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RESUMO 
 
 
 

A desnutrição neonatal, mesmo após um período de recuperação nutricional, é capaz de 
comprometer os mecanismos de defesa no organismo adulto. Isto se deve ao fato de que o 
período neonatal corresponde a uma fase de grande vulnerabilidade, em decorrência da 
formação dos diversos sistemas orgânicos. Assim sendo, o objetivo dessa pesquisa foi estudar 
o processo de alveolite dentária em seus aspectos bacteriológicos e histológicos relacionando-
os com o desenvolvimento de bacteremia em ratos adultos desnutridos no período neonatal. 
Foram utilizados 40 ratos, machos, Wistar, amamentados por mães que receberam dieta 
durante a lactação contendo 17% de caseína, grupo nutrido (N) ou 8% de caseína, grupo 
desnutrido (DN). Após o desmame, os animais foram recuperados com dieta padrão, Labina® 
contendo 23% de proteínas mistas até o final do experimento. Depois de 90 dias, estes 
animais foram submetidos à extração do incisivo superior direito e indução da alveolite, os 
quais permitiram obter os seguintes resultados: antes e depois da extração evidenciou-se 
menor crescimento bacteriano dado por unidade formadora de colônia (UFC) na região peri-
alveolar de incisivos superiores direito dos animais desnutridos, tal fato ocorreu de forma 
inversa após a alveolite, onde se constatou uma maior quantidade de UFC nestes animais. O 
percentual de hemoculturas positivas obtido após a alveolite foi maior nos animais 
desnutridos. Com relação à osteocalcina, houve redução da mesma no grupo N-28 e aumento 
no grupo DN-28; a disponibilidade do cálcio iônico foi maior nos animais nutridos e o 
processo de cicatrização alveolar apresentou também um maior desenvolvimento nestes 
animais. Pode-se assim concluir que, a desnutrição neonatal foi capaz de provocar uma 
diminuição na resposta imunológica dos animais, promovendo alterações perceptíveis em suas 
defesas contra os agentes infecciosos ainda no organismo adulto. Estas alterações foram 
evidenciadas na composição da microbiota pertencente à região peri-alveolar e no 
desenvolvimento de bacteremia, comprovando através deste, a existência de uma relação 
direta entre doenças bucais e sistêmicas. Outrossim, foi observado retardo no processo de 
cicatrização alveolar com  modificações nos níveis de osteocalcina e do cálcio iônico.  
 
 
Palavras-chave: Desnutrição, bacteremia, alveolite dentária, microbiota peri-alveolar, 
cicatrização alveolar. 
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ABSTRACT 
 
 
 

Neonatal malnutrition, even after a period of nutritional recovery, can impair the defense 
mechanisms in the adult organism. This is due to the fact that the neonatal period represents a 
stage of great vulnerability, due to the formation of various organic systems. The aim of this 
research was therefore to study the process of dental alveolitis in its bacteriological and 
histological aspects, relating them to the development of bacteremia in undernourished adult 
rats in the neonatal period. We used 40 Wistar male rats, suckled by their mothers, fed a diet 
during lactation containing 17% casein in the nourished group (N) or 8% casein in the 
undernourished group (UN). After weaning, the animals were given the Labina standard diet, 
containing 23 % mixed protein until the end of the experiment. After 90 days, the animals 
underwent upper right incisor extraction and induction of alveolitis, which yielded the 
following results: before and after extraction a lower bacterial growth was observed per 
colony forming unit (CFU) in the peri-alveolar region of the upper right incisors of 
undernourished animals, while the opposite was true after alveolitis, when a larger number of 
CFU was seen in these animals. The percentage of positive blood cultures obtained after the 
alveolitis was higher in the undernourished animals. Regarding to osteocalcin, a reduction 
was observed in group N-28 and an increase in group DN-28; the availability of ionized 
calcium was higher in the nourished animals and the alveolar healing process was also more 
development in these animals. In conclusion, neonatal malnutrition was able to cause a 
decrease in the immune response of the animals, promoting noticeable changes in their 
defenses against infectious agents, even in the adult organism. These changes were seen in the 
composition of the microbiota from the peri-alveolar region and in the development of 
bacteremia, thereby demonstrating the existence of a direct relationship between oral and 
systemic diseases. Moreover, there was a delay in the alveolar healing process with changes 
in the levels of osteocalcin and ionized calcium. 
  
 
Keywords: Malnutrition, bacteremia, dental alveolitis, peri-alveolar microbiota, alveolar 
healing. 
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1 APRESENTAÇÃO 

 

 

A presente tese intitulada “Desnutrição neonatal e bacteremia em processo de alveolite 

dentária em ratos: análise bacteriológica e histológica” teve como objetivo estudar o processo 

de alveolite dentária em seus aspectos bacteriológicos e histológicos relacionando-os com o 

desenvolvimento de bacteremia em ratos adultos desnutridos no período de lactação. 

A fim de abordar aspectos importantes relacionados ao tema desta pesquisa, a revisão 

bibliográfica foi organizada em capítulos separados que incluíram: a Alveolite Dentária, na 

qual se abordou aspectos sobre sua etiologia; a Desnutrição, considerando sua influência 

sobre o organismo; a Microbiota Oral, apontando seus benefícios e algumas situações que 

podem provocar seu desequilíbrio; a Bacteremia, enfatizando a possibilidade de existir uma 

relação direta entre doenças bucais e sistêmicas; a Osteocalcina e o Cálcio Iônico, mostrando 

suas utilizações no estudo do metabolismo ósseo e da Reparação Alveolar, apresentando suas 

fases e demonstrando que este processo é capaz de sofrer alterações diante de alguns fatores, 

como a alveolite e a desnutrição. 

Para testar as hipóteses desta tese, foi necessário utilizar alguns recursos 

metodológicos específicos, como: a desnutrição neonatal foi desenvolvida através da dieta 

com caseína a 8%, esta consiste numa dieta experimental padrão, capaz de induzir 

desnutrição, sendo preconizada internacionalmente; a microbiota peri-alveolar foi coletada 

com “swab” estéril e descartável, o que permitiu a partir de seu semeio contar as unidades 

formadoras de colônias (UFC) e identificar as bactérias existentes; a bacteremia foi 

comprovada pela presença de bactérias nos hemocultivos provenientes do sangue venoso da 

cauda de cada animal; os níveis de osteocalcina e cálcio iônico foram determinados pelos 

métodos de quimioluminescência e calculado, respectivamente; e o estágio da cicatrização 

alveolar foi averiguado através do sistema de análise de imagem constituído por microscópio 

óptico acoplado com microcâmera Motic® e microcomputador contendo o programa Motic 

Image Plus®. 

Ainda no início da execução da metodologia, houve dificuldade em encontrar relatos 

na literatura quanto à descrição da microbiota normal correspondente à região peri-alveolar de 

incisivos de ratos. Deste modo, foi de grande importância à realização de um estudo paralelo, 

cuja finalidade era identificar esta microbiota. Este estudo, portanto, possibilitou a publicação 

de um artigo intitulado “Normal microbiota of the perialveolar region of incisors of rats”, 
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na revista Arquivo Brasileiro de Medicina Veterinária e Zootecnia, classificada pela CAPES 

como qualis B2 para área de medicina II (APÊNDICE A).  

Os resultados do presente estudo foram apresentados na forma de dois artigos originais 

enviados para revistas internacionais indexadas. O primeiro artigo “Peri-alveolar bacterial 

microbiota and bacteremia after dental alveolitis in adult rats submitted to neonatal 

malnutrition ” teve como objetivo analisar os aspectos bacteriológicos durante processo de 

alveolite dentária, relacionando-o com maior ocorrência de bacteremia em ratos adultos 

desnutridos. Este artigo foi submetido como artigo original ao British Journal of Nutrition, 

que é classificado pela CAPES como qualis A2 para área de medicina II. O segundo artigo 

“Dental alveolitis and alveolar healing in rats submitted to neonatal malnutrition” teve 

como objetivo relacionar as dosagens de osteocalcina e cálcio iônico com o processo de 

cicatrização alveolar em ratos desnutridos e portadores de alveolite dentária. Este artigo foi 

submetido como artigo original a Research in Veterinary Science, que é classificada pela 

CAPES como qualis B1 para área de medicina II.   

Assim sendo, os resultados encontrados nesta pesquisa sugeriram que, a desnutrição 

neonatal, mesmo após um período de recuperação nutricional, foi capaz de comprometer os 

mecanismos de defesa no organismo adulto. Isto se deve ao fato de que o período neonatal 

corresponde a uma fase de grande vulnerabilidade, em decorrência da formação dos diversos 

sistemas orgânicos. Portanto, espera-se que esta tese através da utilização do rato como 

modelo experimental, possa ter contribuído de forma positiva para outros pesquisadores e 

profissionais de saúde, demonstrando a importância de se ter o conhecimento do estado 

nutricional do paciente, tanto no período neonatal quanto no atual, pois um ou outro quando 

comprometido, pode provocar diminuição de sua resposta imunológica, principalmente, 

diante de processos infecciosos.  
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HIPÓTESES 

 

 

Os ratos desnutridos terão um padrão bacteriano da região peri-alveolar e do sangue 

periférico diferente, tanto em quantidade quanto em qualidade, quando comparado ao padrão 

dos ratos nutridos. Assim sendo, após a alveolite, com relação aos aspectos quantitativos os 

ratos desnutridos deverão apresentar um maior número de bactérias e quanto aos qualitativos, 

as bactérias deverão ter em sua maioria potencial patogênico.  

A osteocalcina terá sua concentração elevada diante do processo de reparação óssea e 

normalizada após o mesmo. No entanto, nos animais desnutridos seus níveis permanecerão 

elevados devido à tentativa de recuperação da atividade osteogênica. Quanto ao cálcio iônico, 

existirão menores concentrações do mesmo nos desnutridos, devido às carências nutricionais 

sofridas por estes animais no período neonatal.  

No que diz respeito aos aspectos histológicos, haverá maior retardo na cicatrização 

alveolar dos ratos desnutridos, decorrente de possíveis sequelas originadas após desnutrição 

sofrida no período de lactação. 
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OBJETIVOS 

 

 

Geral 

 

Estudar o processo de alveolite dentária em seus aspectos bacteriológicos e 

histológicos relacionando-os com o desenvolvimento de bacteremia em ratos adultos 

desnutridos no período neonatal. 

 

 

Específicos 

 

Em ratos nutridos e desnutridos, submetidos ao processo de alveolite, foram 

cumpridos os seguintes objetivos: 

• Avaliar o crescimento somático; 

• Verificar o número de UFC da região peri-alveolar de incisivos superiores direito de ratos; 

• Determinar a microbiota da região peri-alveolar de incisivos superiores direito de ratos; 

• Comparar as espécies de bactérias encontradas na região peri-alveolar de incisivos 

superiores direito de ratos; 

• Determinar a ocorrência de bacteremia;  

• Comparar as espécies de bactérias presentes no sangue periférico após o hemocultivo; 

• Quantificar os níveis de osteocalcina e cálcio iônico; 

• Estudar os aspectos histológicos da reparação óssea alveolar de incisivos superiores direito 

de ratos. 
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2 REVISÃO DA LITERATURA 

 

 

2.1 ALVEOLITE DENTÁRIA 

 

 

 Apesar dos avanços técnico-científicos desenvolvidos na área de Odontologia, 

sobretudo no que diz respeito aos procedimentos odontológicos propriamente ditos, nos quais 

é possível lançarmos mão de medidas terapêuticas preventivas e curativas que nos permitam 

manter o elemento dentário na cavidade bucal, podemos constatar que ainda é bastante 

comum nos depararmos com situações em que a extração dentária corresponde à opção de 

tratamento mais coerente. 

 É importante ressaltar que esta conduta não conservadora atinge freqüentemente a 

população mais carente e desnutrida visto que condições sócio-econômicas não permitem a 

estes indivíduos ingestão adequada de alimentos (SHAHAR et al., 2005), práticas de higiene 

bucal, nem tampouco a utilização de recursos terapêuticos que impeçam a perda de seus 

elementos dentários, pois na maioria das vezes, eles são atendidos em serviços públicos, que 

não oferecem recursos suficientes para a realização de técnicas operatórias atraumáticas e que 

obedeçam aos princípios de uma cadeia asséptica (HOFFMANN, 1995; ADEYEMO, 2004). 

Desta forma, estes pacientes apresentam freqüentemente pós-operatórios muito doloridos, 

podendo até mesmo desenvolver uma afecção severa conhecida como alveolite (PAPA, 2000; 

NUSAIR; YOUNIS, 2007; RESENDE, 2009). 

 Assim sendo, após a extração de um dente, forma-se primeiramente um coágulo 

sangüíneo no local e sua organização final é feita por uma reação de granulação, a qual é 

substituída gradualmente por um osso fibrilar grosseiro e, finalmente, por osso maduro. No 

entanto, a não formação desse coágulo inicial ou a sua necrose ou ainda o seu desprendimento 

das paredes alveolares impede a cicatrização de forma apropriada, podendo causar uma 

afecção denominada de alveolite, alveolite pós-operatória, alveolite fibrinolítica, alvéolo seco, 

osteíte alveolar ou osteomielite localizada (AGUILAR; AHEDO; SPIRO, 2005; TORRES-

LAGARES et al., 2005; TORRES-LAGARES et al., 2006; KREUGER et al., 2007; 

BORTOLUZZI et al., 2008). Os sinais e sintomas mais comumente observados nesta doença 

são: dor acentuada e pulsátil, odor fétido e persistente, osso alveolar exposto, ausência de 

cicatrização tecidual, secreção purulenta, tumefação, linfoadenopatia e hiperemia 
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(ARTEAGOITIA-CALVO et al., 2002; MELO JÚNIOR et al., 2002; CASO; HUNG; 

BEIRNE, 2005; RICIERI et al., 2006; NUSAIR; YOUNIS, 2007; RESENDE, 2009). 

 

   

2.2 DESNUTRIÇÃO 

 

 

De acordo com Brown; Pollitt (1996) e Fioretto et al. (2002), a desnutrição ocorrida 

nos primeiros anos de vida pode originar consequências severas no organismo adulto. Em 

humanos, eventos importantes para a imunocompetência são iniciados ainda no embrião e 

continuam na primeira semana de vida; em ratos, a competência imunológica é adquirida 

gradualmente após o nascimento (GOBEL, 1996), pois os mecanismos fundamentais da 

resposta imune estão completamente desenvolvidos apenas no primeiro mês de vida destes 

animais, e neste período, as agressões nutricionais poderão ocasionar um comprometimento 

do sistema imunológico, com sequelas na capacidade de defesa do indivíduo adulto 

(FERREIRA E SILVA, 2008).  

Durante fases críticas do desenvolvimento, exposição a estímulos ambientais nocivos 

pode desencadear um processo chamado de programação. Nesse processo, esses fatores ditos 

epigenéticos podem ocasionar modificações no padrão genético levando a alterações 

permanentes na fisiologia e no metabolismo dos diferentes sistemas orgânicos (LANGLEY-

EVANS, 2009). Em ratos, uma destas fases críticas constitui o período de lactação ou 

aleitamento, o qual corresponde às primeiras três semanas de vida pós-natal, sendo uma fase 

em que os sistemas orgânicos do animal encontram-se altamente vulneráveis a estímulos 

hostis (ROCHA-DE-MELO et al., 2006). 

Segundo Monteiro (1995, 2003), a desnutrição nas suas diferentes formas assume 

grandes proporções no Brasil e está presente em todas as suas regiões e áreas, apesar de que a 

população mais afetada reside nas regiões Norte e Nordeste. Este mesmo autor defende ainda 

que os indivíduos desnutridos manifestam sinais clínicos provenientes da inadequação 

quantitativa (energia) ou qualitativa (nutrientes) da dieta ou decorrentes de doenças que 

determinam o mau aproveitamento biológico dos alimentos ingeridos.  

Energia e proteína são elementos fundamentais para que o processo de cicatrização se 

desenvolva da melhor forma possível, independente dele ser decorrente de um trauma, fratura 

ou pós-operatório (HOFFMANN, 1995; GUARNIERO et al., 1996; NEUMANN et al., 

2004). 
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Guarniero et al. (2003), Silva; Teixeira; Goldberg (2004) e Aguilar-Nascimento (2010) 

afirmaram que a neoformação óssea consiste de uma série complexa de eventos celulares, os 

quais necessitam de alta taxa de síntese protéica, daí a importância de se manter o estado 

nutricional eutrófico e a dieta com níveis adequados de proteínas. 

Com relação à desnutrição, Chandra (1997, 2002) apontou-a como uma das principais 

causas de deficiência secundária na resposta do organismo aos agentes infecciosos, 

favorecendo até mesmo, a evolução de uma infecção localizada em sistêmica. Isto ocorre 

devido às alterações na disponibilidade de componentes do sistema complemento e na função 

fagocítica, afetando diretamente a eliminação de patógenos.  

Severino Martínez et al. (1997), Pena; Bacallao (2002), Neumann et al. (2004) e 

Ohyanagi (2004) defenderam que o risco de complicações pós-operatórias cresce 

consideravelmente em pacientes imunocomprometidos ou desnutridos, devido à diminuição 

da resistência dos mesmos, ou seja, maior vulnerabilidade às doenças; atraso no processo de 

cicatrização e altas taxas de infecções. Estas, por sua vez, podem conduzir o paciente a um 

quadro de septicemia, cujo risco de mortalidade é elevado (YEH, 2004; GRIFFITHS, 2004). 

   

 

2.3 MICROBIOTA ORAL 

 

 

 Poi; Carvalho; Andrade (1999), Häkkinen; Uitto; Larjava (2000), Rosan; Lamont 

(2000), Paster et al. (2001), Santos et al. (2002), Martínez et al. (2004), Takarada et al. (2004), 

Walker; Karpinia; Baehni (2004) e Dufour; Svoboda (2005) relataram que a cavidade oral 

apresenta uma das mais concentradas e variadas populações microbianas, sendo habitada por 

mais de 500 espécies de bactérias. Araújo et al. (2007) encontraram na região peri-alveolar de 

ratos as seguintes bactérias: Bacillus sp., Staphylococcus aureus, Streptococcus viridans, 

Corynebacterium sp., Staphylococcus coagulase negativa, Enterococcus sp., Staphylococcus 

saprophyticcus, Escherichia coli, Klebsiella oxytoca, Klebsiella pneumoniae e Serratia 

liquefaciens. 

 A maioria destes micro-organismos pode ser encontrada na cavidade oral de 

indivíduos saudáveis constituindo a microbiota endógena, a qual é também denominada de 

microbiota normal (RODRIGUE; LAVOIE, 1996). Esta pode beneficiar o hospedeiro através 

do desenvolvimento do sistema imune (MARCOTTE; LAVOIE, 1998) ou do antagonismo 

microbiano, isto é, prevenindo o crescimento excessivo de micro-organismos nocivos 
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(PASTER et al., 2001; YE et al., 2003). Apenas diante de alterações em determinados fatores 

é que ocorre um desequilíbrio entre esta microbiota e o hospedeiro, o qual favorece a 

instalação de processos inflamatórios e ou infecciosos (SWARTZ; GIBBONS; 

SOCRANSKY, 1996; TORTORA; FUNKE; CASE, 2000; YE et al., 2003). Nestes casos, os 

micro-organismos pertencentes à microbiota normal passam a ser denominados de patógenos 

oportunistas (PELCZAR JÚNIOR; CHAN; KRIEG, 1996). 

 Desta forma, Souza; Scarcelli (2000) perceberam que muitos micro-organismos 

ordinariamente considerados como não patogênicos, têm a capacidade de produzir infecção e 

doença. Esta propriedade não depende somente dos seus fatores de virulência, mas também, 

dos mecanismos de defesa do hospedeiro, os quais podem se encontrar enfraquecidos diante 

de determinadas situações, tais como: carências nutricionais, drogas imunossupressoras, 

síndrome da imunodeficiência humana, diabetes mellitus, câncer, infecções, dentre outros.   

 Totti et al. (1996), Yao; Lamont; Leu (1996), Santos; Jorge (1999), Chow (2000) e 

Darby; Curtis (2001) afirmaram que os micro-organismos endógenos da cavidade oral são 

capazes de provocar alterações nessa região, permitindo sua colonização por outras espécies. 

Entretanto, estes mesmos autores ressaltaram que além das modificações provocadas por estes 

micro-organismos, existem outros fatores como, por exemplo, a dieta e os processos 

infecciosos que também contribuem para mudanças na composição da microbiota.  

 

 

2.4 BACTEREMIA 

 

 

 Segundo Papa (2000), Rocha Barros et al. (2000) e Siviero et al. (2009), as afecções 

bucais geralmente apresentam um comportamento autolimitante, ou seja, procedimentos 

clínicos como sondagem periodontal, extração dentária ou mesmo uma rigorosa escovação, 

podem ocasionar a introdução e disseminação de bactérias pertencentes à flora da cavidade 

bucal na corrente circulatória desencadeando uma bacteremia transitória. Esta, num 

organismo normal, é assintomática, de curta duração (eliminada em poucos minutos pelo 

sistema reticuloendotelial do hospedeiro) e sem significado clínico importante, pois o inoculo 

é pequeno e a virulência dos micro-organismos envolvidos é baixa. Entretanto, Yáñez (1996), 

Joshipura; Ritchie; Douglass (2000), Ngapeth-Etoundi et al. (2001), Bhatawadekar; Bhardwaj 

(2002), Costa et al. (2002) e Knouse; Madeira; Celani (2002) evidenciaram em alguns casos 
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uma associação entre doenças dentais e sistêmicas, incluindo bacteremia, doenças 

respiratórias, aneurismas micóticos e endocardite bacteriana. 

 Com relação à bacteremia, Salles et al. (1999) definiram-na como sendo a presença de 

bactérias viáveis no sangue. Bhatawadekar; Bhardwaj (2002) ressaltaram que esta permite a 

instalação de bactérias em diferentes locais do organismo. Segundo Baitello et al. (2004), tal 

fato quando associado à liberação de vários mediadores humorais pode desencadear a 

Síndrome da Resposta Inflamatória Sistêmica. No entanto, Lam et al. (2008) e Lockhart et al. 

(2008) enfatizaram que vários fatores são determinantes na importância clínica da bacteremia, 

como: local da infecção, gravidade da doença primária, tipo de patógeno envolvido e 

imunidade do paciente. Segundo Bruno (2007) e Tsolka; Katritsis (2009), as extrações 

dentárias correspondem aos procedimentos odontológicos mais prováveis de causar a 

bacteremia. 

 No que diz respeito à endocardite bacteriana, Furtado; Simone (2000), Oliver; 

Roberts; Hooper (2007) e Souza et al. (2007) definiram-na como sendo uma endocardite 

infecciosa causada por bactérias presentes na cavidade oral, as quais são conduzidas à 

corrente circulatória e se instalam freqüentemente sobre válvulas cardíacas ou endocárdio 

previamente danificado ou congenitamente malformado. Silva et al. (2007) enfatizaram que 

os sintomas da endocardite, na maioria das vezes, iniciam-se duas semanas após a instalação 

destas bactérias. 

 

 

2.5 OSTEOCALCINA E CÁLCIO IÔNICO 

 

 

 Delmas (1993) e Watts (1999) relataram que houve um avanço no desenvolvimento de 

técnicas não invasivas para avaliar a formação da matriz óssea, pois estas permitem medir 

seus componentes, à medida que os mesmos alcançam a circulação durante a formação do 

tecido ósseo. Vieira (1999) explicou que o tecido ósseo apresenta uma série de características 

muito peculiares, dentre elas a presença de cristais radiopacos. Estes últimos propiciam o 

exame do esqueleto de uma maneira muito simples, através do emprego de técnicas de 

absorção de raio-X, quer qualitativas (raio-X simples), quer quantitativas (densitometria óssea 

ou tomografia quantitativa). No entanto, os fenômenos metabólicos, fisiológicos ou 

patológicos, que podem atingir o tecido ósseo só afetam significativamente sua estrutura 

radiopaca após um lapso de tempo considerável. Isto torna o emprego destas técnicas limitado 
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para o estudo mais dinâmico, e a curto prazo, do metabolismo ósseo. Em vista disso, Delmas 

(1992) e Guarniero et al. (2003) preconizaram a quantificação da osteocalcina como um dos 

bons parâmetros para avaliar a reparação do tecido ósseo, já que esta consiste num marcador 

bioquímico específico de neoformação óssea.  

 Vargas; Audí; Carrascosa (1997), Coleman (2002), Allen (2003) e Vieira (2007) 

definiram marcadores bioquímicos do metabolismo ósseo como substâncias que retratam a 

formação ou a reabsorção óssea em tempo real. Como a formação depende da ação dos 

osteoblastos, os marcadores desta medem na realidade produtos decorrentes da ação dos 

mesmos. De modo semelhante, têm-se os marcadores de reabsorção que medem a ação do 

principal tipo celular envolvido nesta função, ou seja, os osteoclastos. De acordo com 

Delaurier et al. (2004) e Cardoso et al. (2007), estes marcadores podem ser mensurados por 

testes do tipo radioimunométrico (IRMA), radioimunoensaio (RIA), ELISA, 

quimioluminescência, eletroforese ou cromatografia líquida de alta performance. 

 Dentre os marcadores de formação óssea encontram-se a osteocalcina, a fosfatase 

alcalina total, a fosfatase alcalina óssea, o peptídeo carboxiterminal do procolágeno tipo I e o 

peptídeo aminoterminal do procolágeno tipo I (DELMAS, 2001; SARAIVA; LAZARETTI-

CASTRO, 2002; ANDRIOLO, 2007). 

 Rico; Revilla; Cabrera (1993), Castillo et al. (1999), Saraiva; Lazaretti-Castro (2002) e 

Cardoso et al. (2007) defenderam através de seus estudos que um dos principais marcadores 

de formação óssea no soro é a osteocalcina. Esta consiste numa proteína composta por 49 

aminoácidos, sendo três (posições 17, 21 e 24) constituídos por ácido gama-carboxiglutâmico 

(Gla), o que lhe dá a peculiaridade de se ligar ao cálcio. Castillo et al. (1999) ressaltaram 

ainda que a osteocalcina é uma proteína produzida unicamente por osteoblastos durante o 

processo osteogênico, formando parte da matriz óssea (colágeno ósseo). 

O cálcio é um mineral importante para várias atividades metabólicas, dentre as quais 

se destaca o metabolismo ósseo. Sua presença permite que haja formação e manutenção da 

densidade mineral óssea (PAIXÃO; BRESSAN, 2010). 

 Andriolo et al. (2004), Barber (2004), Dickerson et al. (2004) e Inzucchi (2004) 

relataram que o cálcio sérico total presente no organismo é a somatória do cálcio ligado às 

proteínas plasmáticas (40%), principalmente à albumina; do cálcio quelado (10%), ou seja, 

formando compostos com o citrato, fosfato ou sulfato; e do cálcio ionizado (50%), isto é, a 

parcela livre do cálcio. Esta última corresponde à porção biologicamente ativa do cálcio.  

 Feldman (2004) e Byrnes et al. (2005) afirmaram que o cálcio pode estar ligado às 

proteínas plasmáticas. Neste caso, diante de uma hipoalbuminemia, a concentração total do 
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cálcio diminui, mas a concentração do cálcio ionizado não sofre alteração. Desse modo, para 

Vieira (2007), Calvi; Bushinsky (2008) e Costa et al. (2008), ficou evidente um maior poder 

diagnóstico diante da possibilidade de determinação do cálcio ionizado, o qual deve ser 

preferido sempre que estiver disponível. 

 

 

2.6 REPARAÇÃO ALVEOLAR 

 

 

 Embora fundamentalmente comparável a outros tecidos ósseos do corpo, o osso 

alveolar apresenta habilidade de sofrer uma remodelação rápida e contínua associada à 

presença ou ausência de dentes. Esta remodelação óssea envolve a coordenação de atividades 

celulares de duas linhagens distintas, os osteoblastos e os osteoclastos, que formam e 

reabsorvem tecidos mineralizados do osso, respectivamente (KATCHBURIAN; ARANA, 

1999; SODEK; McKEE, 2000; CARVALHO; LUPPINO; MENDES, 2002; LANDIM; 

JUNQUEIRA; ROCHA, 2002; BREW; FIGUEIREDO, 2003; BECHELLI, 2006). 

 Marzola (1994) afirmou que em condições normais, a cicatrização alveolar em 

humanos leva aproximadamente 64 dias para se concretizar. Cardaropoli, Araújo e Lindhe 

(2003) comprovaram que esse tempo em cães diminui para 48 dias. Dib; Santos Júnior; 

Carvalho (1994), Poi et al. (1998), Boeck et al. (1999), Brandão et al. (2002) e Elsubeihi; 

Heersche (2004) concluíram que em ratos, esse período decresce para 21 dias. 

 Estudos demonstraram que o processo de cicatrização alveolar, independente da 

espécie de animal, obedece à mesma seqüência de eventos: primeiramente, o coágulo 

sangüíneo que preenche o alvéolo após a extração dentária é progressivamente reabsorvido, à 

medida que as células endoteliais e fibroblastos originados de restos do ligamento periodontal 

proliferam e migram para seu interior, originando uma reação de granulação. A seguir, os 

fibroblastos originam osteoblastos que sintetizam a matriz óssea, formando um trabeculado 

ósseo imaturo (osteóide) que é gradativamente mineralizado pela deposição de cálcio 

(NICOLLI FILHO et al., 1993; OKAMOTO et al., 1993; MAGRO FILHO et al., 1996; 

LISBOA NETO et al., 1998; AUKHIL, 2000; CALIXTO et al., 2001; YUGOSHI et al., 2002; 

BALDUCCI-ROSLINDO; MATA; MALAGOLI, 2003; KANYAMA et al., 2003; MAGRO 

ÉRNICA; MAGRO FILHO; RANGEL GARCIA, 2003; ARAÚJO; LINDHE, 2005). 

 Lin; McCulloch; Cho (1994) e Polimeni; Albandar; Wikesjö (2004) enfatizaram a 

importância do ligamento periodontal no processo de cicatrização do osso alveolar, visto que 
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os fibroblastos provenientes deste ligamento proliferam-se ativamente após uma extração 

dentária, migrando para dentro do coágulo, formando tecido conjuntivo denso e em seguida, 

diferenciando-se em osteoblastos, para formar novo osso. 

 Segundo Devlin et al. (1997) e Calixto et al. (2001), durante a cicatrização óssea 

alveolar, as fibras de Sharpey migram do osso periférico para o centro do alvéolo. Este fato 

justifica a aposição das trabéculas ósseas de forma concêntrica, ou seja, das paredes 

vestibular/palatina para o centro do alvéolo e do terço apical para o cervical.  

 Segundo Balducci-Roslindo; Silvério; Malagoli (1999), Carvalho; Luppino; Mendes 

(2002), Yücel et al. (2003), Pereira et al. (2006) e Silva et al. (2007), os mecanismos de 

cicatrização de ferida de extração dental estão relacionados com fatores de natureza endógena 

e exógena, sistêmica ou local, os quais podem induzir a aceleração ou o retardo deste 

processo.   

 Carvalho; Okamoto; Barbosa (1991), Poi et al. (2000) e Araújo (2006) demonstraram 

através de seus estudos que a alveolite retarda o processo de cicatrização alveolar, pois os 

alvéolos pertencentes ao grupo de ratos portadores dessa afecção (grupo controle), exibiram 

uma discreta neoformação óssea ao nível dos terços médio e apical. Adeyemo (2004) explicou 

que este atraso da cicatrização era provocado pelas células alveolares que se encontravam 

danificadas, devido à inflamação presente na medula óssea alveolar, durante o processo de 

alveolite. 

 Heaney (2000), Abrams; O`Brien (2004) e Aguilar; Ahedo; Spiro (2005) afirmaram 

que dentre os fatores que podem influenciar a cicatrização alveolar normal encontra-se o 

estado nutricional do paciente, pois segundo Carvalho et al. (2002) este interfere no 

comportamento das células ósseas, nos fatores reguladores envolvidos no crescimento e na 

manutenção da massa óssea. Junqueira; Carneiro (1999) relataram que a deposição de cálcio, 

a síntese de colágeno e a multiplicação das células osteogênicas vitais para a reparação óssea 

necessitam de grande volume de síntese protéica. Desta forma, Giacomelli; Natali (1999) e 

Waitzberg (2009) concluíram que o processo de cicatrização óssea torna-se mais lento diante 

das carências nutricionais, visto que neste período, as células encontram-se em maior 

atividade mitótica, necessitando com isso, de um maior aporte nutricional. 
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3 MÉTODOS 

 

 

3.1 CONSIDERAÇÕES ÉTICAS 

 

 

Esta pesquisa foi aprovada pela Comissão de Ética em Experimentação Animal do 

Centro de Ciências Biológicas da Universidade Federal de Pernambuco (CEEA-UFPE), sob o 

processo no 008283/2007 - 34 (ANEXO A). 

 

 

3.2 ANIMAIS 

 

 

Foram utilizados 40 ratos, albinos, machos da linhagem Wistar, provenientes da 

colônia de criação do Departamento de Nutrição da Universidade Federal de Pernambuco. Os 

animais foram mantidos no biotério sob temperatura de 23 ± 20C e ciclo claro/escuro de 12 

horas (claro - 6 às 18h; escuro - 18 às 6h). 

 

3.2.1 Manipulação nutricional 

 

Após o nascimento, os filhotes machos foram mantidos com suas mães em número de 

seis, tal número favorece a manutenção do padrão nutricional (COMMITEE ON 

LABORATORY ANIMAL DIETS, 1979). Deste modo, quando necessário, procedia-se à 

redução ou complementação da prole através da escolha aleatória de filhotes machos. Vale 

salientar que no caso da complementação, esta foi realizada utilizando-se outras ninhadas da 

mesma idade. Em seguida, tomando-se por base o regime dietético empregado, obtiveram-se 

os seguintes grupos com 20 animais cada: 

Nutrido (N):  constituído por filhotes, cujas mães receberam dieta do tipo caseína a 

17% durante o período de aleitamento. 

Desnutrido (DN): formado por ratos aleitados, cujas mães foram submetidas à dieta 

nutricionalmente deficiente com 8% de caseína durante o período de lactação. 

A diferença de tamanho existente entre os animais nutridos e desnutridos foi 

facilmente visualizada no 15o dia de vida (Figura 1).  
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Figura 1 – Diferença entre o animal nutrido (N) e o desnutrido (DN), decorridos 15 dias de 

seu nascimento. 
 
É importante ressaltar que após o desmame as mães foram eutanasiadas. 

 

3.2.2 Crescimento somático  

 

Os animais nutridos e desnutridos foram amamentados até o 21o dia após o nascimento 

- período de aleitamento (HARKNESS, 1993). Nesse período foram registrados diariamente 

(em balança eletrônica digital – Marte, modelo S-4000-com sensibilidade de 0,1g) os pesos 

corporais de cada animal, a fim de acompanhar sua evolução ponderal durante a manipulação 

nutricional. A partir do 22o dia de vida, os animais foram separados de suas mães, mantidos 

em gaiolas coletivas, contendo 3 animais cada, sendo alimentados com água ad libitum e dieta 

padrão do biotério (Labina® – Purina do Brasil S/A), contendo 23% de proteínas mistas até o 

final do experimento, seus pesos corporais eram aferidos uma vez por semana, permitindo 

assim, acompanhar se houve ou não recuperação nutricional dos mesmos. 

 

3.2.3 Indução do processo de alveolite 

 

Após 90 dias todos os animais (nutridos e desnutridos, em um total de 40), foram 

submetidos ao processo de alveolite.  

 Para a execução desta etapa, os animais foram anestesiados com cloridrato de 

ketamina (10 mg/kg de peso) + cloridrato de xilazina (0,5 mg/kg de peso), associados na 

mesma seringa e administrados por via intramuscular (Figura 2). Em seguida, realizava-se a 

extração do incisivo superior direito, segundo a técnica preconizada por Okamoto; Russo 

N 

DN 
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(1973), na qual se utiliza instrumentais semelhantes aqueles empregados nas exodontias de 

dentes decíduos em crianças, como: sindesmótomo e fórceps infantis (Figuras 3 e 4). Depois 

da extração, uma isquemia alveolar era provocada através da introdução de um pequeno 

chumaço de algodão estéril embebido em adrenalina 1:1000, durante 15 minutos; 

posteriormente a remoção deste algodão, os animais permaneciam em observação por mais 15 

minutos, com objetivo de comprovar a ausência de formação do coágulo sanguíneo no interior 

do alvéolo (Figura 5) e após 48 horas, estes animais eram examinados clinicamente, através 

do afastamento de seus lábios, o que permitia constatar o desenvolvimento da alveolite 

mediante a presença de odor fétido, edema local, hiperemia, formação de abscesso e secreção 

purulenta (POI et al., 2000; ARAÚJO, 2006; ARAÚJO et al., 2009) (Figura 6). 

 

 

 

 

 

 

 

Figura 2 – Aplicação de anestesia intramuscular contendo cloridrato de ketamina + cloridrato 
de xilazina. 

 
 
 
 
 
 
 

 

 

 

 

 
Figura 3 – Extração do incisivo superior direito utilizando fórceps infantil. 
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Figura 4 – Incisivo superior direito de rato. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 5 – Alvéolo de incisivo superior direito após isquemia, mostrando ausência de coágulo 

sanguíneo. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figura 6 – Exame clínico para constatar o desenvolvimento da alveolite dentária. 
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Considerando os dados da literatura em que o processo de cicatrização alveolar normal 

em ratos se completa aproximadamente 21 dias após a extração (DIB; SANTOS JÚNIOR; 

CARVALHO, 1994; POI et al., 1998; BOECK et al., 1999; BRANDÃO et al., 2002; 

ELSUBEIHI; HEERSCHE, 2004) e que a alveolite dentária é capaz de retardar este processo, 

já que aos 28 dias de pós-operatório os alvéolos portadores desta afecção apresentam discreta 

neoformação óssea (CARVALHO; OKAMOTO; BARBOSA, 1991; POI et al., 2000), os 

ratos nutridos e os desnutridos foram separados aleatoriamente nos seguintes grupos: 

a) Grupo N-21 – animais nutridos que sofreram eutanásia no 21o dia após a 

comprovação clínica da alveolite; 

b) Grupo DN-21 – animais desnutridos que sofreram eutanásia no 21o dia após 

a comprovação clínica da alveolite; 

c) Grupo N-28 – animais nutridos que sofreram eutanásia no 28o dia após a 

comprovação clínica da alveolite; 

d) Grupo DN-28 – animais desnutridos que sofreram eutanásia no 28o dia após 

a comprovação clínica da alveolite. 

Cada um destes grupos foi formado por 10 animais, os quais eram mantidos 

individualmente em gaiolas de propileno com tampa de arame zincado, desde o momento da 

extração até o dia da eutanásia. 

 

 

3.3 ANÁLISE BACTERIOLÓGICA 

 

 

Para realização desta análise, os animais foram anestesiados conforme técnica descrita 

no item 3.2.3. A mesa operatória foi coberta com um campo cirúrgico esterilizado e o animal 

posicionado sobre a mesma em decúbito dorsal. Este posicionamento facilitou a abertura 

bucal e o afastamento de seus lábios, permitindo assim, a realização da coleta da microbiota 

oral correspondente à região peri-alveolar do incisivo superior direito, segundo a técnica 

preconizada por Araújo (2006) e Araújo et al. (2007) na qual se utiliza um “swab” embebido 

em 40µL de solução de NaCl 0,9% estéril (Figura 7). Em seguida, este “swab” era colocado 

num tubo estéril contendo 460µL de Brain Heart Infusion (BHI) (Figura 8). As amostras 

foram homogeneizadas e 100µL de cada uma delas foram retirados e transferidos para outro 

tubo estéril contendo 900µl de BHI. Estes 1000µL foram homogeneizados e com o auxílio de 
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uma alça calibrada de 1µL, semearam-se placas de Petri contendo Ágar-sangue (Figura 9) e 

Agar Eosina Azul de Metileno Levine ou Ágar-Levine (Figura 10) para isolamento das 

bactérias gram-positivas e gram-negativas. Estas placas foram incubadas em estufa 

bacteriológica a 37ºC por 48 horas. As UFC que cresceram foram enumeradas por um 

contador manual de colônias sob lupa e seus percentuais calculados. Para identificação das 

bactérias gram-negativas utilizou-se o Kit enterobactéria (Laborclin®) e para as gram-

positivas empregou-se: Staphclin, Novobiocina, Optoquina, Ágar Bile Esculina e NaCl 6,5%. 

Além disso, lâminas foram confeccionadas a partir de esfregaços secos à temperatura 

ambiente. Estes foram fixados pelo calor através da chama do bico de Bunsen, com posterior 

coloração pelo método de Gram, o qual permitia identificar os arranjos e formas bacterianas. 

 Este procedimento foi realizado antes da extração do incisivo superior direito, 5 

minutos após a extração, no 21o dia após a comprovação clínica da alveolite para os grupos N-

21 e DN-21 e no 28o dia após a comprovação clínica da alveolite para os grupos N-28 e DN-

28. 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figura 7 – Realização da coleta da microbiota peri-alveolar antes da extração do incisivo 

superior direito. 
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Figura 8 – “Swabs”, após coletas, em tubos estéreis contendo BHI. 

 

 

 

 

 

 

 

 

 

 

 

Figura 9 – Semeio de placas de Petri contendo Ágar-sangue. 

 
 

 

 

 

 

 

 

 

 

 

Figura 10 – Semeio de placas de Petri contendo Ágar-Levine. 
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3.4 HEMOCULTURA 

 

 

 Foram coletados 100 µL de sangue venoso da cauda de cada animal para realizar os 

hemocultivos, antes da extração do incisivo superior direito, 5 minutos após a extração, no 21o 

dia após a comprovação clínica da alveolite para os grupos N-21 e DN-21 e no 28o dia após a 

comprovação clínica da alveolite para os grupos N-28 e DN-28 (Figura 11). O sangue era 

coletado em tubos contendo 900 µL do meio de cultura BHI estéril e hermeticamente 

vedado(Figuras 12 e 13). Em seguida, os tubos eram colocados em estufa a 37 ºC, durante 7 

dias. Estas culturas foram semeadas em placas de Petri contendo Ágar-sangue a cada 24, 48, 

72, 120 e 168 horas. As hemoculturas foram consideradas positivas no primeiro destes 

intervalos em que se constatou presença de bactéria. Esta foi identificada conforme testes 

descritos no item 3.3. Foram consideradas hemoculturas negativas, aquelas que decorridos 7 

dias de observação, não se evidenciou micro-organismo em nenhum dos semeios. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 11 – Incisão na extremidade da cauda do rato para realizar os hemocultivos. 
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Figura 12 – Coleta do sangue venoso da cauda do rato para realizar os hemocultivos. 

 

 

 

 

 

 

 

 

 

 

 

Figura 13 – Hemocultivos em fase de sedimentação. 

 

 

3.5 QUANTIFICAÇÃO DOS NÍVEIS DE OSTEOCALCINA E CÁLCIO IÔNICO 

 

 

 Para realização da quantificação destes níveis, coletaram-se 5mL de sangue de cada 

animal por punção cardíaca no 21o dia após a comprovação clínica da alveolite para os grupos 

N-21 e DN-21 e no 28o dia após a comprovação clínica da alveolite para os grupos N-28 e 

DN-28 (Figuras 14 e 15). O sangue coletado foi transferido para microtubos, os quais foram 

dispensados numa centrífuga Sigma Laboratory Centrifuges 6-15®, refrigerada a 4°C, numa 

velocidade de 3000 rpm, durante 5 minutos (Figuras 16, 17 e 18). Em seguida, com o auxílio 
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de uma micropipeta de 100 µL, os soros obtidos foram depositados em novos microtubos e 

armazenados em freezer a - 20ºC até o momento de serem encaminhados aos Laboratórios 

CIAC/ÁLVARO para a realização das dosagens de osteocalcina, através do método de 

Quimioluminescência e de cálcio iônico, pelo método Calculado. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 14 – Acesso cirúrgico para punção cardíaca. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 15 – Punção cardíaca. 
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Figura 16 – Microtubos com coleta da punção cardíaca: pré-centrífuga. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figura 17 – Microtubos dispensados na centrífuga. 

 

 

 

 

 

 

 

 

 

 

Figura 18 – Microtubos com coleta da punção cardíaca: pós-centrífuga. 
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3.6 PROCESSAMENTO HISTOLÓGICO 

 

 

Este procedimento foi realizado no 21o dia após a comprovação clínica da alveolite 

para os grupos N-21 e DN-21 e no 28o dia após a comprovação clínica da alveolite para os 

grupos N-28 e DN-28. Para a coleta dos espécimens, os animais foram eutanasiados por dose 

excessiva dos anestésicos utilizados no item 3.2.3. Em seguida, a maxila direita foi separada 

da esquerda através de um bisturi montado com lâmina no 11 e com o auxílio de uma tesoura 

de ponta romba realizou-se um corte tangencial a face distal do último molar, o que permitiu a 

obtenção completa do alvéolo a ser estudado (ARAÚJO, 2006) (Figura 19). Após, os animais 

foram encaminhados ao setor de descarte biológico da UFPE. 

 Posteriormente, estes espécimens foram fixados em solução de formol a 10% durante 

24 horas, lavados em água corrente e descalcificados em solução de citrato de sódio e ácido 

fórmico em partes iguais por 35 dias (MORSE, 1945; POI et al., 2000). A descalcificação era 

comprovada mecanicamente pela inserção de uma agulha fina. Em seguida, as peças foram 

desidratadas em concentrações crescentes de etanol, clarificadas em xilol e incluídas em 

parafina histológica, de modo que sua orientação permitisse à realização de cortes dos 

alvéolos no sentido longitudinal (Figura 20). Através da técnica empregada por Tolosa 

(2003), foram obtidos por microtomia, cortes semi-seriados com espessura de 

aproximadamente 6µm, os quais foram corados pela hematoxilina-eosina. Após, as 

preparações foram montadas com entellan®, observadas e fotomicrografadas através de 

microscópio óptico. 

 

 

 

 

 

 

 

 

 

 

Figura 19 – Espécimen de hemi-maxila direita, mostrando obtenção completa do alvéolo 
dentário. Observar: orifício de entrada (seta). 
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Figura 20 – Micrótomo utilizado para realizar cortes semi-seriados do alvéolo dentário. 

 

 

3.7 ANÁLISE HISTOLÓGICA 

 

 

 Para a descrição dos resultados histológicos, o alvéolo dental foi dividido em três 

terços – apical, médio e cervical (ARAÚJO, 2006). Em cada um destes terços, o estágio de 

cicatrização foi averiguado através do sistema de análise de imagem constituído por 

microscópio óptico acoplado com microcâmera Motic® e microcomputador contendo o 

programa Motic Image Plus® (Figura 21). Este permitiu medir em micrômetros as seguintes 

estruturas histológicas: tecido ósseo, tecido conjuntivo, coágulo e tecido inflamatório. 
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Figura 21 – Sistema de análise de imagem. 

 

 

3.8 ANÁLISE ESTATÍSTICA 

 

 

Os dados obtidos foram analisados pelo programa Jandel SigmaStat Statistical 

Software®. A estatística descritiva foi realizada através da média e desvio padrão. O valor de 

p foi obtido através do teste t para os dados paramétricos e do teste de Mann-Whitney para os 

dados não paramétricos. A significância estatística foi considerada, admitindo-se um nível 

crítico de 5%, em todos os casos. 
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4 RESULTADOS 

 

 

A partir dos resultados obtidos foram escritos dois artigos científicos originais, os 

quais foram submetidos a revistas especializadas de circulação internacional.  
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4.1 PRIMEIRO ARTIGO ORIGINAL 

 

 

 O primeiro artigo original deste estudo foi intitulado: “Peri-alveolar bacterial 

microbiota and bacteremia after dental alveolitis in adult rats submitted to neonatal 

malnutrition ”. Este artigo foi submetido como artigo original ao British Journal of Nutrition, 

que é classificado pela CAPES como qualis A2 para área de medicina II (ANEXO B). 

 Neste artigo foram analisados os aspectos bacteriológicos durante processo de 

alveolite dentária, relacionando-o com maior ocorrência de bacteremia em ratos adultos 

precocemente desnutridos. Antes e depois da extração evidenciou-se menor crescimento 

bacteriano dado por unidade formadora de colônia (UFC) na região peri-alveolar de incisivos 

superiores direito dos animais desnutridos, tal fato ocorreu de forma inversa após a alveolite, 

onde se constatou uma maior quantidade de UFC nestes animais. O percentual de 

hemoculturas positivas obtido após a alveolite foi maior nos animais desnutridos. Assim 

sendo, este estudo demonstrou a influência da desnutrição durante a alveolite dentária na 

microbiota peri-alveolar e no desenvolvimento da bacteremia. 
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Abstract 

 

The aim of this study was to analyze bacteriological aspects during the process of dental 

alveolitis, relating it to a higher incidence of bacteremia in undernourished adult rats. We used 

40 Wistar male rats, suckled by mothers fed a diet during lactation containing 17% protein in 

the nourished group (N) or 8% protein in the undernourished group (UN). After weaning, the 

animals received the Labina standard diet. After 90 days, these animals underwent upper right 

incisor extraction and induction of alveolitis. The oral microbiota was obtained using a swab 

and blood culture through the venous blood. These procedures were performed before the 

extraction, 5 minutes after extraction, on the 21st day after the alveolitis for groups N-21 and 

UN-21 and on the 28th day after the alveolitis for groups N-28 and UN-28. Data were 

expressed as mean ± standard deviation. The t test was used for parametric data and the 

Mann-Whitney test for nonparametric data. Statistical significance was considered by 

assuming a critical level of 5%. Before and after extraction a lower bacterial growth was 

observed per colony forming units (CFU) in the peri-alveolar region of the upper right 

incisors of undernourished animals, while the opposite was true after alveolitis, when a larger 

number of CFU was seen in these animals. The percentage of positive blood cultures obtained 

after the alveolitis was greater in the undernourished animals. This study thus demonstrated 

the influence of malnutrition during dental alveolitis in the peri-alveolar microbiota and 

during the development of bacteremia. 

 

Peri-alveolar microbiota; Bacteremia; Dental alveolitis; Neonatal malnutrition  
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Introduction 

 

 Despite the technical and scientific advances in the field of dentistry, particularly in 

relation to dental procedures, in which it is possible to make use of preventive and curative 

therapeutic measures that allow us to maintain the tooth in the oral cavity, we note that it is 

even quite common to come across situations in which tooth extraction is the most 

appropriate treatment option. 

 It is important to emphasize that this less conservative management often involves the 

poorer and more undernourished segment of the population because their socioeconomic 

status does  not allow them adequate food intake(1), oral hygiene practices, or the use of 

therapeutic  resources to prevent the loss of their teeth, because in most cases, they are treated 

in public services, which do not provide sufficient resources to perform atraumatic surgical 

techniques and which conform to the  principles of an aseptic chain(2). Thus, these patients 

often suffer considerable postoperative pain and can even develop a severe condition known 

as alveolitis(3-5). The signs and symptoms most commonly found in this disease are exposed 

alveolar bone, absence of tissue healing, purulent secretion, edema, hyperemia, 

lymphoadenopathy, severe and throbbing pain and fetid and persistent odor (4-6). 

Malnutrition takes on major proportions in Brazil and is present in all regions and 

areas, although the population most affected lives in the North and Northeast(7). The author in 

question argues that undernourished individuals manifest clinical signs of inadequate quantity 

(energy) or quality (nutrients) from the diet or as a result of diseases that cause poor 

biological utilization of the food ingested. Thus, malnutrition was identified as a major cause 

of secondary disability in the response of the organism to infectious agents, favoring even the 

progression of a localized infection in systemic(8). 

The oral cavity presents one of the most concentrated and varied microbial 

populations, harboring more than 500 species of bacteria(9). 

Most of these microorganisms are to be found in the oral cavity of healthy individuals 

constituting the endogenous microbiota, which is also known as normal microbiota(10). This 

may benefit the host through the development of the immune system(11) or  the microbial 

antagonism, thereby preventing the excessive growth of harmful microorganisms(12,13). The 

occurrence of an imbalance between this microbiota and the host favors the onset of 

inflammatory and/or infectious processes(13). In these cases, the microorganisms belonging to 

the normal microbiota are referred to as opportunistic pathogens(14). 
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Many microorganisms normally considered non-pathogenic have the ability to 

produce infection and disease. This property depends not only on their virulence factors, but 

also on the defense mechanisms of the host, which may be weakened in some situations, such 

as nutritional deficiency, immunosuppressive drugs, acquired immunodeficiency syndrome, 

diabetes mellitus, cancer, infections, among others(15). 

The risk of postoperative complications increases considerably in 

immunocompromised or undernourished patients, owing to their diminished resistance. This 

includes greater vulnerability to disease, delayed wound healing and high rates of 

infection(16,17). These, in turn, may lead to septicemia, whose mortality risk is high(18,19). 

Oral diseases usually exhibit a self-limiting behavior. Thus, clinical procedures such 

as periodontal probing, dental extraction or even a thorough brushing can cause the 

introduction and spread of bacteria from the flora of the oral cavity into the bloodstream 

triggering a transient bacteremia. This, in a normal organism, is asymptomatic, of short-

duration (eliminated in a few minutes by the reticuloendothelial system of the host) and has 

no major clinical significance, because the inoculum is small and the virulence of 

microorganisms involved is low(3,20,21). 

Bacteremia has been defined as the presence of viable bacteria in blood(22). This allows 

the installation of bacteria in different body sites(23). However, the clinical importance of 

bacteremia is determined by several factors, such as the site of infection, severity of primary 

disease, type of pathogen involved and the patient's immunity(24,25). Extractions are the dental 

procedure most likely to cause bacteremia(26,27). 

This present study analyzed the bacteriological aspects during the process of alveolitis, 

relating it to a higher incidence of bacteremia in adult rats undernourished during the suckling 

period and recovered thereafter until adulthood. The study of these aspects in animals is 

important from the experimental and clinical standpoints, due to nutritional aggression during 

the neonatal period. This represents a stage of great vulnerability, due to the formation of 

various organic systems, particularly the defense of the host against infection. 

 

Materials and methods 

 

Ethical Considerations 

 This research was approved by the Ethics Committee on Animal Experimentation of 

the Center for Biological Sciences of the Federal University of Pernambuco (protocol number 

008283/2007 – 34). 
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Animals 

 A total of 40 albino male Wistar rats, from the breeding colony of the Department of 

Nutrition of the Federal University of Pernambuco were used. These animals were kept in a 

bioterium at a temperature of 23 ± 20C in a light/dark cycle of 12 hours (light - 6 to 18h; dark 

- 18 to 6h).  

• Nutritional manipulation 

After birth, the male pups were kept with their mothers in groups of six as this number 

helps to maintain the nutritional pattern(28). Thus, when necessary, we carried out a reduction 

or complementation of the offspring through a random selection of male pups. It is 

noteworthy that in the case of complementation, this was conducted using other litters of the 

same age. Then, on the basis of the dietary regimen employed, we obtained the following 

groups, each of which comprised 20 animals: 

Nourished (N): pups whose mothers were fed with 17% casein during the period of 

lactation. 

Undernourished (UN): suckled rats whose mothers were fed through a nutritionally 

deficient diet, 8% casein, during lactation.  

After weaning, the mothers of both groups were euthanized. 

• Somatic growth 

The nourished and malnourished animals were breastfed until the 21st day after birth, 

corresponding to the lactation period(29). During this period a daily record was kept (digital 

electronic weighing scale - Marte, model S-4000-with a sensitivity of 0.1 g) of the body 

weight of each animal to monitor weight during nutritional manipulation. From the 22nd day 

of life, the animals were separated from their mothers, kept in collective cages containing 

three animals each and fed ad libitum water and the standard diet of the bioterium (Labina - 

Purina Brazil S/A), containing 23 % mixed protein until the end of the experiment. Their 

body weights were measured once a week, thus allowing their nutritional recovery to be 

monitored. 

• Induction process of alveolitis 

After 90 days all 40 animals (nourished and undernourished), underwent the alveolitis 

process. 

 To implement this step, the animals were anesthetized with ketamine hydrochloride 

(10 mg/kg) + xylazine hydrochloride (0.5 mg/kg), associated in the same syringe and 

administered intramuscularly. Next, the upper right incisor was extracted, using the technique 
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proposed by Okamoto & Russo(30), in which the instruments used were similar to those 

employed in the extraction of primary teeth. After extraction, an alveolar ischemia was 

induced by the insertion of a small sterile cotton pad soaked in 1:1000 adrenaline for 15 

minutes. Following the removal of this cotton, the animals remained under observation for 15 

minutes, with the aim of verifying the absence of blood clot formation inside the alveolus, and 

after 48 hours, the animals were examined clinically, by separation of the lips, which allowed 

us to observe the development of the alveolitis by the presence of local edema, hyperemia, 

abscess formation, purulent secretion and fetid odor(31-33). 

 From the time of extraction to the day of euthanasia, the animals were kept separately 

in individual polypropylene cages covered with zinc wire, following which both the 

Nourished (N) and Undernourished (UN) rats were randomly separated into the following 

groups: 

a) Group N-21 – nourished animals that were euthanized on the 21st day after the 

clinical verification of alveolitis; 

b) Group UN-21 – undernourished animals that were euthanized on the 21st day after 

the clinical verification of alveolitis; 

c) Group N-28 – nourished animals that were euthanized on the 28th day after the 

clinical verification of alveolitis; 

d) Group UN-28 – undernourished animals that were euthanized on the 28th day after 

the clinical verification of alveolitis. 

It is noteworthy that each group comprised 10 animals. 

  

Bacteriological Analysis 

 For this analysis, the animals were anesthetized using the same technique as that 

employed for the process of induction of alveolitis. The operating table was covered with a 

sterile surgical drape and the animal was positioned in the dorsal decubitus position. This 

position facilitated the mouth opening and separation of the lips, thus allowing the collection 

of the oral microbiota from the peri-alveolar region of the upper right incisor, according to the 

technique advocated by Araújo(32) and Araújo et al(34), using a swab soaked in 40µL of 0.9% 

sterile NaCl. The swab was then placed in a sterile tube containing 460µL of Brain Heart 

Infusion (BHI) enriched liquid medium that allows bacterial growth. The samples were 

homogenized and 100µl of each was removed and transferred to another sterile tube 

containing 900µl of BHI. This 1000µL was again homogenized and, with the aid of a 1µL 

calibrated loop, Petri dishes were seeded containing Agar-blood and Agar-Levine for isolation 
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of the gram-positive and gram-negative bacteria. These plates were incubated in a 

bacteriological incubator at 37°C for 48 hours and the resulting colony forming units (CFU) 

were counted and their percentages calculated. The enterobacteria kit was used for 

identification of the gram-negative bacteria and Staphclin, Novobiocin, Optochin, Bile 

Esculin Agar and 6.5% NaCl for the identification of the gram-positive bacteria. In addition, 

slides were prepared from dry swabs at room temperature. These were fixed by heat by means 

of the flame of the Bunsen burner, with subsequent staining by Gram's method, which enabled 

the identification of the bacterial forms and arrangements. 

This procedure was performed before extraction of the upper right incisor, five 

minutes after the extraction, on the 21st day after the clinical verification of alveolitis for 

groups N-21 and UN-21 and on the 28th day after the clinical verification of alveolitis for 

groups N-28 and UN-28. 

 

Blood Culture 

 One hundred microliters (100 µL) of venous blood was collected from the tail of each 

animal to perform the blood culture prior to extraction of the upper right incisor, five minutes 

after the extraction, on the 21st day after the clinical verification of alveolitis for groups N-21 

and UN-21 and on the 28th day after the clinical verification of alveolitis for groups N-28 and 

UN-28. The blood was collected in tubes containing 900µL of sterile BHI medium and 

hermetically sealed. After that, the tubes were placed in a bacteriological incubator at 37°C 

for 7 days. The cultures were seeded in Petri dishes containing Agar-blood every 24, 48, 72, 

120 and 168 hours. Blood cultures were regarded as positive in the first of these intervals in 

which the presence of bacteria was observed. This was identified through tests similar to those 

previously mentioned for carrying out the bacteriological analysis of normal oral microbiota 

from the peri-alveolar region. Blood cultures were considered negative when, after 7 days of 

observation, no microorganisms were present in the seeding. 

 

Statistical Analysis 

 The data were analyzed by a statistician using the "Jandel SigmaStat Statistical 

Software." Descriptive statistics were performed using the mean and standard deviation. The 

p value was obtained using the t test for parametric data and the Mann-Whitney test for 

nonparametric data. Statistical significance was set at the 5% level in all cases. 
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Results 

 
 

 After the body weights of the nourished and malnourished animals had been recorded, 

a weight curve was constructed for each of these groups (Figure 1), on which the 4th to the 

21st days revealed a difference between them (p<0.05). This difference was also observed on 

the 30th, 60th and 90th days of life of these animals (p<0.05). 

 Body weight was also examined before extraction and after alveolitis in all groups: N-

21, UN-21, N-28 and UN-28 (Figure 2). Within each group, only the N-21 showed an 

increase in weight after alveolitis (p<0.05). However, when making a comparison between 

groups N-21 x UN-21 and N-28 x UN-28 both before extraction and after alveolitis, it was 

observed that the weights of the undernourished animals were always lower than those of the 

nourished ones (p<0.05). 

 The CFUs found in the peri-alveolar region of the upper right incisors of rats were 

calculated before extraction, after extraction and after alveolitis in all groups: N-21, UN-21, 

N-28 and UN-28 (Figure 3). When the times before and after extraction within each group 

were compared, it was found that there was a significant reduction in the number of CFUs 

after extraction (p<0.05). In view of the comparison between groups N-21 x UN-21 and N-28 

x UN-28 both before and after extraction, fewer CFUs were detected in the undernourished 

group (p<0.05); the opposite occurred after alveolitis, which demonstrated a greater number 

of CFUs in undernourished group (p<0.05). 

 The gram-positive and gram-negative bacterial species observed in the peri-alveolar 

region of the upper right incisors of rats were recorded before extraction, after extraction and 

after alveolitis in groups N-21 and UN-21 (Figure 4). A comparison between the time before 

and after extraction within these groups showed that only the number of gram-positive 

bacteria in group N-21 decreased after extraction (p<0.05). When groups N-21 x UN-21 were 

compared before and after extraction, it was found there were fewer gram-positive bacteria in 

the undernourished animals than in the nourished ones (p<0.05). However, this situation was 

reversed after the alveolitis, when there were more gram-positive bacteria in the 

undernourished animals than in the nourished ones (p<0.05). When the gram-positive and 

gram-negative bacteria were compared, there was a difference (p<0.05) in group N-21 and in 

group UN-21 before and after extraction and after alveolitis. 

 The gram-positive and gram-negative bacterial species observed in the peri-alveolar 

region of the upper right incisors of rats were recorded before extraction, after extraction and 

after alveolitis in groups N-28 and UN-28 (Figure 5). In view of the comparison between the 
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time before and after extraction within these groups, it was clear that the number of gram-

positive bacteria decreased after extraction (p<0.05). When groups N-28 x UN-28 were 

compared before extraction, it was observed that the number of gram-positive bacteria in the 

undernourished animals was lower than in the nourished ones (p<0.05). However, this picture 

was reversed after alveolitis, when it was possible to find more gram-positive and gram-

negative bacteria in the undernourished animals than in the nourished ones (p<0.05). A 

comparison between the gram-positive and gram-negative bacteria showed a difference 

(p<0.05) in group N-28 and in group UN-28 before and after extraction and after alveolitis. 

 The percentage of positive blood cultures before extraction, after extraction and after 

alveolitis was determined in all animals in groups N-21, UN-21, N-28 and UN-28 (Figure 6). 

When comparing groups N-21 x UN-21 and N-28 x UN-28 after alveolitis, it was observed 

that the percentage was higher in the undernourished animals than in the nourished ones 

(p<0.05). 

 The bacteria in blood cultures of groups N-21 and UN-21 before and after extraction 

and after alveolitis are shown in Table 1. When comparing these groups after alveolitis, there 

was a larger number of positive cases in the undernourished animals, and Staphylococcus 

aureus and Staphylococcus saprophyticus were the most frequently encountered species. 

 The bacteria in blood cultures of groups N-28 and UN-28 before and after extraction 

and after alveolitis are shown in Table 2. In view of the comparison between these groups 

after alveolitis, a larger number of positive cases was found in the undernourished animals, 

Staphylococcus saprophyticus, being the most frequent species. 

   

Discussion 

 

 A reduced blood supply impairs the healing of any wound and facilitates the onset of 

an infectious process(35). This was demonstrated during the course of this study: after the 

extraction of the upper right incisor of rats, a alveolar ischemia was induced by the insertion 

of a small sterile cotton pad soaked in 1:1000 adrenaline for 15 minutes and after its removal 

no blood clot formation was seen inside the alveolus; after 48 hours, however, the 

development of dental alveolitis was observed in all animals.   

 In this study, neonatal malnutrition triggered by an 8% casein low protein diet led to a 

deficit in body weight by causing a delay in weight gain during the lactation period from the 

fourth day of life. These data are consistent with those of Porto et al.(36.37) and Severo(38), who 

used the same diet and were able to show similar effects from the fifth day of life in the 
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former and from the fourth day of life in the latter. Another experimental model of 

malnutrition was used by Wanderley(39), Barros et al.(40) and Andrade et al.(41), which was 

applied to a regional basic diet (RBD) with 7.87% protein(42). It is noteworthy that the effects 

of both diets were proven, since they adversely affected the protein content of the breast milk, 

thereby producing their deleterious effects on offspring. However, in the present study it was 

use 8% casein, owing to the fact that its administration is advocated internationally as a 

standard experimental diet capable of inducing malnutrition. 

 With respect to neonatal malnutrition, the influence of a low protein diet in the 

animals' body weight until adulthood – 30, 60 and 90 days of life – was also verified in this 

experiment, because even with the administration of a balanced diet - Labina (standard 

bioterium diet containing 23% mixed protein) after weaning, the body weight of the 

undernourished animals remained lower than that of the nourished animals. These results 

corroborate those of other studies(36-41,43), in which the body weight of undernourished 

animals remained low in adulthood, even when they were submitted to nutritional recovery. 

 Quantitative and qualitative changes in oral microbiota were observed in this study 

when comparing the times before extraction, after extraction and after alveolitis within each 

group and between groups. Thus, with respect to quantitative aspects, in making a comparison 

between the periods before and after extraction within each group, it was observed that there 

was a reduction in CFUs after extraction; this was probably due to the mechanical removal 

performed during the process of inducing alveolitis. These results are consistent with those 

cited by Araujo(32). A comparison between groups N-21 x UN-21 and N-28 x UN-28 both 

before and after extraction revealed that there were fewer CFUs in the undernourished 

animals. However, this situation was reversed after alveolitis, because there was a larger 

number of CFUs in these animals. These data enable us to make an analogy with reports from 

Porto et al.(37) that indicate that when the usual number of resident microorganisms is greatly 

reduced, the opportunistic invaders establish themselves more easily. As for qualitative 

aspects, when comparing the gram-positive and gram-negative bacteria, differences were 

observed before extraction, after extraction and after alveolitis in all groups; in 

undernourished animals, however, there was a further development of gram negative bacteria, 

especially in group UN-28. These changes were consistent with those reported by Chow(44) 

and Darby & Curtis(45), in which diet and infectious processes are able to produce changes in 

the composition of oral microbiota. It is noteworthy that the gram-negative bacteria are those 

having a higher pathogenic potential(46-48).  
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 Oral infections are typically local, but they can serve as a focus for systemic 

infections(49,50). There are three possible mechanisms by which oral infections can trigger 

infections at a distance: metastatic infection due to the translocation of microorganisms; 

metastatic injury as a result of the movement of toxins from oral microorganisms and 

metastatic inflammation caused by immunologic injury induced by oral microorganisms(51). 

The diagnosis of bacteremia is obtained through the detection of viable bacteria in the 

bloodstream, and the obtaining of blood cultures was recommended as being the most 

sensitive method for identifying the condition (52). Thus, in this study, the development of 

bacteremia in nourished and undernourished rats was confirmed by performing blood 

cultures, whose results were positive. However, bacteremia may be transient, that is, when its 

duration does not exceed one hour and microorganisms are rapidly destroyed by the defenses 

of the host, or permanent, that is, when the bacteria are not eliminated from the body and 

remain in the bloodstream(53,54). The latter is usually associated with predisposing factors in 

the patient, one of which is malnutrition(55,56). In this study, after the onset of alveolitis, 

bacteremia was detected in 30% of the animals in the N-21 group, 80% of those in the UN-21 

group, 20% of those in the N-28 group and in 80% of those in the UN-28 group. This result 

therefore shows a higher percentage of positive blood cultures in undernourished animals, 

probably due to their compromised immune system. 

 The oral microbiota from the peri-alveolar region of rats is composed of the following 

bacteria: Bacillus sp., Staphylococcus aureus, Streptococcus viridans, Corynebacterium sp., 

Staphylococcus coagulase negative, Enterococcus sp., Escherichia coli, Staphylococcus 

saprophyticus, Klebsiella oxytoca, Klebsiella pneumoniae and Serratia liquefaciens(34). The 

microorganisms normally found in the oral cavity are responsible for a large number of 

bacteremia(57). Thus the findings of this experiment are consistent with this last statement, 

since all bacterial species present in blood culture (Bacillus sp., Corynebacterium sp., 

Staphylococcus aureus, Staphylococcus coagulase negative and Staphylococcus 

saprophyticus) were part of the endogenous microbiota from the peri-alveolar region of the 

upper right incisor of the rat. 

 The bacterial species Staphylococcus aureus and Staphylococcus coagulase negative 

were identified in most of the diagnoses of bacteremia(58). This was clearly demonstrated in 

the present study, because 50% of the positive blood cultures from the animals in groups UN-

21 and UN-28 harbored these bacteria after alveolitis. 

 An epidemiological study of sepsis and causative agents in children showed that 

malnutrition was a risk factor for the onset of the septic condition in childhood, because 
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71.1% of children who had episodes of sepsis were undernourished and the predominant 

bacterium in the blood cultures was Staphylococcus aureus(59). These findings were also 

observed in our experiment because, after alveolitis, the undernourished animals showed a 

higher percentage of positive blood cultures with Staphylococcus aureus being one of the 

most frequently encountered bacteria. 

 The development of sepsis in burned patients was caused mostly by gram-positive 

bacteria and the most common of these was Staphylococcus aureus(60). These findings may be 

related to those of the present study, since bacteremia was triggered only by gram-positive 

bacteria, Staphylococcus aureus being one of the bacterial species most commonly found in 

the blood cultures of undernourished animals. 

 Neonatal malnutrition can cause sequelae in the body's defenses, thus representing a 

high risk factor for the development of bacteremia, and Staphylococcus coagulase negative is 

its main etiologic agent(61). In this study, malnutrition was able to trigger a higher percentage 

of positive blood cultures after alveolitis, and Staphylococcus coagulase negative was one of 

the causative agents. 

   

Conclusion 

 

 Thus, based on the results of this study and review of the literature, it was possible to 

verify the importance of this study for the area of dentistry, since it clearly and decisively 

demonstrated the influence of nutritional status during the process of dental alveolitis, both as 

regards the composition of the microbiota from the peri-alveolar region and the development 

of bacteremia, thereby revealing the existence of a direct relationship between oral and 

systemic diseases. 
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       N = Nourished (n = 20); UN = Undernourished (n = 20). *  = p< 0.05, comparing N and UN.       

Figure 1 – Body weight of the nourished and undernourished animals from the 1st to 21st day 
of life and on the 30th, 60th and 90th days of life. 
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N-BE = Nourished before extraction; N-AA = Nourished after alveolitis; UN-BE = Undernourished before 

extraction; UN-AA = Undernourished after alveolitis.  *  = p< 0.05, comparing BE and AA to N with 21 
days of alveolitis.  * *    = p< 0.05, comparing N and UN to BE and AA with 21 and 28 days of alveolitis. 
N-21(n=10); UN-21(n=10); N-28(n=10); UN-28(n=10).  

Figure 2 – Body weight of animals belonging to groups N-21, UN-21, N-28 and UN-28 before 
extraction and after alveolitis.  
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CFU = Colony forming unit; N-BE = Nourished before extraction; N-AE = Nourished after extraction; N-
AA = Nourished after alveolitis; UN-BE = Undernourished before extraction; UN-AE = Undernourished 

after extraction; UN-AA = Undernourished after alveolitis. † = p< 0.05, comparing BE and AE to N and 
UN with 21 and 28 days of alveolitis. *  = p< 0.05, comparing N and UN to BE and AE with 21 and 28 
days of alveolitis. * *  = p< 0.05, comparing N and UN to AA with 21 and 28 days of alveolitis. N-
21(n=10); UN-21(n=10); N-28(n=10); UN-28(n=10).  

Figure 3 – Frequency of Colony Forming Units observed in the peri-alveolar region of the upper 
right incisors of animals belonging to groups N-21, UN-21, N-28 and UN-28 before 
extraction, after extraction and after alveolitis. 
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N-BE = Nourished before extraction; N-AE = Nourished after extraction; N-AA = Nourished after 
alveolitis; UN-BE = Undernourished before extraction; UN-AE = Undernourished after extraction; UN-AA 

= Undernourished after alveolitis. † = p< 0.05, comparing BE and AE to N in Gram + . *  = p< 0.05, 
comparing N and UN to BE, AE and AA in Gram + .  * *  = p< 0.05, comparing Gram + and Gram - to N 
and UN in BE, AE and AA. N-21(n=10); UN-21(n=10); N-28(n=10); UN-28(n=10). 

Figure 4 – Number of gram-positive and gram-negative bacterial species found in the peri-
alveolar region of the upper right incisors of the animals of groups N-21 and UN-21 
before extraction, after extraction and after alveolitis. 
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N-BE = Nourished before extraction; N-AE = Nourished after extraction; N-AA = Nourished after 
alveolitis; UN-BE = Undernourished before extraction; UN-AE = Undernourished after extraction; UN-AA 

= Undernourished after alveolitis.  † = p< 0.05, comparing BE and AE to N and UN in Gram + . *  = p< 
0.05, comparing N and UN to BE and AA in Gram + and to AA in Gram - . * *  = p< 0.05, comparing 
Gram + and Gram – to N and UN in BE, AE and AA. N-21(n=10); UN-21(n=10); N-28(n=10); UN-
28(n=10). 

Figure 5 – Number of gram-positive and gram-negative bacterial species found in the 
peri-alveolar region of the upper right incisors of the animals of groups N-28 
and UN-28 before extraction, after extraction and after alveolitis.  

 
 
 
 
 
 
 
 
 

0

1

2

3

4

5

6
N

um
be

r 
of

 b
ac

te
ria

l s
pe

ci
es

N-BE

N-AE

N-AA

UN-BE

UN-AE

UN-AA

Gram + 

 
     † 

 
 *  

 
 *  

  *  

   
 
  
 
    * *  

  * *  * *  

 
  * *  

* *  * *  

   † 

Gram - 

70 



 72 

 
 
N-BE = Nourished before extraction; N-AE = Nourished after extraction; N-AA = Nourished after 
alveolitis; UN-BE = Undernourished before extraction; UN-AE = Undernourished after extraction; UN-AA 

= = Undernourished after alveolitis. *  = p< 0.05, comparing N and UN to AA with 21 and 28 days of 
alveolitis. N-21(n=10); UN-21(n=10); N-28(n=10); UN-28(n=10).  

Figure 6 – Percentage of positive blood cultures in the animals of groups N-21, UN-21, N-28 e 
UN-28 before extraction, after extraction and after alveolitis. 
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Table 1 - Distribution of the bacteria found in the blood cultures of the groups N-21 and UN-21 before 
extraction, after extraction and after alveolitis.  

 
 

Groups 
N-21 UN-21 Bacterial species  

BE AE AA BE AE AA*  

Bacillus sp. - 1-10% - - - - 
Corynebacterium sp. - - - - - 1-10% 
Staphylococcus aureus - - 1-10% 1-10% 2-20% 3-30% 
Staphylococcus coagulase negative - - 1-10% - - 1-10% 
Staphylococcus saprophyticus - - 1-10% - 2-20% 3-30% 

 
N-21 = nourished animals that were euthanized on the 21st day after the clinical verification of alveolitis (n=10); UN-21 = 
undernourished animals that were euthanized on the 21st day after the clinical verification of alveolitis (n=10); BE = Before 
extraction; AE = After extraction; AA = After alveolitis. *  = p< 0.05, comparing N and UN to AA after 21 days of alveolitis. 
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Table 2 - Distribution of the bacteria found in the blood cultures of the groups N-28 and UN-28 before 
extraction, after extraction and after alveolitis. 

 
 

Groups 
N-28 UN-28 Bacterial species  

BE AE AA BE AE AA*  

Bacillus sp. - 1-10% - - - - 
Staphylococcus aureus - - - 1-10% 2-20% 2-20% 
Staphylococcus coagulase negative - - 1-10% - - 2-20% 
Staphylococcus saprophyticus - - 1-10% - 1-10% 4-40% 

 
N-28 = nourished animals that were euthanized on the 28th day after the clinical verification of alveolitis (n=10); UN-28 = 
undernourished animals that were euthanized on the 28th day after the clinical verification of alveolitis (n=10); BE = Before 
extraction; AE = After extraction; AA = After alveolitis. *  = p< 0.05, comparing N and UN to AA after 28 days of alveolitis. 
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4.2 SEGUNDO ARTIGO ORIGINAL 

 

 

 O segundo artigo original deste estudo foi intitulado: “Dental alveolitis and alveolar 

healing in rats submitted to neonatal malnutrition”. Este artigo foi submetido como artigo 

original a Research in Veterinary Science, que é classificada pela CAPES como qualis B1 

para área de medicina II (ANEXO C). 

Neste artigo realizou-se a quantificação dos níveis de osteocalcina e cálcio iônico em 

ratos adultos, submetidos à desnutrição neonatal e alveolite dentária e relacionou-os com o 

estágio de cicatrização alveolar. Houve redução da osteocalcina no grupo N-28 e aumento no 

grupo DN-28; a disponibilidade do cálcio iônico foi maior nos animais nutridos e o processo 

de cicatrização alveolar apresentou um maior desenvolvimento nos animais nutridos. Deste 

modo, esta pesquisa comprovou a influência da desnutrição neonatal associada à alveolite 

dentária, tanto no que se refere às alterações dos níveis de osteocalcina e cálcio iônico, quanto 

no retardo do processo de cicatrização alveolar. 
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Abstract 

 

The aim of this study was to compare the levels of osteocalcin and ionized calcium with the 

alveolar healing process in rats undernourished and suffering from dental alveolitis. Forty rats 

were used, divided randomly into four groups: N-21, UN-21, N-28 and UN-28. After 90 days, 

the animals underwent extraction and induction of alveolitis. After 21 or 28 days of alveolitis 

the levels of osteocalcin and ionized calcium were determined and, in addition, the dental 

alveolus was completely removed. Data were expressed as mean ± standard deviation. The t 

test was used for parametric data and the Mann-Whitney test for nonparametric data. 

Statistical significance was set at 5%. Osteocalcin levels decreased in group N-28 and 

increased in group UN-28; the availability of ionized calcium was higher in the nourished 

animals and the alveolar healing process showed a greater development in the nourished 

animals. 

 

Keywords: Osteocalcin; Ionized calcium; Alveolar healing; Neonatal malnutrition; Dental 

alveolitis 
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Introduction 

 

Despite the technical and scientific advances in the field of dentistry, particularly in 

relation to dental procedures, in which it is possible to employ preventive and curative 

therapeutic measures that allow us to maintain the tooth in the oral cavity, we note that it is 

still quite common to come across situations in which tooth extraction is the most appropriate 

treatment option. 

 It is important to emphasize that this less conservative management often involves the 

poorer and more undernourished segment of the population because their socioeconomic 

status does  not allow them adequate food intake (Shahar et al., 2005), oral hygiene practices, 

or the use of therapeutic resources to prevent the loss of their teeth, because they are treated 

mostly in public health services that lack sufficient resources to perform atraumatic surgical 

techniques complying with the principles of an aseptic chain (Adeyemo, 2004). Thus, these 

patients often suffer considerable postoperative pain and can even develop a severe condition 

known as alveolitis (Nusair e Younis, 2007; Resende, 2009). 

 Energy and protein are essential for the healing process to proceed in the best possible 

way, regardless of whether it is due to a trauma, fracture or postoperative sequela (Neumann 

et al., 2004). Silva et al. (2004) and Aguilar-Nascimento (2010) stated that, when the patient 

has a good nutritional status and diet with adequate levels of protein, healing usually follows 

the conventional patterns. Thus, after extraction of a tooth, a blood clot is formed at the site 

and its final organization is effected by a reaction of granulation, which is gradually replaced 

by a coarse fibrillar bone, and eventually by mature bone. However, owing to quantitative 

and/or qualitative nutritional deficiencies, the healing process may not comply with these 

principles, becoming slower, thereby facilitating premature necrosis of the clot or its 

detachment from the alveolar walls, which are exposed to the oral environment. These two 
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situations favor the onset of alveolitis (Torres-Lagares et al., 2006; Kreuger et al., 2007; 

Bortoluzzi et al., 2008).  

 According to Monteiro (2003), malnutrition takes on major proportions in Brazil and 

is present in all regions and areas, although the population most affected lives in the North 

and Northeast. The author in question argues that undernourished individuals manifest clinical 

signs of an inadequate quantity (energy) or quality (nutrients) from the diet or as a result of 

diseases that cause poor biological utilization of the food ingested. With regard to 

malnutrition, Chandra (1997) noted that it is a major cause of secondary disability in the 

response of the organism to infectious agents, even favoring the progression of a localized 

infection to a systemic one. 

 Watts (1999) reported that there was a breakthrough in the development of 

noninvasive techniques to evaluate the formation of bone matrix, because they make it 

possible to measure its components as they enter the circulation during bone formation. In 

view of this, Saraiva and Lazaretti-Castro (2002), Guarniero et al. (2003) and Cardoso et al. 

(2007) advocated the quantification of osteocalcin as a good parameter for evaluating bone 

tissue repair as it is a specific biochemical marker of bone formation. 

Calcium is an important mineral for various metabolic activities, in particular bone 

metabolism. Its presence permits the formation and maintenance of bone mineral density 

(PAIXÃO; BRESSAN, 2010). 

Marzola (1994) stated that under normal conditions, alveolar healing in humans takes 

approximately 64 days. Cardaropoli et al. (2003) showed that in dogs it decreases to 48 days, 

while Brandão et al. (2002) and Elsubeihi and Heersche (2004) concluded that in rats this 

process is completed in 21 days. 
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Poi et al. (2000) and Araújo (2006) demonstrated  that alveolitis slows the alveolar 

healing process because the alveoli belonging to the group of rats with this disease (control 

group) exhibited only a slight bone formation at the level of the middle and apical thirds. 

The present study quantified the levels of osteocalcin and ionized calcium in adult rats 

submitted to neonatal malnutrition and dental alveolitis and related them to the stage of 

alveolar healing. The study of these aspects in animals is important from the experimental and 

clinical standpoints, due to nutritional aggression during the neonatal period. This represents a 

stage of great vulnerability as various organic systems are in the process of formation, 

particularly the defense of the host against infection. 

 

Materials and methods 

 

Ethical Considerations 

 This research was approved by the Ethics Committee on Animal Experimentation of 

the Center for Biological Sciences of the Federal University of Pernambuco (protocol number 

008283/2007 - 34). 

 

Animals 

 A total of 40 albino male Wistar rats from the breeding colony of the Department of 

Nutrition of the Federal University of Pernambuco were used. These animals were kept in a 

bioterium at a temperature of 23 ± 20C in a light/dark cycle of 12 hours (light - 6 to 18h; dark 

- 18 to 6h).  

• Nutritional manipulation 

After birth, the male pups were kept with their mothers in groups of six as this number 

helps to maintain the nutritional pattern (Committee on Laboratory Animal Diets, 1979). 
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Thus, when necessary, we carried out a reduction or complementation of the offspring 

through a random selection of male pups. It is noteworthy that in the case of 

complementation, this was conducted using other litters of the same age. Then, on the basis of 

the dietary regimen employed, we obtained the following groups, each of which comprised 20 

animals: 

Nourished (N): pups whose mothers were fed with 17% casein during the period of 

lactation. 

Undernourished (UN): suckled rats whose mothers were fed through a nutritionally 

deficient diet, 8% casein, during lactation.  

After weaning, the mothers of both groups were euthanized. 

• Somatic growth 

The nourished and malnourished animals were breastfed until the 21st day after birth, 

corresponding to the lactation period (Harkness, 1993). During this period a daily record was 

kept (digital electronic weighing scale – Marte, model S-4000-with a sensitivity of 0.1 g) of 

the body weight of each animal to monitor weight during nutritional manipulation. From the 

22nd day of life, the animals were separated from their mothers, kept in collective cages 

containing three animals each and fed ad libitum water and the standard diet of the bioterium 

(Labina – Purina Brazil S/A), containing 23 % mixed protein until the end of the experiment. 

Their body weights were measured once a week, thus allowing their nutritional recovery to 

be monitored. 

• Induction process of alveolitis 

After 90 days all 40 animals (nourished and undernourished) were submitted to the 

alveolitis process. 

To implement this step, the animals were anesthetized with ketamine hydrochloride 

(10 mg/kg) + xylazine hydrochloride (0.5 mg/kg), associated in the same syringe and 
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administered intramuscularly. Next, the upper right incisor was extracted, using the technique 

proposed by Okamoto & Russo (1973), in which the instruments used were similar to those 

employed in the extraction of primary teeth. After extraction, an alveolar ischemia was 

induced by the insertion of a small sterile cotton pad soaked in 1:1000 adrenaline for 15 

minutes. Following the removal of this cotton, the animals remained under observation for 15 

minutes in order to verify the absence of blood clot formation inside the alveolus, and after 48 

hours, the animals were examined clinically by separating the lips, which allowed us to 

observe the development of the alveolitis by the presence of local edema, hyperemia, abscess 

formation, purulent secretion and fetid odor (Poi et al., 2000; Araújo, 2006; Araújo et al., 

2009). 

Previous research has reported that the normal alveolar healing process in rats occurs 

approximately 21 days after extraction (Brandão et al., 2002; Elsubeihi and Heersche, 2004). 

However, another study showed that the alveolitis was able to slow the alveolar healing 

process because, on the 28th postoperative day, the alveolus with this disorder exhibited a 

mild osteogenesis (Poi et al., 2000). 

 From the time of extraction to the day of euthanasia, the animals were kept separately 

in individual polypropylene cages covered with zinc wire, following which both the 

Nourished (N) and Undernourished (UN) rats were randomly separated into the following 

groups: 

a) Group N-21 – nourished animals that were euthanized on the 21st day after the 

clinical verification of alveolitis; 

b) Group UN-21 – undernourished animals that were euthanized on the 21st day after 

the clinical verification of alveolitis; 

c) Group N-28 – nourished animals that were euthanized on the 28th day after the 

clinical verification of alveolitis; 
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d) Group UN-28 – undernourished animals that were euthanized on the 28th day after 

the clinical verification of alveolitis. 

It should be emphasized that each group comprised 10 animals. 

 

Quantification of the Levels of Osteocalcin and Ionized Calcium 

 To perform the quantification of these levels 5 ml of blood was collected from each 

animal by cardiac puncture on the 21st day after the clinical verification of alveolitis for 

groups N-21 and UN-21 and on the 28th day after the clinical verification of alveolitis for 

groups N-28 and UN-28. The collected blood was transferred to eppendorf tubes, which were 

placed in a Sigma Laboratory 6-15 centrifuge at 4°C at a speed of 3000 rpm for 5 minutes. 

Then, with the aid of a micropipette of 100 µL, the serum was deposited into new eppendorf 

tubes and stored in a freezer at -20°C before being sent to the CIAC/ALVARO laboratories 

for the osteocalcin assays, using the chemiluminescence method, and the ionized calcium 

assays, using the calculated method.  

 

Histological Processing 

 This procedure was performed on the 21st day after the clinical verification of 

alveolitis for groups N-21 and UN-21 and on the 28th day after the clinical verification of 

alveolitis for groups N-28 and UN-28. For the collection of the specimens, animals were 

euthanized by an overdose of the anesthetics used in the process of inducing the alveolitis. 

Next, the right maxilla was separated from the left using a mounted scalpel with a number 11 

blade and with the aid of blunt scissors a tangential cut was made on the distal surface of last 

molar, which enabled the entire alveolus to be studied (Araújo, 2006). After that the animals 

were sent to the UFPE’s biological waste disposal unit.  

82 



 84 

 Subsequently, the specimens were fixed in a 10% formaldehyde solution for 24 hours, 

washed in running water and decalcified in a solution of sodium citrate and formic acid in 

equal parts for 35 days (Morse, 1945; Poi et al., 2000). Decalcification was verified 

mechanically by inserting a thin needle. The specimens were then dehydrated in increasing 

concentrations of ethanol, cleansed in xylene and embedded in paraffin histology, so that their 

orientation would allow longitudinal cuts to be made in the alveoli. Semi-serial sections with 

a thickness of approximately 6µm were obtained through the technique employed by Tolosa 

(2003), and these were stained with hematoxylin-eosin, mounted in Entellan, observed and 

photomicrographed under an Olympus BX-50 microscope.   

 

Histological Analysis 

 To describe the histological findings, the dental socket was divided into three thirds - 

apical, middle and cervical (Araújo, 2006). In each of these, the stage of healing was 

microscopically analyzed by means of the Motic Image Plus program. This allowed the 

measurement in micrometers of the following histological structures: bone tissue, connective 

tissue, blood clot and inflammatory tissue. 

 

Statistical Analysis 

 The data were analyzed by a statistician using the "Jandel SigmaStat Statistical 

Software." Descriptive statistics were performed using the mean and standard deviation. The 

p value was obtained using the t test for parametric data and the Mann-Whitney test for 

nonparametric data. Statistical significance was considered assuming a critical level of 5% in 

all cases. 
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Results 

  

 The dosage of osteocalcin obtained in serum from animals of the groups N-21, UN-21, 

N-28 and UN-28 is shown in Figure 1. When comparing the groups N-21 x UN-21, there was 

no difference between them; however, with regard to groups N-28 x UN-28 a difference could 

be observed as there was a reduction in osteocalcin in group N-28 and an increase in group 

UN-28 (p<0.05). Regarding the comparison between 21 and 28 days after clinical verification 

of alveolitis, a smaller amount of osteocalcin was found in the nourished animals (p<0.05), as 

opposed to an increase in the undernourished ones (p<0.05). 

 The dosage of ionized calcium present in the serum of animals in groups N-21, UN-

21, N-28 and UN-28 is shown in Figure 2. When comparing the groups N-21 x UN-21 and N-

28 x UN-28, a greater amount of ionized calcium was present in the nourished animals 

(p<0.05). Comparing the periods of 21 and 28 days after the clinical verification of alveolitis, 

a higher concentration of ionized calcium was observed in the nourished animals (p<0.05), 

whereas in the undernourished ones no difference was found between these periods. 

The histological analysis identified the following characteristics: 

In group N-21, the apical and middle thirds were filled with large amounts of bone 

tissue surrounding small pieces of connective tissue (Figure 3 – A and B). In the cervical 

third, the ossification process was similar to the other thirds, but it was possible to observe a 

greater area of connective tissue in its central portion (Figure 3 – C). This is due to the fact 

that the cervical third is larger than the apical and middle thirds. 

In group UN-21, the inflammatory tissue was present in all portions of the tooth 

socket. The amount of connective tissue found in the three alveolar thirds was larger than that 

of bone tissue. This was evident only at the ends of the alveolus or as small trabeculae at its 

center (Figure 4 – A, B and C). In the middle third the degeneration of the blood clot was also 
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observed (Figure 4 – B) and in the cervical third an extensive area of purulent secretion 

together with inflammatory tissue was detected (Figure 4 – C). 

In group N-28, the tooth socket was filled with bone tissue in almost its entire length 

(Figure 5 – A, B and C). In the apical third it was still possible to see small areas of 

connective tissue (Figure 5 – A). In the middle third the alveolus was found to be completely 

obliterated (Figure 5 – B). In the cervical third, due to its great length, the connective tissue 

was still observed in some regions of the alveolus, and the newly-formed bone tissue was 

present in its central portion (Figure 5 – C). 

In group UN-28, the inflammatory tissue was found in all the alveolar thirds (Figure 6 

– A, B and C). However, in the cervical third there was also a large amount of purulent 

secretion (Figure 6 – C). In the three alveolar portions the new bone formation was found to 

be thinner and concentrated at the extremities (Figure 6 – A, B and C). The connective tissue 

was observed in a large part of the apical and middle thirds, and the apical third exhibited a 

greater number of blood vessels (Figure 6 – A), while in the middle third remnants of a blood 

clot were visualized (Figure 6 – B). 

The bone tissue, connective tissue, blood clot and inflammatory tissue evidenced in 

the alveolar apical third of the animals belonging to groups N-21, UN-21, N-28 and UN-28 

are presented in Figure 7. A comparison between groups N-21 x UN-21 and N-28 x UN-28 

revealed a larger amount of bone tissue in the nourished animals (p<0.05); however, 

connective tissue and blood clot were less frequent findings in these animals (p<0.05), while 

inflammatory tissue was seen only in the undernourished animals (p<0.05). Comparing the 

periods of 21 and 28 days after the clinical verification of alveolitis, a greater formation of 

bone tissue was observed in both the nourished animals and the undernourished ones 

(p<0.05). Furthermore, in the nourished animals there was less formation of connective tissue 

(p<0.05). 
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The bone tissue, connective tissue, blood clot and inflammatory tissue observed in the 

alveolar middle third in all animals in groups N-21, UN-21, N-28 and UN-28 are shown in 

Figure 8. When groups N-21 x UN-21 and N-28 x UN-28 were compared, a greater formation 

of bone tissue associated with a lower amount of connective tissue was found in the nourished 

animals (p<0.05). Nonetheless, it is noteworthy that in the nourished animals the blood clot 

and the inflammatory tissue were absent (p<0.05). As for the comparison between 21 and 28 

days after the clinical verification of alveolitis, a greater bone tissue formation and a decrease 

in connective tissue development were observed in the nourished animals (p<0.05). 

The bone tissue, connective tissue, blood clot and inflammatory tissue found in the 

alveolar cervical third of the animals from groups N-21, UN-21, N-28 and UN-28 are 

presented in Figure 9. The comparison between groups N-21 x UN-21 and N-28 x UN-28 

showed a greater development of bone tissue in the nourished animals (p<0.05), while a lower 

amount of connective tissue and fewer blood clots were observed in these animals (p<0.05). 

Furthermore, the inflammatory tissue was found only in undernourished animals (p<0.05). 

Given the comparison between 21 and 28 days after the clinical verification of alveolitis, a 

greater bone tissue formation associated with a reduction in connective tissue and blood clot 

was obtained in the nourished animals (p<0.05). As regards inflammatory tissue, there was a 

significant increase in the undernourished animals (p<0.05). 

 

Discussion and Conclusions 

 

 Menezes Júnior et al. (2009) reported that a diminished blood supply impairs the 

healing of any wound and facilitates the onset of an infectious process. This was demonstrated 

during the course of this study: after the extraction of the rats’ upper right incisor, an alveolar 

ischemia was induced by the insertion of a small sterile cotton pad soaked in 1:1000 
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adrenaline for 15 minutes. After its removal no blood clot formation was seen inside the 

alveolus; after 48 hours, however, the development of dental alveolitis was observed in all 

animals. 

 Fioretto et al. (2002) performed a study in rats, in which protein-caloric malnutrition 

was induced during the suckling period and its effects were evaluated in adulthood, with 

regard both to structural changes undergone by the heart and to the dysfunction developed by 

the myocardium. Similarly, this experiment showed the effects of neonatal malnutrition 

suffered by adult rats, taking into account the changes in the levels of osteocalcin and ionized 

calcium and the delay in the alveolar healing process. 

 In animals, the markers of bone metabolism have been used in studies involving bone 

biology (Allen et al., 1998), skeletal neoplasia (Garzotto et al., 2000), osteoarthritis (Fox and 

Cook, 2001), fracture healing (Francis and Millis, 2002), and the effects of diets and drugs 

(Allen, 2003). However, no report was found in the literature on the use of these markers 

during the development of alveolar repair. Quantification of the osteocalcin levels in the 

nourished and undernourished rats submitted to the extraction and process of dental alveolitis 

was therefore of great importance because it allowed its effectiveness during osteogenesis to 

be demonstrated. 

 According to Cardoso et al. (2007), the markers of bone formation and resorption in 

animals require further studies comparing the values of their concentrations and the results of 

histomorphometry, thereby demonstrating their sensitivity and specificity. Based on these 

reports, we performed a correlation between the values of the osteocalcin levels obtained from 

the serum of the nourished and undernourished animals after the alveolitis and those of new 

bone formation observed in the dental alveoli. This correlation demonstrated the effectiveness 

of osteocalcin as a good marker of bone formation. 
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 Castillo et al. (1999) reported that for the study of bone metabolism the dosages of 

osteocalcin, specific to bone tissue or total serum alkaline phosphatase, including alkaline 

phosphatase - bone fraction, may be used, the latter being more related to the formation of 

hydroxyapatite crystals. These same authors also observed that the concentration of 

osteocalcin was increased in cases of metabolic bone disease, owing to the need for greater 

bone tissue formation to compensate for the bone loss, and were able to verify the 

normalization of its concentration following the therapeutic measures taken. In our study, 

after 21 days of verification of alveolitis, the osteocalcin showed elevated levels in the 

nourished and undernourished groups with the aim of promoting osteogenesis; however, after 

28 days of verification of alveolitis, the level of osteocalcin had decreased in the nourished 

group because the tooth socket was filled with bone tissue in almost its entire length, whereas 

in the undernourished group its level remained high, probably in an attempt to recover 

osteogenic activity. 

 Saraiva and Lazaretti-Castro (2002) demonstrated that the bone formation markers had 

lower values as a result of the restoration of bone mass. This was also evidenced in our 

experiment, for a decrease of the amount of osteocalcin in group N-28 was associated with the 

progression of alveolar bone repair. 

 Dickerson et al. (2004), Inzucchi (2004) and Vieira (2007) reported that serum 

calcium circulates in two main forms: ionized calcium (which exerts the biological action) 

and complexed and protein-bound calcium. It is evident that any change in the level of serum 

proteins, particularly albumin, leads to a change in the total content of calcium in the serum, 

but without this signifying a change in the ionized fraction. In view of this, in a series of 

clinical conditions, an assay of total calcium does not provide full reliable information on 

functional calcemia, which is why we chose to assay the ionized calcium. 
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 According to Cardoso et al. (2007), Vieira (2007), Calvi and Bushinsky (2008) and 

Costa et al. (2008), ionized calcium is the most important physiological component of total 

calcium. Thus, strategies designed to measure it through the direct method (ion-selective 

electrodes) or the estimation method (calculated), have been widely used. However, these 

methods have their advantages and disadvantages. For example, with the direct method, the 

result is obtained quickly, since the assaying of the sample has to be immediate. However, it 

is necessary to avoid loss of CO2, control the pH and invest substantial financial resources. 

As for the calculated method, the levels of serum proteins need to be adjusted, especially that 

of albumin. However, the assay does not need to be done within 2 or 3 hours of the collection, 

thereby allowing the freezing and processing of the samples to be carried out later, with no 

risk of their becoming degraded. In view of this, the calculated method was used in our 

experiment to assay the ionized calcium because, after obtaining the sera, they were frozen 

and processed at a later stage. 

 Several studies have shown that the alveolar healing process, regardless of the animal 

species, consists of the following events: blood clot resorption, connective tissue proliferation 

resulting in the appearance of a granulomatous tissue reaction, and development of immature 

bone tissue with its subsequent mineralization (Kanyama et al., 2003; Magro Érnica et al., 

2003; Araújo and Lindhe, 2005). In agreement with these authors, we found that, despite the 

presence of alveolitis, the events described during the process of alveolar healing occurred in 

all the groups in the present study, but at different speeds. 

 The presence of remaining connective tissue of the periodontal ligament is essential 

for the alveolar healing process to take place (Lin et al., 1994; Polimeni et al., 2004). Collagen 

fibers and fibroblasts are elements that favor the occurrence of this phenomenon 

concentrically, that is from the buccal/palatal walls to the center of the alveolus and from the 

apical third to the cervical third (Devlin et al., 1997; Calixto et al., 2001). The histological 
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findings in this study are consistent with these reports. However, it is important to emphasize 

that despite the fact that the statistical analysis showed a greater amount of bone tissue in the 

cervical third, it was observed during the analysis of the histological preparations that the 

middle third exhibited the highest degree of bone repair, followed by the apical and lastly, the 

cervical third. This can be explained by the fact that the middle third is narrower, with its new 

bone formation occurring from the buccal/palatal walls to the center of the alveolus, thus 

promoting a greater bone sealing. The apical third came next, being slightly wider than the 

middle third; however, in this third it was possible to observe, in addition to the direction of 

the bone formation mentioned above, another direction exists extending from the apical 

region to the cervical region. Finally, the cervical third, being larger than the other two, 

allowed a greater spacing between the newly-formed bone trabeculae, thereby producing less 

bone repair, despite the existence of a greater amount of bone tissue. 

 Brandão et al. (2002) and Elsubeihi and Heersche (2004) have stated that, under 

normal conditions, alveolar healing in rats takes approximately 21 days. According to Yücel 

et al. (2003), Pereira et al. (2006) and Silva et al. (2007), the mechanisms of wound healing of 

tooth extraction are related to processes of an endogenous and exogenous, systemic or local 

nature, which may speed or delay the process. Thus, in this study, groups N-21 and N-28 

showed a slight delay in alveolar healing. This delay was also observed by Poi et al. (2000) 

and Araújo (2006) in their experiments when they found that in the alveoli of rats with 

alveolitis the osteogenesis was slower than in the uninfected alveoli. With respect to groups 

UN-21 and UN-28, the difficulty in achieving alveolar repair was much more marked since, 

in addition to the disease, the animals in these groups had malnutrition. According to 

Junqueira and Carneiro (1999), the deposition of calcium, collagen synthesis and the 

proliferation of vital osteogenic cells for bone repair all require a large amount of protein 
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synthesis and in these animals this occurred slowly, due to the malnutrition suffered in the 

neonatal period. 

 Cardaropoli et al. (2003) concluded from their research that the proximity of the 

cervical third to the oral cavity may account for the greater development of inflammatory 

tissue, owing to the large amount of bacteria in this area. An imbalance between these bacteria 

and the host favors the onset of inflammatory and/or infectious processes (Tortora et al., 

2000; Ye et al., 2003), which are harmful in that they damage cells and structures surrounding 

the connective tissue and can even affect the alveolar bone (Querido et al., 2004). These 

reports are consistent with the results of this experiment, since the cervical third was the one 

in which the greatest formation of inflammatory tissue occurred. However, it must be 

emphasized that this was evident only in the undernourished animals, with group UN-28 

being the one most affected. 

 Moraes et al. (1999) showed through experiments in mice that their incisors were 

arranged symmetrically on both sides of the midline in the maxilla. This histological finding 

was also observed by Araújo (2006) in rats, who added that, in addition to the upper incisors 

presenting a symmetrical arrangement, they could be positioned in a parallel or divergent 

manner in relation to each other. These statements were evidenced in this study, so that, in 

describing the histological findings, it was decided to divide the tooth socket into three thirds 

- apical, middle and cervical, for, in view of what was elucidated, it was possible to display 

the three thirds on a single slide during the histological analysis (parallel alveoli), while in 

others, each third was examined on a different slide (divergent alveoli). 

 In conclusion, on the basis of the results of this study and a review of the literature, it 

was possible to demonstrate the importance of this study for the area of dentistry, because it 

illustrated the influence of neonatal malnutrition associated with dental alveolitis, both with 
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regard to the changes in the levels of osteocalcin and ionized calcium, and to the delay in the 

process of alveolar healing. 
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N = Nourished; UN = Undernourished. † = p< 0.05, comparing N and UN after 28 days of alveolitis. 
*  = p< 0.05, comparing 21 and 28 days to N and UN. N-21(n=10); UN-21(n=10); N-28(n=10); UN-
28(n=10). 
  

Figure 1 – Dosage of osteocalcin found in the sera of the animals of groups N-21, UN-21, N-28 and 
UN-28. 
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N = Nourished; UN = Undernourished. † = p< 0.05, comparing N and UN after 21 and 28 days of 
alveolitis. *  = p< 0.05, comparing 21 and 28 days to N. N-21(n=10); UN-21(n=10); N-28(n=10); 
UN-28(n=10). 
 

Figure 2 – Dosage of calcium ionic found in the sera of the animals of groups N-21, UN-21, N-28 
and UN-28.  
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Figure 3 – Photomicrographs of alveolar portions of the upper right incisor of rats belonging to 

group N-21. In A) apical third; B) middle third; C) cervical third. Observe: BT – bone 
tissue; CT –connective tissue. Staining: HE. 
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Figure 4 – Photomicrographs of alveolar portions of the upper right incisor of rats belonging to 

group UN-21. In A) apical third; B) middle third; C) cervical third. Observe: BC – blood 
clot; IT – inflammatory tissue; BT – bone tissue; PS – purulent secretion; CT – 
connective tissue. Staining: HE. 
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Figure 5 – Photomicrographs of alveolar portions of the upper right incisor of rats belonging to 

group N-28. In A) apical third; B) middle third; C) cervical third. Observe: BT – bone 
tissue; CT –connective tissue. Staining: HE. 
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Figure 6 – Photomicrographs of alveolar portions of the upper right incisor of rats belonging to 

group UN-28. In A) apical third; B) middle third; C) cervical third. Observe: BC – blood 
clot; IT – inflammatory tissue; BT – bone tissue; PS – purulent secretion; CT – 
connective tissue; BV – blood vessel. Staining: HE. 
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N-BT = Bone tissue found in the nourished animals; N-CT = Connective tissue found in the 
nourished animals; N-BC = Blood clot found in the nourished animals; N-IT = Inflammatory tissue 
found in the nourished animals; UN-BT = Bone tissue found in the undernourished animals; UN-CT 
= Connective tissue found in the undernourished animals; UN-BC = Blood clot found in the 
undernourished animals; UN-IT = Inflammatory tissue found in the undernourished animals. † = p< 
0.05, comparing N and UN to BT, CT, BC and IT after 21 and 28 days of alveolitis. *  = p< 0.05, 
comparing 21 and 28 days to N in BT and CT and to UN in BT. N-21(n=10); UN-21(n=10); N-
28(n=10); UN-28(n=10). 
 

Figure 7 –  Histological findings (bone tissue, connective tissue, blood clot and inflammatory 
tissue) found in the apical third of the alveolus of upper right incisors of the animals 
belonging to groups N-21, UN-21, N-28 and UN-28. 
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N-BT = Bone tissue found in the nourished animals; N-CT = Connective tissue found in the 
nourished animals; N-BC = Blood clot found in the nourished animals; N-IT = Inflammatory 
tissue found in the nourished animals; UN-BT = Bone tissue found in the undernourished 
animals; UN-CT = Connective tissue found in the undernourished animals; UN-BC = Blood clot 
found in the undernourished animals; UN-IT = Inflammatory tissue found in the undernourished 
animals. † = p< 0.05, comparing N and UN to BT, CT, BC and IT after 21 and 28 days of 
alveolitis. *  = p< 0.05, comparing 21 and 28 days to N in BT and CT. N-21(n=10); UN-21(n=10); 
N-28(n=10); UN-28(n=10). 

 

Figure 8 – Histological findings (bone tissue, connective tissue, blood clot and inflammatory 
tissue) found in the middle third of the alveolus of upper right incisors of the animals 
belonging to groups N-21, UN-21, N-28 and UN-28. 
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N-BT = Bone tissue found in the nourished animals; N-CT = Connective tissue found in the 
nourished animals; N-BC = Blood clot found in the nourished animals; N-IT = Inflammatory tissue 
found in the nourished animals; UN-BT = Bone tissue found in the undernourished animals; UN-CT 
= Connective tissue found in the undernourished animals; UN-BC = Blood clot found in the 
undernourished animals; UN-IT = Inflammatory tissue found in the undernourished animals. † = p< 
0.05, comparing N and UN to BT, CT, BC and IT after 21 and 28 days of alveolitis. *  = p< 0.05, 
comparing 21 and 28 days to N in BT, CT and BC and to UN in IT. N-21(n=10); UN-21(n=10); N-
28(n=10); UN-28(n=10). 
 

Figure 9 – Histological findings (bone tissue, connective tissue, blood clot and inflammatory tissue) 
found in the cervical third of the alveolus of upper right incisors of the animals belonging 
to groups N-21, UN-21, N-28 and UN-28. 
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5 CONSIDERAÇÕES FINAIS 

 

 

Este estudo demonstrou que a desnutrição neonatal, mesmo após um período de 

recuperação nutricional, foi capaz de comprometer os mecanismos de defesa no organismo 

adulto, visto que na microbiota peri-alveolar o número de UFC nos animais desnutridos 

apresentou-se menor do que nos nutridos, tanto antes quanto depois da extração. No entanto, 

esta situação tornou-se invertida após a alveolite, onde se constatou uma maior quantidade de 

UFC nos animais desnutridos. Com relação ao aspecto qualitativo das bactérias, observou-se 

um maior desenvolvimento de bactérias gram-negativas nos animais desnutridos, sobretudo, 

naqueles pertencentes ao grupo DN-28. As bacteremias encontradas foram desencadeadas 

apenas por bactérias gram-positivas: Bacillus sp., Corynebacterium sp., Staphylococcus 

aureus, Staphylococcus coagulase negativa e Staphylococcus saprophyticcus, sendo os 

animais desnutridos aqueles mais acometidos.  

A osteocalcina, após 21 dias de comprovação clínica da alveolite, apresentou seus 

níveis elevados tanto no grupo nutrido quanto no desnutrido, indicando a necessidade de 

formação de tecido ósseo. Entretanto, após 28 dias do processo de alveolite, seu nível 

diminuiu no grupo nutrido, pois o alvéolo dentário estava preenchido por tecido ósseo em 

quase toda sua extensão e permaneceu elevado no desnutrido, devido à tentativa de 

recuperação da atividade osteogênica. No que diz respeito ao cálcio iônico, constatou-se uma 

maior concentração do mesmo nos animais nutridos, sobretudo naqueles do grupo N-28. A 

cicatrização alveolar ocorreu com um discreto retardo nos animais nutridos. No entanto, a 

dificuldade de reparação alveolar foi bem mais acentuada nos animais desnutridos, visto que 

além do desenvolvimento da alveolite, estes animais apresentavam as sequelas da desnutrição 

neonatal. Além disso, o tecido inflamatório foi evidenciado apenas nos animais desnutridos, 

sendo os mais acometidos aqueles pertencentes ao grupo DN-28. Assim sendo, diante destes 

resultados, foi possível confirmar todas as hipóteses iniciais estabelecidas nesta tese.   

 Apesar de alguns estudos terem utilizado o modelo experimental de desnutrição 

neonatal, sua associação com a alveolite dentária e suas repercussões sobre a microbiota da 

região peri-alveolar, incluindo o desenvolvimento de bacteremia e a evolução da cicatrização 

alveolar, envolvendo os níveis de osteocalcina e cálcio iônico ainda não haviam sido 

exploradas. Além disso, a microbiota normal da região peri-alveolar de ratos foi determinada 

neste estudo, tal fato mostrou-se de grande valor para a compreensão do processo de alveolite 

dentária. 
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 A preocupação com os efeitos deletérios desencadeados pela desnutrição neonatal é 

manifestada pelas políticas de saúde pública. Dentre os vários fatores identificados na 

população, que levam a esta condição, encontram-se os sócio-econômicos. Nesta tese, foram 

observadas várias conseqüências provenientes da desnutrição. No entanto, a bacteremia foi 

aquela em que se obteve maior preocupação, pois esta demonstrou claramente uma associação 

entre as doenças dentais e sistêmicas. A constatação dos efeitos prejudiciais provocados pela 

desnutrição neonatal em estudos experimentais servirá de base para as pesquisas 

epidemiológicas e clínicas e fortalecerão ações governamentais contra a desnutrição neonatal. 

 Diante dos resultados obtidos é possível delinear as seguintes perspectivas: realizar 

pesquisas envolvendo a microbiota peri-alveolar em outros processos inflamatórios ou 

infecciosos que podem acometer a cavidade oral; investigar o efeito da desnutrição sobre a 

execução de procedimentos odontológicos mais invasivos; avaliar no exudato da alveolite e 

no soro, citocinas do perfil inflamatório (IL-1, IL-6, IL-8, IL-12, IFNγ e TNFα), em casos de 

desnutrição ou não; e avaliar os tipos celulares no exudato da alveolite, em casos de 

desnutrição ou não.   
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