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RESUMO 

 

As própolis brasileiras tem ganhado notoriedade em virtude de seus benefícios 

e efeitos farmacológicos. Paralelamente, a adoção de técnicas endodônticas 

conservadoras como as terapias pulpares vitais tem sido priorizada na 

odontologia minimamente invasiva. Neste cenário, o presente estudo avaliou o 

impacto da aplicação direta dos extratos hidroalcoólicos das própolis verde e 

marrom brasileiras, PVB e PMB respectivamente, sobre células pulpares 

humanas e sobre patógenos endodônticos. Ambas as própolis, tem 

apresentado resultados positivos em outras linhagens celulares, porém pouco 

avaliadas sobre tecido pulpar. Após 24h do plantio celular as células foram 

submetidas à aplicação direta e contato por 24h dos materiais: PVB (5, 10 e 50 

μg/mL), PMB (5, 10 e 50 μg/mL), DMEM (grupo controle), TNF-α 10μg/mL e 

DMSO 0,5%, Peróxido de Carbamida 0,018% (PC) contato por 30min. Após o 

período de contato foram avaliadas a viabilidade celular (MTT), a quantificação 

de espécies reativas de oxigênio (EROs, sonda DCFH-DA), óxido nítrico (ON, 

reagente de Griess) e morfologia celular (MEV). A mensuração do pH ocorreu 

antes e após 24h de contato com as células. O ensaio de migração celular 

(Wound healing) comparou o contato imediato e após 24h e 48h da aplicação 

dos materiais. Adicionalmente, a determinação da concentração inibitória 

mínima (CIM) e concentração bactericida mínima (CBM) das duas própolis 

foram realizadas frente a um painel de nove bactérias envolvidas na infecção 

endodôntica primária. A análise de dados empregou os teste One e Two-Way 

ANOVA complementado por Tukey (α= 5%). A viabilidade celular e produção 

de ON não demonstrou diferença estatística entre os grupos PVB, PMB e 

DMEM (p<0,05). Na produção de EROS, houve diferença entre TNF-α e os 

demais grupos. O grupo PC apresentou a menor média de pH inicial (7,90, 

DV=0,7). Sobre o efeito antibacteriano em concentrações ≤100 μg/mL a PMB 

apresentou para sete bactérias enquanto a PVB apenas para P. micra. 

Concluiu-se que as PVB e PMB apresentaram alta atividade antibacteriana, 

alta citocompatibilidade, ausência produção de estresse oxidativo e a PVB 

apresentou maior estimulação na migração celular em células da polpa 
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dentária humana. 

Palavras-chave: Própolis; Polpa Dentária; atividade bactericida. 
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ABSTRACT 

 

Brazilian propolis has gained notoriety due to its benefits and pharmacological 

effects. At the same time, the adoption of conservative endodontic techniques 

such as pulp therapy has been prioritized in minimally invasive dentistry. In this 

scenario, the present study evaluated the impact of direct application of 

hydroalcoholic extracts of Brazilian green and brown propolis, BGP and BBP 

respectively, on human pulp cells and endodontic pathogens. Both propolis, 

have shown positive results in other cell lines, but little evaluated on pulp tissue. 

After 24h of cell planting, the cells were kept in direct application and contact for 

24h of the materials: BGP (5, 10 and 50 μg/mL), BBP (5, 10 and 50 μg/mL), 

DMEM (control group), TNF-α 10μg/mL and DMSO 0.5%, Carbamide Peroxide 

0.018% (CP) contact for 30min. After period of contact, cell viability (MTT), 

quantification of reactive oxygen species (ROS, DCFH-DA probe), nitric oxide 

(NO, Griess reagent) and cell morphology (SEM) were evaluated. The pH 

measurement occurred before and after 24 hours of contact with the cells. The 

cell migration test (Wound heal) compared the immediate contact and after 24h 

and 48h of the application of the materials. In addition, the minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) of the two 

propolis were performed against a panel of new bacteria involved in primary 

endodontic infection. Data analysis used in the One and Two-Way ANOVA 

complemented by Tukey (α= 5%). Cell viability and NO production showed no 

statistical difference between BGP, BBP and DMEM groups (p<0.05). In the 

production of ROS, there was difference between TNF-α and the other groups. 

The CP group had a lower mean initial pH (7.90, DV=0.7). Regarding the 

antibacterial effect at concentrations ≤100 μg/mL, BBP showed for seven 

bacteria while BGP only for P. micra. It was concluded that BGP and BBP 

showed high antibacterial activity, high cytocompatibility, absence of oxidative 

stress production and BGP showed greater stimulation of cell migration in 

human dental pulp cells. 

 

Keywords: Propolis; Dental pulp; Anti-Bacterial Agents 
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1. INTRODUÇÃO E REFERENCIAL TEÓRICO 

 

O Brasil é um país com ampla biodiversidade de recursos naturais, que tem 

ganhado notoriedade na produção de conhecimento científico envolvendo suas 

aplicações em tratamentos medicinais1. A medicina natural tem recebido 

elevada aceitação populacional tendo em vista que o uso de fitoterápicos 

demonstra citocompatibilidade, excelente atividade terapêutica e custos mais 

acessíveis1. Diante disso, as própolis brasileiras têm se destacado nesse 

segmento de acordo com atividades farmacológicas características desses 

compostos mundialmente reconhecidas como ação antibacteriana2 e 

antifungica3, atividade antiviral4, antiinflamatória5, antitumoral6, antioxidante7 e 

inclusive anticárie8. 

As própolis são compostos resinosos que possuem em sua composição uma 

fonte primária de origem vegetal, podendo ser exsudatos de cascas de arvores, 

folhas, botões florais, balsámos, óleos essenciais, pólen e minerais que são 

coletadas por abelhas e a partir da adição de cera e saliva sofrem uma 

biotransformação através da ação da enzima 13-gligosidase presente na saliva 

desses insetos garantindo a esse material uma composição química 

extremamente complexa9. Na colmeia as própolis de maneira geral possuem 

função de vedação e proteção da colônia contra invasores e microorganismos 

oportunistas, essa propriedade antimicrobiana é atribuída à presença de 

princípios ativos como flavonoides e ácidos fenólicos presentes nesses 

compostos10.   

Foram categorizados pelo menos 14 tipos de própolis brasileiras de acordo 

com suas características físico-químicas e propriedades biológicas variando da 

coloração amalera, castanho, verde, marrom a avermelhada e suas variações 

que dependem da origem botânica utilizada por abelhas no momento de sua 

produção 11,12. Sofrendo também, influência de fatores como a localização 

geográfica da colmeia e vegetação circundante, estação do ano em que são 

coletados seus constituintes, pois os níveis pluviométricos impactam na sua 

disponibilidade botânica, além dos fenótipos individuais das abelhas 

produtoras13.  
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A própolis verde brasileira (PVB) possui como sua principal fonte vegetal a 

Baccharis dracunculifolia ou popularmente conhecida como vassourinha ou 

alecrim do campo, e sua principal espécie produtora é a espécie Apis melífera, 

que também é a principal abelha produtora da própolis marrom brasileira 

(PMB)14,15. A PMB pode ser encontrada em diferentes regiões brasileiras e de 

acordo com seu posicionamento geográfico a sua fonte botânica primária irá 

ser alterada, no estado do Paraná é a Araucária sp, árvore típica do sul do 

país15.  

Paralelamente, as infecções endodônticas continuam sendo um problema de 

saúde pública, com o aprimoramento da odontologia procedimentos 

preventivos e técnicas minimamente invasivas se fazem necessários, pois 

preservam ao máximo as estruturas dentais sadias sendo efetivas nos 

tratamentos odontológicos prevenindo essas infeções16. Nesse cenário as 

terapias pulpares vitais tem se destacado, em razão da sua ampla indicação 

em dentes vitais submetidos a injurias no complexo dentino-pulpar, seja por 

cáries profundas, traumas dentários ou até mesmo exposição pulpar acidental 

no manejo clínico odontológico17.  

As TPVs podem ser classificas como capeamento pulpar indireto, quando não 

há exposição do tecido pulpar e o medicamento de escolha é posicionado 

sobre a superfície de dentina remanescente exposta mais próxima do teto da 

câmara pulpar17. Capeamento pulpar direto, quando há a exposição do 

conteúdo pulpar sem necessidade de remoção do mesmo17,18. E pulpotomia, 

quando há a exposição da polpa dentária com necessidade de remoção da 

porção coronária sendo mantida a ausência de infecção bacteriana na polpa 

radicular garantindo assim a manutenção da sua vitalidade18.  

Além disso, as TPVs quando bem executadas com indicação precisa, técnica 

adequada e com materiais eficientes geram excelente prognostico e 

previsibilidade no tratamento de dentes permanentes jovens e decíduos, 

favorecendo na manutenção da vitalidade da polpa dentária e proporcionando 

o reparo tecidual 18,19. O sucesso das TPVs está atrelado aos materiais 

odontológicos empregados, que devem apresentar além da biocompatibilidade 

e manutenção da fisiologia pulpar, uma boa vedação coronal 19. Assegurando 



 

6 

 

assim, a preservação da vitalidade, promoção e reparo tecidual, assim como 

prevenção de infecção da polpa dentária 19.  

Nesse cenário, os diversos benefícios e propriedades farmacológicas das 

própolis sobre outras linhagens celulares já estão constatados na literatura, 

inclusive os efeitos positivos da própolis vermelha brasileira sobre células 

pulpares humanas 20. No entanto, há uma lacuna na literatura ao que tange o 

impacto da PVB e PMB sobre células pulpares de dentes humanos. Este é um 

estudo preliminar que pode oferecer dados importantes para a condução de 

novos estudos em animais e clínicos visando o desenvolvimento de um novo 

material para o reparo pulpar, mais acessível à população e com mecanismo 

de ação citocompatível ao tecido pulpar superficial. 
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2. Capítulo 1 

 

 

 

Effect of two different types of brazilian 

propolis on bacteria and human pulp cells 

Silva WHT, Guedes, Lins-Candeiro CL, Neto NFO, Ambrósio SR, 

Veneziani RCS, Bastos JK, Martins CHG, Turrioni AP 
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potential of the above substances to serve as promising components for the 

development of an cytocompatible, antibacterial and low cost dental material. 
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ABSTRACT 

 

The preservation of pulp tissue viable conservative endodontic procedures has 

gained widespread attention. Meanwhile, several studies have been conducted 

on finding natural products that are less cytotoxic, more affordable, and offer 

better therapeutic activity than the current products. Hence, this study evaluated 

the antibacterial effect and direct impact of Brazilian green propolis (BGP) and 

Brazilian brown propolis (BBP) on human pulp cells. The minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) of the two 

substances were evaluated against a panel of nine bacteria involved in primary 

endodontic infections. In addition, pulp cells were seeded in 96-well plates 

(10,000/well). After 24 h, the cells were exposed to the following substances: 

BGP (5, 10, and 50 μg/mL), BBP (5, 10, and 50 μg/mL), 0.5% DMSO, 0.018% 

carbamide peroxide (CP), 10 μg/mL TNF-α, and DMEM (control group). The cell 

viability was evaluated via the MTT assay 24 h after the application of the 

substances. The pH of the samples was measured before and after 24 h of 

contact with the cells. Moreover, the production of reactive oxygen species 

(ROS, DCFH-DA probe) and nitric oxide (NO, Griess reagent) was quantified 

and cellular morphology was analyzed (scanning electron microscopy) 24 h 

after application of the substances. In the cell migration test (wound healing), 

we compared wound areas at 24 h, 48 h, and immediately after the application 

of the substances. For data analysis, we used the one-way ANOVA test 

complemented by the Tukey test (α = 5%). No statistical differences in cell 

viability and NO production were observed between the BGP, BBP, and DMEM 

groups (p<0.05). ROS production in the TNF-α group was considerably different 

from that in the other groups. The CP group exhibited a lower average initial pH 

(7.90; detection value (DV) = 0.7), whereas the BBP group exhibited a lower 

average final pH (8.41; DV = 0.02), than other groups. The MIC values of the 

both propolis were in the range 1.56–400 µg/mL. Regarding the antibacterial 

effect at concentrations ≤100 μg/mL, BGP showed only for P. micra and BBP 

showed for seven bacteria while. The results revealed that BGP and BBP 
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showed high cytocompatibility, absence of ROS and NO production, BGP 

showed greater stimulation of cell in human dental pulp cells and BBP greater 

antibacterial activity. 
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INTRODUCTION 

 

Dentistry is constantly improving, and the adoption of minimally invasive 

strategies is necessary to preserve a healthy tooth structure1. Vital pulp therapy 

(VPT) is known to preserve the vitality of the remaining pulp tissue in deciduous 

or young permanent teeth2. VPT has several indications, as it is suitable for 

teeth that have suffered injuries to the dentin-pulp complex, which may be 

caused by deep caries activity, dental trauma, or even iatrogenic events during 

clinical dental care3. 

 In dentistry, several studies have been conducted on finding natural products 

that are less cytotoxic, potentially more affordable, and offer better therapeutic 

activity than the current products, mainly owing to the increasingly wide 

acceptance of natural medicine4. Brazilian propolis has attracted the attention of 

researchers because of its currently recognized pharmacological properties of 

clinical interest, namely anti-caries effect5, antiviral6, antifungal7, antioxidant8, 

and anti-inflammatory9 activities, cytotoxicity against tumor cell lines10, and 

satisfactory antibacterial activity against Staphylococcus aureus and methicillin-

resistant S. aureus11. 

It is worth noting that propolis, in general, are resinous compounds produced by 

bees to establish a chemical-mechanical barrier for the sealing and protection of 

beehives from predators and external invading pathogens12. These resinous 

compounds are derived from a wide variety of constituents, such as plant resins 

from barks, flower buds, balsams, essential oils, pollen, and minerals, which 

undergo biotransformation through the addition of wax and bee salivary 

enzymes12. 

Despite the beneficial effects of propolis on different cell lines, such as the 

positive effects of Brazilian red propolis on the viability and low free radical 

production of dental pulp cells13, the effect of this compound (especially BGP 

and BBP types) on pulp tissue is sparsely documented13. Therefore, this study 

evaluated the antibacterial effect and direct impact of BGP and BBP on human 

pulp cells. This is a preliminary study that may provide important data for 
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conducting new animal and clinical studies aimed at developing novel, 

accessible, and biocompatible materials for pulp repair. 

 

METHODS AND MATERIALS 

 

Propolis hydroalcoholic extract 

 

 BGP samples were provided by Apis Flora Industrial and Comercial Ltda 

(Ribeirão Preto/SP/Brazil) in May 2018 (lot number 65400918)14. Samples of 

BBP from Apis mellifera and Araucaria resin were collected in União da Vitória 

(State of Paraná, Brazil; 26°13′48′′S, 51°5′9′′W)15; after removing impurities, 

these resinous products were stored in an amber bottle at −20°C in a freezer. 

To prepare the propolis extracts, BGP (350.0 g) was macerated for 24 h with a 

mixture (4 L) of ethanol and water (7:3, v/v) at room temperature. The extract 

obtained was filtered, vacuum-concentrated, and lyophilized to obtain a crude 

hydroalcoholic extract16. BBP (50 g) was extracted via maceration for 24 h using 

a solution of ethanol and water (6 L; 7:3 (v/v)) to yield a crude hydroalcoholic 

extract of BBP (20.0 g) after removal of the solvent under vacuum17. 

 

Dental pulp cell evaluation 

 

Obtaining pulp cells from permanent teeth 

 

The pulp tissue was obtained from a healthy third molar via the tissue explant 

technique, by which the pulp tissue was isolated after mechanically removing it 

from the molar using curettes and endodontic files18. Cells were expanded in a 

culture medium (Dulbecco's Modified eagle Medium (DMEM), LGC 

Biotecnologia, Cotia, São Paulo, Brazil) supplemented with 10% fetal bovine 

serum and 1% penicillin/streptomycin (10000 U/mL, LGC Biotecnologia, Cotia, 

São Paulo, Brazil). They were used between the sixth and ninth passages to 

preserve the phenotypic characteristics of the dental pulp cells19. 
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Half Maximal Inhibitory Concentration (IC50) 

 

To determine IC50, the pulp cells were seeded in 96-well plates (10,000 

cells/well) after sowing the cells for 24 h. BGP and BBP samples of six different 

concentrations were applied (100, 200, 400, 600, 800, and 1000 µg/mL) and the 

contact was maintained for 24 h. Subsequently, each well of the plate received 

90 µL of serum-free DMEM and 10 µL of methyl tetrazolium (MTT) (tetrazoline 

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl bromide)13 solution (5 mg/mL in PBS-

Sigma- Aldrich, St. Louis, MO, USA). After incubating the plates for 4 h with 5% 

CO2 and at 37°C, the supernatant was removed and 100 µL of DMSO (LGC 

Biotecnologia, Cotia, São Paulo, Brazil) was added to each compartment to 

dissolve the formazan crystals produced. Next, the optical density of the 

resulting solution was measured using a spectrophotometer and a GLOMAX® 

multimodal microplate reader (Promega Corporation, São Paulo, Brazil) using a 

560-nm filter. The selectivity index (SI) was evaluated to determine whether BBP 

and BGP exhibited higher affinity for bacteria or pulp cells. IC50, which is the 

concentration of the sample corresponding to a 50% reduction in cell viability, 

and MIC of the sample against the pathogens were used to calculate the SI, 

using the formula SI = IC50/MIC13.  

 

Preparation of material  

Three concentrations (5, 10, 50 μg/mL) of BBP and BGP were selected 

because they were considered safe for application in pulp cells after conducting 

a pilot study. Thus, these solutions composed the experimental groups, along 

with the 0.5% DMSO (vehicle control), 0.018% carbamide peroxide (CP -

negative control for cell viability), 10 μg/mL TNF-α (positive control for ROS 

production), and DMEM (positive control for cell viability) groups. To obtain 

samples of the aforementioned concentrations, 5.8 mg/mL BBP and 14 mg/mL 

BGP solubilized in 1 mL DMSO were diluted in a culture medium  containing 1% 

antibiotic (penicillin/streptomycin 10,000 U/mL, LGC Biotecnologia, Cotia, São 

Paulo, Brazil) 13. The DMSO, TNF-α and CP materials were also diluted in 
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DMEM culture medium containing 1% antibiotic until reaching the desired 

concentration. The 0.018% CP solution was also obtained from serial dilutions 

of the 22% carbamide peroxide whitening gel (Whitenees Perfect – FGM, lot: 

100820, Whitness do Brasil Industria Ltda. Joiville, Santa Catarina, Brazil.)20. All 

application solutions were prepared on the day of application and previously 

filtered using a sterile syringe filter with a diameter of 25 mm and a 

polyethersulfone membrane with a pore size of 0.22 µm. 

 

Cell viability 

 

The pulp cells were seeded in a 96-well plate (10000 cells/well). After 24 h, the 

substances were applied and the contact with the cells was maintained for 24 h, 

except for the 0.018% CP group with which the contact was maintained for only 

30 m20. Subsequently, the medium was aspirated and replaced by DMEM 

containing 1% antibiotic (penicillin/streptomycin 10000 U/mL, LGC 

Biotecnologia, Cotia, São Paulo, Brazil). The protocols for the MTT test and 

spectrophotometer evaluation followed the patterns already mentioned. 

The supernatant was aspirated and reserved in a 24-well plate for pH 

measurement. 

 

pH measurement 

 

To measure the initial pH, 400 μL of each group untouched by the cells was 

added to a 24-well plate. The reserved supernatants from the MTT assay were 

used to evaluate the final pH. The pH meter (H/mV /ISE/temperature meter, 

Adwa, Szeged, Hungary) was previously calibrated using standard potassium 

chloride solutions. The pH was measured in triplicates. After each 

measurement, the pH-meter electrode was washed with distilled water, dried 

with sterile gauze, and then calibrated. 

 

Quantification of free radical production 
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The cells were sown in 96-well plates (10000 cells/well). After 24 h, the 

materials were applied. After maintaining the contact for 24 h (except for the 

0.018% CP group wherein the contact was maintained for 30 minutes), 100 μL 

of the supernatant was reserved for evaluating nitric oxide production. Reactive 

oxygen species (ROS) production was evaluated after applying 2',7'-

dichlorodihydrofluorescein diacetate (DCFH-DA; InvitroGen, San Diego, CA, 

USA)21. Subsequently, 100 μL of a solution containing the probe (5 μmol/L in 

PBS) was added to the compartments. After 5 m of incubation, cells were 

washed twice with PBS and analyzed using a GLOMAX® multimodal 

fluorescence microplate reader (Promega Corporation, São Paulo, Brazil) at the 

excitation wavelength of 475 nm. 

Nitric oxide (NO) production was evaluated using the cell culture supernatant. 

Nitrites react with the Griess reagent via a diazotization reaction. The Griess 

reagent was prepared by dissolving 0.1 g N-(1-naphthyl)ethylenediamine 

dihydrochloride (Merck KGaA), 2.5 mL orthophosphoric acid (Mallinckrodt 

Chemical, St. Louis, MO, USA), and 1 g sulfanilamide (Merck KGaA, Darmstadt, 

HE, Germany) in 100 mL of deionized water. The supernatant (50 μL) and then 

the Griess reagent (50 μL) were poured into a compartment in a 96-well plate. 

After 10 minutes of incubation, the absorbance of the product was measured 

spectrophotometrically using a GLOMAX® multimodal microplate reader 

(Promega Corporation, São Paulo, Brazil) at a wavelength of 560 nm22. 

 

Morphological Analysis and Elementary Microanalysis 

 

The cells were seeded onto glass coverslips. After 24 h, the materials were 

applied. After 24 h of contact, the supernatant was aspirated and the samples 

were fixed for 1 h in 2.5% glutaraldehyde (Sigma-Aldrich). After fixation, each pit 

was washed out thrice with 1 mL PBS (5 min per washing). The samples were 

then post-fixed for 60 min in 200 μL of 1% osmium tetroxide (Sigma-Aldrich). 

For post-fixation, the samples were dehydrated using ethanol (30%, 50%, 70%, 

twice in 95%, and twice in 100% with 30 min per solution) and 1,1,1,3,3,3- 
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hexamethyldisilazane (HMDS - ACROS Organics, Rutherford, NJ, USA). The 

samples were then kept in a desiccator for 14 days23. The samples were placed 

onto stubs and metalized with gold coating for scanning electron microscopy 

(SEM, Tescan, Vega 3 LMU, Oxford Instruments, Abingdon, UK) analysis 24. 

In contrast to other experimental groups, only 50 μg/mL of BBP was used for 

the migration test, morphological analysis, and elemental microanalysis. 

 

Cell migration assay 

 

Cell migration capacity was evaluated via the wound healing assay25. The cells 

were seeded in 48-well plates at a concentration of 30.000 cells/well. After 24 h, 

a linear mechanical wound was created using the tip of a 1-mL micropipette. 

The cells were exposed to the different experimental groups for 24 and 48 h. 

The cultures were maintained in an incubator at 37°C. For each sample, three 

photographs of the different regions of the wound were obtained using an 

EVOS fl inverted microscope (Advanced microscopy Group (AMG)) at 4x 

magnification. Cell migration was assessed by measuring the wound area using 

Image J software (US National Institutes of Health, Bethesda, Maryland, USA). 

Four replicates were evaluated in each group, and the results were expressed 

in µm2. 

 

Bacterial evaluation 

 

Determination of minimum inhibitory concentration and minimum 

bactericidal concentration 

 

The minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) of BGP and BBP were determined against a panel of nine 

bacteria involved in primary endodontic infections. Five strains, from the 

American Type Culture Collection (ATCC, Manassas, VA, USA), and four 

clinical isolates (CIs) of anaerobic endodontic pathogens were used in the 
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study: Prevotella melaninogenica (ATCC 25845), Actinomyces viscosus (ATCC 

43146), Prevotella nigrescens (ATCC 33563), Porphyromonas endodontalis 

(ATCC 35406), Veillonella parvula (ATCC 17745), Porphyromonas gingivalis 

(CI), Prevotella intermedia (CI), Parvimonas micra (CI), and Fusobacterium 

nucleatum (CI). All the strains were stored at −20ºC in the Laboratory of 

Antimicrobial Testing (LEA) at the Federal University of Uberlândia, in 

Schaedler broth supplemented with 5% defibrinated horse blood and 80% 

glycerol solution. The CIs from endodontic diseases were selected for the study 

based on previous clinical trials. The MIC was determined in triplicate using 96-

well plates, via the microdilution method. Twelve samples of BBP and BGP, 

with concentrations ranging from 400.0 to 0.195 µg/mL, were arranged from left 

to right in decreasing concentration order. Subsequently, we determined the 

lowest concentration required for inhibiting the activity of the microorganisms. 

We used Schaedler agar (Difco, Kansas City, MO, USA), supplemented with 

hemin (5 µg/mL, Sigma-Aldrich, San Louis, Missouri, USA), menadione (1 

µg/mL), and horse blood (5%), as the culture medium for the strains, as was 

recommended by the Clinical and Laboratories Standards Institute25. The 

samples were solubilized in dimethyl sulfoxide (DMSO) (1 mg/mL, LGC 

Biotecnologia, Cotia, São Paulo, Brazil) and diluted in the desired broth. Were 

used as Bacteroides fragilis and B. thetaiotaomicron for the technique control 

treated with DMSO (5% (v/v)) and metronidazole (0.0115–5.9 µg/mL, Sigma) 

were used as the negative and positive control groups, respectively. The 

microplates were incubated in an anaerobic chamber (Don Whitley Scientific, 

Bradford, United Kingdom) for 72 h under a suitable atmosphere containing 5–

10% H2, 10% CO2, and 80–85% NO2. An aqueous solution of 0.02% resazurin 

(Sigma) was added to the wells of the microplates to indicate the viability of the 

microorganisms. The presence and absence of bacterial activity were 

respectively indicated by the pink and blue colors of the resazurin solution27. 

To determine MBC, one aliquot of inoculum (10 µL) was removed from each 

well. Subsequently, we added resazurin, which was seeded in an appropriate 

culture medium. MBC was defined as the smallest concentration of the sample 

at which no bacterial growth was observed28. 
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Statistical analysis 

 

The data obtained were tabulated in Microsoft Excel version 2019 software and 

subsequently analyzed using JAMOVI (version 1.6.23) and SPSS (version 

22.0). We conducted the Shapiro–Wilk normality test and parametric analysis 

using one-way ANOVA and complemented the test with the Tukey test at a 

significance level of 5%. 

 

RESULTS 

 

Cell viability 

 

As can be observed from the results of MTT formazan cell viability assay 

(Figure 1), the absorbance values observed for BBP and BGP at all 

concentrations (5, 10, and 50 μg/mL) are not significantly different from that 

observed for the DMEM group (positive control). However, the values show a 

considerable statistical difference with respect to that observed for the CP group 

(negative control). 
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Figure 1: Mean absolute absorbance values obtained using a 

spectrophotometer at a wavelength of 570 nm during the MTT test for each 

group (N= 40 and n= 4). Different letters show statistically significant difference 

(p <0.01), obtained using one-way ANOVA supplemented by the Tukey test. 

 

pH measurement 

 

The mean initial and final pH values (considering all evaluation times and all 

materials used in this study) are 7.90 and 8.86, respectively (Figure 2). The 

mean value obtained for the DMEM group ranged from 7.99 to 8.63, indicating 

that both BBP and BGP produce pH values within the ranges appropriate for 

maintaining homeostasis. 

 

 

Figure 2: Mean initial and final pH of the supernatants measured using a 

benchtop pH meter (N=20 and n=2). Different letters show statistically 

significant difference (p <00.1), obtained using two-way ANOVA supplemented 

by the Tukey test. * indicates statistically significant difference between different 

time. 
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Quantification of free radical production 

 

As shown in Figure 3, the studied groups do not exhibit a statistically significant 

difference in the production of ROS. The mean absolute absorbance values 

exhibited by the 5 μg/mL BBP, TNF-α, and DMEM groups are 1.49, 2.33, and 

1.65, respectively. Figure 4 depicts the amount of nitric oxide produced in the 

groups. It shows similar results. No statistically significant difference is observed 

between the absorbance values exhibited by the propolis and DMEM groups. 

The absolute absorbance values observed for 5 μg/mL BBP and 50 μg/mL BBP 

are 0.073 and 0.085, respectively, whereas that for the DMEM group is 0.083. 

The difference between the absorbance values observed for TNF-α and DMEM 

is statistically significant (p<0.001). 

 

Figure 3: Mean absolute values and standard deviation of absorbance 

reflecting the production of reactive oxygen species in the experimental groups 

(N= 40 and n= 4). Different letters show statistically significant difference (p 

<00.5), obtained using one-way ANOVA supplemented by the Tukey test. 
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Figure 4: Mean absolute values and standard deviation of absorbance 

reflecting the production of reactive nitric oxide species in the experimental 

groups (N= 40 and n= 4).   

 

 

 

Morphological Analysis and Elementary Microanalysis Results 

 

The obtained SEM images are shown in Figure 5. As can be observed, both the 

50 μg/mL BBP and BGP 50 μg/ml groups maintain the elongated and fusiform 

membrane morphology like of the fibroblasts, similarly to the DMEM group. 

However, the CP group shows a decrease in the number of cells in addition to 

morphological changes in the original membrane: the group shows an irregular 

morphology and increased distances between the cells. 
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Figure 5: a) DMEM group b) 50 μg/mL BBP c) 50 μg/mL BGP d) DMSO 0.5% 

e) 10 μg/mL TNF-α f) 0.018% carbamide peroxide group (Scanning Electron 

Microscopy Images 500x). 

 

The energy-dispersive X-ray spectroscopy (EDS) results, shown in Figure 6, 

reveal that most groups exhibit a significant difference (p<0.5) in the 

concentrations of C, Mg, and Ca ions. The element that has the highest mean 

concentration in the groups is C (30.87%, detection value (DV): 3.94%) and that 

with the lowest mean concentration is Mg (1.59%, DV:0.14). The BBP group 

exhibits the highest concentration of Ca (4.11%, DV: 0.41). 

 



 

26 

 

 

 

Figure 6: Percentage of chemical elements identified in the different samples, 

identified via energy-dispersive X-ray spectroscopy (EDS): oxygen (O), carbon 

(C), sodium (Na), magnesium (Mg), aluminum (Al), silicon (Si), potassium (K) 

and calcium (Ca) (N= 12 and n= 2). Different letters indicate statistically 

significant differences between the materials, for the same chemical element (p 

<0.05, Tukey). 

 

Cell migration assay 

 

The qualitative cell migration test results (Figure 7) demonstrate progressive 

closure of the wound edges in most of the studied groups, as evidenced by their 

immediate, 24-h, and 48-h performances. The qualitative results exhibited by 

the groups are consistent with their respective quantitative results (Figure 8). 

There was a variation from 2428 μm² (immediate) and BGP to 1557 μm² (24 h) 

to 428 μm² (48 h). The wound areas observed for BBP after 24 h and 48 h were 

1457 μm² and 592 μm², respectively, whereas that observed for DMEM after 24 

h and 48 h were 1278 μm² and 789 μm², respectively. However, the CP group 

does not exhibit a considerable difference in the wound areas after 24 and 48 h, 

which are respectively 2038 μm² and 1461 μm². This is attributed to the 
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significant change the group undergoes in morphology and cellular disposition, 

which produces largely irregular and acellularized wound regions. 

 

 

Figure 7: Wound healing assay results: immediate, 24, and 48 h (EVOS FL 

inverted microscopy digital images 4x). A1) DMEM 24 h, A2) DMEM 48 h, B1) 

BGP 24 h, B2) BGP 48 h, C1) BBP 24 h C2) BBP 48 h, D1) DMSO 24 h, D2) 

DMSO 48 h, E1) TNF 24 h, E2) TNF 48 h, F1) CP 24 h, F2) CP 48 h G) 

Immediate. 
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Figure 8: Mean absolute values of the wound area in μm² during the wound 

healing assay (N= 26 and n= 2). Different capital letters show statistically 

significant difference between different group in the same time, different 

lowercase letters show statistically significant difference between different time 

in the same group (p <00.1) obtained via two-way ANOVA supplemented by the 

Tukey test. 

 

Determination of MIC, MBC, and SI 

 

Table 1 lists the MIC and MBC evaluated for BGP and BBP. BBP exhibits MIC 

values of less than 100 μg/mL for F. nucleatum CI (22 μg/mL), P. micra CI (25 

μg /mL), P. intermedia CI (1.56 μg/mL), P. gingivalis CI (12.5 μg/mL), P. 

endodontalis ATCC (100 μg/mL), P. nigrescens ATCC (25 μg/mL), and P. 

melaninogenica ATCC (3.12 μg/mL). Moreover, BBP demonstrates effective 

bactericidal activity, as evidenced by the MBC values against P. micra CI (25 

μg/mL) and F. nucleatum CI (25 μg/mL). However, the MIC values of BBP are 

lower than its MBC for P. micra IC (25/25 μg/mL); P. intermedia CI (1.56/12.5 

μg/mL); P. gingivalis CI (12.5/50 μg/mL); P. endodontalis ATCC (100/>400 

μg/mL); P. nigrescens ATCC (25/50 μg/mL); and P. melaninogenica ATCC 

(3.12/6.25 µg/mL), indicating a bacteriostatic effect. 
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Table 1 lists the calculated SI values. They were obtained from IC50 values 

being 454.55 μg /ml and 646.83 μg /ml for BBP and, respectively. BGP exhibits 

SI values exceeding 10 for P. micra CI (414.6) and BBP exhibits SI values 

above 10 for F. nucleatum CI (18.1), P. micra CI (291.3), P. gingivalis CI (36.3), 

P. nigrescens ATCC (18.1), and P. melaninogenica ATCC (145.6). 

 

Table 1: Pathogens involved in primary endodontic infection and the respective 

minimum inhibitory concentration (MIC), minimum bactericidal concentration 

(MBC) (expressed in μg/mL), and selectivity index (SI) for Brazilian brown and 

green propolis 

 

Bacteria BGP 

MIC/MBC 

BBP 

MIC/MBC 

BGP 

SI 

BBP 

SI 

Actinomyces viscosus ATCC 43146 >400/>400 >400/>400 - - 

Fusobacteria nucleatum (CI) 400/400 25/25 1.61 18.18 

Parvimonas micra (CI) 1.56/1.56 1.56/12.5 414.10 291.37 

Porphyromonas endodontalis ATCC 35406 >400/>400 100/>400 - 4.54 

Porphyromonas gingivalis (CI) 200/>400 12.5/50 3.23 36.36 

Prevotella intermedia (CI) 200/400 50/100 3.23 9.09 

Prevotella melaninogenica ATCC 25845 200/200 3.12/6.25 3.23 145.68 

Prevotella nigrescens ATCC 33563 200/200 25/50 3.23 18.18 

Veillonela parvula ATCC 17745 >400/>400 >400/>400 - - 

Veillonela parvula ATCC 17745 >400/>400 >400/>400 - - 

- indicates that selectivity index (IC50/MIC) cannot be evaluated 

 

 

DISCUSSION 

 

Minimally invasive dentistry aims for the preservation of healthy teeth structures 

and pulp vitality. VPT has exhibited a high success rate when adequately 

indicated and conducted using proper techniques and safe and effective dental 
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tools2. Concomitantly, the wide diversity of Brazilian natural resources has 

facilitated the study and introduction of natural medicine into the population. As 

mentioned earlier, Brazilian propolis offer many beneficial pharmacological 

effects14, which attract the attention of the scientific community. 

With the aim of evaluating the cytocompatibility of both types of propolis in 

direct contact with human pulp cells, viability, pH, and cellular oxidative stress 

production (quantification of reactive oxygen and nitric oxide species) of the 

samples after direct contact with the dental pulp cells were estimated. It was 

observed that, regardless of the concentration (5, 10, or 50 μg/mL), the two 

types of propolis maintained cell vitality at levels similar to that observed in the 

DMEM control group. Contrary to the behaviors of BBP and BGP, the CP group 

showed a marked decrease in the number of metabolically active cells showing 

that carbamide peroxide at a concentration of 0.018% applied directly on pulp 

cells for 30 minutes was an excellent negative control agent for cell viability. 

There is inadequate Information on the cytotoxicity of BBP against pulp cells. 

However, this study, which used BBP of Araucaria origin found in southeastern 

Brazil, clearly demonstrated that BBP at a concentration of 100 μg/ mL does not 

exhibit any cytotoxicity against normal renal cell lines even after 48 h of 

contact29. Another study examined the effect of exposing a simultaneous culture 

of telomerase-immortalized gingival keratinocytes and P. gigivalis to 1.25-

mg/mL BBP for 4 h. In contrast to the findings of this study, the above study 

reported a 20% reduction in viable bacteria and a 40% reduction in the vitality of 

the keratinocyte cells30. Notably, another study, which put forward a proposal 

similar to that of the present study, compared the direct application of Brazilian 

red propolis and MTA dilutions. The above study showed that red propolis of a 

10 μg/mL concentration, not only maintained but also positively stimulated 

34.6% cell viability with respect to that in DMEM control group13. In addition, 

intra and extracellular pH acid–base imbalance and the chemical composition of 

new materials can negatively affect cell metabolism, function, proliferation, and 

repair31. Hence, the conditions followed in this study helped maintain the pH 

levels within the range suitable for homeostasis, without risking cell damage. 

Excessive oxidative stress is detrimental to the maintenance of tissue 
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homeostasis. This is because high NO and ROS production can inhibit the 

action of the cyclooxygenase-2 (COX-2) enzyme, which decreases the 

expression levels of the survivin protein and consequently induces programmed 

cell death (apoptosis) followed by tissue damage and destruction31,32. In the 

present study, we observed that the production of oxidative stress was 

controlled and remained at levels similar to those observed in the control group 

for all BGP and BBP concentrations examined. This finding reinforces the result 

reported in a study that evaluated the positive effect of propolis, which was 

extracted from China, on the survival of and reduction of oxidative stress in 

neural cells33. The result is also consistent with that of another study that 

observed a low production of free radicals in human pulp cells13 after direct 

contact with Brazilian red propolis. In the present study, the TNF-α group stood 

out from the other groups, demonstrating greater quantification in the production 

of ROS, however, cell viability and migration were not reduced. This finding can 

be explained because at moderate levels compatible with cellular adaptation, 

pro-inflammatory cytokines, such as TNF-α, act by maintaining a safe 

environment for pulp cells without inducing inflammation34. Another important 

finding to be mentioned is the low levels of quantification of free radicals 

produced by the PC group, which theoretically should be a pro-inflammatory 

stimulator. This finding can be justified by the high reduction in cell viability after 

the application of carbamide peroxide, taking into account that the high harmful 

stimulus of the material occurred prior to the evaluation period of free radical 

production32. 

It is worth noting that, in VTP, the material used is responsible for preserving 

the morphofunctionality of the pulp cells and ensuring cell proliferation to 

facilitate tissue regeneration in the remaining dental pulp2. In this study, we 

observed that BGP and BBP had a positive influence on cell migration, which 

progressed gradually and similarly to the control group. The study that 

compared the cell migration in pulp cells after contact with Brazilian propolis 

and MTA reported that MTA stimulated greater proliferation; however, the 

propolis group exhibited behaviors similar to that of the control group35. 

Similarly, a study that compared the wound closure behaviors with mediums of 
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concentrations 10% and 20% and without the presence of green propolis 

reported a lack of significant differences in cell proliferation between the studied 

groups, which indicated that green propolis did not inhibit cell migration36. This 

result corroborates the present finding. 

In addition to confirming the cytocompatibility of these materials, the present 

study verified the antibacterial activity of Brazilian green and brown propolis. We 

demonstrated the bacteriostatic and bactericidal activity of BBP and BGP 

against endodontic pathogens such as P. melaninogenica, P. nigrescens, P. 

gingivalis, P. intermedia, P. micra, and F. nucleatum. This finding 

corroborates with of another study that evaluated the antimicrobial impact of 

thecrude extract of Brazilian red propolis against the same panel of the nine 

endodontic pathogens examined in this study. BBP exhibited MIC and MBC 

values of less than 100 μg/mL against P. melaninogenica, P. nigrescens, P. 

gingivalis, P. intermedia, P. micra, and F. nucleatum13. 

Sá et al. evaluated the antibacterial activity of an aqueous extract of BGP, 

reported that BGP exhibited an MIC of 55 mg/mL against the pathogens F. 

nucleatum, P. micra, P. intermedia, P. gingivalis, P. endodontalis, and F. 

nucleatum and an MBC of 27.5 mg/mL for P. micra and P. intermedia. In the 

present study, BBP showed lower MIC and MBC values, in the range 1.56–400 

μg/mL, than the values reported in the previous study for the same anaerobic 

bacteria37. The difference in the values can be attributed to the presentation of 

the material. The previous study37 used an aqueous extract, whereas this study 

used a hydroalcoholic crude extract. The antibacterial activity of both materials 

was assured regardless of the presentation. The mechanism of propolis 

antimicrobial activity needs further elucidation; however, studies propose that its 

bioactive constituents, such as flavonoids and phenolic acid, inhibit the 

synthesis of cell membranes and interfere with the expression of bacterial 

genes38. 

The Brazilian green and brown propolis extracts studied here demonstrated 

high cytocompatibility with human pulp cells, qualifying them as promising 

compounds. The cytocompatibility of BGP and BBP of different concentrations 

with pulp cells was indicated by the preservation of cell viability and the 
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absence of oxidative stress production: they did not induce the production of 

NO and ROS at high levels compared to the control group (DMEM). In addition, 

BGP and BBP with a 50 μg/mL concentration were found to maintain normal 

patterns of cell membrane morphology and induce cell proliferation. This study 

shares the limitations associated with an in vitro laboratory study. Hence, in-

depth in vitro and in vivo studies are required to determine the potential of this 

compound as a promising dental material in VTP. 

 

CONCLUSION 

We observed the both exhibited of cytotocompatibility and absence production 

of oxidative stress. The BGP showed higher stimulation of cell migration with 

respect to human pulp cells. The BBP showed higher antibacterial activity than 

BGP. 
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