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Resumo 

O objetivo da pesquisa foi avaliar a citotoxicidade de dois removedores químico-mecânicos 

(Brix 3000® - BX e Papacárie Duo® - PD), quando aplicados em diferentes diluições, 

diretamente sobre células pulpares de dentes decíduos, bem como avaliar a morfologia e 

composição química do tecido dentinário após a aplicação destes materiais. As células 

pulpares foram cultivadas (20.000 células/cm²) utilizando meio de cultura (DMEM com 10% 

de Soro Fetal Bovino - SFB). Após 24 horas, os materiais BX e PD, nas diluições de 1:20, 

1:100 e 1:1000, foram adicionados. Células em contato com apenas meio de cultura sem SFB 

foram consideradas como grupo controle. Foram realizados os testes de viabilidade (MTT), 

ensaio de azul de tripano (TB) e morfologia celular (Microscopia Eletrônica de Varredura - 

MEV) após 24 horas de contato com os agentes. Para a análise morfológica (MEV) e química 

da dentina (espectrometria dispersiva de raios X- EDS), discos dentinários de 0,3 mm de 

espessura foram confeccionados, sendo divididos nos seguintes grupos: controle (sem 

tratamento) e superfície coberta com ácido fosfórico, BX ou PD, no tempo mínimo indicado 

pelo fabricante. A análise estatística foi realizada aplicando os testes one-way ANOVA e 

Tukey (p<0,05). Os resultados de MTT apontaram diminuição da viabilidade de 47,5%, 28,7% 

e 18,9% para BX e de 80,2%, 55,3% e 25,3% para PD, nas diluições de 1:20, 1:100 e 1:1000, 

respectivamente, com relação ao grupo controle (p<0,05). Da mesma forma, o número de 

células viváveis diminuiu em 42,2%, 36,0% e 17,2% para BX e em 64,1%, 53,2% e 40,7% 

para PD nas diluições de 1:20, 1:100 e 1:1000, respectivamente, com relação ao grupo controle 

(p<0,05). As imagens em MEV demonstraram um menor número de células e alteração 

morfológica para ambos os agentes, principalmente para as diluições de 1:20 e 1:100. Os 

materiais BX e PD não provocaram alterações visualmente perceptíveis por MEV na superfície 

dos discos dentinários. A análise química (EDS), indicou que não há diferença estatística dos 

níveis de cálcio e fósforo entre os materiais e o grupo controle (P<0,05). Pôde-se concluir que 
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ambos os materiais apresentaram citotoxicidade no contato direto com células pulpares de 

dentes decíduos, sendo que o material BX apresentou menor citotoxicidade quando comparado 

ao material PD. Além disso, ambos os materiais não foram capazes de alterar 

significativamente a estrutura dentinária. 

Palavras-chave: papacárie, citotoxicidade, polpa dental, microscopia eletrônica de varredura, 

cultura celular, dente decíduo. 
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Abstract 

This study aimed to assess the cytotoxicity of chemomechanical caries removal agents (Brix 

3000™ - BX and Papacarie Duo™ - PD) when applied at different dilutions directly to the pulp 

cells from deciduous teeth, as well as to assess the morphology and chemical compositions of 

the dentin surface after applying these materials. The cells from dental pulp were seeded 

(20,000 cells/cm²) using a culture medium (DMEM with 10% bovine fetal serum - BFS). After 

24 hours, the BX and PD materials were added to dilutions of 1:20, 1:100, and 1:1000. The 

cells that only contacted the culture medium without BFS were considered the control group. 

The viability test (MTT), trypan blue assay (TB), and cell morphology test (Scanning Electron 

Microscopy - SEM) were performed after 24 hours of contact with the agents. For the 

morphological (SEM) and chemical (energy-dispersive X-ray spectrometry - EDS) dentin 

analyses, 0.3-mm-thick dentin discs were obtained and divided into the following groups: 

control (no treatment) and surface covered with phosphoric acid, BX, or PD. The statistical 

analysis was performed using one-way ANOVA and Tukey's test (p<0.05). The MTT results 

indicated a viability decrease of 47.5%, 28.7%, and 18.9% for BX and 80.2%, 55.3%, and 

25.3% for PD, at dilutions of 1:20, 1:100, and 1:1000 respectively, compared to the control 

group (p<0.05). Similarly, the number of viable cells decreased 42.2%, 36.0% and 17.2% for 

BX and 64.1%, 53.2% and 40.7% for PD, at dilutions of 1:20, 1:100, and 1:1000 respectively, 

compared to the control group (p<0.05). The SEM images showed a lower number of cells and 

morphological changes for both agents, especially at dilutions of 1:20 and 1:100. The BX and 

PD materials did not cause visually perceptible changes by SEM on the surface of dentinal 

discs. The chemical analysis (EDS) did not indicate a statistical difference in the levels of 

calcium (Ca) and phosphorus (P) between the materials and the control group (P<0.05). Both 

materials presented cytotoxicity in direct contact with the pulp cells from deciduous teeth, and 
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the BX material presented lower cytotoxicity than the PD material. Moreover, both materials 

could not change significantly the dentinal structure. 

Keywords: papacarie, cytotoxicity, dental pulp, microscopy eletronic scanning, cell culture, 
primary teeh 
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Introdução e Referencial Teórico 
 

O método convencional de remoção de tecido cariado está associado a uma percepção 

desagradável por parte do paciente, que muitas vezes pode apresentar dor, necessidade de 

técnica anestésica e presença de ruídos pelo uso de brocas1. Apresenta também um maior risco 

de exposição pulpar e uma maior dificuldade do cirurgião-dentista em avaliar uma quantidade 

exata de dentina a ser removida2. 

A abordagem minimamente invasiva da doença cárie e o aprimoramento de protocolos 

restauradores têm possibilitado a remoção seletiva do tecido cariado2. Com isso, há uma 

redução da carga bacteriana no interior da cavidade, sem retirar o tecido passível de 

mineralização3,4. Essa técnica foi estabelecida a partir da diferenciação de duas camadas 

presentes na lesão cariosa, a dentina infectada e a dentina afetada5. 

A mais superficial, chamada dentina infectada, possui uma perda de integridade 

estrutural devido a degeneração do colágeno provocada por microorganismos, acarretando em 

um tecido mais amolecido e úmido. Essa camada deve ser removida, mantendo apenas a 

dentina afetada, que apresenta ter uma característica mais rígida e com capacidade de 

remineralização6,7. 

Para isso, alguns métodos tem sido desenvolvidos, preservando, ao máximo, a estrutura 

dental8. A utilização de removedores químico-mecânicos de cárie é um método conservador e 

eficaz nesse tipo de tratamento, pois eles atuarão apenas no colágeno desnaturado presente na 

dentina infectada, ajudando o cirurgião-dentista na preservação da dentina afetada9. 

Há diversos removedores químico-mecânicos de cárie no mercado, entre eles o 

Papacárie Duo e o Brix 3000. Ambos têm na sua composição a enzima papaína, extraída da 

casca do mamão, a qual possui a capacidade de quebrar as fibras de colágeno desnaturadas, 

propiciando a remoção do tecido com instrumentos manuais10. Alguns estudos foram 

realizados para analisar sua eficácia clínica, além da promoção de um menor desconforto para 

o paciente11,12,13. Um dos estudos teve como objetivo avaliar a eficácia e a aceitação do 

Papacárie em comparação à remoção convencional de tecido cariado. 25 crianças participaram 

desse estudo, tendo pelo menos duas lesões de cárie na cavidade bucal para receberem os dois 

tratamentos. Observou-se que o tempo para a técnica que utilizava o Papacárie foi maior, 

comparado à técnica convencional. Porém, o método Papacárie levou à redução da dor e 

ansiedade do paciente, além de uma maior aceitabilidade esse método. O número de bactérias 

foi significativamente reduzido nas duas técnicas utilizadas11. 
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Em estudo semelhante, comparou-se a técnica utilizando Papacárie com a remoção 

convencional de cárie utilizando apenas motor baixa rotação. Foi observado que não houve 

diferença estatisticamente significativa entre os grupos quanto ao tempo necessário para 

realização dos procedimentos e acompanhamento radiográfico12. Em um outro estudo foi 

realizada a comparação entre dois diferentes removedores químico-mecânicos de cárie 

(Carisolv e Papacárie), além da técnica convencional. O método mais eficiente e com menor 

tempo de execução foi o método de remoção convencional. Porém, apresentou maior percepção 

de dor. Em relação aos dois removedores químico-mecânicos, o Papacárie foi o mais aceito e 

necessitou de um menor número de aplicações para uma remoção efetiva do tecido cariado13. 

Apesar de muitos estudos com os removedores químico-mecânicos de cárie, são 

escassos, na literatura, pesquisas abordando os efeitos desses materiais para as células pulpares, 

visto que são introduzidos em cavidades muito profundas para a remoção da cárie. Por esta 

razão, o objetivo do presente estudo foi avaliar a citotoxicidade de dois removedores químico- 

mecânicos (Brix 3000® e Papacárie Duo®), quando aplicados em diferentes diluições, 

diretamente sobre células pulpares de dentes decíduos, bem como avaliar a morfologia e 

composição química elementar do tecido dentinário após a aplicação destes materiais. As 

hipóteses nulas foram: 1) Os materiais testados não apresentam citotoxicidade para células 

pulpares de dentes decíduos humanos quando colocados diretamente sobre as células, na forma 

diluída; 2) Os materiais testados não são capazes de alterar a estrutura e composição química 

elementar da superfície dentinária, após formação in vitro de smear layer. 
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Capítulo 1: 

 
Cytotoxicity and dentin composition alteration 

promoted by different chemical mechanical caries 

removal agents: a preliminary in vitro study 

Guedes FR, Bonvicini JFS, Souza GL, Moura CCG, Paranhos LR, Turrioni AP 
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Abstract 
 

Background: This study aimed to assess the cytotoxicity of chemomechanical caries removal 

agents (Brix 3000™ - BX and Papacarie Duo™ - PD) when applied at different dilutions 

directly to the pulp cells from deciduous teeth, as well as to assess the morphology and 

chemical compositions of the dentin surface after applying these materials. 

Methods: The cells from dental pulp were seeded (20,000 cells/cm²) using a culture medium 

(DMEM with 10% bovine fetal serum - BFS). After 24 hours, the BX and PD materials were 

added to dilutions of 1:20, 1:100, and 1:1000. The cells that only contacted the culture medium 

without BFS were considered the control group. The viability test (MTT), trypan blue assay 

(TB), and cell morphology test (Scanning Electron Microscopy - SEM) were performed after 

24 hours of contact with the agents. For the morphological (SEM) and chemical (energy- 

dispersive X-ray spectrometry - EDS) dentin analyses, 0.3-mm-thick dentin discs were 

obtained and divided into the following groups: control (no treatment) and surface covered 

with phosphoric acid, BX, or PD. The statistical analysis was performed using one-way 

ANOVA and Tukey's test (p<0.05). 

Results: The MTT results indicated a viability decrease of 47.5%, 28.7%, and 18.9% for BX 

and 80.2%, 55.3%, and 25.3% for PD, at dilutions of 1:20, 1:100, and 1:1000 respectively, 

compared to the control group (p<0.05). Similarly, the number of viable cells decreased 42.2%, 

36.0% and 17.2% for BX and 64.1%, 53.2% and 40.7% for PD, at dilutions of 1:20, 1:100, and 

1:1000 respectively, compared to the control group (p<0.05). The SEM images showed a lower 

number of cells and morphological changes for both agents, especially at dilutions of 1:20 and 

1:100. The BX and PD materials did not cause visually perceptible changes by SEM on the 

surface of dentinal discs. The chemical analysis (EDS) did not indicate a statistical difference 
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in the levels of calcium (Ca) and phosphorus (P) between the materials and the control group 

(P<0.05). 

Conclusions: Both materials presented cytotoxicity in direct contact with the pulp cells from 

deciduous teeth, and the BX material presented lower cytotoxicity than the PD material. 

Moreover, both materials could not change significantly the dentinal structure. 

Keywords: papacarie, cytotoxicity, dental pulp, microscopy eletronic scanning, cell culture, 
primary teeh 
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Background 
 

Caries is a multifactorial disease caused by an imbalance in the demineralization and 

remineralization processes of hard dental tissues, causing progressive destruction [1]. 

Regarding the formation of the carious lesion, dentin is classified into two layers, which are 

differentiated macroscopically by the properties of resistance to cutting and staining [2]. The 

most superficial dentin, called infected, has a loss of integrity due to collagen degeneration 

caused by microorganisms, resulting in a more soft and moist tissue. This layer must be 

removed, keeping only the affected dentin, which has a more rigid characteristic and is capable 

of remineralization [3,4]. 

In clinical practice, it is difficult to distinguish them [5], considering there is not a 

precise technique to recognize the exact limit between both layers [6]. However, it is known 

that in order to obtain a good tissue repair and decrease the risk of exposure requires the dentist 

to maintain the dentin affected [7, 8], justifying the need to standardize the best technique for 

carious tissue removal. 

Removing caries by the conventional method usually causes discomfort, anxiety, and 

pain to the patient because it requires high-rotation burs and it does not remove selectively 

carious and healthy tissues, meaning it removes both infected and affected dentin [9]. In most 

cases, this procedure requires local anesthesia, which also decreases patient acceptance [10]. 

Dentistry is constantly searching for treatments that cause less discomfort to patients. It is also 

important for dentists dealing with the pandemic context, which requires professional 

preventive and minimally invasive approaches to the management of caries [11] 

New technologies such as cavity preparation by oscillation (ultrasound) [12], the use of 

laser [13], ozone [14], and chemomechanical caries removal agents [15] have been used. Most 

of these methods involve a high cost and may lead to tooth hypersensitivity, contributing to 

painful sensation especially in children, and the chemomechanical method is an excellent 
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alternative to conventional removal [16, 17]. The chemomechanical caries removal is a non- 

invasive technique that aims to dissolve necrotic tissues, facilitating the removal of the tissue 

softened later with manual blunt-tip instruments [18, 19, 20]. 

The chemomechanical caries removal agents, initially based on n-monochloroglycine 

and sodium hypochlorite, appeared in 1972, but they removed the carious tissue slowly [21]. 

In the 1990s, Carisolv™ was introduced, consisting of a gel with two components: one based 

on 0.5 % sodium hypochlorite and the other based on amino acids (glutamic acid, leucine, and 

lysine), sodium chloride, erythrosine, and distilled water [22]. Although it was considered 

effective and easy to handle, the product was expensive and required customized tools [23]. 

In 2003, needing to promote the use of the chemomechanical removal method in the 

Brazilian public health system, a gel (Papacarie™) was developed, which the main component 

was papain - an enzyme similar to human pepsin, extracted from the papaya peel. This enzyme 

breaks the denatured collagen fibers, allowing easy removal with handpieces [24]. The agent 

is also composed of chloramine, which chemically softens the carious dentin and connects to 

the degraded collagen portion and toluidine blue, with antimicrobial action [25]. Its use 

presented satisfactory results when compared to the atraumatic restorative treatment [18] and 

other chemomechanical removal agents, in permanent [26] and deciduous teeth [27]. More 

recently, a new papain-based agent (Brix 3000™) was introduced in the market in 2017, with 

major differences in composition. It presents a higher papain concentration and the material is 

suggested to have anti-inflammatory properties, which may favor the recovery of pulp tissue 

[28]. 

Besides the different options for the chemomechanical removal of the carious tissue, 

the information regarding pulp cytotoxicity from using this type of technique is scarce, 

especially when the materials are applied in deep cavities presenting risk of pulp exposition. 

This study aimed to assess the cytotoxicity of two chemomechanical caries removal agents 
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(Brix 3000™ and Papacarie Duo™) when applied at different dilutions directly to the pulp 

cells of deciduous teeth, as well as to assess the morphology and chemical composition of the 

dentin surface after applying these materials. The null hypotheses were: 1) The materials tested 

did not present cytotoxicity for the pulp cells of human deciduous teeth when placed directly 

on the cells in diluted form; 2) The materials tested cannot change the elementary structure and 

chemical composition of the dentin surface after the in vitro smear layer formation. 

 
 

Methods 
 

The local ethics committee approved the study (Certificate of Presentation for Ethical 

Consideration: 07067018.4.0000.5152). The CRIS (Checklist for Reporting In vitro Studies) 

tool [28] was used for designing and writing the results according to the recommendations for 

in vitro studies. Moreover, the entire method of the present in vitro study was performed 

according to the International Organization for Standardization (ISO) guidelines 10993-5: 

2009. 

 
 

Obtaining pulp cells from deciduous teeth (PCDD) 
 

Pulp cells from deciduous teeth (PCDD) were obtained from three healthy teeth 

collected at the School of Dentistry of the Federal University of Uberlândia (UFU), Brazil. The 

pulp tissue was immersed for 1 h at 37°C in tissue digestion solution (3 mg/mL of collagenase 

type I, Sigma-Aldrich, Saint Louis, MO, USA, and 4 mg/mL of dispase, Sigma-Aldrich, Saint 

Louis, MO, USA). The cells obtained were seeded in 25 cm² flasks and incubated for four days 

at 37°C, with 5% CO2 [30]. 
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Experimental protocol for cell culture 
 

The experimental protocol was performed with cells from the 4th to 6th passage. The pulp cells 

were seeded (20,000) in 24-well plates (Costar Corp., Cambridge, MA, USA) using DMEM 

(Sigma-Aldrich, St. Louis, MO, USA) supplemented at 10% with bovine fetal serum (Gibco, 

Grand Island, NY, USA), with 100 UI/mL of penicillin, 100 μg/ml of streptomycin, and 2 

mmol/L of glutamine (Gibco, Grand Island, New York, USA). They were maintained in an 

incubator with 5% CO2 at 37°C and, after 24 hours, the materials were added. Two gels were 

used for the cytotoxicity analysis: the first one, Papacarie Duo™ - PD (Fórmula e Ação F&A, 

Laboratório Farmacêutico Ltda, São Paulo, SP, Brazil) and the second one, Brix 3000™ - BX 

(BRIX S.R.L,. Província de Santa Fé, Argentina). 

The experimental and control groups were distributed as follows for the metabolism 

analysis and the number of viable cells (n=8): G1- Control (DMEM), G2 –BX 1:20, G3 – BX 

1:100, G4 – BX 1:1000, G5 – PD 1:20, G6 – PD 1:100, and G7 – PD 1:1000. 

The materials were diluted in DMEM, according with each concentration. The samples 

were homogenized with a pipette and standardized. To justify the dilutions used in the present 

study, it stands out that a previous pilot study developed by the research group showed that the 

IC50 (half of the maximum inhibitory concentration) of the BX material was the 1:20 dilution 

(data not presented). From this dilution, two higher ones were selected (1:100 and 1:1000) for 

the comparison between groups. The tests were performed 24 hours after the contact with the 

materials [30]. 

Cell viability (MTT assay) 

 
Cell viability was assessed with the methyl-tetrazolium assay (MTT). This analysis 

allows determining the activity of the succinic dehydrogenase enzyme connected to the internal 

mitochondrial membrane, which intervenes in cell respiration and may be considered the cell 

metabolic rate. Each well of the culture medium received 900 µL of DMEM without bovine 
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fetal serum and 100 µL of MTT solution (5 mg/mL in PBS -Sigma-Aldrich, Saint Louis, MO, 

USA). After four hours in the incubator at 37°C, the solution was replaced with 700 µL of 

acidified isopropanol (0.04 N of HCL), aiming to dissolve the formazan crystals resulting from 

the methyl-tetrazolium salt cleavage by the succinic dehydrogenase enzyme in the viable cells, 

producing a homogeneous bluish solution. Three parts of 100 µL of each sample were 

transferred to a 96-well plate (Costar Corp, Cambridge, MA, USA) and analyzed in a 

spectrophotometer (Thermo Plate, Shenzhen, China) using a 570-nm filter. 

 
 

Viable cell count (Trypan Blue assay) 
 

The trypan blue assay (TB) was used to assess the number of viable cells after applying 

the chemical removers. This test assesses directly the total number of viable cells in the samples 

because the TB dye can penetrate only in porous and permeable membranes of damaged dead 

cells, which is detectable in the microscope analysis. The culture medium was removed and 

the cells were trypsinized with 300 µL of 0.25% Trypsin (Invitrogen, Carlsbad, CA, USA) for 

10 minutes. 

After this time, 50 µL of the cell suspension and 50 µL of 0.04% Trypan Blue solution 

(Sigma–Aldrich, St Louis, MO, USA) were transferred to a 96-compartment plate and 

incubated for two minutes at room temperature. Ten microliters of each sample were 

transferred to a hemocytometer that, aided by a manual counter, allowed counting the total 

number of viable and non-viable cells with an inverted light microscope (Nikon Eclipse TS 

100, Nikon Corporation, Tokyo, Japan). Non-viable cells presented the blue-stained cytoplasm 

due to the penetration of the TB solution within the cells that presented a rupture of the plasma 

membrane. The number of viable cells was determined by subtracting the number of non-viable 

cells from the total number of cells. 
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Morphological analysis by Scanning Electron Microscopy (SEM) 
 

A qualitative analysis of the cell culture was performed to assess cell morphology after 

the contact with the chemical removers, allowing to complement the cell viability analysis. 

The cells were seeded in coverslips and fixed for one hour in 2.5% glutaraldehyde 

(Sigma–Aldrich, St Louis, MO, USA). After fixation, each well was washed three times with 

1 ml of PBS (five minutes per wash) and the cells were post-fixed for 60 minutes in 200 μL of 

1% osmium tetroxide (Sigma–Aldrich, St Louis, MO, USA). The samples were dehydrated in 

ascending exchanges of ethanol (30%, 50%, and 70%, 2x 95% and 2x 100% - 30 minutes in 

each solution), then dried with the 1,1,1,3,3,3-hexamethyldisilazane solvent (HMDS - ACROS 

Organics, Rutherford, NJ, USA) and maintained in a desiccator for one week. The samples 

were fixed in stubs, metalized with gold, and analyzed in a scanning electron microscope 

(SEM, JEOL-JMS-T33A Scanning Microscope, JEOL – EUA Inc., Peabody, MA, USA). 

 
 

Analysis of morphology and elementary chemical composition of dentinal discs by 

energy-dispersive X-ray spectrometry (EDS) 

From 8 human permanent teeth (third molar), eight 0.3-mm-thick dentin discs were 

obtained through a diamond disc (11-4254, 4"x 0.012"/ 15LC series, Diamond Wafering blade, 

Buehler Ltda., Lake Bluf, IL, USA) coupled to the appliance for serial cutting (ISOMET 1000, 

Buehler Ltda., Lake Bluf, IL, USA) for the chemical composition analysis. The discs were 

removed close to the pulp and the thickness of 0.3mm was used in order to simulate a greater 

challenge of the pulp tissue, simulating an extremely deep cavity. The dentin disc surfaces were 

sanded and leveled with 400- and 600-granulation sandpapers (T469-SF- Noton, Saint-Gobam 

Abrasivos Ltda., Jundiai, SP, Brazil), and during this procedure, the discs were often assessed 

with the help of a digital caliper (Model 500-144B, Mitutoyo Sul America Ltda. SP, Brazil) to 

make sure the final thickness would reach 0.3 mm [32]. The discs were divided into four groups 
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and placed on a 24-well plate (Costar Corp., Cambridge, MA, USA) for the direct application 

of the product. Aided by an insulin syringe, 270 mg of the material were applied to the occlusal 

surface of the dentin discs until filling them homogeneously [32]. In group 1, there was no 

agent application (control); in group 2, 37% phosphoric acid was applied (Condac 37, FGM, 

Joinville – SC, Brazil) for 15 s; in group 3, Papacarie Duo™ was applied for 30 s; and in group 

4, Brix 3000™ was applied for two minutes. These times are the minimum recommended by 

the manufacturers. After the applications, the discs were washed (three times with distilled 

water) and subjected to the SEM analysis protocol described previously, except for the fixation 

phase in 1% osmium tetroxide. 

Besides the images produced, there was a chemical analysis produced by SEM with 

EDS detector (energy-dispersive X-ray detector, Oxford, 51-ADD0048, Cambridge, England), 

which separates the characteristic X-rays from the different elements in an energy spectrum 

and allows elementary microanalyses of the sample. The elements considered for the statistical 

analysis were calcium and phosphorus. For each dentin disc, four different points of the dentin 

surface were assessed, resulting in a total n of eight per group. The points were standardized, 

including the central and peripheral region of the dentinal tissue. 

 
 

Statistical analysis 
 

The data were tabulated in spreadsheets and subjected to analysis in the SPSS version 
 

18.0 statistical software. Respecting the distribution of data, the statistical tests one-way 

ANOVA complemented by Tukey's test (5% significance) were used for cell cytotoxicity 

analysis and EDS, and the cytotoxicity data were transformed into a percentage, considering 

the control group 100%. 



28 
 

Results 
 
 

Cell cytotoxicity 
 

Cell viability by the methyl-tetrazolium assay - MTT 
 

The results showed that all the dilutions of the different materials differed from the 

DMEM control group (p<0.05). It was observed that the concentration increase resulted in 

viability decrease, showing the highest cytotoxicity in the different materials at the 1:20 

dilution. However, the viability of cells exposed to the Papacarie Duo material diluted at 1:20 

was considerably lower when compared with the Brix 3000 group at the same dilution, with 

values of 19.8% and 52.5% respectively (p<0.05). The material that came closer to the control 

was Brix 3000 and the highest viability was obtained at the 1:1000 dilution (81.1%), and there 

was not a considerable value range. At the highest concentration of the material, viability was 

52.5%. In contrast, the Papacarie Duo group showed a higher variation, and the 1:1000 and 

1:20 dilutions presented values of 74.7% and 19.8%, respectively (Table 1). 

Number of viable cells by the trypan blue assay 
 

As for the trypan blue results, there was a similarity of results in comparison to MTT. 

Both tests showed that the higher the concentration, the lower the number of viable cells. 

Moreover, the Brix 3000 material also presented less discrepant values relative to the control 

group. The 1:1000 dilution of the Brix 3000 material did not show a statistical difference with 

the control group (p>0.05). The group with the highest concentration of the Papacarie Duo 

material (1:20) presented the lowest number of viable cells (35.9%), following the pattern of 

results found in the MTT assay. For each material, there was no statistical difference between 

the 1:1000 and 1:100 dilutions (p>0.05). The statistical difference only occurred when 

comparing the material with the lowest and highest concentrations (1:1000 and 1:20, p<0.05) 

(Table 2). 
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Morphology of pulp cells by Scanning Electron Microscopy (SEM) 
 

The SEM images of the control group showed normal appearance of primary pulp 

culture, with a large number of fusiform cells (elongated shape) and cytoplasmic filaments 

covering the coverslips. In the 1: 1000 dilution for both materials, the images indicated a 

reduction in the number of cells and the cytoplasmatic extensions, in addition to a cellular 

contraction. These changes are even more evident in the highest concentrations, both of Brix 

and Papacárie, with an exacerbated decrease in the number of cells and an increase in these 

morphological changes (Fig. 1). 

Elementary analysis by energy-dispersive X-ray spectroscopy (EDS) 
 

It could be observed that for the Ca and P elements in isolation and the Ca/P ratio, there 

was no difference between the control group and both chemomechanical caries removal agents 

tested (p>0.05). The group treated with acid presented the lowest values of Ca, P, and Ca/P, 

differing statistically from the other groups (p<0.05) (Table 3), 

Morphology of dentinal discs by Scanning Electron Microscopy (SEM) 
 

The images obtained for the discs showed a difference in the removal of the smear layer 

of the Brix 3000 and Papacarie Duo materials compared to the positive control (phosphoric 

acid), but there was no difference with the negative control (without material application). That 

is, the phosphoric acid was able to remove a great portion of the smear layer in the dentinal 

tubules, while the Brix 3000 and Papacarie Duo materials did not present such ability, showing 

the tubules completely or partially obliterated (Fig. 2). 
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Discussion 
 

The present study assessed the cytotoxicity of two chemomechanical caries removal 

agents (Brix 3000™ and Papacarie Duo™) when applied at different dilutions directly to the 

pulp cells of deciduous teeth, as well as the morphology and chemical composition of the dentin 

tissue after applying these materials. It has been confirmed that the chemomechanical removal 

of caries is considered one of the most conservative and effective methods in certain treatments 

[33] and extensive research has been performed on these removers regarding their clinical 

efficacy, decrease in patient discomfort, and the long-term success of the procedure [9,10]. 

However, the presence of studies assessing the effect of chemomechanical caries removal 

agents on the dentin-pulp complex, especially in deciduous teeth, is still scarce in the literature. 

Thus, for the safe clinical use of these materials, previous assessments regarding their efficacy 

in tissue removal and information on the potential effects on pulp tissue become relevant. As 

for the cytotoxicity of the materials, the null hypothesis was rejected, considering that both 

materials present cytotoxicity in direct contact. Regarding the dentinal composition after 

applying the materials, the null hypothesis was accepted because the dentinal structure was not 

changed by any of the materials tested. 

The results of the cytotoxicity tests (MTT and TB) showed that both materials reduced 

the metabolism and the number of viable cells compared to the control group and that the lower 

the dilution, the higher the cytotoxicity. These data agree with the study performed by [34], 

which tested two chemomechanical caries removal agents (Papacarie Duo and Carisolv) in 

normal and cancerous oral cells. Moreover, it is worth noting that the dilutions used were 

similar to the dilutions assessed in the present study. Papacarie Duo reduced significantly the 

number of viable cells, especially at the lowest dilutions. However, even at high dilutions, 

Papacarie Duo indicated cytotoxicity, differing from Carisolv, which presented low or no 

reduction of viable cells. In the present study, the Brix 3000 material presented lower 
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cytotoxicity than Papacarie Duo at all dilutions, which also agrees with a recent study published 
 

[28] that performed the MTT assay for the same materials (BX and PD). 
 

Clinically, these data are important because it is known that the cytotoxicity of the 

material may lead to postoperative sensitivity and pulp necrosis. It is worth noting that dentin 

permeability and thickness are relevant factors at the moment of application [35]. However, 

the dentist should use the material with caution to prevent damages to the dentin-pulp complex. 

Further in vitro studies are still required, assessing the transdentinal action of these materials, 

as well as clinical studies to understand more precisely the amount of material to be used per 

session, time of application, and whether the indication should relate to cavity depth. The 

minimum time of action of the materials for clinical practice is a limiting factor for BX, in 

which 2 minutes can difficult the management of the patient, especially pediatric, requiring 

studies evaluating its effectiveness in less time. 

Additionally, regarding cytotoxicity in the direct contact of materials, another study 

showed that chemomechanical caries removal agents such as Papacarie™ may present 

cytotoxicity for pulp cells [31]. The authors observed that the Papacarie™ material presented 

cytotoxicity only 50s after application, while after 24 h it was not cytotoxic. It was suggested 

that the gel presents cytotoxicity only at first, when it is more active, with no ability to damage 

the pulp tissue after 24 hours. 

Regarding the indirect contact of chemomechanical caries removal agents with the pulp 

tissue, there are still no transdentinal studies with these materials that provide data for 

comparison in the current literature. Another observation is that several materials from the 

clinical practice are not considered cytotoxic for the pulp when analyzed indirectly, as in a 

study assessing transdentinal cytotoxicity for three different resin cement on pulp cells. The 

result showed a decrease in viable cells but it was not sufficient to characterize the material as 

cytotoxic [36], which according to the safety recommendations of the ISO 10993-5: 1999 (E), 



32 
 

to be considered cytotoxic, there must be a reduction of at least 30% of viable cells. 

Transdentinal studies with materials used for pulp capping have shown that there is also no 

decrease in cell viability, as seen in the study by Cavalcanti et al. (2005) [37], concluding that 

the materials would not be able to release cytotoxic substances to the pulp tissue. The 

cytotoxicity assessment in bleaching agents is also performed often because these materials 

present high diffusion in the dental tissue. A recent study showed cytotoxicity for some 

bleaching agents even with the dentin barrier of 2 mm, but it did not present a correlation 

between the amount of peroxide disseminated and the product concentration [38]. That is, a 

certain bleaching gel assessed, even at equal concentrations of the others, presented higher 

diffusion in the dentinal tissue and therefore higher cytotoxicity for pulp cells. In the same 

study, the gel that presented a higher decrease in cell viability when tested in vivo (rats), 

presented severe necrosis of the crown and root pulp [38]. 

For an analysis of the morphological aspect of pulp cells obtained by SEM, there were 

no differences between both materials but the morphological difference of the cells compared 

to the control group is evident. After the contact with both materials, there is a decrease in the 

number of cells and changes in the morphology, confirming the presence of cell stress. The 

SEM, in this case, is a complementary test to the cell cytotoxicity tests. Despite the lack of 

similar studies performed with chemomechanical caries removal agents in the literature, it is 

of utmost importance to perform these tests in combination because they make the results 

related to cytotoxicity more real and representative. 

At MEV evaluating dentinal discs, the phosphoric acid was used as a positive control 

because it is known that acid-etching promotes great smear layer removal from the dentinal 

tubules and dentinal demineralization [39]. The present study assessed whether the smear layer 

removal would be similar to the positive control. The images produced when the cells were 

exposed to the materials, following the minimum time recommended by the manufacturer, 
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showed no differences between the chemomechanical caries removal agents and the negative 

control group (absence of material). That is, the removers were not able to unblock the dentinal 

tubules. A strong similarity is observed for the dentin treated with Papacarie Duo and Brix 

3000 to the untreated dentin, showing that the materials tested do not interfere significantly 

with the tubular dentin surface. 

The assessments of Ca and P, as well as the Ca/P ratio allows establishing a reliable 

pattern of behavior of the chemical elements in the dentin, regardless of the variation of the 

other elements [40]. The values of the ratio found in the present study agree with other studies 

performed [41, 42]. As for the Ca/P ratio to acid, it was observed a decrease of this ratio 

compared to the healthy dentin, which is probably due to the composition of the material itself. 

This has also been evidenced in a recent study but the methodology is not similar to the one 

used in this study [39]. 

It was observed that the levels of calcium and phosphorus, for both materials, did not 

differ statistically from the control group (untreated dentin). This shows that current 

chemomechanical caries removal agents cannot change the dentin structure, which agrees with 

studies in the literature performed with other chemomechanical caries removal agents [10, 43, 

44]. 

Considering several methodologies, the EDS presents some limitations. First, there may 

occur false-positive results from the high penetration of energy, but precision may reach 91- 

95%. Moreover, the radiation absorbed is only around 1% but increasing this dose may result 

in damages to the sample [45]. Additionally, because it is a laboratory study, the data presented 

cannot be extrapolated directly to the dental clinic and further laboratory and clinical studies 

are required aiming at the production of a usage protocol for chemomechanical caries removal 

agents able to remove effectively the carious tissue without damaging the pulp tissue, 

considering the principles of minimally invasive caries excavation techniques. 
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Conclusion 
 

The Papacarie Duo and Brix 3000 chemomechanical caries removal agents presented 

cytotoxicity in the direct contact with the pulp cells from deciduous teeth. The Brix 3000 

material presented less cytotoxicity than Papacarie Duo. Both materials could not change 

significantly the dentinal structure. 
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Tables 
 
 

Table 1: Cell viability (MTT) presented by the pulp cells of deciduous teeth, considering the 

different dilutions and materials used 
 

 Material   

Dilution 

(in DMEM) 
Control (DMEM) BX PD 

1:1000 100.00 (6.1) A a* 81.1 (9.3) B a 74.7 (3.6) C a 

1:100 100.00 (6.1) A a 71.3 (5.9) B b 44.7 (8.0) C b 

1:20 100.00 (6.1) A a 52.5 (5.8) B c 19.8 (6.3) C c 

* Values represent mean and standard deviation. Capital letters allow comparisons in the rows 

and lower-case letters allow comparisons in the columns. One-way ANOVA (p<0.05), n=8. 

BX - Brix 3000, PD - Papacarie Duo. 

 
 

Table 2: Number of viable cells by the trypan blue assay presented by the pulp cells of 

deciduous teeth, considering the different dilutions and materials used 
 

 Material   

Dilution 

(in DMEM) 
Control (DMEM) BX PD 

1:1000 100.00 (16.1) A a 82.8 (9.3) A a 59.3 (3.6) B a 

1:100 100.00 (16.1) A a 64.0 (5.9) B ab 46.8 (8.0) B ab 

1:20 100.00 (16.1) A a 57.8 (5.9) B b 35.9 (9.3) C b 

* Values represent mean and standard deviation. Capital letters allow comparisons in the rows 

and lower-case letters allow comparisons in the columns. One-way ANOVA (p<0.05), n=8. 

BX - Brix 3000, PD - Papacarie Duo. 
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Table 3: Rates of the specific elements (calcium, phosphorus, and Ca/P ratio) found in the 

dentinal discs through the EDS analysis, at the minimum time recommended by the 

manufacturer 

Groups Ca P Ca/P 

Control 31.01 (0.89) A 15.39 (0.57) A 2.02 (0.10) A 

Papacarie manufacturer 31.39 (1.76) A 15.76 (0.88) A 1.99 (0.05) A 

Brix manufacturer 30.63 (1.92) A 14.81 (0.52) A 2.07 (0.09) A 

37% phosphoric acid 10.31 (2.88) B 10.43 (1.58) B 1.00 (0.28) B 

* Values represent mean and standard deviation. Different letters represent statistically 

different values and allow comparisons in the columns. One-way ANOVA, Tukey, n=8. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Images representative of pulp cells obtained by scanning electron microscopy after 

applying the different materials (Brix 3000 - BX and Papacarie Duo - PD) and there 

concentrations (1:20, 1:100 and 1:1000) in comparison with the control group. (500x 

magnification and 5.0 kV). 
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Fig.2 Morphological aspect of the dentinal tubules in the discs obtained by scanning electron 

microscopy after applying the different materials (Brix 3000, Papacarie Duo, and phosphoric 

acid), at the minimum times indicated by the manufacturers and the negative control group 

(without material application), magnifications of 500x and 5000x. 
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de cultura e instantaneamente levados para o LABIOCEL - Laboratório de Biomateriais e Biomimetismo 
celular.

Objetivo da Pesquisa:
Objetivo Primário:

O objetivo da presente pesquisa será avaliar o efeito no uso dos agentes Brix 3000® e Papacárie® para 
remoção químico-mecânica do tecido cariado em dentes decíduos.

Objetivos Secundários:
- Avaliar a citotoxicidade dos agentes Brix 3000® e Papacárie® para células pulpares de dentes decíduos 
através dos testes de MTT. Trypan Blue e Microscopia Eletrônica de Varredura.
- Avaliar as propriedades antiinflatatórias dos agentes Brix 3000 e Papacárie® sobre células pulpares 

através da quantificação de oxido nítrico e de espécie reativa de oxigênio, bem como a expressão gênica 
por PCR em tempo real das citosinas IL6, IL 8 e IL1-b.

Avaliação dos Riscos e Benefícios:
Segundo os pesquisadores:

Os riscos que o menor irá correr serão os mesmos decorrentes da cirurgia para extração de dentes 
decíduos. Os riscos decorrentes do procedimento de extração do dente decíduo envolvem: sangramento, 
dor localizada, formação de edema, inflamação gengival e danos ao germe do dente permanente sucessor. 

Para que estes riscos sejam minimizados, a técnica cirúrgica será realizada de forma minuciosa, evitando a 
dilaceração dos tecidos e um longo período de exposição ao procedimento cirúrgico. Caso alguma das 
complicações citadas ocorra, os pesquisadores se responsabilizarão pelo atendimento e acompanhamento 
do caso até que o quadro do participante apresente melhoras.
Além disso, como em toda a pesquisa, existe o risco da identificação do participante.
Com o objetivo de minimizar o risco de identificação dos pacientes, será atribuído um código numérico para 
cada participante/dente, o qual será utilizado para anotações nos instrumentos de coleta de dados e para 

controle no armazenamento das células. Além disso, nenhum dado que favoreça a identificação do 
pacientes será coletado (ex: nome, número de documento, endereço).

Não há benefício direto ao participante da pesquisa, porém os testes realizados irão aprimorar os 
procedimentos para remoção químico-mecânica da cárie, beneficiando assim futuros pacientes

Endereço: Av. João Naves de Ávila 2121- Bloco "1 A", sala 224 - Campus Sta. Mõnica
Bairro: Santa Mõnica CEP: 38.408-144
UF: MG Município: UBERLÂNDIA
Telefone: (34)3239-4131 Fax: (34)3239-4335 E-mail: cep@propp.ufu.br
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que terão a lesão cariosa diagnosticada. Além disso, essa pesquisa possui uma importância de cunho sócio- 
econômico, visto que haverá mais opções de tratamento no mercado para remoção seletiva da cárie de 
forma menos invasiva e traumática.

Comentários e Considerações sobre a Pesquisa:
Pesquisa acadêmica para avaliar os efeitos citotóxicos de materiais utilizados para remoção do tecido 
cariado.

Considerações sobre os Termos de apresentação obrigatória:
Adequados.

Recomendações:
Não há.

Conclusões ou Pendências e Lista de Inadequações:
As pendências apontadas no parecer consubstanciado número 3.151.210, de 18 de Fevereiro de 2019, 
foram atendidas.

De acordo com as atribuições definidas na Resolução CNS 466/12, o CEP manifesta-se pela aprovação do 

protocolo de pesquisa proposto.
O protocolo não apresenta problemas de ética nas condutas de pesquisa com seres humanos, nos limites 
da redação e da metodologia apresentadas.

Considerações Finais a critério do CEP:
Data para entrega de Relatório Parcial ao CEP/UFU: Maio de 2020.
Data para entrega de Relatório Final ao CEP/UFU: Maio de 2021.

OBS.: O CEP/UFU LEMBRA QUE QUALQUER MUDANÇA NO PROTOCOLO DEVE SER INFORMADA 
IMEDIATAMENTE AO CEP PARA FINS DE ANÁLISE E APROVAÇÃO DA MESMA.

O CEP/UFU lembra que:

a- segundo a Resolução 466/12, o pesquisador deverá arquivar por 5 anos o relatório da pesquisa e os 
Termos de Consentimento Livre e Esclarecido, assinados pelo sujeito de pesquisa.
b- poderá, por escolha aleatória, visitar o pesquisador para conferência do relatório e documentação 

pertinente ao projeto.
c- a aprovação do protocolo de pesquisa pelo CEP/UFU dá-se em decorrência do atendimento a

Endereço: Av. João Naves de Ávila 2121- Bloco "1 A", sala 224 - Campus Sta. Mônica

Bairro: Santa Mônica CEP: 38.408-144
UF: MG Município: UBERLÂNDIA
Telefone: (34)3239-4131 Fax: (34)3239-4335 E-mail: cep@propp.ufu.br
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Resolução CNS 466/12, não implicando na qualidade científica do mesmo.

Orientações ao pesquisador:
• O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu consentimento em 

qualquer fase da pesquisa, sem penalização alguma e sem prejuízo ao seu cuidado (Res. CNS 466/12 ) e 
deve receber uma via original do Termo de Consentimento Livre e Esclarecido, na íntegra, por ele assinado.
• O pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e descontinuar o 
estudo somente após análise das razões da descontinuidade pelo CEP que o aprovou (Res. CNS 466/12), 
aguardando seu parecer, exceto quando perceber risco ou dano não previsto ao sujeito participante ou 
quando constatar a superioridade de regime oferecido a um dos grupos da pesquisa que requeiram ação 
imediata.

• O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o curso normal do 
estudo (Res. CNS 466/12). É papel de o pesquisador assegurar medidas imediatas adequadas frente a 
evento adverso grave ocorrido (mesmo que tenha sido em outro centro) e enviar notificação ao CEP e à 
Agência Nacional de Vigilância Sanitária - ANVISA - junto com seu posicionamento.
• Eventuais modificações ou emendas ao protocolo devem ser apresentadas ao CEP de forma clara e 
sucinta, identificando a parte do protocolo a ser modificada e suas justificativas. Em caso de projetos do 
Grupo I ou II apresentados anteriormente à ANVISA, o pesquisador ou patrocinador deve enviá-las também 
à mesma, junto com o parecer aprobatórío do CEP, para serem juntadas ao protocolo inicial (Res.251/97, 
item lll.2.e).

Este parecer foi elaborado baseado nos documentos abaixo relacionados
Tipo Documento Arquivo Postagem Autor Situação

Informações Básicas 
do Projeto

PBJNFORMAÇÕES_BASICAS_DO_P
ROJETO 1228991.pdf

11/03/2019
15:58:02

Aceito

Outros carta_resposta_CEP.docx 11/03/2019 
15:56:57

Ana Paula Turrioni 
Hidalqo

Aceito

TCLE / Termos de 
Assentimento / 
Justificativa de 
Ausência

termo_de_consentimento_alterado.docx 11/03/2019 
15:56:26

Ana Paula Turrioni 
Hidalgo

Aceito

TCLE / Termos de 
Assentimento /

termo_de_assentimento.doc 11/03/2019 
15:56:17

Ana Paula Turrioni 
Hidalgo

Aceito
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Justificativa de
Ausência

termo_de_assentimento.doc 11/03/2019
15:56:17

Ana Paula Turrioni
Hidalqo

Aceite

Projeto Detalhado /
Brochura
Investioador

PROJETO_FINAL_APOS_CEP_2.docx 11/03/2019
15:56:04

Ana Paula Turrioni 
Hidalgo

Aceite

Outros COLETA_DE_DADOS.pdf 04/02/2019
17:06:15

Ana Paula Turrioni
Hidalqo

Aceite

Outros Lattes.pdf 01/10/2018
09:23:12

Ana Paula Turrioni
Hidalqo

Aceite

Declaração de
Pesquisadores

equipe.pdf 01/10/2018
09:22:18

Ana Paula Turrioni
Hidalqo

Aceite

Declaração de 
Instituição e 
Infraestrutura

instituicao.pdf 01/10/2018
09:22:00

Ana Paula Turrioni 
Hidalgo

Aceite

Folha de Rosto folha_de_rosto.pdf 01/10/2018
09:20:51

Ana Paula Turrioni
Hidalqo

Aceite

Situação do Parecer:
Aprovado

Necessita Apreciação da CONEP:
Não

UBERLÂNDIA, 25 de Março de 2019

Assinado por: 
Karine Rezende de Oliveira 

(Coordenador(a))
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