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RESUMO

BRUM, Vanessa dos Santos. Efeito do consumo de alcool 12%, vinho tinto, suco
de uva e resveratrol sobre os niveis de proteina c-reativa em ratos com
periodontite. 2016. 31 f. Trabalho de Conclusdo de Curso (Graduagdo em
Odontologia) — Faculdade de Odontologia, Universidade Federal do Rio Grande do
Sul, Porto Alegre, 2016.

O objetivo deste estudo foi avaliar o efeito do consumo de é&lcool, vinho tinto, suco
de uva e resveratrol sobre a Proteina C-reativa (PCR) em ratos Wistar com doenca
periodontal induzida. Quanto aos materiais e métodos, 50 ratos Wistar machos (45
dias de vida) foram alocados de forma randomizada em 5 grupos de 10 animais,
apos estratificacdo por peso: agua (grupo controle), vinho tinto, suco de uva, solugcéo
alcodlica a 12% e resveratrol. Todos os animais receberam racdo padrao e liquidos
de acordo com o grupo experimental. Apds um periodo de 8 semanas de adaptacao
ao regime oferecido, foi feita a inducéo da doenca periodontal no 2° molar superior
direito, sendo o molar contralateral considerado controle intragrupo. ApoOs 2
semanas, 0s animais foram mortos por meio de decapitacéo, foi feita a remocéo das
maxilas para andlise morfométrica e do figado para mensuracdo dos niveis
hepaticos de PCR. A PCR foi mensurada por reacdo em cadeia da polimerase em
tempo real. Os dados foram analisados por meio de ANOVA seguida por Bonferroni
e 0 nivel de significancia foi de 95%. Entre os resultados, todos os animais
completaram o estudo e ganharam peso ao longo do periodo experimental. N&o
houve diferenca significativa no peso corporal entre os grupos em nenhum momento
do estudo. Quanto ao consumo de comida e bebida, diferencas significativas foram
encontradas entre o grupo controle e os demais grupos (p<0,01). Considerando a
perda éssea alveolar, o lado com ligadura exibiu significativamente maior perda
O0ssea comparado ao lado sem ligadura. Nao foram observadas diferencas
estatisticamente significativas na perda Ossea alveolar entre 0s grupos
experimentais. Em relacdo aos niveis de PCR (mmol/pL), os maiores niveis foram
observados em animais que consumiram solucdo alcodlica 12% (0,53+0,05)
comparados ao grupo controle (0,45+0,03) (p<0,05). Animais que consumiram vinho
tinto, suco de uva e resveratrol apresentaram diminuicdo significativa nos niveis de
PCR comparados ao grupo controle, sendo que 0s animais que consumiram vinho
tinto apresentaram os menores niveis de PCR (0,29+0,04) entre todos 0s grupos
experimentais (p<0,05). Conclui-se, entdo, que o consumo de vinho tinto diminui os
niveis de proteina C-reativa em ratos Wistar com doenca periodontal.

Palavras-chave: Resveratrol. Perda 6ssea alveolar. Ratos. Periodontite. Alcool.
Vinho tinto. Proteina C-Reativa.



ABSTRACT

BRUM, Vanessa dos Santos. Effect of 12% alcohol, red wine, grape juice and
resveratrol exposure on C-reactive protein in rats with periodontitis. 2016. 31 p.
Final Paper (Graduation in Dentistry) — Faculdade de Odontologia, Universidade
Federal do Rio Grande do Sul, Porto Alegre, 2016.

The objective was to evaluate the effect of alcohol consumption, red wine, grape
juice and resveratrol on C-reactive protein (CRP) in Wistar rats with induced
periodontal disease. In relation to material and methods, fifty male Wistar rats (45
days old) were randomly assigned to 5 groups of 10 animals stratified by weight:
Water (control group), Red Wine, Grape Juice, 12% Alcohol Solution and
Resveratrol. All the animals were fed with laboratory rat chow and solutions
according to each experimental group. After an 8 week adaptation period to the
offered regimen, periodontal disease was induced on the maxillary right second
molars, the left second molars were considered intragroup control. After 2 weeks,
animals were killed by decapitation, specimens prepared for morphometric analysis
and the liver was used to measure CRP by real time PCR. Data were analyzed by
ANOVA followed by Bonferroni and the significance level was 95%. All animals
completed the experiment and presented weight gain throughout the experimental
period. No statistically significant differences were found in body weight between
groups at any time point. To food and liquid intake, statistically significant differences
were found between control and other groups (p<0.01). Considering alveolar bone
loss (ABL), sides with ligature exhibited significant higher alveolar bone loss when
compared to sides without ligature. No statistically significant differences on ABL
were found between experimental groups. In relation to CRP levels (mmol/uL), higher
levels were found in animals that consumed 12% alcohol solution (0.53+0.05)
compared to control group (0.45+0.03) (p<0.05). Animals that consumed red wine,
grape juice and resveratrol exhibited significant decrease in CRP levels compared to
control group, and the animals that consumed red wine had the lowest CRP levels
(0.2940.04) in all experimental groups (p<0.05). The conclusion of this study is that
red wine consumption decreases C-reactive protein levels in Wistar rats with
periodontal disease.

Keywords: Resveratrol. Alveolar bone loss. Rats. Periodontitis. Alcohol. Red wine. C-
Reactive Protein.
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1 INTRODUCAO

De acordo com o Il Levantamento Nacional de Alcool e Drogas
(LARANJEIRA et al., 2013), que analisou dados de 2006 e 2012, o numero de
brasileiros que ingerem bebida alcodlica com frequéncia (uma vez por semana ou
mais) aumentou 20%. Além disso, dados de 2005 mostram que 0 consumo per
capita mundial anual é de 6,13 litros de alcool puro, considerando pessoas com mais
de 15 anos que consomem algum tipo de bebida alcodlica, e que no Brasil esse
valor é ainda maior: 9,12 litros de alcool puro (OMS, 2013). Esse é um dado
bastante preocupante, uma vez que o consumo excessivo de alcool é responsavel
por 2,5 milhdes de mortes no mundo, além de ser o terceiro maior fator de risco
mundial para doencas e condi¢des incapacitantes (OMS, 2011).

Sabe-se que o consumo elevado de alcool causar complica¢cdes no figado,
problemas cardiovasculares e problemas comportamentais (MCCLAIN et al., 1999;
MEYERHOFF et al., 2005; MUKAMAL et al., 2006). Entretanto, o consumo
moderado de alcool tem sido relacionado a menores indices de marcadores
inflamatorios no organismo, como diminuicdo nos niveis de proteina C-reativa,
interleucina-6 e fator de necrose tumoral alfa, 0 que esta relacionado também a um
menor risco para doencas coronarianas (PAI et al., 2006; MARQUES-VIDAL et al.,
2012).

A literatura sugere um efeito protetor através da diminuicdo na incidéncia de
infarto do miocardio em consumidores de alcool (MUKAMAL et al., 2001). Em
concordancia, um consumo leve a moderado tem sido associado a uma diminuicéo
na mortalidade por doenca cardiovascular (REHM; BONDY, 1998). Entretanto,
segundo Doll (1994) e Gaziano (2000), os mecanismos da associacdo entre
mortalidade cardiovascular e consumo de alcool ainda sao incertos. As provaveis
explicacbes para o efeito do alcool em eventos vasculares tém focado primeiramente
em lipoproteinas e fatores sanguineos (LANGER; CRIQUI; REED, 1992; GAZIANO
et al., 1993). Porém, o consumo de alcool mantém uma associacao significativa com
risco cardiovascular mesmo apdés o controle de muitos desses fatores de risco. Além
disso, o alcool promove uma modificagdo complexa dos parametros sanguineos,
sugerindo que pode influenciar o risco cardiovascular através de vias alternativas
(MUKAMAL; JADHAV; D’AGOSTINO, 2001).



Seguindo essa linha, um estudo realizado nos Estados Unidos mostrou que
o0 consumo de alcool estqd associado com uma diminuicdo da probabilidade do
individuo apresentar altos niveis de proteina C-reativa (PCR). A PCR se trata de um
marcador inflamatério, que aumenta drasticamente em resposta a infeccgéo,
inflamacéo e lesdo. Dessa forma, estudos mostram que niveis elevados de PCR séo
um fator de risco para infarto do miocérdio e doenca vascular periférica (LAGRAND
et al., 1999).

Essa associagcdo suporta um mecanismo anti-inflamatério onde o consumo
moderado de &lcool pode ser um fator de protecdo para morte por doenca
cardiovascular (STEWART; MAINOUS; GILBERT, 2002). Em outro estudo, o
consumo moderado de alcool também foi associado com baixas concentracdes de
PCR quando comparadas a nenhuma ingestéo ou ingestao eventual de alcool. Esse
efeito foi independente dos efeitos relacionados com o alcool sobre os lipidios. O
alcool poderia atenuar a mortalidade cardiovascular, em parte, através de um
mecanismo anti-inflamatério (ALBERT; GLYNN; RIDKER, 2003).

Quanto as doencas periodontais, nao esta clara a relacdo entre o0 consumo
de alcool e o estabelecimento ou progressdo da doenca periodontal. Estudos
mostram que o alcool pode modificar o processo saude-doenca periodontal pela
interferéncia com a resposta do hospedeiro (MCCLAIN et al., 1999; SZABO, 1999).
A literatura mostra que o um consumo moderado de vinho tinto pode ser
considerado um fator de protecéo para as doencas periodontais (BOUCHARD et al.,
2006; SUSIN et al., 2015) e que, o consumo de vinho tinto pode estar associado
inversamente a perda de insercdo periodontal quando comparados a outros tipos de
bebidas alcodlicas (KONGSTAD, 2008). Entretanto, alguns estudos em humanos
mostram que, independente da quantidade consumida, hd uma relacdo positiva
entre o consumo de alcool e progressédo de doenca periodontal (TEZAL et al. 2001,
2004; PITIPHAT et al.,, 2003; NISHIDA et al., 2004; SHIMAZAKI et al., 2005;
AMARAL; RONIR; LEAO, 2008; AMARAL, VETTORE; LEAO, 2009).

Esse comportamento € explicado pelo fenbmeno conhecido na bioestatistica
como curva “U” ou “J”, ou seja, até certo ponto, o alcool se comporta como um fator
de protecdo e, a partir deste ponto, passa a ser um fator de risco para doencas
periodontais, sendo dificil determinar esse ponto de corte (DIAZ et al., 2002). A
dificuldade na determinagdo do ponto de corte da curva “J” também pode estar

relacionado a fatores como género (masculino e feminino) e biodisponibilidade do



alcool no organismo, fatores estes que podem aumentar ou diminuir a
susceptibilidade individual. Um levantamento epidemiolégico realizado em Porto
Alegre mostra que, para homens, ndo ha relacdo entre consumo de alcool e
progressdo de doenca periodontal até um consumo de aproximadamente 4g de
alcool/dia (equivalente a 100ml de cerveja contendo 5% de alcool consumido
diariamente). A partir deste ponto, existe uma relacdo dose-dependente entre
consumo de alcool e progressao de doenca periodontal (WAGNER, 2008).

Em animais, um estudo de Souza (2009), mostrou que em ratos expostos a
um alto consumo de &lcool (concentracdo igual ou maior do que 20%) havia
associacao entre consumo de alcool e doenca. Por outro lado, em um estudo de
Liberman et al. (2011), o consumo de alcool em baixa concentra¢do (menor ou igual
a 5%) esta inversamente relacionado a perda éssea espontanea, se mostrando
como um fator de protecéo.

Adicionalmente, a respeito das doencas periodontais, estudos recentes
mostram uma correlacdo entre doenca periodontal e proteina C-reativa. A PCR é
regulada por citocinas e reflete uma medida da fase aguda de resposta a
inflamacéo, tendo associacdo com tabagismo, obesidade, triglicerideos, diabetes e
doenca periodontal (GOMES-FILHO et al., 2011).

Sabe-se que os niveis de proteina C-reativa aumentam, subsequentemente,
com a gravidade da doenca periodontal (GOYAL et al., 2014). Os menores niveis de
PCR foram encontrados em pacientes com recessfes gengivais, aumentando em
pacientes com gengivite e pacientes com periodontite crénica, com os mais altos
niveis encontrados em pacientes com periodontite agressiva. O indice de
sangramento a sondagem mostrou melhor correlacdo com os niveis de PCR em
comparacdo com profundidade de sondagem, em ambos grupos de pacientes com
periodontite, especialmente em pacientes com periodontite agressiva (PODZIMEK et
al., 2015). Similarmente, pacientes portadores de periodontite agressiva tem
aumento estatisticamente significativo nos niveis séricos de PCR comparados com
individuos sem periodontite (SALZBERG et al., 2006).

Segundo estudos, pacientes com periodontite crénica apresentam altos
niveis de PCR. Além disso, estudos mostram que o tratamento nao-cirdrgico
periodontal tem efeito positivo em relacdo a reducdo dos niveis séricos de proteina
C-reativa (DE SOUZA et al., 2016; FREITAS; GOMES-FILHO; NAVES, 2012). Uma

revisao sistematica de Paraskevas (2008) estd em concordancia, mostrando que ha



fortes evidéncias em estudos transversais de que a proteina C-reativa é elevada na
periodontite, em compara¢do aos individuos referéncia, mas, por outro lado, mostra
gue as evidéncias sao modestas acerca do efeito de terapia periodontal na reducéo
dos niveis da proteina C-reativa.

Uma meta analise com o objetivo de examinar o efeito do tratamento
periodontal sobre os niveis de PCR sistémicos e avaliar a qualidade da evidéncia
disponivel, concluiu que existe um grande ndimero de evidéncias que indicam uma
associacdo entre doenca periodontal e inflamacdo sistémica. No entanto,
informacdes de ensaios clinicos randomizados e estudos de coorte ndo suportam a
hipotese de que o tratamento periodontal pode reduzir os niveis de PCR sistémicos
(IOANNIDOU, 2006). Neste sentido, parece existir outros fatores que sao capazes
de interferir sobre os niveis séricos de PCR além do tratamento periodontal, a
medida que este se expressa de maneira inespecifica. Como apontado
anteriormente, o consumo de alcool poderia ser um fator que modifica a resposta
inflamatoria sistémica e poderia ter algum impacto sobre o processo etiopatogénico
da doenca periodontal e, consequentemente, sobre os niveis séricos de PCR. Além
disso, o tipo de bebida alcodlica parece influenciar a resposta do hospedeiro
(KONGSTAD, 2008; SUSIN et al., 2015).

Dentre as bebidas que contém alcool, o vinho tinto tem se destacado por
seus possiveis efeitos benéficos para a saude (SALEEM; BASHA, 2010). O
consumo moderado de vinho tinto esta sendo relacionado como um possivel fator de
protecdo para doencas crbnicas degenerativas, incluindo as doencas periodontais
(KONGSTAD et al., 2008; LEIFERT; ABEYWARDENA, 2008; MAGRONE; JIRILLO,
2010; NATELLA et al., 2011; SUSIN et al., 2015). Acredita-se que esse efeito esteja
relacionado as substancias encontradas no vinho, o acido fendlico e os polifendis,
como os flavonoides presentes em frutas, vegetais nozes e sementes (HERTOG;
KROMHOUT; ARAVANIS, 1995; COIMBRA et al., 2005). Os polifenéis apresentam
um amplo espectro antimicrobiano e capacidade de suprimir alguns fatores de
viruléncia microbiana (inibicdo do biofiime bacteriano, reducdo da adesdo ao
hospedeiro, e neutralizacdo de toxinas bacterianas) além de mostrar sinergismo com
antibidticos (DAGLIA, 2012). O potencial protetor dos polifendis esta atribuido as
suas propriedades antioxidantes, anti-radicais livres e quelacdo de alguns metais,

além de inibir ou reduzir a agdo de algumas enzimas como a telomerase (NAASANI
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et al., 2003), ciclooxigenase (O'LEARY et al., 2004; HUSSAIN et al., 2005) e
lipooxogenase (SCHEWE et al., 2001; SADIK; SIES; SCHEWE, 2003).

O resveratrol € um composto naturalmente produzido pelas plantas em
resposta a infecgdes, principalmente de fungos, a estresse ambiental como clima,
o0zobnio, luz UV, entre outras situagcdes (HARIKUMAR; AGGARWAL, 2008). Trata-se
de um polifenol encontrado no vinho tinto, no suco de uva, em gr&os como 0O
amendoim e em raizes de algumas plantas e tem recebido maior destaque devido
aos seus beneficios para a saude. A literatura mostra acdo do resveratrol como
antioxidante, anti-inflamatério, antiviral, cardioprotetor (LIN et al.,, 2008),
neuroprotetor, quimiopreventivo, protecao contra infec¢des e isquemia, reducédo da
obesidade e doencas metabdlicas associadas ao envelhecimento (BAUR et al.,
2006). A ingestédo de suco de uva rico em flavonoides diminui o estresse oxidativo
associado as doencas cardiovasculares e inflamatorias (DAVALOS et al., 2009).

Quanto a relacdo entre a administracdo de resveratrol e as doencas
periodontais, a literatura tem mostrado esta substancia como fator de protecao tanto
em nivel antibacteriano como na resposta tecidual produzida pelo organismo.
Estudos in vitro mostram que o resveratrol age contra a formacdo de colénias
bacterianas de Aggregatibacter actinomycetemcomitans (Aa) e de Porphyromonas
gingivalis (Pg), diminuindo a quantidade de colbnias viaveis apos 1 hora, resultando
em nenhuma unidade formadora de col6nias apds 24 horas (O'CONNOR; WONG;
RABIE, 2011). Estudos em ratos mostram que o resveratrol foi responsavel por
menor destruicdo periodontal e niveis de Interleucina 17 (IL-17) quando comparados
a um grupo controle que recebeu placebo (CASATI et al., 2013).

Estudos em humanos mostram que, em relacéo a resposta tecidual induzida
pelo Porphyromonas gingivalis, o resveratrol diminuiu a expressao de Oxido nitrico e
a producéo de citocinas pro-inflamatoérias como Interleucina 18, 6, 8 e 12 e Fator de
Necrose Tumoral-a (TNF-a) (RIZZO et al., 2012), além de ser responsavel pela
ativacdo da Sirtuina 1, substancia que interfere na diferenciacdo de células do
ligamento periodontal em células tipo osteoblastos, cuja implicacdo clinica pode
auxiliar na regeneracao do osso alveolar (LEE et al., 2011).

Considerando que tanto consumo de vinho tinto e seus componentes,
guanto doencas periodontais tem interfaces com os niveis de PCR, o presente

estudo se justifica a medida que avalia de maneira isolada os possiveis efeitos de
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cada um dos componentes do vinho tinto, bem associados a presenca de doenca

periodontal.
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2 ARTIGO

Effect of 12% alcohol red wine, grape juice and resveratrol exposure on C-
reactive protein in rats with periodontitis

INTRODUCTION

Alcohol consumption represents one of the major health problems, resulting in
approximately 2.5 millions of deaths worldwide (1). Studies demonstrate that heavy
alcohol consumption (240g/day for men and =20g/day for women) (2) can lead to
liver complications, cardiovascular diseases and behavioral handicap (3-5). On the
other hand, moderate consumption of red wine is known to have a protective effect in
chronic diseases such cardiovascular, ischemic, circulatory, blindness and
periodontitis (6-11). In addition, moderate alcohol consumption seems to decrease
the levels of C-reactive protein (12). The anti-inflammatory potential might be either
related to the presence of alcohol or to other substances in the composition of the
wine. Resveratrol is one of the supposed beneficial substances, acting like an
important antioxidant, anti-inflammatory, cardioprotector (12, 13) and has a role in
weight loss and metabolic diseases associated to the aging proces (14).

Periodontitis is an infecto-inflammatory disease that affects the supporting
dental tissues and is primarily caused by bacterial biofilm (15). Moreover, there are
risk factors that can alter this relation, increasing the probability of an individual to
present periodontal disease, such as smoking (16), diabetes, obesity (17, 18) and,
more recently, alcohol consumption (6,19-20). However, the relationship between
alcohol consumption and the progression of periodontitis is unclear. Studies
demonstrate that alcohol may modify periodontal disease by interfering with the host
response (5,19). Epidemiological evidence shows that moderate alcohol
consumption can be considered a protective factor for periodontal disease when
compared to heavy consumers and non-consumers (20) and that red wine
consumption may be inversely associated with periodontal attachment loss when
compared to other types of alcoholic beverages (6,21). On the other hand, a study
shows that 20% alcohol consumption may increase alveolar bone loss in rats (22).

C-reactive protein (CRP) is a plasma protein that reflects a measure of acute
phase response in inflammation and high levels are associated with smoking,

obesity, triglycerides, diabetes and periodontal disease (23, 24). Studies
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demonstrate an increase in CRP levels in periodontal disease (25,26,27) also related
to disease severity, whereas lower levels is found in patients with gingival health and
higher in patients with aggressive periodontitis (28). In relation to alcohol, a study
demonstrated that moderate consumption is associated with lower CRP levels when
compared to occasional or no alcohol intake, and this effect is independent of
alcohol-related effects on lipids. In this way, alcohol may attenuate cardiovascular
mortality in part through an anti-inflammatory mechanism (29).

The aim of this study was to evaluate the influence of red wine, 12% alcohol,
grape juice and resveratrol on CRP levels in Wistar rats with ligature induced
periodontal disease.

METHODS

Study design
This is a prospective, randomized, controlled, and blinded animal model
study.

Ethical considerations

The present study was approved by Institutional Review Board both of the
Universidade Federal do Rio Grande do Sul (number 26632) and Hospital de
Clinicas de Porto Alegre (project number 14/0335). This study was funded by the
Hospital de Clinicas de Porto Alegre. This study was supported by the Coordination
for Enhancement of Higher Education Personnel, Brazil (CAPES — Grant PROCAD
NF — 2008) and Incentive Fund for Research and Events of the Hospital de Clinicas
de Porto Alegre, Brazil (FIPE).

Sample size calculation

To calculate the sample size, a previous study (22) was used where a
difference of 0.7mm in alveolar bone loss was found between groups submitted to
10% and 20% alcohol. Assuming alpha and beta errors of 0.05 and 0.10 respectively,
8 animals per group were considered necessary. Considering the possibility of an

attrition rate of 20%, 10 animals per group were used.
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Experimental procedures

Fifty male Wistar rats, 45 days old with a mean body weight of 308.75g
(x25.269) were randomly assigned to 5 groups of 10 animals stratified by weight, by
means of draw: Control (tap water), Red Wine (Almaden® Cabernet Sauvignon,
Bento Goncalves, Brazil), Grape Juice (Sunny Days®, Bento Goncalves, Brazil), 12%
Alcohol (same concentration of red wine, Vetec®, Rio de Janeiro, Brazil) and 0.04-
0.05mg/L Resveratrol (the same concentration found in the red wine, Equilibrium
Pharmacy®, Porto Alegre, Brazil). All animals were fed with laboratory rat chow and
solutions according to each experimental group. Solutions and food intake were
spontaneous and ad libitum. Animals were housed in boxes of 5 animals each in a
controlled environment (temperature 22°C + 2°C and dark/light cycle of 12 hours)
during the whole experimental period. Food and liquid intake were measured daily
and body weight measured once a week. Figure 1 shows the study flowchart.

Figure 1 - Study flowchart

Spontaneous liquid and food intake

A
[ |
Controln=10 Sacrifice
RedWinen=10 Blood samples
Group alocation Grape Juice n=10 Ligature placement Morphometric
n=50 Alcoholat 12% n =10 analysis
| Resveratroln= 10 | |
Day-56 Day 0 Day 14

|

Alveolar bone loss induced by ligature or
Spontaneous alveolar bone loss

Spontaneous and ligature-induced alveolar bone loss

General anesthesia was obtained by inhalation of Isoflurane in all animals.
Alveolar bone loss was induced by placement of 4-0 cotton ligatures (Ethicon®,
Johnson & Johnson®, Sao Paulo, Brazil) around the maxillary right second molars.

The contra-lateral tooth remained as intra-group control (30-33) and used for the
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analysis of spontaneous periodontitis. After 14 days of ligature placement, animals
were sacrificed, blood samples collected and specimens prepared for morphometric
analysis.

Morphometric analysis

After sacrifice, the right and the left segments of the maxillae were immersed
in sodium hypochlorite with 9% active chlorine (Mazzarollo®, Gravatai, Brazil) for 2
hours. Then, the specimens were washed, dried and stained with 1% methylene blue
(Quinta Esséncia, Porto Alegre, Brazil) for better viewing of cement-enamel junction
(29-31).

Standardized digital pictures were taken from the buccal and palatal aspects
of each specimen using a millimetric ruler and a Nikon D5100® camera coupled with
medical lenses and minimal focal distance. Each specimen was placed with the
occlusal surface parallel to the floor. Linear measurements were performed with
Adobe Photoshop CS6® (Adobe Systems Software Ireland Ltd). These
measurements resulted in a pixel value, which was converted into millimeters.
Periodontal bone loss was defined as the distance between the cement-enamel
junction (CEJ) and the alveolar bone crest. Buccal and palatal measurements were
made at five points and a mean of these values was considered as the bone loss.

The examiner was unaware of the group distribution as well as of the ligature
presence or absence. A trained and calibrated examiner performed all the
measurements. Prior to measurements, calibration was performed by double
measurement of randomly chosen pictures (n=20) with one-week interval. The intra-
class correlation coefficient (ICC) between measurements was 0.99. During the
experiment a new calibration was performed with 10% of the sample and the ICC

between measurements was also 0.99.

C-Reactive protein
C-reactive protein was measured in the liver because is where it is
synthesized (34). In addition, a serological analysis was previously performed and

the marker was not detected, probably by the method used.



16

RNA extraction

Tissue samples were fragmented and mixed with Trizol reagent (Invitrogen)
using a tissue homogenizer (MA102, Marconi). The concentration and quality of RNA
was estimated by reading on a spectrophotometer at 260 nm and calculating the ratio
260/280, respectively (BioPhotometer, Eppendorrf).

cDNA Synthesis

RNA samples were treated with Dnase (Deoxyribonuclease I, Invitrogen) for
removal of possible genomic DNA residues. Next, reverse transcription reaction was
performed using 2mg of total RNA, reverse transcriptase (Superscript Ill, Invitrogen)
and Oligo dT primer (Invitrogen) in the presence of Rnase inhibitor (RNase OUT,

Invitrogen) in a final volume of 20 ml.

Real time PCR

PCR amplifications were performed in duplicate and using 50ng cDNA per
reaction. The reactions were prepared with standardized reagents for Real Time
PCR (TagMan Universal PCR Master Mix, Applied Biosystems) plus the primer sets
(Mm00432680_gl1 - C-reactive protein and Mm99999915 gl - internal control
GAPDH) and specific probe for each gene. The reaction conditions were 50°C for 2
minutes, 95 °C for 10 minutes and 40 times of 95 °C for 15 seconds and 60 °C for 1
minute. The fluorescence readings were performed by 7500 Real-Time PCR
equipment (Applied Biosystems) to each amplification cycle and then analyzed by the
Sequence Detection Software (SDS) v1.3 (Applied Biosystems).

All reactions were submitted to the same conditions of analysis and
normalized by dye signal of ROX passive reference for correction of fluctuations in
reading due to changes in volume and evaporation throughout the reaction. The
result, expressed in TC value, refers to the number of PCR cycles required to
fluorescent signal reach the detection threshold.

Individual results expressed in CT values were assembled according to the

experimental group for statistical analysis.



17

Statistical analysis

For each evaluated parameter the normality was tested by means of Shapiro-
Wilk test and the appropriate statistical test was selected according to this
assumption. Mean and standard deviation of body weight, liquid/caloric intake,
alveolar bone loss and CRP (main outcome) for each experimental group were
generated and compared by repeated measures one-way ANOVA, followed by
Bonferroni or Turkey multiple comparison test. Analysis was performed with Stata
(StataCorp, College Station, USA) for Macintosh and Prism GraphPad and the
significance level was set at 0.05.

RESULTS

All animals completed the experimental protocol and presented significant
weight gain throughout the study (Figure 3). No statistically significant differences

were observed in body weight between groups during the study.

Figure 2 - Body weight (g) throughout study. No statistically differences were
observed between groups along the study (ANOVA, p>0.05).
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Table 1 summarizes the mean daily food (g), liquid (mL) and calories (cal)
intake per animal. For both food and liquid consumption, statistically significant

differences were observed between control and all groups (p<0.01). Animals that
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consumed red wine and 12% alcohol exhibited a significantly lower liquid intake and
groups exposed to red wine, grape juice and 12% alcohol showed lower food intake,
when compared to resveratrol and control groups. In respect to daily calories intake,
grape juice and 12% alcohol demonstrated higher and lower calories intake,

respectively, compared to control group (p<0.01).

Table 1 - Mean daily liquid (mL), food (g) and calories intake (cal) for each group
(one-way ANOVA, Bonferroni).

Control Red Wine Grape Juice  Alcohol 12%  Resveratrol P

Liquid 3251 (+1.91) 22.78 (+1.07)* 38.17 (x1.44)* 23.44 (+0.42)* 38.50 (+1.14)* <0.01
Food 2524 (+0.60) 19.05 (+0.24)* 19.55 (+0.42)* 19.43 (+0.17)* 25.83 (+0.24)* <0.01

Calories 74,46 (+1.77) 73.74 (x1.54) 84.41 (+2.27)* 72.09 (+0.83)* 76.18 (+0.70) <0.01

* Significant difference compared to control group

Table 2 shows the average alveolar bone loss (mm * SD) for all groups. No
statistically significant differences were observed between groups both in sides with

and without ligature, but the side with ligature had significantly higher bone loss.

Table 2 - Alveolar bone loss (mm, £SD) in teeth with and without ligature according

the experimental group (one-way ANOVA, Bonferroni).

. Grape
Control Red Wine _ Alcohol 12% Resveratrol p*
Juice
With
ligature 0.60 (x0.07) 0.59 (x0.04) 0.64 (+0.10) 0.59 (x0.09) 0.67 (x0.08) 0.12
Without
ligature 0.36 (x0.04) 0.35 (x0.04) 0.39 (+0.05) 0.35(x0.04) 0.36 (x0.03) 0.17

Figure 3 demonstrates hepatic CRP levels in mmol/uL according to
experimental groups. Significant differences were observed between control and
other groups. Animals which consumed red wine presented lower levels of CRP
(0.2940.04) compared to control group (0.45+0.03) and animals which consumed

alcohol had higher values of CRP (0.53+0.05) compared to control group. Animals
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which consumed grape juice (0.36+0.02) and resveratrol (0.32+0.08) also presented
lower levels of CRP compared to control group, however there is no significant
difference between resveratrol and red wine and between resveratrol and grape
juice.

Figure 3 - Hepatic CRP levels according to groups.
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DISCUSSION

The present study evaluated the effect of red wine, 12% alcohol, grape juice
and resveratrol associated with ligature induced periodontitis in hepatic CRP levels in
Wistar rats. The main results demonstrated that rats, which consumed red wine,
presented lower CRP levels compared to the other groups.

The idea behind the study is that alcoholic beverages seem to have impact in
biological processes. In this sense, the literature, including periodontal studies, has
demonstrated a j-shaped curve in the relationship between exposure to alcoholic
beverages and occurrence and severity of diseases. This means that to some extent
alcohol exposure acts as a protective factor and, after a determined point, a
deleterious effect is demonstrated (35).

The results of this study need to be put into the perspective of the capacity of
the design to generate evidence. Animal studies are important to generate
hipotheses in mechanistic understanding of disease processes. Therefore, Wistar
rats were chosen since there are similarities in biological features with humans (36).

In addition, the use of animals allows better control of different variables that are
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present in humans and could act as confounding bias such as environmental,
psychological, behavioral, among other circumstances (37-41).

Studies clearly demonstrate a protective effect of red wine consumption in
important outcomes, including cardiovascular diseases (8,10). In relation to
periodontal diseases, alcohol seems to act similarly (7, 20, 21). To the best of our
knowledge, studies using red wine consumption and periodontal diseases are
inexistent. In this sense, the present study included 5 groups of liquid intake: a
control group, to be the reference, red wine, which is part of the hypothesis in this
study, alcohol in the same concentration of red wine and two important components
of red wine (grape juice and resveratrol). The choice of resveratrol is based on the
idea that it would be the substance responsible for the beneficial effect of red wine
(42,43). On the other hand, alcohol in similar concentration seems to affect systemic
inflammation (44). Thus, the groups of the present study try to separate different
components of red wine to shad some light into the possible mechanisms.

The experiment was performed under contemporary laboratory practices and
the liquid intake was restricted to the allocated solution. Thus, both body weight and
control of food/liquid intake were verified to check possible negative influences of the
experiment on their general health. The results demonstrated that despite statistically
significant differences in liquid, food and calories intake, no statistically significant
differences were observed in body weight. This allows to assume that groups were
not systemically affected by the experimental process differently. Therefore, it can be
presumed that no negative systemic effect was detected in any of the groups, making
them comparable and supporting the encountered results.

Hence, in the present experiment, blinding of the examiner, reproducibility
analysis, sample size estimation and control of the environment of animal housing
warranted a lower risk of bias, increasing the internal validity of the results.

All animals were exposed to ligature-induced periodontal breakdown, which
is known to be an inflammatory challenge in the body (45). The induction model was
effective, since the intra-group controls displayed lower values (statistically
significant) of alveolar bone loss. This has been consistently demonstrated in the
literature and the results of the present study are in line with these findings (46-48).

In alveolar bone loss, no statistically significant differences were observed
between groups. This could lead to the interpretation that red wine and/or its

components would have no effect on pathogenesis of periodontal diseases.
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However, this outcome might be obscured by the fact that only one time-point was
utilized. Fifteen days of ligature is known to be able to produce periodontal
breakdown, however limit the day-by-day or less time period analyses (49).

C-reactive protein (CRP) is an acute phase plasma protein produced by
hepatocytes (34), which is nonspecific and produced in response to various stimuli.
As previously described, increased levels of CRP may be related, for example, to
smoking, obesity, triglycerides, diabetes and periodontal disease (23, 24, 25). CRP
levels increase considerably in response to infection, inflammation and injury, being
one of the markers of choice in the control of this response. In this study, the results
showed what was expected, that red wine and resveratrol could decrease CRP
levels.

Among the polyphenols studied in the literature, resveratrol has received
greater attention due to the health benefits. Resveratrol is found in red wine, grape
juice and peanuts (50) and acts as antioxidant, anti-inflammatory, antiviral and
cardioprotective (13) through many different pathways. In relation to resveratrol and
periodontal diseases, the literature has shown this substance as an antibacterial
protection and a protetor in the tissue response produced by the organism (51, 52).

In the present study, CRP was used as a proxy of systemic inflammation.
The results indicated that both red wine and resveratrol exposures lead to lower
levels of CRP. In this sense, it could be assumed that resveratrol is one of the
important components of the wine that would be responsible for the beneficial effects.
The presence of ligature-induced periodontal disease, with confirmed higher degrees
of alveolar bone loss warrants that a true inflammatory challenge was present in all
animals and that the results in CRP reveal degree of inflammatory process.

The results of the present study are of great interest as part of the necessary
understanding of pathogenesis of periodontal diseases and the potential of red wine
as a modulator of the process. The model utilized in the present study allows that this

hypothesis is further pursued.

CONCLUSION
This study was probably the first to analyze the different components of wine
and its effects on CRP and periodontal disease. The conclusion is that, for alveolar

bone loss, there is no statistically significant differences between groups. However,
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red wine and resveratrol consumption decreases CRP levels and is a potential

protective factor for systemic inflammation in Wistar rats.
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3 CONSIDERACOES FINAIS

O consumo excessivo de élcool € um problema de saude publica que afeta
milhdes de pessoas no mundo inteiro, porém as consequéncias deste consumo
variam de acordo com o género, tipo, quantidade e frequéncia de bebida ingerida. A
literatura mostra que, dentre as bebidas que contém alcool, o vinho tinto tem se
destacado como um fator de protecdo para doencas cronicas degenerativas como
doenca cardiovascular, doencas isquémicas e acidente vascular cerebral.
Entretanto, restam dividas se o responsavel por esta melhora é o vinho tinto em si
ou substancias derivadas da uva, como os flavonoides ou o resveratrol.

Os resultados desse trabalho demonstram que o consumo de vinho tinto,
suco de uva e resveratrol diminuiram os niveis de proteina C-reativa (PCR) em ratos
Wistar. Considerando que o consumo de vinho tinto foi responsavel pelos menores
niveis PCR, acredita-se num possivel efeito antiinflamatorio da bebida como um
todo. Entretanto, esse foi possivelmente um dos primeiros trabalhos a relacionar os
diferentes componentes do vinho (alcool 12%, suco de uva e resveratrol) com
doenca periodontal induzida em ratos e proteina C-reativa, portanto mais estudos

devem ser conduzidos para confirmacéo desses resultados.
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