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RESUMO

As proépolis brasileiras tem ganhado notoriedade em virtude de seus beneficios
e efeitos farmacoldgicos. Paralelamente, a adogdo de técnicas endoddnticas
conservadoras como as terapias pulpares vitais tem sido priorizada na
odontologia minimamente invasiva. Neste cenario, o presente estudo avaliou o
impacto da aplicagao direta dos extratos hidroalcodlicos das prépolis verde e
marrom brasileiras, PVB e PMB respectivamente, sobre células pulpares
humanas e sobre patdogenos endodénticos. Ambas as propolis, tem
apresentado resultados positivos em outras linhagens celulares, porém pouco
avaliadas sobre tecido pulpar. Apdés 24h do plantio celular as células foram
submetidas a aplicacao direta e contato por 24h dos materiais: PVB (5, 10 e 50
pg/mL), PMB (5, 10 e 50 ug/mL), DMEM (grupo controle), TNF-a 10ug/mL e
DMSO 0,5%, Peroxido de Carbamida 0,018% (PC) contato por 30min. Apos o
periodo de contato foram avaliadas a viabilidade celular (MTT), a quantificacdo
de espécies reativas de oxigénio (EROs, sonda DCFH-DA), 6xido nitrico (ON,
reagente de Griess) e morfologia celular (MEV). A mensuragdo do pH ocorreu
antes e apos 24h de contato com as células. O ensaio de migracéo celular
(Wound healing) comparou o contato imediato e apdés 24h e 48h da aplicagao
dos materiais. Adicionalmente, a determinagdo da concentracédo inibitéria
minima (CIM) e concentragdo bactericida minima (CBM) das duas prépolis
foram realizadas frente a um painel de nove bactérias envolvidas na infeccéo
endodéntica primaria. A analise de dados empregou os teste One e Two-Way
ANOVA complementado por Tukey (a= 5%). A viabilidade celular e produgao
de ON n&o demonstrou diferenga estatistica entre os grupos PVB, PMB e
DMEM (p<0,05). Na producdo de EROS, houve diferenca entre TNF-a e os
demais grupos. O grupo PC apresentou a menor média de pH inicial (7,90,
DV=0,7). Sobre o efeito antibacteriano em concentragbes <100 ug/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, auséncia producdo de estresse oxidativo e a PVB

apresentou maior estimulacdo na migragado celular em células da polpa

1



dentaria humana.

Palavras-chave: Propolis; Polpa Dentaria; atividade bactericida.



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 ug/mL), BBP (5, 10 and 50 pg/mL),
DMEM (control group), TNF-a 10ug/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 (a= 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-a 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 ug/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

3



1. INTRODUGAO E REFERENCIAL TEORICO

O Brasil € um pais com ampla biodiversidade de recursos naturais, que tem
ganhado notoriedade na produc¢do de conhecimento cientifico envolvendo suas
aplicagdes em tratamentos medicinais’. A medicina natural tem recebido
elevada aceitacdo populacional tendo em vista que o uso de fitoterapicos
demonstra citocompatibilidade, excelente atividade terapéutica e custos mais
acessiveis'. Diante disso, as propolis brasileiras tém se destacado nesse
segmento de acordo com atividades farmacoldgicas caracteristicas desses
compostos mundialmente reconhecidas como acdo antibacteriana® e
antifungica®, atividade antiviral®, antiinflamatoria®, antitumoral®, antioxidante’ e
inclusive anticarie®.

As propolis sdo compostos resinosos que possuem em sua cComposicao uma
fonte primaria de origem vegetal, podendo ser exsudatos de cascas de arvores,
folhas, botdes florais, balsamos, dleos essenciais, polen e minerais que sao
coletadas por abelhas e a partir da adicdo de cera e saliva sofrem uma
biotransformacao através da agdo da enzima 13-gligosidase presente na saliva
desses insetos garantindo a esse material uma composicdo quimica
extremamente complexa®. Na colmeia as prépolis de maneira geral possuem
funcao de vedacao e protecédo da colbnia contra invasores e microorganismos
oportunistas, essa propriedade antimicrobiana ¢é atribuida a presenca de
principios ativos como flavonoides e acidos fendlicos presentes nesses

compostos'®.

Foram categorizados pelo menos 14 tipos de prépolis brasileiras de acordo
com suas caracteristicas fisico-quimicas e propriedades bioldgicas variando da
coloragdo amalera, castanho, verde, marrom a avermelhada e suas variagdes
que dependem da origem botéanica utilizada por abelhas no momento de sua
producdo '"'2. Sofrendo também, influéncia de fatores como a localizagdo
geografica da colmeia e vegetacao circundante, estacdo do ano em que sao
coletados seus constituintes, pois o0s niveis pluviométricos impactam na sua
disponibilidade botanica, além dos fendtipos individuais das abelhas

produtoras'®.



A propolis 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 melifera,
que também € a principal abelha produtora da prépolis marrom brasileira
(PMB)™'. A PMB pode ser encontrada em diferentes regides brasileiras e de
acordo com seu posicionamento geografico a sua fonte botanica primaria ira
ser alterada, no estado do Parana € a Araucaria sp, arvore tipica do sul do
pais'®.

Paralelamente, as infecgdes endoddnticas continuam sendo um problema de
saude publica, com o aprimoramento da odontologia procedimentos
preventivos e técnicas minimamente invasivas se fazem necessarios, pois
preservam ao maximo as estruturas dentais sadias sendo efetivas nos
tratamentos odontoldgicos prevenindo essas infecdes'®. Nesse cenario as
terapias pulpares vitais tem se destacado, em razdo da sua ampla indicagao
em dentes vitais submetidos a injurias no complexo dentino-pulpar, seja por
caries profundas, traumas dentarios ou até mesmo exposi¢ao pulpar acidental
no manejo clinico odontoldgico’’.

As TPVs podem ser classificas como capeamento pulpar indireto, quando nao
ha exposicdo do tecido pulpar e o medicamento de escolha € posicionado
sobre a superficie de dentina remanescente exposta mais proxima do teto da
camara pulpar'’. Capeamento pulpar direto, quando ha a exposigdo do
contetido pulpar sem necessidade de remocdo do mesmo'”'®. E pulpotomia,
quando ha a exposi¢cao da polpa dentaria com necessidade de remogao da
porcdo coronaria sendo mantida a auséncia de infeccdo bacteriana na polpa
radicular garantindo assim a manutencao da sua vitalidade™®.

Além disso, as TPVs quando bem executadas com indicagao precisa, técnica
adequada e com materiais eficientes geram excelente prognostico e
previsibilidade no tratamento de dentes permanentes jovens e deciduos,
favorecendo na manutencgao da vitalidade da polpa dentaria e proporcionando
o reparo tecidual '®'. O sucesso das TPVs estd atrelado aos materiais
odontoldgicos empregados, que devem apresentar além da biocompatibilidade
e manutencéo da fisiologia pulpar, uma boa vedagdo coronal ' Assegurando
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assim, a preservacido da vitalidade, promogao e reparo tecidual, assim como
prevencdo de infeccdo da polpa dentaria *°.

Nesse cenario, os diversos beneficios e propriedades farmacologicas das
propolis sobre outras linhagens celulares ja estdo constatados na literatura,
inclusive os efeitos positivos da prépolis vermelha brasileira sobre células
pulpares humanas ?°. No entanto, ha uma lacuna na literatura ao que tange o
impacto da PVB e PMB sobre células pulpares de dentes humanos. Este € um
estudo preliminar que pode oferecer dados importantes para a condugao de
novos estudos em animais e clinicos visando o desenvolvimento de um novo
material para o reparo pulpar, mais acessivel a populagdo e com mecanismo

de acéao citocompativel ao tecido pulpar superficial.



2. Capitulo 1

Effect of two different types of brazilian

propolis on bacteria and human pulp cells

Silva WHT, Guedes, Lins-Candeiro CL, Neto NFO, Ambrésio SR,
Veneziani RCS, Bastos JK, Martins CHG, Turrioni AP
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and brown propolis maintain their positive pharmacological effects when in
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direct contact with human pulp cells. The study facilitates further studies on the
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 yg/mL), BBP (5, 10, and 50 pg/mL), 0.5% DMSO, 0.018%
carbamide peroxide (CP), 10 pg/mL TNF-a, 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 (a = 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-a 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 ug/mL. Regarding the antibacterial
effect at concentrations <100 pg/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 structure’. Vital pulp therapy
(VPT) is known to preserve the vitality of the remaining pulp tissue in deciduous
or young permanent teeth®. 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 care®.

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 medicine®. Brazilian propolis has attracted the attention of
researchers because of its currently recognized pharmacological properties of
clinical interest, namely anti-caries effect’, antiviral®, antifungal’, antioxidant?,
and anti-inflammatory® activities, cytotoxicity against tumor cell lines'®, and
satisfactory antibacterial activity against Staphylococcus aureus and methicillin-

resistant S. aureus’".

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 pathogens'. 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
enzymes'?.

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 cells', the effect of this compound (especially BGP
and BBP types) on pulp tissue is sparsely documented’®. 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
(Ribeirdao Preto/SP/Brazil) in May 2018 (lot number 65400918)'*. Samples of
BBP from Apis mellifera and Araucaria resin were collected in Unido da Vitoria
(State of Parana, Brazil; 26°13'48"S, 51°5'9"W)'°; 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 extract'®. 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 vacuum’.

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 files'®. Cells were expanded in a
culture medium (Dulbecco's Modified eagle Medium (DMEM), LGC
Biotecnologia, Cotia, S&do Paulo, Brazil) supplemented with 10% fetal bovine
serum and 1% penicillin/streptomycin (10000 U/mL, LGC Biotecnologia, Cotia,
Sao Paulo, Brazil). They were used between the sixth and ninth passages to

preserve the phenotypic characteristics of the dental pulp cells'®.
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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 pg/mL) and the
contact was maintained for 24 h. Subsequently, each well of the plate received
90 uL of serum-free DMEM and 10 pL of methyl tetrazolium (MTT) (tetrazoline
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl bromide)™ solution (5 mg/mL in PBS-
Sigma- Aldrich, St. Louis, MO, USA). After incubating the plates for 4 h with 5%
CO; and at 37°C, the supernatant was removed and 100 yL of DMSO (LGC
Biotecnologia, Cotia, Sdo 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, Sdo 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 Sl,
using the formula Sl = IC50/MIC,

Preparation of material

Three concentrations (5, 10, 50 ug/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 ug/mL TNF-a (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, Sdo
Paulo, Brazil) "*. The DMSO, TNF-a 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.)?. All
application solutions were prepared on the day of application and previously
fillered using a sterile syringe filter with a diameter of 26 mm and a

polyethersulfone membrane with a pore size of 0.22 ym.

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 m?°. Subsequently, the medium was aspirated and replaced by DMEM
containing 1% antibiotic (penicillin/streptomycin 10000 U/mL, LGC
Biotecnologia, Cotia, Sdo 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 uL 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 yL
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)?'. Subsequently, 100 uL of a solution containing the probe (5 umol/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, Sdo 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 uL) and then
the Griess reagent (50 pL) 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, Sdo Paulo, Brazil) at a wavelength of 560 nm?.

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 yL 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 days®’. 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 2*.

In contrast to other experimental groups, only 50 ug/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 assay®. 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 pm?>.

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 (Cls) 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
(Cl), Prevotella intermedia (Cl), Parvimonas micra (Cl), and Fusobacterium
nucleatum (Cl). All the strains were stored at -20°C in the Laboratory of
Antimicrobial Testing (LEA) at the Federal University of Uberlandia, in
Schaedler broth supplemented with 5% defibrinated horse blood and 80%
glycerol solution. The Cls 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 ug/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 ug/mL, Sigma-Aldrich, San Louis, Missouri, USA), menadione (1
pg/mL), and horse blood (5%), as the culture medium for the strains, as was
recommended by the Clinical and Laboratories Standards Institute®. The
samples were solubilized in dimethyl sulfoxide (DMSO) (1 mg/mL, LGC
Biotecnologia, Cotia, Sdo 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 pg/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% Hz, 10% CO,, and 80-85% NO,. 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 solution®’.

To determine MBC, one aliquot of inoculum (10 pyL) 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 observed?.
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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 ug/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.
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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.

22



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 yg/mL BBP, TNF-a, 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 uyg/mL BBP and 50 pg/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-a and DMEM

is statistically significant (p<0.001).
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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 ug/mL BBP and BGP 50 ug/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 ug/mL BBP c) 50 ug/mL BGP d) DMSO 0.5%
e) 10 pyg/mL TNF-a 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).
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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 ym? (immediate) and BGP to 1557 ym? (24 h)
to 428 ym? (48 h). The wound areas observed for BBP after 24 h and 48 h were
1457 ym? and 592 um?, respectively, whereas that observed for DMEM after 24
h and 48 h were 1278 uym? and 789 um?, respectively. However, the CP group
does not exhibit a considerable difference in the wound areas after 24 and 48 h,

which are respectively 2038 ym? and 1461 um?2 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.

A2)

D1)

D2)

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.

27



3000,00 Time

Aa Aa Aa Aa Aa Aa [ Immediate
Ab & 24h
B 38h
bl
E 200000
2 Ac
# o
s Bb
Bc
£ Be Cb
§ 1000,00 8b
@
2
L~ 4
00
DMEM DMSO TNF-a CP BBP BGP

Experimental groups

Figure 8: Mean absolute values of the wound area in ym? 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 pg/mL for F. nucleatum CI (22 ug/mL), P. micra Cl (25
Mg /mL), P. intermedia Cl (1.56 pg/mL), P. gingivalis Cl (12.5 pg/mL), P.
endodontalis ATCC (100 ug/mL), P. nigrescens ATCC (25 pg/mL), and P.
melaninogenica ATCC (3.12 pg/mL). Moreover, BBP demonstrates effective
bactericidal activity, as evidenced by the MBC values against P. micra CI (25
pg/mL) and F. nucleatum CI (25 ug/mL). However, the MIC values of BBP are
lower than its MBC for P. micra IC (25/25 ug/mL); P. intermedia Cl (1.56/12.5
pg/mL); P. gingivalis Cl (12.5/50 ug/mL); P. endodontalis ATCC (100/>400
pMg/mL); P. nigrescens ATCC (25/50 pg/mL); and P. melaninogenica ATCC
(3.12/6.25 pg/mL), indicating a bacteriostatic effect.
28



Table 1 lists the calculated Sl values. They were obtained from IC50 values
being 454.55 pg /ml and 646.83 pg /ml for BBP and, respectively. BGP exhibits
S| values exceeding 10 for P. micra Cl (414.6) and BBP exhibits S| values
above 10 for F. nucleatum CIl (18.1), P. micra Cl (291.3), P. gingivalis Cl (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 pg/mL), and selectivity index (SI) for Brazilian brown and

green propolis

Bacteria BGP BBP BGP BBP
MIC/MBC MIC/MBC Si Si
Actinomyces viscosus ATCC 43146 >400/>400 >400/>400 - -
Fusobacteria nucleatum (Cl) 400/400 25/25 1.61 18.18
Parvimonas micra (Cl) 1.56/1.56 1.56/12.5 41410 291.37
Porphyromonas endodontalis ATCC 35406 >400/>400 100/>400 - 4.54
Porphyromonas gingivalis (Cl) 200/>400 12.5/50 3.23 36.36
Prevotella intermedia (Cl) 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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tools®. 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

effects™, 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 ug/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 ug/ mL does not
exhibit any cytotoxicity against normal renal cell lines even after 48 h of
contact?®. 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 cells®. 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 pg/mL concentration, not only maintained but also positively stimulated
34.6% cell viability with respect to that in DMEM control group'. In addition,
intra and extracellular pH acid-base imbalance and the chemical composition of
new materials can negatively affect cell metabolism, function, proliferation, and
repair’’. 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

30



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 destruction®'®2. 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 cells®*>. The result is also consistent with that of another study that
observed a low production of free radicals in human pulp cells™ after direct
contact with Brazilian red propolis. In the present study, the TNF-a 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-a, act by maintaining a safe
environment for pulp cells without inducing inflammation*. 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
production®.

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 pulpz. 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 ug/mL against P. melaninogenica, P. nigrescens, P.
gingivalis, P. intermedia, P. micra, and F. nucleatum?.
Sa et al. evaluated the antibacterial activity of an aqueous extract of BGP,
reported that BGP exhibited an MIC of 5§56 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
pg/mL, than the values reported in the previous study for the same anaerobic
bacteria®’. The difference in the values can be attributed to the presentation of
the material. The previous study>’ 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
genes®.
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 ug/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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IntrodugSo:

A pulpotomia consiste na remogdo da polpa coronaria de dentes deciducs e permanentes jovens em casos
de exposigdo pulpar por lesfes cariosas extensas, traumas ou iatrogenias e, desta forma, atua na
preservacio da polpa radicular através da utilizagio de um material biocompativel1. O agregado tridxido
mineral (MTA) & o padrdo ouro para pulpotomias, apresenta estimulo & diferenciagio cdontogénica e
auséncia de toxicidade.

Contudo, possui limitagies relacionadas & alteragSo de cor, tempo de presa extenso, custo elevado e
atividade anti-inflamatdria reduzida2 3 A propolis brasileira se trata de um conjunto de materiais resinosos
coletados de diferentes fontes vegetais & elaborada por abelhas da espécie Apis mallifera a partir de
exsudatos resinosos de cascas e botdes florais que sdo biomodificados pela adicdo de cera e pela agdo da
enzima 13- glicosidase presente nas secregies salivares das abelhas4-6. A composigio quimica da propolis
& complexa e varia de acordo com a fiora da regido de onde & produzida?, assim como a época da coleta e
caracteristicas genéticas da abelha produtora o que influencia diretamente nos principios ativos presentes,
refletindo na atividade biclogica e farmacéutica que os diferentes produtos apresentam®.Os principais
componentes da propolis brasileira consistem em resinas e balsamos aromaticos, ceras, oleos essenciais,
graos de polen, compostos fendlicos (Aavoncides e acidos fendlicos), minerais e vitaminas. Apesar da ampla
variedade da propolis brasileira a qual € classificada em diferentes tipos considerando
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caracteristicas quimicas, espécie produtora e diversidade do clima no pais, sendo do tipo 1 ac 13, a propolis
vermelha, marmom e verde s3o0 alvos da maioria dos estudos relacionados s propriedades desse produtod.
A propolis vermelha brasileira (PWVB) encontrada no litoral nordesting difere dos demais tipos devido & sua
origem, a qual se deriva principalmente do exsudato resinoso vermelho da superficie da Dalbergia
ecastophylium10. Atividade antimicrobiana, antifingica, anti-inflamatdria, antioxidante e efeito citotoxico
frente a linhagens tumorais ja foram descrites11,12. Acreditase que fal potencial se dé em relagdo ao
sinergismo existente enfre os seus componentes da classe isoflavondides, compostos estes que ndo sio
encontrados nas demais propolis13.A propolis verde brasileira (PVEB) € a espécie mais investigada e,
também, a mais popular. E encontrada no sudeste brasileiro e possui como principio ativo a artepelina G e
se origina a partir da Baccharis dracunculifolial 1. Observou-se que a PVEB foi capaz de inibir a progressao
de cancer pulmonari4, atividade antiviral15 e atividade anticariogénica contra Streptococus mutans,
Streptococus

sohrinus, Streptococus salivaris, Streptococus sanguinis e Lactobacillus caseil,17, assim como agio
antifiingica em relagdo & Candida albicans18.Apesar de comprovada antigenotoxicidade18,20, atividade
antimicrobiana?1,22 e antioxidante23,24, a propolis marmom brasileira (PMB) ndo & t3o investigada quanto &
verde e vermelha. E encontrada no sul do Brasil, apresenta sua composigio quimica principalmente em
benzofenconas poli-isopreniladas e t8m crigem botdnica a partir da Clusiarosea pertencente a familia
Gutiiferae25. Em ensaio in vitro3 com células pulpares humanas, viu-se que a propolis brasileira exibiu
viabilidade celular similar ao MTA e, além disso, mostrou-se capaz de induzir nodulos de mineralizagsio &
atividade anti-inflamatoria superiores. A escolha do material nas pulpotomias ira influenciar na longevidade
do dente afetado, portanto, o presente estudo pretende comparar as propriedades bioldgicas da PVB, PVEB
e PMB e do MTA em contato direto com células pulpares humanas, assim como testar a atividade

bactericida das propolis em relagS8o a nove bactérias envelvidas na infecgdo endoddntica primaria.
Hipotese:
As propolis brasileiras testadas ndo apresentardo citotoxicidade as células pulpares e terdo alta atividade

bactericida para as bactérias envolvidas na infecgio endoddntica inicial.

Metodologia Proposta:
Obtengdo das linhagens celulares Com o intuito de prevenir o contagio pelo novo coronavinus, a
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preservacio da polpa radicular através da utilizagio de um material biocompativel1. O agregado tridwido
mineral (MTA) & o padrdo ouro para pulpotomias, apresenta estimulo & diferenciagio cdontogénica e
auséncia de toxicidade.

Contudo, possui limitagies relacionadas & alteragSo de cor, tempo de presa extenso, custo elevado e
atividade anti-inflamatéria reduzida2, 3 A propolis brasileira se trata de um conjunto de materiais resinosos
coletados de diferentes fontes vegetais e elaborada por abelhas da espécie Apis mallifera a partir de
exsudatos resinosos de cascas e botdes florais que sdo biomodificados pela adigio de cera e pela agio da
enzima 13- glicosidase presente nas secregbes salivares das abelhas4-8. A composigio quimica da propolis
& complexa e varia de acordo com a flora da regiSo de onde & produzida?, assim como a época da coleta e
caracteristicas genéticas da abelha produtora o que influencia diretamente nos principios ativos presentes,
refletindo na atividade biclogica e farmacéutica que os diferentes produtos apresentam®_Os principais
componentes da propolis brasileira consistemn em resinas e balsamos aromaticos, ceras, oleos essenciais,
graos de polen, compostos fendlicos (Aavonoides e acidos fendlicos), minerais e vitaminas. Apesar da ampla
variedade da propolis brasileira a qual € classificada em diferentes tipos considerando
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utilizagio de mascara PFF2/N85, dculos de protegio, gomo, luvas e avental descartavel serdo obrigatorios
durante a anamnese e no momento de coleta das amostras, além de disponibilizagio de alcool em gel para
higienizagio das maos para toda a equipe. Apés aprovagio do presente estudo de cunho laboratorial ou “in
vitro”, 05 pesquisadores se direcionardo A Clinica de Cirurgia da Faculdade de Cdontologia da Universidade
Federal de Uberandia, a qual possui pacientes cadastrados por demanda

espontidnea para excdontia de terceiros molares, e assim, abordar-se-a trés pacientes no momento da
anamnese conduzida pelo aluno responsavel com o Instrumento de coleta de dados e o Termo de
Consentimento Livre e Esclarecido (TCLE) para que um total de trés terceiros molares possam ser obfidos.
0 dente sera levado imediatamente ao laboratorio imerso em solugio apropriada. Com a ufilizagio de alta-
rotagdo e irigagdo constante, os dentes serdo submetidos a um desgaste cervical e levados ao fluxo
laminar, onde serdo divididos ac meio com o auxilic de dois forcepses. Os remanescentes dentais serdo
devidamente descartados e o tecido pulpar de cada dente serd mecanicamente removido e, desta forma,
submetido

ao isolamento das células, a partir da técnica de explante tecidual. Independentemente da condigdo pulpar,
todos os dentes serdo devidamente descartados em local apropriado. .Iai.qLEIEE tecidos que se apresentarem
com aspecio necrotico,

ndo serdo submetidos A técnica de isolamento das células pois a polpa de coloragio avermelhada possui
um maior nimero de células vidveis.

O ndmerc amostral de trés participantes se justifica pelo fato de que as células pulpares humanas
apresentam otima taxa de proliferagio. Diante disso, € possivel utilizar as células de um mesmo doador
para diferentes metodologias. Adicionalmente, estudos prévios tém utilizado nimers amostral semelhante26
-30.

Distribuigio dos grupos experimentais

A PVEB, a PVB e a PMB serdo utilizadas no presente estudo na concentragio de 15 mg/mL aplicadas
diretamente sobre as células pulpares humanas em diferentes concentragbes. As células pulpares serdo
semeadas em placas de 98 pogos (20.000/pogo) e apds 24 h, submetidas & aplicagio direta dos materiais:
FVEB, PVB e PMB, MTA (1:1, 1:2, 1:4 e 1:8), DMS0 0,5% e DMEM (grupo controle).

Cada grupo experimental serd composto por células de todos os doadores, ou seja, em um total de
compartimentos por grupo, trés compartimentos conterdo as células do doador 1, trés
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Apresentagio do Projeto:

IntrodugSo:

A pulpotomia consiste na remogdo da polpa coronaria de dentes deciducs e permanentes jovens em casos
de exposigdo pulpar por lesfes cariosas extensas, traumas ou iatrogenias e, desta forma, atua na
preservacio da polpa radicular através da utilizagio de um material biocompativel1. O agregado tridxido
mineral (MTA) & o padrdo ouro para pulpotomias, apresenta estimulo & diferenciagio cdontogénica e
auséncia de toxicidade.

Contudo, possui limitagies relacionadas & alteragSo de cor, tempo de presa extenso, custo elevado e
atividade anti-inflamatdria reduzida2 3 A propolis brasileira se trata de um conjunto de materiais resinosos
coletados de diferentes fontes vegetais & elaborada por abelhas da espécie Apis mallifera a partir de
exsudatos resinosos de cascas e botdes florais que sdo biomodificados pela adicdo de cera e pela agdo da
enzima 13- glicosidase presente nas secregies salivares das abelhas4-6. A composigio quimica da propolis
& complexa e varia de acordo com a fiora da regido de onde & produzida?, assim como a época da coleta e
caracteristicas genéticas da abelha produtora o que influencia diretamente nos principios ativos presentes,
refletindo na atividade biclogica e farmacéutica que os diferentes produtos apresentam®.Os principais
componentes da propolis brasileira consistem em resinas e balsamos aromaticos, ceras, oleos essenciais,
graos de polen, compostos fendlicos (Aavoncides e acidos fendlicos), minerais e vitaminas. Apesar da ampla
variedade da propolis brasileira a qual € classificada em diferentes tipos considerando
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Avaliagio dos Riscos e Beneficios:

Riscos:

Em relagio 4 exodontia de terceiros molares, tal procedimento pode acametar em complicagies a0 paciente,
como hemomagia, alveolite, infecgio, fratura radicular, parestesia, fratura mandibular e lesio aos dentes
vizinhos. Fatores que podem influenciar na origem de algum tipo de complicagio como idade do paciente e
seu estado de salde, género, grau de impacgdo do dente, experiéncia do cirurgido, tabagisme, use de
medicagio anticoncepcional, qualidade da higiene oral, técnica cirlrgica, entre cutros, serdo detectados
durante a anamnese e caso algum fator agravante seja detectado, a cirurgia sera contraindicada. Para que
esses rscos sejam minimizados, a técnica cinirgica sera realizada de forma cautelosa, evitando a
dilaceragio dos tecidos & um longo periodo de exposicio ao procedimento cinirgico. Caso alguma das
complicagbes citadas ocoma, os pesquisadores se responsabilizardo pele atendimento & acompanhamento
do caso até que o quadro do participante apresente melhoras. As células da polpa dentaria serdo ufilizadas
Unica e exclusivamente para o presente estudo e ndo serdo realizados procedimentos com outras
finalidades. Com

o chjetive de minimizar o risco de identificagio dos pacientes, sera afribuido um codigo numérico para cada
participante/dente, o qual sera utilizado para controle no amazenamento das celulas. Alem disso, nenhum
dado que favorega a identificagdo dos pacientes sera coletado (ex: nome, nimero de documento,

enderego.

Beneficios:

M3o ha beneficio direto ao participante da pesguisa, porém os testes realizados irSo confribuir para que,
futuramente, esses produtos naturais possam ser utilizados na dinica cdontolégica de mode a melhorar a
reparagio das células pulpares humanas afetadas por care ou trauma dental. O paciente & livre para deixar
de participar da pesquisa a gualguer momento sem gualguer prejuizo ou coagio. Até o momento da
divulgagio dos resultades, ele tamb&m sera livre para solicitar a retirada dos seus dados da pesquisa.

Comentarios e Consideragtes sobre a Pesquisa:
Pendéncias atendidas apontadas no parecer anterior:

1) Descrever as medidas tomadas para evitar o contagio pela COVID-19 (participants & equipe executora)
durante o pericdo de coleta de dados.
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RESPOSTA DO PESQUISADOR:

Obrigado pela orientagio, trata-se de algo extremamente importante. Abaixo, segue o trecho adicionado ao
projeto:

Pagina 4, Segio: Material e Métodos, Item 2.2 Obtengdo das linhagens celulares, primeiro paragrafo: “Com
o intuite de prevenir o contagio pelo novo coronavirus, a utilizagio de mascara PFF2/M85, dcules de
protegdo, gomo, luvas e avental descartavel serdo obrigatorios durante a anamnese & no momento de coleta
das amaostras, além de disponibilizagio de slcool em gel para higienizagio das maos para toda a equipe.”

2} Justificar o nimero amaostral. Por que apenas 3 participantes?

RESPOSTA DO PESQUISADOR:

Pagina 5, Segdo: Material e Métodos, tem 2.2 Obtengio das linhagens celulares, terceiro paragrafo: "0
numers amostral de trés participantes se justifica pelo fato de que as celulas pulpares humanas apresentam
ofima taxa de proliferagio. Diante disso, & possivel ulilizar as células de um mesmo doador para diferentes
metodologias. Adicionalmente, estudos prévios tém utilizado ndmero amostral semelhante26-30°.

Referéncias ufilizadas na Pendéncia 2:

1. Bonvicini JFS, Basso FG, de Souza Costa CA, Soares CJ, Tumioni AP. Photobiomodulation effect of
red LED (@30 nm) on the free radical levels produced by pulp cells under stress conditions. Lasers Med Sci.
2021 Apr 7. doi: 10.1007/s10103-021-03308-x. Epub ahead of print. PMID: 32828014.

2. de Souza GL, Moura CCG, Silva ACA, Marinho JZ, Silva TR, Dantas MO, Bonvicini JFS, Turrioni AP.
Effects of zinc oxide and calcium-doped zinc oxide nanocrystals on cytoloxicity and reactive cxygen species
production in different cell culture models. Restor Dent Ended. 2020 Oct 18:45(4):e54. doi:
10.5395/rde.2020.45.e54. PMID: 33284419; PMCID: PMCTE91257.
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3. Oliveira LV, da Silva GR, Souza GL, Magalhdes TEA, Barbosa GLR, Tumioni AP, Moura CCG. A
laboratory evaluation of cell viability, radiopacity and tooth discoloration induced by regenerative endodontic
materials. Int Ended J. 2020 Aug;53(8):1140-1152. doi: 10.1111/iej.13308. Epub 2020 May 21. PMID:
32299123,

4. de Souza, G. L., Almeida Silva, A. C., Dantas, M. ., Silveira Turrioni, A. P., & Moura, C. C. G. (2020).
Cytotoxicity and Effects of a New Calcium Hydroxide Manoparticle Material on Production of Reactive
Oxygen Species by LPS-5timulated Dental Pulp Cells. Iranian Endedontic Journal, 15(4), 227-235.
hitps:fidoi.org! 10.22037fiej.v15i4.28942

3) Em relagSo a metodologia, ndo esta descrito o fipe de estudo que seri realizadao.

RESPOSTA DO PESQUISADOR:

Pagina 4, Segio: Material e Métodos, ltem 2.2 Obtengio das linhagens celulares, primeiro paragrafo: ™.
Apos aprovagao do presente estudo de cunho laboratorial ou “in vitro®, os pesquisadores se direcionardo a
Clinica de Cirurgia da Faculdade de Odoniologia da Universidade Federal de Ubedandia "

4) Em relagdo aos participantes, apresentar um plano de abordagem e recrutamento dos doadores dos
dentes: ndo ha descrigio de como eles serdo convidados(as) para participar da pesquisa; em gue momento
o5 pacientes elegiveis serdo abordados sobre a exodontia; descrever o local que ocorrera essa abordagem
e o registro de TCLE.

RESPOSTA DO PESQUISADOR:

Pagina 4, Secdo: Material e Métodos, Item 2.2 Obtenco das linhagens celulares, primeiro paragrafo: °...
Apos aprovagio do presente estudo de cunho laboratorial ou “in vitro®, os pesquisadores se direcionario a
Clinica de Cirurgia da Faculdade de Odontologia da Universidade Federal de Uberldndia, a qual possui
pacientes cadastrados por demanda espontines para exodontia de terceiros molares, & assim, abordar-se-a
trés pacientes no momenio da anamness
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conduzida pelo aluno responsavel com o Instrumento de coleta de dados e o Terme de Consentimento Livre
e Esclarecido (TCLE) para que um total de trés terceiros molares possam ser obtidos.”

§) Considerando a descrigio de coleta & armazenagem do material, o pesquisador ira utilizar o dente
apenas para realizar a cultura de celular. Apresentar uma declaragio de armazenamento de material do tipo
Biorepositorio, destacando o tempo de guarda antes do descarte.

RESPOSTA DO PESQUISADOR:
0 documento foi apresentado.

8) Em relagio aos métodos nio esta descrito qual o desfecho elou destino que sera dado ao dente que
apresentar o tecido pulpar nao viavel para analise;

RESPOSTA DO PESQUISADOR:

Todos os dentes sio devidamente descartados em local apropriado logo apds a remogao do tecido pulpar
independente da condigio que a polpa se apresente. O paragrafo abaixo foi reformulado para atender a
demanda apresentada:

Pagina 4, Segao: Material e Métodos, ltem 2.2 Obtengio das linhagens celulares, segundo paragrafo: "0
dente serd levado imediatamente ao laboratdrio imerso em selugdo apropriada. Com a utilizagdo de alta-
rotagdo e irmigagdc constante, os dentes serdo submetidos a um desgaste cervical e levados ao fluxe
laminar, onde serdo divididos ao meio com o auxilic de dois forcepses. Os remanescentes dentais serdo
devidamente descartados e o tecido pulpar de cada dente serda mecanicamente removido e, desta forma,
submetido ao isolamento das células, a partir da técnica de explante tecidual. Independentemente da
condigdo pulpar, todos os dentes serdo devidamente descartados em local apropriado. Anueles tecidos que
e apresentarem com aspecto necrotico, ndo serdo submetidos & técnica de isolamento das células pois a
polpa de coloragSo avermelhada possui um maior ndmero de células viaveis.”
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7) Em relagdo aos métodos ndo esta descrito como que ocomera a randomizagdo entre grupo controle e
expermental.

RESPOSTA DO PESQUISADOR:

Pagina 5, Segio: Material e Métodos, ltem 2.3 Distribuigio dos grupos experimentais, segundo paragrafo:
“Cada grupo experimental sera composto por células de todos os doadores, ou seja, em um total de 8
compartimentos por grupo, trés compartimentos conterdo as células do doador 1, trés compartimentos
conterdo ceélulas do doador 2, e oufros trés compartimentos conterdo células do doador 3. As mesmas
células utilizadas para realizar o plagueamento dos grupos experimentais sero as mesmas do controle. Os
grupos experimentais & controles serdo: PVB (DMEM sem soro + Propolis wvermelha), PVEB (DMEM sem
soro + Propolis verde), PMB [DMEM sem soro + Propolis marrom), MTA (DMEM sem soro + DMSO 0,5%),
Controle negativo (DMEM sem soro + DMSO 0,5%), Controle pasitive ([DMEM sem soro).”

8) Em relagio aos métodos, no item 2.4, ndo esta descrito qual o desfecho elou destino sera dado ao

material com concentragio ndo satisfatoria.

RESPOSTA DO PESQUISADOR:

Para que possamos trabalhar com concentrages que mantenham as células pulpares viaveis, se faz
necessario realizar o teste de MTT para que se possa descobrir quais das concentragies poderdo ser
utilizadas nos experimentos sem prejuizo as células, portanto, a analise de 1C50 € requerida para determinar
o dtimo pardmetro e assim, prosseguir o estudo com a utiizagio de concentragies adequadas. Ao final de
cada procedimento, a placa de 86 pogos € descartada em local apropriado uma vez que a analise ja foi
realizada e os dados quantitativos obtidos. Portanto, segue a adigdo da sentenga abaixo:

Pagina 6, Secio: Material e Métodos, Item 2.4 Testes, primeino paragrafo: *... Apds a realizagdo de cada
teste, as placas contendo as culturas celulares avaliadas serdo descartadas em looo proprio para material
contaminado.”
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Apresentagio do Projeto:

IntrodugSo:

A pulpotomia consiste na remogdo da polpa coronaria de dentes deciducs e permanentes jovens em casos
de exposigdo pulpar por lesfes cariosas extensas, traumas ou iatrogenias e, desta forma, atua na
preservacio da polpa radicular através da utilizagio de um material biocompativel1. O agregado tridxido
mineral (MTA) & o padrdo ouro para pulpotomias, apresenta estimulo & diferenciagio cdontogénica e
auséncia de toxicidade.

Contudo, possui limitagies relacionadas & alteragSo de cor, tempo de presa extenso, custo elevado e
atividade anti-inflamatdria reduzida2 3 A propolis brasileira se trata de um conjunto de materiais resinosos
coletados de diferentes fontes vegetais & elaborada por abelhas da espécie Apis mallifera a partir de
exsudatos resinosos de cascas e botdes florais que sdo biomodificados pela adicdo de cera e pela agdo da
enzima 13- glicosidase presente nas secregies salivares das abelhas4-6. A composigio quimica da propolis
& complexa e varia de acordo com a fiora da regido de onde & produzida?, assim como a época da coleta e
caracteristicas genéticas da abelha produtora o que influencia diretamente nos principios ativos presentes,
refletindo na atividade biclogica e farmacéutica que os diferentes produtos apresentam®.Os principais
componentes da propolis brasileira consistem em resinas e balsamos aromaticos, ceras, oleos essenciais,
graos de polen, compostos fendlicos (Aavoncides e acidos fendlicos), minerais e vitaminas. Apesar da ampla
variedade da propolis brasileira a qual € classificada em diferentes tipos considerando
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O protocolo nio apresenta problemas de éfica nas condutas de pesquisa com seres humanos, nos limites

da redagio e da meiodologia apresentadas.

Data para entrega de Relatoro Final a0 CEPUFU: AGOSTOM022.

* Tolerdncia maxima de 01 més para atraso na enfrega do relaténio final.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacio
Informagdes Basicas | PB_INFORMACOES_BASICAS DO_P 13072021 Aceito
do Projeto ROJETO 1757887 pdf 16:31:22
Outros Resposta_Parecer CEP.docx 10/072021 |Ana Paula Turmiocni Aceito
08:25:38 | Hidalgo

Outros Instrumento_coletadados.docx 10/072021 |Ana Paula Turmiocni Aceito
08:24:52 [Hidalgo

Declaragdo de Declaracao_Biomepositorio.pdf 10/072021 |Ana Paula Turmioni Aceito

Manuseio Material 02:24:31 |Hidalgo

Biolagico |

Biorepositrio /

Biobanco

Projeto Detalhado ! | projeto_propolis_comigido.docx 10/07/2021 |Ana Paula Turrioni Aceito

Brochura 08:24:18 |Hidalgo

Investigador

Cutros Curriculo_Lafttes. pdf 20/05/2021 |Ana Paula Turrioni Aceito
14:35:04 |Hidalgo

TCLE [ Termos de | TCLE_adulto. pdf 20/05/2021 |Ana Paula Turricni Aceito

Assentimento / 14:34:41 Hidalgo

Justificativa de

Ausencia

Declaragdo de Equipe_Executora_assinaturas. pdf 20/052021 |Ana Paula Turriocni Aceito

Pesquisadores 14:33:18  |Hidalgo

Folha de Rosto Folha_rosto_assinaturas. pdf 20/05/2021 |Ana Paula Turrioni Aceito
14:31:51  |Hidalgo
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IntrodugSo:

A pulpotomia consiste na remogdo da polpa coronaria de dentes deciducs e permanentes jovens em casos
de exposigdo pulpar por lesfes cariosas extensas, traumas ou iatrogenias e, desta forma, atua na
preservacio da polpa radicular através da utilizagio de um material biocompativel1. O agregado tridxido
mineral (MTA) & o padrdo ouro para pulpotomias, apresenta estimulo & diferenciagio cdontogénica e
auséncia de toxicidade.

Contudo, possui limitagies relacionadas & alteragSo de cor, tempo de presa extenso, custo elevado e
atividade anti-inflamatdria reduzida2 3 A propolis brasileira se trata de um conjunto de materiais resinosos
coletados de diferentes fontes vegetais & elaborada por abelhas da espécie Apis mallifera a partir de
exsudatos resinosos de cascas e botdes florais que sdo biomodificados pela adicdo de cera e pela agdo da
enzima 13- glicosidase presente nas secregies salivares das abelhas4-6. A composigio quimica da propolis
& complexa e varia de acordo com a fiora da regido de onde & produzida?, assim como a época da coleta e
caracteristicas genéticas da abelha produtora o que influencia diretamente nos principios ativos presentes,
refletindo na atividade biclogica e farmacéutica que os diferentes produtos apresentam®.Os principais
componentes da propolis brasileira consistem em resinas e balsamos aromaticos, ceras, oleos essenciais,
graos de polen, compostos fendlicos (Aavoncides e acidos fendlicos), minerais e vitaminas. Apesar da ampla
variedade da propolis brasileira a qual € classificada em diferentes tipos considerando
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