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RESUMO 

“Avaliação de propriedades físico-químicas e biológicas de associações ao 
hidróxido de cálcio” 

 

O objetivo desse estudo foi avaliar diversas propriedades de pastas que associaram 

AINEs e antibióticos ao hidróxido de cálcio (CH). Foram analisados cinco grupos, 

sendo: G1: CH + propilenoglicol; G2: CH + 5% de diclofenaco de sódio + 

propilenoglicol; G3: CH + 5% de amoxicilina + propilenoglicol; G4: CH + 5% de 

ibuprofeno + propilenoglicol; e G5: CH + 5% de metronidazol + propilenoglicol. 

Canais radiculares de dentes de acrílico (n = 10/grupo) foram preenchidos com as 

pastas, e escaneados por microtomografia computadorizada antes (inicial) e após 7, 

15 e 30 dias de imersão em água ultrapura para avaliar a solubilidade das pastas. O 

pH  e a liberação de íons cálcio nessa água foram determinados por meio de  um 

pHmetro e um espectrofotômetro de absorção atômica, respectivamente. Foi 

induzido um biofilme de E. Faecalis  e um biofilme misto de E. faecalis e 

Pseudomonas aueruginosa em blocos de dentina  (n = 4/ biofilme). Os blocos foram 

então distribuídos e imersos nas pastas experimentais por 7 dias para determinar a 

ação antimicrobiana. Para avaliar a adesão microbiana, blocos de dentina bovina 

foram acondicionados em placas de petri e em seguida foram cobertos com as 

pastas e levados para estufa a 37ºC, por 7 dias. Após, foi realizada a contaminação 

dos espécimes pelo período de uma hora utilizando-se a bactéria E. faecalis. Por 

meio do corante live/dead e de um microscópio confocal de varredura a laser 

imagens foram capturadas e a porcentagem de células bacterianas viáveis e não 

viáveis determinada. As pastas foram também inseridas em placas contendo 

macrófagos aderidos por 24 horas. A análise de produção de óxido nítrico (NO) por 

essas células foi realizada pela reação de Greiss. Os dados foram comparados 

estatisticamente (α <0.05). Os resultados mostraram que a maior liberação de íons 

hidroxila foi observado no período de 30 dias para o grupo G1 (P <0.05). A liberação 

de íons cálcio foi maior no grupo G5 no período de 7 dias (P <0,05). Todos os 

grupos tiveram perda de massa semelhantes e ação antimicrobiana contra biofilme 

misto (P>0,05). No biofilme de E. faecalis a maior ação antimicrobiana foi observada 

no grupo G5 (P <0,05) seguida do G4 (P <0,05), assim como para adesão de M.O e 

liberação de NO.  Todos  os  grupos  foram  diferentes  estatisticamente  do  controle 



 

 



 

 

positivo em todos os testes (P <0.05). As associações de AINEs com o hidróxido de 

cálcio não interferiram no pH, liberação de íons cálcio e solubilidade.  As 

associações de AINEs e antibióticos contribuíram para ação antimicrobiana da pasta 

de hidróxido de cálcio. O uso do metronidazol aumentou a adesão de células 

bacterianas de E. faecalis à dentina e a produção de óxido nítrico por macrófagos. 

 

Palavras-chave: hidróxido de cálcio, diclofenaco de sódio, ibuprofeno, biofilme. 
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ABSTRACT 

 

"Evaluation of physical-chemical and biological properties of calcium 
hydroxide associations" 

 

This study aimed to evaluate various properties of pastes that associated NSAIDs 

and antibiotics with calcium hydroxide (CH). Five groups were analyzed: G1: CH + 

propylene glycol; G 2: CH + 5% sodium diclofenac + propylene glycol; G3: CH + 5% 

amoxicillin + propylene glycol; G4: CH + 5% ibuprofen + propylene glycol; and G5: 

CH + 5% metronidazole + propylene glycol. Root canals of acrylic teeth (n = 10 / 

group) were filled with the pastes and scanned by computerized microtomography 

before (initial) and after 7, 15 and 30 days of immersion in ultrapure water to evaluate 

the solubility of the pastes. The pH and calcium ion release in this water were 

determined through a pH meter and an atomic absorption spectrophotometer, 

respectively. An E. Faecalis biofilm and a mixed E. faecalis and Pseudomonas 

aueruginosa biofilm were induced in dentin blocks (n = 4 / biofilm). The blocks were 

then distributed and immersed in the experimental pastes for 7 days to determine 

antimicrobial action. To evaluate microbial adhesion, bovine dentin blocks were 

placed in petri dishes and then covered with pastes and placed in a greenhouse at 

37ºC for 7 days. Afterward, the specimens were contaminated for one hour using the 

bacterium E. faecalis. Through the live/dead dye and a confocal laser scanning, 

microscope images were captured and the percentage of viable and non-viable 

bacterial cells determined. The pastes were also inserted into plates containing 

macrophages adhered for 24 hours. The analysis of nitric oxide (NO) production by 

these cells was performed by Greiss reaction. Data were statistically compared (α 

<0.05). The results showed that the highest release of hydroxyl ions was observed 

within 30 days for group G1 (P <0.05). The release of calcium ions was higher in 

group G5 within 7 days (P <0.05). All groups had a similar mass loss and 

antimicrobial action against mixed biofilm (P> 0.05). In E. faecalis biofilm the highest 

antimicrobial action was observed in group G5 (P <0.05) followed by G4 (P <0.05), 

as well as for adhesion of M.O and release of NO. All groups were statistically 

different from the positive control in all tests (P <0.05). Associations of NSAIDs with 

calcium hydroxide did not interfere with pH, calcium ion release and solubility. 

Combinations of NSAIDs and  antibiotics  contributed  to  the  antimicrobial  action  of 



 

 

 

 



 

 

calcium hydroxide paste. The use of metronidazole increased the adhesion of E. 

faecalis bacterial cells to dentin and the production of nitric oxide by macrophages. 

 

Keywords: calcium hydroxide, sodium diclofenac, ibuprofen, biofilm. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

LISTA DE ABREVIATURAS, SIGLAS E SÍMBOLOS 

 

LISTA DE SÍMBOLOS 

 

ATCC American type culture collection 

BHI Brain Heart Infusion 

CH Calcium hidroxyde 

CO2 Carbon dioxide 

EDTA Ethylenediaminetetraacetic acid 

E. faecalis Enterococcus faecalis 

LPS Lipopolissararídeo 

LTA Lipoteichoic acid  

MDM Monocyte-derived macrophages 

mg Milligram 

mL Milliliter 

mm Millimeter 

nm Nanometer 

NO Nitric Oxide  

P Probability 

PBS Phosphate buffered saline 

P.aeruginosa Pseudomonas aeruginosa 

ºC Degree Celsius 

% Percent 

< Less-than 

≥ Greater than or equal to 
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1 INTRODUCTION 

 

 

Calcium hydroxide (CH) is recommended as an intracanal medication for the 

treatment of apical periodontitis (SIQUEIRA & LOPES 1999). Its mechanism of 

antimicrobial action is related to the dissociation of calcium and hydroxyl ions, 

transforming the environment into an alkaline pH inhibiting the enzymatic activities 

that are essential for microbial survival, ie metabolism, growth and cell division 

(ESTRELA et al., 1995, SIQUEIRA & LOPES 1999). An important feature of CH is its 

ability to inactivate bacterial lipopolysaccharides (LPS) found on the outer membrane 

of gram-negative bacteria, as well as inactivate lipoteichoic acid (LTA) in gram-

positive bacteria by attenuating the host response and reducing progress of apical 

periodontitis (BAIK et al., 2011). 

The process of pulpal inflammation, necrosis, and tissue infection gradually 

progress to the apical region until the periradicular tissues are affected. There is a 

pattern of microbial colonization in the root canal system, resulting in apical 

periodontitis, which represents the most frequently diagnosed apical odontogenic 

disease in human teeth (SCHULZ et al., 2009), where the cause is a combination of 

strict and facultative anaerobic microbiota. (FUJI et al., 2009). 

Some microorganisms are resistant to endodontic therapy and CH, resulting 

in a persistent infection (SIQUEIRA & LOPES 1999). Environmental changes, such 

as rising pH, can stimulate genetic cascades that modify the characteristics of the 

bacterial cell. The formation of biofilms also represents a bacterial adaptation that 

increases the resistance of microorganisms (SIQUEIRA & RÔÇAS 2008). 

Enterococcus faecalis (E. faecalis) is one of the microorganisms often found 

in persistent infections and endodontic therapy failures (PINHEIRO et al., 2003). 

Studies show that E. faecalis can withstand adverse environmental conditions and 

has great resistance to direct exposure to CH dressing, which could determine the 

prevalence of this bacterium in persistent periapical lesions (EVANS et al., 2002, 

CHÁVEZ DE PAZ et al., 2003, MCHUGH et al., 2004, CHÁVEZ DE PAZ et al., 2007). 



18  Introduction 

 

Pseudomonas aureginosa (P.aureginosa) is a gram-negative aerobic 

bacterium commonly found in hospital infection, resistant to antibiotics and 

antimicrobials due to the permeability of its lipopolysaccharide membrane (YOON et 

al., 2002). Its strength and ease in biofilm formation make it a model for gram-

negative biofilms, being related to endodontic treatment failures (SIREN., 1997). E. 

faecalis and mixed biofilms (E. faecalis and P.aureginosa) are resistant to the usual 

treatment with CH (KLOTZ, RUTTEN, SMITH, BABCOCK, & CUNNINGHAM, 1993; 

ZANCAN et al., 2016). persistent root canal infection. 

Contact of intracanal medication, either directly or indirectly, with periapical 

tissues can stimulate inflammatory cells, especially macrophages (BRACKETT et al., 

2009; SOUSA, CALVALCANTI, MARQUES, 2009). These are also prevalent in 

endodontic infections and are the main cells of the immune system that destroy 

microorganisms, and are involved in the process of apical healing (LEONARDO, 

1997; SOUSA, CALVALCANTI, MARQUES, 2009). Its main activity is phagocytosis, 

and during this process, they release a large amount of mediators that attract 

neighboring cells to the affected area to reconstruct it (CONSOLARO, 2009). They 

present great capacity for synthesis and secretion of intra and extracellular 

substances, among them intermediate nitrogen compounds, such as nitric oxide 

(QUEIROZ et al., 2005; CONSOLARO, 2009). 

Nitric oxide (NO) is a reactive intermediate species of nitrogen oxide, 

synthesized by the activity of nitric oxide synthase, an enzyme present in 

macrophages (BOGDAN et al.,2015). Substances generated from the reaction of NO 

molecules with themselves or with other molecules, such as reactive oxygen species, 

act on various microorganisms, including E. faecalis (BAIK et al., 2008, PROLO et 

al., 2014, WEISS & SCHAIBLE 2015). When released in large quantities it can 

increase cellular metabolism and potentiate the inflammatory process, promoting the 

progression of periapical lesion (BAIK et al., 2011) and in small amounts, favors the 

foreign body isolation process (GUTIERREZ, 2006). 

Among many ways to analyze the cytotoxicity of a material, NO dosing is 

being commonly used. (AZAR et al., 2000; SHIMAUCHI et al., 2001; TAKEICHI et al., 

1998). This free radical gas participates in several pathological processes, such as 
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macrophage suppressing activity, inhibition of leukocyte adhesion in the endothelial 

wall, and cellular apoptosis (MONCADA; PALMER; HIGGS, 1991). 

Considering the importance of the biological properties of intracanal 

medications, since for periapical tissue repair, they must not stimulate an 

exacerbated inflammatory response. Thus, a study evaluating the cytotoxicity action 

of the associations in the release of NO by macrophages becomes opportune. 

 In an attempt to increase the effectiveness of CH, substances with different 

antimicrobial agents and chemical characteristics have been used in combination 

with CH to enhance its antimicrobial action. Among them paramonchlorophenol, 

chlorhexidine, iodoform (ESTRELA et al., 2006; DELGADO et al., 2010; LIMA et al., 

2013). More recent studies have shown that some non-steroidal anti-inflammatory 

drugs have antimicrobial action (FREITAS et al., 2017; CHOCKATTU et al., 2018). 

Silva et al., 2019 evaluated the cytotoxicity and biocompatibility of CH pastes 

associated with two types of NSAIDs, sodium diclofenac and ibuprofen in rat cell and 

subcutaneous culture concluded that the pastes were not cytotoxic and showed 

biocompatibility. 

E. faecalis and mixed biofilms (E. faecalis and P.aureginosa) are resistant to 

the usual treatment with CH (KLOTZ, RUTTEN, SMITH, BABCOCK, & 

CUNNINGHAM, 1993; ZANCAN et al., 2016) persistent root canal infection. 

The present study aimed to evaluate the effect of the association of NSAIDs 

and antibiotics with CH: diclofenac sodium, ibuprofen, amoxicillin and metronidazole, 

and their pH, calcium ion release, solubility, adhesion by E. faecalis, antimicrobial 

action against E. faecalis and P. aueruginosa mixed biofilm and E. faecalis biofilm 

and NO release by macrophages.  
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4 CONCLUSIONS 

 

 

- All combinations of medications with CH paste did not interfere in the 

physicochemical properties studied compared to paste without 

additions; 

- In antimicrobial activity, all anti-inflammatory drugs significantly reduced 

the number of viable bacteria compared to control and pure paste. 

- On adhesion, specimens in which the CH paste associated with 

metronidazole was placed increased bacterial cells adhered within one 

hour of contact. This group was also the one that maintained the 

highest pH for up to 15 days compared to the others. 

- NO production by stressed macrophages was similar in the anti-

inflammatory groups and lower for diclofenac sodium. 
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