseiN Beforethe 10 Y U Y N Infection withU IgA (ELISA), cytotoxicity of
5x10'° CFU or challenge E. coli NK cells, macrophages, TNF-
1x10"'CFU and a, IL-6  and IL-12
throughout
the
experiment

O  Fisher Lactobacillus N After the 5 U U Y N Aibags Back of the PMN accumulation and
and paracasei5 x 1¢ challenge (injection of ~ animal phagocytic activity of these
Balb/c CFU sterile air) cells, IFNy, TNFo and IL-10

(ELISA), histopathology;
immunohistochemistry

P Wistar Lactobacillus Y For3days 10 Y U Y Y Indethacin  Gastro- Percentage of damaged area

brevis, before intestinal tract (macroscopically);  Histology
Lactobacillus sacrifice of the gastric mucosa, ileum
plantarum, and colon,
Streptococcus immunohistochemistry of
faecalism and lymphocytes B (CD 20) and T
Bifidobacte-rium (CD 4 +)
brevis6 x 16 CFU

Q U Lactobacillus N Durngthe U U U Y N EAE efral Cytokines and DNA

plantarum and challenge nervous
Lactobacillus system
murinesCFU (UC)

R  Spraguelactobacillus Y Throughout U Y U Y U Azinomethan€olon Analysis of the proliferation
Dawley acidophilus, L.. the (colon rate of the mucosa, mesenteric

helveticus and experiment carcinoma) lymph nodes were removed

Bifidobacterium from rats for analysis of

CFU (UC) intestinal immune  system
markers, ACF determination;
tumor detection

S  Wistar Lactobacillus N Duringthe 7 Y U Y U Ischemia and Liver Hepatic microcirculation, liver

paracasei3 x 10 challenge reperfusion histology, ~Western blotting
CFU analysis, plasma assessment;

bacteriological evaluation in
the small intestine

(Cont. ...)
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(Cont Table 1)
1 2 3 4 5 6 7 & 10 11 12 13
T  Fischer Lactobacillus Y U 32 Y U Y U Azinomethane Colon Immunofluorescence of
rhamnosus and (colon lymphocyte subpopulations
Bifidobacterium carcinoma) through the spleen and MLN,
lactis 5x10° CFU or . flow cytometry analysis; IL-10
5.5x16 CFU and IFNy by ELISA
\% Lewis Lactobacillus caseiN After uyY Yy Y Y Induction of  Ankle (foot) Histopathological analysis of
2x10"° CFU induction rheumatoid the hind paws; cytokines by
and during arthritis RT-PCR, 1gG (ELISA), TNF-
the whole (collagen type o, IL-10 and Foxp3 by FACS
experiment 1) Calibur  Flow  Cytometer
X Sprague Lactobacillus N After the 7 U U Y N ICV Brain tissue Histopathology;
Dawley acidophilus2.5 x challenge cannulations immunohistochemistry; mRNA
10°CFU and cDNA (RT-PCR), positive

colonies were confirmed by
DNA sequencing, Western-
blotting of the intestines and
retroperitoneal adipose tissue.

A: Aguilar-Nascimento et al. 2006; B: Amit-Romachat 2010; C: Baken et al. 2006; D: Beaulieu e2@D7; E: Bu et
al. 2006; F: de Waard et al. 2002 a; G: de Waaad. &002 b; H: Dong et al. 2010; |: Ezendam and iaveren 2008; J:
Ezendam et al. 2008; K: Flore et al. 2010; L: Quitet al. 2006; M: Ishida-Fujii et al. 2007; O: Kelis 2010; P:
Laudanno et al. 2008; Q: Maassen and Claassen B08arotta et al. 2003; S: Nardone et al. 2010R®ller et al.
2004; V: So et al. 2008; X: Sousa et al. 2008; CEdlony forming unit; U: Unclear; Y: YES; N: NO; Ag
immunoglobulin A; IgE: immunoglobulin E; 1gG1: immaglobulin G; DNA: deoxyribonucleic acid; RNA: ribacleic
acid; mRNA: Messenger ribonucleic acid; ELISA: Emey Linked Immunosorbent Assay; PCR: Polymerase rCh|
Reaction; RT-PCR: reverse transcription polymexdsan reaction; EAE: experimental autoimmune ena&phyelitis;
IL-4: interleukin-4; IL-5: interleukin-5; IL-6: irgrleukin-6; IL-10: interleukin-10; IL-12: interleirk12; IL-13:
interleukin-13; ICV: intracerebroventricular; MLNaesenteric lymph nodes; PMN: polymorphonuclear deyte; ACF:
aberrant crypt foci ALT: alanine aminotransfera®@H: delayed-type hypersensitivity ; Thl: T helpell type 1; Th2:
T helper cell type 2; IFN: interferon-gamma; TNk: tumor necrosis factar; OVA: ovalbumin; NK: natural killer; 1:
author and year of publication; 2: lineage; 3: m@rganisms used; 4: association of microorganissngperiod of
probiotic administration; 6: number of animals mxperimental group®; 7: randomization; 8: blind esssnents; 9:
control group: 10: interference factors®°, 11: jabnic challenge; 12: tissue where the challenge iwduced; 13:
technical evaluated. °Studies in which the "n" ekpental varied, was considered the smallest n{ré%S, hormone
assessment, gender, etc.

bi
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Table 2- Evaluation criteria and scores for the selectditles
Author Mean number of Typeof Control Blind Interference Pathogenic  Total
animals per g oup-_assay-
group—_assssnentd™—___ fators™—__challenge™*

Ezendam and van 2 2 2 1 2 2 11
Loveren 20(8

Ezendamet al. 2008 2 2 2 1 2 2 11
Laudanro et al. 2008 2 2 2 1 2 2 11
So et al. 2008 1 2 2 2 2 2 11
Aguil ar-Nasci mento 2 2 2 1 1 2 10
etal. 2006

Amit-Romach 2 2 2 1 1 2 10
etal. 2010

Baken et al. 2006 2 2 2 1 1 2 10
Floreet al. 2010 2 2 2 1 1 2 10
Bu et al. 2006 2 2 2 1 1 2 10
Ishida-Fujii et al. 2007 2 2 2 1 1 2 10
Roller et al. 2004 2 2 2 1 1 2 10
de Wazrd et al. 2002a 2 2 2 1 1 2 10
Beaulieu et al. 2007 2 1 2 1 2 1 9
Marottaet al. 2003 1 2 2 1 1 2 9
Nardone et al. 2010 2 1 2 1 1 2 9
Souszet al. 2008 2 1 2 1 1 2 9
de Waerd et al. 2002b 1 2 2 1 1 2 9
Kourelis 2010 1 1 2 1 1 2 8
Guitard et al. 2006 1 1 2 1 1 2 8
Mazssen and Claesen 1 1 2 1 1 2 8
2008

Donget al. 2010 2 1 2 1 1 1 8

~Scores for the sample number were 1 (less tham@dsigroup) and 2 (6 or more animals/group)
= Nonrandomized experiments or when randomization m@tsdescribed clearly in the text (score 1) apd
randomized experiments (score 2)

= Studies without control groups or those which did clearly mention a control group in the text gctb) and
studies with a control group (score 2)

+ Experiments without blind assessments or thosehiohwblind assessments were not clearly reporteéderiext
(score 1) and experiments with blind

assessments (score 2)

++ Studies that did not evaluate interference fadtersre 1) and studies which evaluated additionztbfa such
as: stress, hormonal evaluation, variations

between males and females (score 2)

+++Studies in which animals were not subjected to exmmntal challenge (score 1), and studies in whitimals
were subjected to an experimental

challenge (score 2).
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Abstract

Background: This study evaluated the effects of Probiotic ThgréPT) in rats
with ligature-induced periodontitis associated wittstraint stressMethods:
Sixty-four rats were divided into: control (C), eds (STR), probiotic (PROB),
periodontal disease (PD), STR-PROB, STR-PD, STRBRO and PROB-PD
goups. The probiotic was added to the drinking w&be 44 days. PD was
induced by a ligature. In STR groups, the animatsewsubjected to restraint
stress for 2.5 hours during 30 dafResults: PD increased alveolar bone loss
(p<0.05). PD also increased levels of CyclooxygerlagCOX-2), serum C-
terminal telopeptide (CTX), p38 mitogen-activatedotpin kinase (p38),
receptor activator of NFk B ligand (RANKL) and decreased levels of
osteoprotegerin  (OPG). Stressed rats presented leigbls of C-peptide,
corticosterone and glucose (p<0.05). In general,piesence of stress reduced
the expression of CTX and p38 (p<0.05). PT reduakeéolar bone loss in
unstressed animals. It also decreased expressiGiXfand induced increased
expression of OPG in unstressed animals with PDweder, PT was not
effective in preventing bone loss or altering thg@ression of inflammatory
markers in stressed animals. PT decreased the mwhbdlammatory cells in
the periodontal tissue (p<0.05). Groups with staas$ PD presented decreased
villous height and crypt depth. Stress seemed &vgmt part of probiotic
beneficial effects on small intestin€onclusion: Based on the methodology
used, PT may reduce tissue destruction resultorg D in unstressed rats. The
protocol used for restraint stress decreased tmeuim-modulatory effects in
intestinal and periodontal tissues of probiotics.

Keywords: Inflammation, periodontal diseases, physical regsts, animal
models.
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1 Introduction

Periodontal disease (PD) is characterized by andhrimflammatory
process of tooth supporting tissi@sThe most common form, chronic
periodontitis, affects 35% to 60% of the adult pagon in developed
countries, and severe forms are estimated to affect 5 to d5%he world’s
population® It was reported that one in two Americans agedB0lder has
periodontits’ Besides being the most common cause of tooth floege is some
evidence that periodontal infection can also beolved in systemic disease
processes, such as cardiac abnormalities and préger birth weightt™°

The presence of biofilm is essential for initigtiPD. However, the
clinical course of the condition depends on hostegen interactionBacterial
products start a local response in the gingivaugs® leading to resorption of
alveolar support bone, mobility and consequenthtdoss™ Nevertheless, the
presence of biofilm alone accounts for only a smpatiportion (20%) of the
variations in expression of PE¥. The main contributor to the destruction of hard
and soft tissues is the result of activation of immune-inflammatory host
response to bacterial aggressidorcquired risk factors and environmental
factors (e.g.diabetes mellitus smoking and stress) as well as genetically
transmitted characteristics (e.g. polymorphisms foterleukin-1) may
exacerbate the inflammatory respofise.

Thus, in addition to microorganisms, stress caniabedmmune and/or
behavioural effects on the body's defences, cariing to the aetiology and
perpetuation of chronic periodontifisStress can change the resistance of the
host tissue by autonomic as well as endocrine nméstmag, resulting primarily
in increased levels of catecholamines and cortcosts, reduced
microcirculation in the gums and salivary flow, arference with the normal
functioning of neutrophils and lymphocytes and Ifeation of bacterial invasion

and tissue damagde®®
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In this context, probiotics (live microorganismsathconfer health
benefitd’ — e.g. bacteria of the genluactobacillus EnterococcusBacillus and
Bifidobacteriumj®appear as new adjuvants for controlling £D.

As far as we are concerned, there is no previaudysevaluating the
effect of Probiotic Therapy (PT) in associationRD and stress. In a previous
study from our group, it was shown that PT reduepithelial attachment and
alveolar bone loss in rats with ligature-inducedquontitis® Since probiotics
can interfere both with microorganism load and with immune response, their
systemic application is of interest.

The impact of stress on exacerbating inflammatamycgsses has a
particular role in the management of PH? Due to the diversity and
complexity of the interactions of probiotic speciggh the immune system, a
careful selection process should be conducted &efging them in clinical
trials? Since similar immune-inflammatory mechanisms odeuperiodontal
tissue and intestinal mucosa, it is believed thataction of probiotics in the oral
cavity is analogous to that described in intestimatosaBacillus subtilisalong
with other probioticsis known to be valuable for prevention of enteric
infections. We hypothesized that its use in drigkivater should adhere to and
colonize part of the oral and intestinal bacteridhwbeneficial effects on
intestinal and periodontal tissues even under stssiations. Therefore, this
study aimed to evaluate the effects of Probiotierapy (PT) in rats with
ligature-induced periodontitis associated withnagst stress
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2 Materials And Methods

All procedures were approved by the Ethics Committen Animal
Experimentation (CEUA — UFLA protocol number 036/1@ total of 64
healthy adult male ratsRéttus norvegicus Albinus, Wistarweighing
approximately 200 g were used in this study. A cleteby randomized design
in a 2x2x2 factorial scheme (stressed or not, withiodontal disease or not,
treated or not with probiotics) was employed. Afieclimatizing for 7 days, the
animals were divided into eight groups with eighinzals each: control, stress
(STR), probiotic (PROB), periodontal disease (PB)R-PROB, STR-PD,
PROB-PD and STR-PROB-PD. The animals were housedndividual
metabolic cages. The room was kept at a temperafup? + 2°C with light-
dark cycles of 12/12 h. Food and water were sugpléelibitum throughout the
experimental period.

The rats were immobilized in plastic containers phed to their
size/weight.?! The restriction of movements was maintained for ®&rs per
day over 30 days (Figure 1.The immobilization was performed in a quiet
room and always at the same time to avoid additistnass or interference with
the circadian cycle.

Probiotic product based oBacillus subtilis (CH201} was orally
administered for 44 days (1.5 x*@lony-forming units CFU/mL daily}* PD
was induced by a ligature protocol in both mandibdirst molars. The animals

received general anaesthesia with intraperitomgattion of 10 mg/kg xylazife

and 80 mg/kfketamine. Once anesthetized, the animals receiVigature with
cottorf’ according to the methodology described by Holzaesel*

All animals were killed after 44 days and theirstiss used for
subsequent analyses. The rats were decapitatechwttiillotine. Blood samples

were collected for assessment of glucose levels dblprimetric assay),
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corticosteroné and C-peptidé (by enzyme immunoassay - ELISA) using
commercial kits.

After collecting blood, the jaws were removed dinad in buffered
formalin in a volume of liquid at least 30 timesgter than the removed tissue.
The right hemi-mandibles were destined for histmalgslide preparation for
counting inflammatory cells, while the left side edch mandible was used for
morphometric analysis and also to collect tissoes€mi-quantitative assays of
proteins by Western Blotting. These analyses aserdeed below.

Inflammatory cell counts

The right hemi-mandibles were demineralized in 1BE2TA solution
for 60 days” paraffin embedded, then cut into a half seriesslifes with
thickness 6.Qum in the mesio-distal direction. The sections wieeed on slides,
dewaxed and stained with hematoxylin and eosinirTihages were captured
under a light microscope. Before the analysisedetwere established in order
to conduct a more objective evaluation of inflamonat infiltrates in the
interproximal sub-epithelial connective tissue lesw the distal root of the first
mandibular molar and the mesial root of the secorahdibular molar. The
counts of inflammatory cells such as eosinophjisighocytes, plasma cells and
macrophagé$ in the interproximal papilla between the first as&tond molars
were performed using a computer program

The analyses were performed by two calibrated exarsiwho were
blinded to the experimental groups. A second samjie measured again 48
hours after the first. A paired t test was usectdtzulate the intra-examiner
error. A Pearson correlation analysis between tha dbtained by the two
examiners was also performdtivalues > 0.05 in the paired t test and.90 in
the Pearson correlation test were considered imatshg the feasibility of the
proposed method.

Western blotting



81

Quantification of proteins: p38 mitogen-activatewtpin kinase (p38),
Cyclooxygenase-2 (COX-2), receptor activator of NB ligand (RANKL) and
osteoprotegerin (OPG) were visualised from totaltgin extracts of gingival
tissues. Samples of 4@y of total protein were added in a buffer contajnin
glycerol and SDS DTT, heated and denatured at &°6 min, and loaded onto
SDS polyacrylamide gels. Proteins on the gel wepaiated by electrophoresis
in 10 mM Tris-HCI buffer subjected to a voltage 00 V for 90 min.
Subsequently they were electro-transferred to AM2nitrocellulose membranes
(300 mA for 60 min). The membranes were then intdavith antibodies
against a housekeeping protemtgbulin) used as a positive control. Images
obtained on radiograph films were scanned by a dbeimescent
documentation system and further analysis was pagd by densitometry of

the bands using specific software.

ELISA for serum C-terminal telopeptide (CTX) protei

CTX levels were determined in capture ELISA assasiag microtiter
plates® coated for 24 h at°& with 2 ug/ml of goat IgG anti-rat CTX in
carbonate-bicarbonate buffer, pH 9.6. Unless statedwhere, all antibodies
were affinity purified and obtained from RheabidtegCampinas/SP, Brazil).
ELISA reactions were performed in 1Q0 volumes. After coating, the plates
were washed 3 times with a solution of 0.9% Na@5% Tween 20 and 0.02%
NaN3, then blocked for 1 hour at room temperatuith yghosphate buffer
(PBS), pH 7.5, and 0.01% BSA. After a new seriewashes, gingival proteins
were applied in triplicate and the plates were latad for 2 hours at room
temperature. After additional washes, the plateseviecubated for 2 hours at
room temperature with a 1:5000 dilution of biotiorugated goat IgG anti-rat
CTX. The plates were then washed and incubated fomwith a 1:500 solution

of streptavidine. The plates were washed againtlamdeactions were revealed
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by incubation with the TMB substrate. Colour depehent was measured at

450 nm in an ELISA plate reader

Morphometric analysis of periodontal tissue

The left hemi-mandibles were fixed in 10% formalsolution.
Subsequently, they were immersed in 30% hydrogeoxjoke for 2 hours and
the soft tissues were removed with gauze, follovisd staining with 1%
methylene blue for 30 minutes in order to diffeimet bone from teeth and
enhance the visibility of the cement-enamel juncti¢CEJ). Using a
stereomicroscopéwith a colour video camera mounted on it and caliptea
computer, the lingual surfaces of the defleshedsjamere recorded in a
standardized manner (20 x magnification). The ditabetween the alveolar
bone crest (ABC) and the CEJ (ABC-CEJ, mm) was uredson the three
distal root surface of the first molar, using imagelysis softwaré’.

Histomorphometric analysis of small intestine

Tissues samples from the small intestine (duodenignum and
ileum) were collected and fixed in neutral formalior 48 hours. The samples
were routinely processed and embedded in par&#nial sections, Em thick,
were obtained. The sections were stained with H&E dnalysis by light
microscopy. Villous height was estimated by measuiihe vertical distance
from the villous tip to the villous-crypt junctiolevel for 10 villi per section;
crypt depth was estimated by measuring the vertisthnce from the villous-
crypt junction to the lower limit of the crypt fdiO corresponding crypts per

section, as described previoust.
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Statistical analysis

Analysis of variance (Three-way ANOVA) was perfodn® compare
the means between groups in a 2x2x2 factorial desgigith and without
probiotic, with and without stress, with and withgeriodontal disease). When
F values indicated significant differences in timeiactions between these
factors, they were deployed. The number of inflanamacells were analysed
by Kruskal-wallis test among all groups. Analysesravperformed using the
SigmasStat 3.1 program (Sigma StatStatistical Pacl@gjtware Inc., USA) and
Statistical Analysis System (Statistical Analysist®m Institute - SAS Institute
(1996). The significance level was set at p <0.05.
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3 Results

Animals subjected to chronic restraint stress shiowigher levels of
plasma corticosterone, C-peptide (referencing inqaroduction) and glucose (P
<0.05) compared to unstressed animals, indicatingthe model was adequate
for inducing stress. The use of probiotic and ididucof PD did not interfere
with these parameters (p> 0.05) (Figure 2).

The animals subjected to stress showed decreageld lef CTX, and
placement of the ligature induced an increase im riarker. However, there
were significant interactions between stress andl@&ing to higher levels of
CTX. The use of probiotic decreased the levels DKGn unstressed animals
with PD (p<0.05). In stressed animals with PD, R@ ho effect (Figure 3).

The expression of COX-2 was higher in the unstaeggeups with PD.
The stress protocol did not alter the expressiothisfenzyme in relation to the
respective controls (p <0.05), nor did PT. Simjlaih the groups with PD there
was increased expression of p38 (p <0.05), butekession was reduced in
the presence of stress (p<0.05) (Figure 3). Intexidithere was a significant
interaction effect between probiotic and PD (p<).®#ere the use of probiotic
in animals with ligature leaded to smaller amouwnfits38.

In groups with PD there was increased expressid®?MKL (p <0.05).
The use of probiotic did not affect the expressibithis protein, nor the stress
induction. Nonetheless, significant interactionwestn Probiotic and PD was
found (p<0.05), where the use of probiotic mitigatbe effects of PD. OPG
expression was decreased in the groups with PDO(P5% There was no
significant influence of stress. PT induced anéase in the expression of this
protein in unstressed animals with PD (p <0.05)\Fe 3).

The number of inflammatory cells was higher in gheups with PD and
stress (p <0.05). The use of probiotic significardecreased the numbers of
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these cells (p<0.05), as shown in Figure 3. Gr®*IpsSTR-PD, PD-PROB and
STR-PROB-PD presented foreign bodies on the surfaicehe gingival
epithelium, loss of the interdental papillae, apicagration of the junctional
epithelium, interdigitation towards the underlyingpnnective tissue and
presence of moderate to severe mononuclear inflaomgnainfiltrate in
subepithelial connective tissue.

There was no difference in bone loss in stressdduastressed animals
that received ligature (p>0.05) (Table 1). PD iasexl alveolar bone loss (p<
0.05) and probiotic had a positive effect agaih#t toss in unstressed animals
(p<0.05). However, it was observed that in stresgealps there was no
preventive effect of probiotic on bone loss.

It was observed that the animals with stress anghfieBented decreased
villous height and crypt depth. Significant statiat interactions were found
between PD and Probiotics for duodenum and jejutissues (in general
probiotics promoted greater villi height and crgppth), and also between stress
and PD in jejunum (stress associated to PD promatadrter villi
height)(p<0,05). (Table 2).
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4 Discussion

Previously, beneficial effects of using a probidticprevent bone loss
caused by PD in unstressed rats were observedsindy from our group’
Those results suggested that orally administerebigtics may produce benefits
both by passage through the oral cavity and by hatidg its oral mucosal
immunity systemically’

There is evidence that colonization of the gut bgbtics can cause
beneficial systemic effects, providing protectigmmst disease at distant sifés.
Thus, it is suggested that beneficial effects af frobiotic may include
preventing adhesion of pathogens to host tissude wassing through the oral
cavity. Additionally, stimulation and modulation dhe immune system,
reducing the production of pro-inflammatory andré@asing the production of
anti-inflammatory cytokine&’ enhancing the integrity of the intestinal barrier
and increasing the production of mucins, as welklminating or inhibiting
pathogen growth by producing bacteriocins or offireducts such as acids and
peroxided’ and decreasing luminal pHi.

However, it was not known if these effects werdl gtiesent under
stressful conditions. In this study, the beneficidlects of probiotics were
minimized in animals subjected to restraint strédse relationship between
stress and PD progression is still controversighaliteraturé:***The feasible
mechanism involved in the pathogenesis of stred30ris related to increased
production of glucocorticoids (corticosterone) acatecholamines. Animals
subjected to stress showed corticosterone levajsifisiantly above their
respective controls without stress, as observguiemious studies, indicating the
validity of the proposed mod&IStress alone did not induce any significant
change in periodontal tissues, as demonstraterkiriqus studies?**However,
animals subjected to restraint stress did not sirmse pronounced bone loss
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than unstressed animals in groups with induced d3pite the numbers of
inflammatory cells being significantly higher inoge groups. These differences
can be justified by variations in restraint periodsanner of restraint* and
gender susceptibility, since females are more primestress models than
males®® It was observed that bone loss in animals undeggbgature and the
stress protocol showed slightly less bone loss ttien unstressed groups
(although not significantly less), indicating a gpibde anti-inflammatory effect
of plasma corticosterone levels in stressed anjma&ducing bone loss in
animals with respect to induction of the diseasaei

Although stress is considered an important riskofafor PD* studies
evaluating the influence of probiotics in stressedls have not yet been
performed. It is speculated that stress may prodogmrtant effects in the
gastrointestinal tract, which may have affectedrtteglulating role of probiotics
on the immune system in the performed model. Irseréasecretion of
norepinephrine and corticosterone may influenceitkeractions of host cells
involved in the protection of intestinal mucosahwitommensal bacteria that
inhabit the mucosal surfatéy changing the effect of probiotics in the presen
of stress.

Studies in rodents have shown that exposure tesstre can lead to
diseases of the small and large intestine, inclyditiered ion secretion and
increased epithelial permeability. Prolonged expega stress can also induce
low-grade inflammation, cause ultrastructural egliti abnormalities and alter
interactions between intestinal bacteria, allowingreater microbial
translocation’® Additionally, stressful events promote changes tine
temperature and acidity of the gastrointestinaitffapossibly having a negative
impact on the viability of the probiotic. Thus, ghset of physiological reactions

to stress in the gastrointestinal tract may haverimuted to the inefficiency of
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the bacilli in stressed animals, as also evidenogdthe present intestinal
findings.

In this study, the blood glucose levels of aninglbmitted to the stress
were increased. This result was due to activatiothe hypothalamic-pituitary-
adrenal axis and the sympathetic nervous systerichwiesults in increased
production of catecholamines and glucocorticoidespectively, with a
consequent increase in glucose production by ther lind decreased use by
tissues™® With respect to insulin levels, in the presentigtwe chose to quantify
them indirectly, through the measurement of plasGipeptide. Since the
principal stimulus for insulin secretion is hyparggmia’ the increases in C-
peptide in stressed animals were expected.

With regard to inflammation at periodontal site§XG2 expression was
higher in the groups with PD. The stress protoadlndt alter the expression of
this enzyme in relation to these groups’ respedtioBtrols, corroborating the
findings of Rettori et al.for prostaglandin E(PGE), the main product of COX-
2. The production of PGHrom the activity of COX-2 is elevated in subjects
with PD compared to healthy subjects, corroboratingfindings?? The use of
probiotics did not influence the expression of fistein, nor did stress.

The p38 MAPK kinase is a subfamily that plays rolesadaptation,
homeostasis and the stress response and may aiseobeed in inflammatory
responses. Besides JNK, p38 is responsible forarmfiation and the
development of stress-induced signalling. The mamction of the p38 MAPK
in RANKL-induced osteoclastogenesis was determitoetie the formation of
precursor cells of macrophages/osteocidsts the present study it was
observed that after PD induction in unstressed gpincreased expression of
p38 protein was seen, corroborating Aquino &t alhere activation of p38 was
significant on the fifth day after induction by RiDation as well as injection of

LPS. It was also observed that the groups subjdactetress induction showed
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reduced expression of p38, suggesting that stremg mve modulated the
expression of this protein.

The proteins RANKL and OPG modulate osteoclastagisnRANKL is
a key molecule in osteoclast activation and OPGa islecoy receptor for
RANKL. Therefore, the relative proportion of OPG BANKL determines the
speed and intensity of bone resorption mediatedockistogenesf§. In the
present study, groups with PD had higher amoun&AMKL, corroborating the
study of Jabbar et &f.The findings with the OPG also agree with therditere
showing a decreased expression of this proteimonpgs with PD'® The use of
probiotic induced increased expression of thisgnotn non-stressed animals
with PD.

The measurement of CTX has been considered as kemaf bone
resorption. In this study, ligature placement ireli@n increase in this marker
and animals subjected to stress showed decreagsd tf CTX, corroborating
previous findings*"“° The use of probiotic also decreased levels of CWX i
unstressed animals with PD. It has been suggesi@dréducing CTX can
determine the degree of suppression of osteocfaStsus, it is suggested that
the use of probiotics may favour lower levels of XCTdecreasing osteoclast
activity and thus preventing periodontal bone loss.

In general, the effects of the probiotic were mostbdified under stress
conditions employed in this experiment. Howevee, ttumber of inflammatory
cells was still influenced by the use of probiot®gen under restraint stress.
Further studies are essential to exploit these amsims of action of probiotics

in periodontal tissues and other stress protodulsld also be investigated.
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5 Conclusions

Based on the methodology used, PT may reduce tidsaiuction resulting
from PD in unstressed rats. Stress seems to dffeciction of probiotic agents,
modulating their effects in intestinal and periobtissues.

Footnotes:

$Bioplus 2B (CH Hansen (Hgrsholm, Denmark)
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*Coats-Corrente, Sdo Paulo, SP, Brazil.

“DetectX ® Corticosterone Enzyme Immunoassay— Arbasays, New
Orleans, LA, USA

"RayBio ® C-Peptide Immunoassay Protocol, RayBiatektt., Norcross
(Georgia), USA

¥Cell B - Olympus CX31, Olympus Optical Co., Tokyapan

$%Costar 3590, Fisher Scientific, PA, USA

Microplate Reader / Model 3550, Bio Rad, Promegap@ation, Fitchburg,
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Table 1 Mean values of morphometric analysis ratditde

S Periodontal Probiotic
tress . - -
disease Without With
Morphometric analysis
) - 0.72 (0.04) a 0.74 (0.01)
Without
+ 1.02 (0.02) bB 0.86 (0.04)A
With - 0.80 (0.05)a 0.78 (0.13)a
+ 1.00 (0.01)b 0.91 (0.11)b

- : without periodontal disease; + : with perioddrdisease

Different capital letters®® indicate difference between groups with and withou
periodontal disease by F test (P<0.05)

Different small letter§® indicate difference between groups with and withaobiotic
therapy by F test (P<0.05)
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Table 2 Means and standard deviations of the \glloeight and crypt depth in
small intestine sections, with comparisons amoogs

Villous height Crypt depth
Probiotic Probiotic
Stress PD
without with without with
Duodenum
- 1176 (72,20) A 1306 (66,37) A 559 (5,85) ABb 657 (32,22) Ba
without

+ 1118 (44,91)Ba

1068 (31,89) Ab

634 (38,87) Ab

775 (66,40) Aa

- 1095 (77,72) B

1143 (93,76)BC

610 (46,59) A

629 (23,67) B

with
+ 984 (81,89)C 1031 (50,85)C 536 (40,51) Bb 614 (49,43) Ba
Jejunum
- 759 (45,64) A 882 (59,90) A 478 (26,43) A 424 (61,34) AB
without
+ 528 (51,65) B 672 (83,27) BC 269 (48,41) Bb 463 (100,94) Aa
- 503 (38,03) B 647 (113,49) BC 302 (41,95) B 365 (79,70) B
with
+ 614 (51,97) B 522 (45,96) C 279 (53,84) B 352 (24,63) BC
lleum
- 546 (26,61) A 532 (55,50) A 350 (36,19) A 353 (19,37)
without
+ 552 (44,98) A 544 (31,62) A 340 (26,28) A 360 (48,88)
- 449 (38,05) B 464 (34,04) B 311 (30,48) Bb 351 (18,47) a
with

45

488 (39,56) AB

529 (28,77) A

289 (10,96) ABb

369 (19,94) a

PD: Periodontal Disease; - : without periodontakdise; + : with periodontal disease

Different capital letters®® indicate difference between groups with and withou
periodontal disease by F test (P<0.05)
Different small letter§® indicate difference between groups with and withmobiotic

therapy by F test (P<0.05)
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Certificado fornecido pela Comisséo de Etica no tsdnimais da

Universidade Federal de Lavras para a realizac@esiguisa

i PRO-REITORIA DE PESQUISA - PRP ®
4 l l“ul NUCLEO DE INOVACAO TECNOLOGICA - Nintee NINTGC

e COMISSAO DE BIOETICA NA UTILIZAGAO DE ANIMAIS
i e e T

Cx.P.3037 - Lavras — = —(35] -1591,
cba@nintec.ufla.br - intec. ufla.br
CERTIFICADO

Certificamos que o Protocolo n° 036/2010, relativo ao projeto intitulado
“EFEITO DO USO DE PROBIOTICO (Bacillus subtilis) NA EXPRESSAO DE
MEDIADORES INFLAMATORIOS PERIODONTAIS, IMUNIDADE E
PARAMETROS INTESTINAIS EM RATOS SUBMETIDOS A ESTRESSE POR
IMOBILIZAGAO”, que tem como responsavel Luciano José Pereira, ests de
acordo com os Principios Eticos da Experimentagdo Animal, adotados pela
Comissédo de Bioética na Utilizagdo de Animais (Nintec/PRP-Ufla), tendo
side aprovade na reunido de 26/10/2010.

CERTIFICATE

We hereby certify that the Protocol n® 036/2010, related to the project entitled
"EFFECTS OF THE PROBIOTIC (Bacillus subtilis) USE IN PERIODONTAL
INFLAMMATORY MARKERS EXPRESSION, IMUNITY AND INTESTINAL
PARAMETERS IN RATS SUBMITTED TO RESTRAIN STRESS", under the
supervision of Luciano José Pereira, is in agreement with the Ethics Principles
in Animal Experimentation, adopted by the Bioethic Committee in Utilization
of Animals (NINTEC/PRP-Ufia), and was approved in October 26, 2010,

Lavras, 26 de outubro de 2010.
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Prof. Luis David Solis Murgas
Presidente da Comissdo de Bioctica na Utilizago de Animar

Universidade Federal de Lavras
Pro-Reitoria de Pesquisa | NINTEC
Campus Universitério -
Caixa Postal 3037 / CEF 37200 000 - Lavras, MG - Brasil
Tel; +55 (35) 3829 1581 - Fax: 3829-1127
chafnintec uflabe - waw.pmulia.be
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Tabela 1A - Variavel analisada: CTX

Opcéo de transformacao: Raiz quadrada - SQRT (YY)

FV GL SQ QM F P>F
Probidtico (P) 1 0,0025 0,0025 0,0015 0,9697
Estresse (E) 1 0,8421 0,8421 0,5039 0,4852
Doenca (D) 1 2,7504 2,7504 1,6458 0,2129
P*E 1 0,9580 0,9580 0,5733 0,4570
P*D 1 2,7434 2,7434 1,6417 0,2134
E*D 1 8,6288 8,6288 5,1636 0,0332
P*D*D 1 5,7813 5,7813 3,4596 0,0763
erro 22 36,7642 1,6711
CV % 29,79

Tabela 2A - Variavel analisada: RANK_L

Opcéao de transformacao: Raiz quadrada - SQRT (Y)

FV GL SQ QM F P>F
Probidtico (P) 1 0,1689 0,1689 7,8303 0,0105
Estresse (E) 1 0,0463 0,0463 2,1452 0,1572
Doenca (D) 1 0,0746 0,0746 3,4569 0,0764
P*E 1 0,0044 0,0044 0,2053 0,6549
P*D 1 0,1114 0,1114 5,1641 0,0332
E*D 1 0,0354 0,0354 1,6430 0,2133
P*D*D 1 0,0935 0,0935 4,3344 0,0492
erro 22 0,4746 0,0216

CV % 16,38



Tabela 3A - Variavel analisada: OPG
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Opcéao de transformacao: Raiz quadrada - SQRT (YY)

FV GL SQ QM F P>F
Probiético (P) 1 0,0194 0,0194 0,8155 0,3763
Estresse (E) 1 0,4662 0,4662 19,5995 0,0002
Doenga (D) 1 0,0014 0,0014 0,0580 0,8119
P*E 1 0,0199 0,0199 0,8354 0,3706
P*D 1 0,0032 0,0032 0,1347 0,7171
E*D 0,0216 0,0216 0,9094 0,3506
P*D*D 1 0,0935 0,0935 3,9306 0,0600
erro 22 0,5233 0,0238
CV % 17,59
Tabela 4A - Variavel analisada: COX_2
Opcéo de transformacao: Raiz quadrada - SQRT (Y)

FV GL SQ QM F P>F
Probiético (P) 1 0,0010 0,0010 0,0316 0,8606
Estresse (E) 1 0,4733 0,4733 15,0521 0,0008
Doenga (D) 1 0,0090 0,0090 0,2855 0,5985
P*E 1 0,2113 0,2113 6,7208 0,0166
P*D 1 0,1246 0,1246 3,9628 0,0591
E*D 1 0,0060 0,0060 0,1908 0,6665
P*D*D 1 0,0935 0,0935 2,9732 0,0987
erro 22 0,6918 0,0314

CV % 16,43
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Tabela 5A - Variavel analisada: p38

Opcéao de transformacao: Raiz quadrada - SQRT (YY)

FV GL SQ QM F P>F
Probidtico (P) 1 0,0414 0,0414 5,3804 0,0300
Estresse (E) 1 0,2959 0,2959 38,4897 0,0000
Doenga (D) 1 0,0075 0,0075 0,9714 0,3350
P*E 1 0,0584 0,0584 7,5945 0,0115
P*D 1 0,0482 0,0482 6,2725 0,0202
E*D 1 0,0294 0,0294 3,8289 0,0632
P*D*D 1 0,0935 0,0935 12,1607 0,0021
erro 22 0,1692 0,0077
CV % 10,99

Tabela 6A - Variavel analisada;: MORFOMETRICO

Opcéo de transformacao: Variavel sem transformayap

FV GL SQ QM F P>F
Probidtico (P) 1 0,0049 0,0049 0,7716 0,3902
Estresse (E) 1 0,0065 0,0065 1,0222 0,3241
Doenga (D) 1 0,2927 0,2927 46,0869 0,0000
P*E 1 0,0049 0,0049 0,7653 0,3921
P*D 1 0,0221 0,0221 3,4862 0,0766
E*D 1 0,0073 0,0073 1,1417 0,2980
P*D*D 1 0,0334 0,0334 5,2510 0,0329

erro 20 0,1270 0,0064
CV % 9,20




Tabela 7A - Variavel analisada: GLICEMIA

Opcéao de transformacao: Raiz quadrada - SQRT (YY)
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FV GL SQ QM F P>F
Probiético (P) 1 1,1365 1,1365 1,3344 0,2549
Estresse (E) 1 6,6290 6,6290 7,7833 0,0080
Doenga (D) 1 0,0088 0,0088 0,0103 0,9197
P*E 1 0,1766 0,1766 0,2073 0,6514
P*D 1 1,3948 1,3948 1,6376 0,2080
E*D 1 2,6645 2,6645 3,1285 0,0846
P*D*D 1 0,0612 0,0612 0,0719 0,7900
erro 40 34,0677 0,8517
CV % 9,02
Tabela 8A - Variavel analisada: CORTICOSTERONA
Opcéo de transformacao: Variavel sem transformayap

FV GL SQ QM Fc Pr>Fc

Estresse (E) 1 2523052,9000 2523052,9000 11,313020,0
Doenga (D) 1 849139,6000 849139,6000 3,807 0,0598
Probidtico (P) 1 90820,9000 90820,9000 0,407 0,5279
E*D 1 136422,4000 136422,4000 0,612 0,4399
E*P 1 344844,9000 344844,9000 1,546 0,2227
D*P 1 751856,4000 751856,4000 3,371 0,0757
E*D*P 1 906010,0000 906010,0000 4,062 0,0523
erro 32 7136990,8000 223030,9625

CV% 58,45
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Tabela 9A - Variavel analisada: PEPTIDEOC

Opcéo de transformacao: Variavel sem transformayap

FV GL SQ QM Fc Pr>Fc
Estresse (E) 1 58140,625058140,6250 6,960 0,0128
Doenca (D) 1 88642,2250 88642,2250 10,612 0,0027

Probidtico (P) 1 256800,6250256800,6250 30,743 0,0000

E*D 1 186459,0250 186459,0250 22,322 0,0000
E*P 1 185096,0250 185096,0250 22,159 0,0000
D*P 1 316662,0250 316662,0250 37,910 0,0000
E*D*P 1 12075,6250 12075,6250 1,446 0,2380
erro 32 267296,8000 8353,0250

CV% 7,42

Tabela 10A - Variavel analisada;: DUODENO VILOSIDABE

Opcéo de transformacao: Variavel sem transformayap

FV GL SQ oM Fc Pr>Fc
Estresse (E) 1 103369,9224 103369,92248,238 0,0002
Doenca (D) 1 142857,4752 142857,47525,205 0,0000
Probiético (P) 1 2184,1884 2184,18840,385 0,5391
E*D 1 641,2806 641,2806 0,113 0,7388
E*P 1 10543,0090 10543,0090 1,860 0,1821
D*P 1 38980,0435 38980,0435 6,877 0,0133
E*D*P 1 38243,0928 38243,0928 6,747 0,0141
erro 32 181372,8274 5667,9008

CV% 6,75
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Tabela 11A - Variavel analisada; DUODENO CRIPTAS

Opcéo de transformacao: Variavel sem transformayap

FV GL SQ oM Fc Pr>Fc
Estresse (E) 1  25398,5760  25398,5760 13,352 0,0009
Doenga (D) 1 6124,6350 6124,6350 3,220 0,0822
Probidtico (P) 1 57968,4276 57968,4276 30,473 @MO0O
E*D 1 47630,7022 47630,7022 25,039 0,0000
E*P 1 7428,8953 7428,8953 3,905 0,0568
D*P 1 5785,4680 5785,4680 3,041 0,0908
E*D*P 1 263,3742 263,3742 0,138 0,7123
erro 32 60872,5904 1902,2684
CV% 7,00
Tabela 12A - Variavel analisada: JEJUNO VILOSIDADES
Opcéao de transformacao: Variavel sem transforméyap

FV GL SQ QM Fc Pr>Fc
Estresse (E) 1 212738,2688 212738,2688 32,180000
Doenga (D) 1 71123,0789 71123,0789  10,7%90025
Probidtico (P) 1 24802,8900 24802,8900 3,7920616
E*D 1 59818,6230 59818,6230 9,049,0051
E*P 1 5902,2273 5902,2273 0,893,3518
D*P 1 37267,9725 37267,9725 5,63D,0237
E*D*P 1 32796,8109 32796,8109 4,96D,0331
erro 32 211547,7508 6610,8672

CV% 12,61
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Tabela 13A - Variavel analisada: JEJUNO CRIPTAS

Opcéo de transformacao: Variavel sem transformayap

FV GL SQ QM Fc Pr>Fc
Estresse (E) 1 50944,6200 50944,6200 14,8060,0005
Doenga (D) 1 20485,1286 20485,1286 5,954 00204
Probidtico (P) 1 40168,3426 40168,3426 11,674 0,0017
E*D 1 7608,4947  7608,4947 2,211 0,1468
E*P 1 248,2530 248,2530 0,072 0,7900
D*P 1 59015,4286 59015,4286 17,152 0,0002
E*D*P 1 52146,4515 52146,4515 15,156 0,0005
erro 32 110103,6454  3440,7389
CV% 16,26
Tabela 14A - Variavel analisada: ILEO VILOSIDADES
Opcéo de transformacao: Variavel sem transforméyap

FV GL SQ QM Fc Pr>Fc
Estresse (E) 1 36673,9248  36673,9248 24,840 0,0000
Doenga (D) 1 9293,9619 9293,9619 6,295 0,0174
Probidtico (P) 1 744,5964 744,5964 0,504 0,4827
E*D 1 4672,5145 4672,5145 3,165 0,0847
E*P 1 3732,2376 3732,2376 2,528 0,1217
D*P 1 641,9214 641,9214 0,435 0,5144
E*D*P 1 225,2451 225,2451 0,153 0,6987
erro 32 47244,8250 1476,4007

CV%

7,48
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Tabela 15A - Variavel analisada; ILEO CRIPTAS

Opcéo de transformacao: Variavel sem transform@g¢go

FV GL SQ QM Fc Pr>Fc
Estresse (E) 1 4370,8174 4370,8174 5,335  0,0275
Doenca (D) 1 889,7205  889,7205 1,086  0,3052
Probittico (P) 1 13279,8292 13279,8292 16,210 (OO0
E*D 1 1192,7916 1192,7916 1,456  0,2364
E*P 1 5829,5688 5829,5688 7,116  0,0119
D*P 1 116,3833  116,3833 0,142  0,7087
E*D*P 1 250,6412 259,6412 0,317  0,5774

erro 32 26214,9528 819,2172
CV% 8,40




