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ABSTRACT

INTRODUCTION: Bacterial invasion is an important concern in dental therapy procedures. Oral bacteria, such as
Enterococcus faecalis (E. faecalis) and Streptococcus mutans (S. mutans) could be more virulent in dysbiosis condition.
Utilization of anti-microbial agent, e.g., chlorhexidine digluconate (CHX), is commonly applied for bacterial control
in dental practice, since it harbors significant bacterial eradication. However, bio-compatibility concerns arise along
with chemical anti-microbial agent towards surrounding tissues. Propolis, with its’ various bio-active compounds is
reported to inhibit bacterial growth without artificial chemical substance, and making it as a promising alternative
anti-microbial agent.

OBJECTIVES: This study aimed to evaluate anti-bacterial capacity of the propolis compound and its’ cyto-toxic
effects against human fibroblast.

MATERIAL AND METHODS: 0.1% and 1% of both ethanolic- (EEP) and water-based (WEP) compounds of local
propolis were prepared prior to experimental procedures. Both E. faecalis ATCC 29212 and S. mutans ATCC 25175
were measured at 625 nm for McFarland’s initial adjustment, and turbidity at 600 nm for growth evaluation and anti-
bacterial activity. Cyto-toxic effects of both extracts towards fibroblast cells were evaluated through cells viability
test using MTS method. Shapiro-Wilk test was performed followed by ANOVA, t-test, or Mann-Whitney U-test.
REsuLTS: It showed that the EEP tended to be more toxic than the WEP against human fibroblast cells in higher con-
centrations. Both 1% of WEP and EEP showed significant bacterial inhibitory activities against E. faecalis and S. mutans.
ConcLusIoNs: These findings suggest the enhanced possibility of propolis-based compound as a promising den-
tal anti-microbial agent.

KEY WORDS: Enterococcus faecalis, Streptococcus mutans, dysbiosis, water-based propolis, ethanolic-based propolis,
bio-compatibility.
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INTRODUCTION lence factors, playing a role in damaging the structure
of tooth. Enterococcus faecalis and Streptococcus mutans

Pathogenic bacterial infection is one of the critical  are involved in dental caries, periodontal tissue infec-
causes for tooth decay. Bacteria secretes various viru-  tions,and persistentinfectionsin endodontic tissue [1,2].

JOURNAL OF

. A . . ADDRESS FOR CORRESPONDENCE: Arya Adiningrat, Oral Biology
\ and Biomedical Sciences, Universitas Muhammadiyah Yogyakarta, Brawijaya,

CZ‘AS'OPIVSMO STOMATOLOGICZNE 55183, Bantul, Indonesia, e-mail: adiningrat@umy.ac.id
RECEIVED: 18.10.2022 « ACCEPTED: 28.01.2023 « PUBLISHED: 20.06.2023

9%



Evaluation of bio-compatibility and effectiveness of propolis Tetragonula sp. as dental anti-microbial agent

In the attached biofilm, they strongly exhibit an acidic
environment on the tooth surface, which in turn de-
grades in-organic structure, while proteolytic activities
degrade the organic structure of tooth. Furthermore,
they tend to be more protected from anti-bacterial
agents in complexed or matured bio-film form [1, 3, 4].
It could also promote endodontic failure in the per-
sistent bacterial dysbiosis.

Chlorhexidine digluconate (CHX) is commonly
used as an anti-bacterial agent due to its’ effectiveness
and ability in reducing oral pathogenic bacteria [5, 6].
Several concentrations from 0.06% to 1% have been used
in daily dental practice all over the world [5]. Unfortu-
nately, in some reports, CHX is still harboring a concern
due to its’ cyto-toxicity effect towards surrounding oral
tissues, even at 0.05% of CHX [7]. Its” cyto-toxicity effect
occurs through the enhanced oxidative stress and inter-
cellular Ca?, impairing mitochondrial function [8].
Therefore, other alternative anti-bacterial proprieties with
less cyto-toxicity effects are always beneficial to be further
investigated.

Recently, propolis has drawn attention due to its’
health benefit effects. It belongs to natural material con-
taining a mixture of resinous plant exudate with bees’ se-
creted compounds, including wax and enzymes, which
are naturally used to improve the hive’s structure and to
protect from outer threats [9, 10]. Propolis composition
varies depending on several factors, such as bee species,
surrounding plants, habitats, and seasons [11]. The main
bio-active partsconsistof phenolicandterpenoids[12,13],
and these substances have been widely reported to have
anti-bacterial activity through affecting bacterial en-
zyme activities, hampering bacterial homeostasis, rad-
icals scavenging activity, and reducing reactive oxygen
species toxicity effect [14-16]. However, the variation in
the exhibited biological effects are also correlated with
the extraction and preparation procedures [17].

Ethanolic propolis extract (EEP) have been showed in
many in-vitro studies to have an anti-bacterial agent and
significant inhibitory capacity against oral bacteria [18, 19].
However, cyto-toxic effect of EEP on surrounding tissues
and cells remains a concern. During conventional bio-ac-
tive compound extraction procedures from its’ raw ma-
terial sources, several type of solvents could be applied;
one of the alternative applicable solvents is water, which is
assumed to be less toxic compared to the other solvents.
The potential usage of propolis as an oral anti-bacterial
with several possible preparation methods could be nec-
essary to be performed in relation to bio-compatibility
issues towards human tissues and cells.

An exploration and descriptive study on propolis
compounds that originally come from Nglipar district,
indicate the total of terpenes and phenolic compounds
reaching 91.77% [20], showing anti-bacterial capacity
[21, 22]. According to the best of our knowledge, no
prior studies were found published on the anti-bacterial
activity of water-based propolis extract (WEP) and cyto-

toxic effect of the local propolis. Therefore, we would like
to evaluate whether WEP from stingless bee Tetrago-
nula sp. in Nglipar, Gunungkidul, Daerah Istimewa
Yogyakarta, has a preferable anti-bacterial ability rath-
er than EEP, without causing a pronounced cyto-toxic
effect on the human cells. It was assumed that WEP
may provide the similar anti-bacterial capacity with
less cyto-toxic effect compared with EEP. This research
could be considered as the first evaluation study formu-
lating the preferable application of propolis-based me-
dicament in both anti-bacterial and cyto-toxic effects.
Hopefully, the results of this study would strengthen
the existing knowledges about the usage of propolis-
based material as a potential supporting medicine in
oral bacterial control approaches.

OBJECTIVES

This study aimed to evaluate anti-bacterial capaci-
ty of the propolis compound and its’ cyto-toxic effects
against human fibroblast.

MATERIAL AND METHODS

ETHICAL CLEARANCE

The research protocol has met the feasibility accord-
ing to the Health Research Ethics Committee of the Fac-
ulty of Medicine and Health Sciences, UMY (No. 049/
EC-EXEM-KEPK FKIK UMY/IV/2022).

MATERIALS

Raw materials of propolis were obtained from an api-
ary in Nglipar, Gunungkidul, Daerah Istimewa Yogya-
karta. Isolates of bacteria E. faecalis ATCC (American
type culture collection) 29212, S. mutans ATCC 25175,
and human dermal fibroblasts-adult (HDFa) cell culture
(Gibco C-013-5C, USA) were used, and technical labo-
ratories and experimental procedures were supported by
Molecular Medicine and Therapy laboratory of the Fac-
ulty of Medicine and Health Sciences (MMT FKIK) Uni-
versitas Muhammadiyah Yogyakarta.

PROPOLIS EXTRACT

Extract materials were prepared according to previous
studies [19, 23], with some modifications in grinding and
filtering process. Raw propolis was soaked in the liquid
nitrogen and cut into smaller pieces, then grinded.
Grinded propolis was stirred in 40% ethanol for EEP
or distilled water for WEP for 48 hours at room tem-
perature. The obtained propolis were then filtered using
Whatman filter paper and evaporated in drying oven
(Biobase, China) at 37°C. The extracted propolis was
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dissolved in the brain heart infusion media (BHI, Oxoid,
UK) or Dulbeccos modified eagle medium (DMEM,
Capricorn Scientific, Germany) supplemented with 10%
fetal bovine serum (FBS, Capricorn Scientific, Germany)
for anti-bacterial or cyto-toxicity analysis, respectively.
Mixtures were centrifuged at 10,000 rpm for 10 min at
RT (Biocen, Ortho Alresa, Spain). Supernatants were fil-
tered using a 0.22 pm filter (Himedia, India), and then
diluted into a final concentration of 0.1% and 1%.

BACTERIAL COLONIES PREPARATION

McFarland’s standard solution was prepared by dis-
solving 1% BaCl, in 1% H,SO, into several McFarland
scales: 0.5, 1, 2, 3, 4, and 5. The standard was measured
at 625 nm, and the value was used to create a linear re-
gression formula (R? = 0.999, y = 0.2626x — 0.01904).
E. faecalis ATCC 29212 and S. mutans ATCC 25175 cul-
tures were measured at the same wavelength as the ini-
tial standard. Optical densities (OD) were converted
into McFarland’s standard.
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FIGURE 1. Growth curves of Enterococcus faecalis (Ef) (A)
and Streptococcus mutans (Sm) (B), respectively, in EEP
and WEP solutions. The OD at 600 nm was determined
as bacterial turbidity. Each indicated points represented
the mean value, while the SEM value was showed as
an error bar on each graph

ANTI-BACTERIAL ACTIVITY

Both E. faecalis ATCC 29212 and S. mutans ATCC
25175 were cultured in BHI media and shaken overnight
at 37°C. Bacterial cultures were then adjusted to 1 McFar-
land (equivalent to 3 x 10° colony forming unit (cfu/ml)
at 625 nm (Halo RB-10, Dynamics, UK). Cultured
bacterial suspension was added to culture media con-
taining propolis for further 6 hours for E. faecalis, and
12 hours for S. mutans incubation at 37°C. Bacterial tur-
bidity was re-evaluated every 2 hours at 600 nm.

CYTO-TOXICITY ANALYSIS (3-(4,5-DIMETHYLTHIAZOL-
2-YL)-5-(3-CARBOXYMETHOXYPHENYL)-
2-(4-SULFOPHENYL)-2H-TETRAZOLIUM-MTS METHOD)

HDFa cells were maintained in DMEM supplement-
ed with 10% FBS and seeded in a 96-well culture plate
until they reached around 75% cells confluency evenly.
EEP or WEP was then added to the culture plate and in-
cubated for 4 and 8 hours. After completing incubation
time, the culture media was removed prior to CellTiter
96° aqueous one solution reagent (Promega, USA) incu-
bation for 4 hours. The absorbances were measured at
490 nm (iMark™ microplate reader, Bio-Rad, USA).

STATISTICAL ANALYSIS

All data were analyzed using GraphPad Prism 9.3.1
(GraphPad Software, USA). Shapiro-Wilk normality test
was then initially performed; if the data were normally
distributed, ANOVA and Dunnet as a post-hoc or Stu-
dent’s t-test were further applied. Otherwise, it would be
analyzed using Mann-Whitney U-test. Data were stated
as mean =+ standard error of the mean (SEM), with a sig-
nificance level for each annotation: ns — non-significant;
*p <0.05; **p < 0.01; ***p < 0.001; *p < 0.0001.

RESULTS

ANTI-BACTERIAL ACTIVITY OF PROPOLIS EXTRACTS

Bacterial turbidities were measured at 600 nm every
2 hours, 6 hours for E. faecalis and 12 hours for S. mutans,
to construct the growth curve of each bacterium. In Fig-
ure 1, the growth curve of each bacterium is demonstrat-
ed to have similar growth pattern along with the culture
time.

We used two-time points at early and late exponential
growth for anti-bacterial and cyto-toxicity tests. The bac-
teria cultures with similar initial cfu showed no signifi-
cant difference at the early stationary phase (late expo-
nential phase) (Figure 2); although different growth rates
were observed during the exponential phase (Figure 1).
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FIGURE 2. Number of bacterial colonies in late expo-
nential phase. McFarland’s scale values (at OD 625 nm)
converted to cfu/ml (1 McFarland = 3 x 10% cfu/ml).
Ef — Enterococcus faecalis, Sm — Streptococcus mutans

After confirming the growth curves of the bacteria, OD
values were used to determine the anti-bacterial capacity
of EEP and WEP. 1% EEP showed inhibitory capability
towards E. faecalis at early (2 hours) and late exponential
(4 hours) phases (Figure 3A; p < 0.0001 and p = 0.0005,
respectively). Similar result was shown in the 1% WEP
solution (p = 0.0134 and p < 0.0001, respectively).

Furthermore, the anti-bacterial capacity of both EEP
and WEP toward S. mutans was determined at the same
phases as E. faecalis. Interestingly, in both 0.1% and 1%
of EEP and WEP, no effect on S. mutans was shown at
the early exponential phase (Figure 3B); however both 1%
of EEP and WEP showed a significant anti-bacterial ef-
fect at the late exponential phase (Figure 3B; p = 0.0019
and p = 0.0077, respectively).

CYTO-TOXICITY EFFECT OF PROPOLIS EXTRACTS

For further application of safety concern, we con-
ducted MTS analysis to evaluate the effect of both ex-
tracts on cells viability. The MTS procedure was carried
out at 2-time points, i.e., 4 h and 8 h in accordance with
bacterial growing profile. The difference in time points
did not show any significant change. The results suggest-
ed that 1% EEP was responsible for having a significant
cyto-toxicity towards fibroblast cells at 4 h and 8 h (Fig-
ure 3C; p = 0.0014 and p < 0.0001, respectively), with
cells viabilities of 35.998 + 2.773% and 67.371 + 2.558%,
respectively.

DISCUSSION

We used two-time points at early and late exponential
growth for both anti-bacterial analyses. This consideration
come from the preferred trend condition that several types
of bacteria tend to exhibit and increase their virulence
activity during the exponential growth phases [24, 25].
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FIGURE 3. Bacterial turbidity of Enterococcus faecalis after
2 h and 4 h treatments (A), Streptococcus mutans after 4 h
and 8 h treatments (B). Turbidity data represented the OD
mean value of bacteria at 600 nm. Bio-compatibility of
propolis extracts after 4 h and 8 h incubation (C). Feasible
data indicated the absorbance values of each treatment's
formazan reduction compound, which was compared with
control absorbance (untreated group) value to obtain the
viability percentage
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In this study, we utilized E. faecalis and S. mutans as com-
monly known bacteria species in dental health problem.
They were reported to produce antigen I/1I, collagen-bind-
ing, and glucan-binding protein, which thought to have
essential role in dental colonization ability [1, 26, 27].
The 0.1% concentration of the propolis extract was used,
since it had already indicated bacterial inhibitory capac-
ity in a previous study [19], whereas 1% utilization was
a modified concentration from a study, in which it was as-
sumed to show stronger anti-bacterial capacity [28].

The effect of both propolis extracts of EEP and WEP
on E. faecalis seemed to be stronger than that of S. mu-
tans. 1% propolis extract was able to inhibit E. faecalis
since the early of the exponential phase, and still could be
maintained until the late of exponential phase (Figure 3).
However, different effectivity profile was observed to-
wards S. mutans, where 1% EEP and WEP had expected
effects in the late exponential phase (Figure 3). There-
fore, under the same concentration as an ethanolic ex-
tract, water-based extract could provide similar effect.
Moreover, our results exhibited similar pattern of anti-
bacterial capacity against both E. faecalis and S. mu-
tans, as supported by the previous studies that suggested
anti-bacterial activity from both the extracts [29, 30].
Ethanolic propolis tends to have a stronger anti-bac-
terial capacity than water-based propolis, which could
be assumed to be correlated with the higher ethanolic
solvent concentration. The mixture of ethanol and wa-
ter has wider range of polarity; thus, it can extract more
type of compounds than sole water or ethanolic solution
[31, 32]. Phenolic, terpenoid, and remaining compound
of the propolis extract acted synergistically to disrupt
the cellwalland membrane, leadingto cellularleakageand
death [33, 34]. However, the cyto-toxic effect along with
higher ethanolic solvent has to be considered [35-37].
Therefore, these results suggested that both EEP and
WEP might be used as potential anti-bacterial agents.

Cyto-toxicity evaluation showed that 1% EEP was
observed to be toxic for fibroblast cells, regardless
of the exposure duration. On the other hand, 0.1% EEP
showed no cyto-toxic effect on the cells. Thus, accord-
ing to ISO 10993-5:2009 [38], 1% of EEP was considered
toxic because the cells viability percentage was below
70%. In the case of EEP, previous study also suggests
similar tendency with our results in its’ cyto-toxic ef-
fect, even with a lower EEP concentration. This differ-
ence, despite their similar tendency, could be affected
by preparation procedures and some considerations
within cells viability quantification procedures. In this
study, we performed additional filtration using a 0.22
um filter membrane for debris removal during propolis
preparation to eliminate possible contaminant particles
or other excess components within the extract. In a pre-
vious study [19], MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) was utilized assay for
the cells viability test, which can show different pattern
to MTS due to the produced formazan in the MTS as-

say that could be more stabilized than MTT’s formazan,
suggesting sensitivity enhancement of the assay. Apart
from the produced formazan stabilization, there are also
some other possibilities for MTT assay in cellular toxicity
involvement during the assay process due to the differ-
ent tetrazolium compound’s charges, which may affect
the cellular membrane penetrability, and produce for-
mazan crystal solubility problem, which can physically
affect cellular damage [39-41]. Concerning bio-compat-
ibility issue, it was interesting to see that WEP did not
show any cyto-toxic effect towards fibroblast cells even
in 1% propolis solution. This different cyto-toxic effect
on the cells was speculated to be related to the solvent in-
volvement. Some previous reported similar concern due
to this solvent involvement since EEP may yield more
phenolic compound compared with WEP [32]. Another
study also showed that the excess of this phenolic com-
pound confers cyto-toxicity towards normal cell [42].
Taken together, propolis extracts might be used as
a supportive medicament for dental treatment according
to previous studies, which reported the potential effec-
tiveness of propolis in preventing disease advancement
in in-vivo studies. The extracts could be applied as oint-
ment or irrigant formulation [43, 44]. The supportive
medicament or bacterial control agent should not only
consider the effectiveness of anti-bacterial capacity, but
also bio-compatibility properties towards surrounding
tissues. According to our findings, small amount of prop-
olis extract could exhibit significant inhibitory capacity
towards bacterial growth activity by 1% concentration.
This capacity was assumed to be related to active biologi-
cal compounds of propolis, particularly phenolic [11, 31].
In this study, we found that 1% water-based extract can
be used instead of ethanolic-based extract as a safer alter-
native option for propolis-based oral medicament, since
it showed some effectiveness in oral bacteria without
having significant cyto-toxicity effect on human cells.
This study suggest a new insight of local propolis
potential for an effective anti-bacterial agent and tissue-
friendly alternative oral medicament at the same time.
There were some limitations within this study that could
be related to the utilized bacteria, which did not directly
represent the whole oral microbiome to be generalized in
the actual clinical condition. Moreover, this study only cov-
ered the in-vitro perspective of propolis extracts bio-com-
patibility. Further studies are required for investigate re-
sponsible substances of the extracts, their mechanism in
oral pathogenic bacteria, including the in-vivo bio-com-
patibility approval and clinical evaluation for acquiring
clinically applicable formulation of propolis extract.

CONCLUSIONS

Based on the results of the present study, ethanol-
based propolis extract (EEP) was supportively effec-
tive in hampering oral pathogens growing capacity, but
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had a pronounced cyto-toxic effect. On the other hand,
water-based extract (WEP) of propolis provided simi-
lar anti-bacterial capacity, with no cyto-toxic effects ob-
served. Therefore, it is considered that WEP can be uti-
lized as a safe supportive oral anti-bacterial medicament
instead of EEP.

ACKNOWLEDGMENT

We thank and gratefully acknowledge the financial

support from the UMY Research and Innovation Centre
(No.: 20/RIS-LR/11/2022).

CONFLICT OF INTEREST

The authors declare no potential conflicts of interest

with respect to the research, authorship, and/or publica-
tion of this article.

Reference

10.

11.

12.

. Lima AR, Ganguly T, Walker AR, et al. Phenotypic and genotypic

characterization of Streptococcus mutans strains isolated from
endodontic infections. ] Endod 2020; 46: 1876-1883.

. Lins RX, Hirata R, Wilson M, Lewis MAO, Fidel RAS, Williams D.

Comparison of genotypes, antimicrobial resistance and virulence
profiles of oral and non oral Enterococcus faecalis from Brazil,
Japan and the United Kingdom. ] Dent 2019; 84: 49-54.

. Vasudeva A, Sinha DJ, Tyagi SP, Singh NN, Garg P, Upadhyay D.

Disinfection of dentinal tubules with 2% Chlorhexidine gel, Calci-
um hydroxide and herbal intracanal medicaments against Entero-
coccus faecalis: an in-vitro study. Singapore Dent J 2017; 38: 39-44.

. Yu MK, Kim MA, Rosa V, et al. Role of extracellular DNA in

Enterococcus faecalis biofilm formation and its susceptibility to
sodium hypochlorite. ] Appl Oral Sci 2019; 27: €20180699. DOL:
10.1590/1678-7757-2018-0699.

. Brookes ZLS, Bescos R, Belfield LA, Ali K, Roberts A. Current uses

of chlorhexidine for management of oral disease: a narrative re-
view. ] Dent 2020; 103: 103497. DOI: 10.1016/j.jdent.2020.103497.

. Duque C, Aida KL, Pereira JA, et al. In vitro and in vivo evalu-

ations of glass-ionomer cement containing chlorhexidine for at-
raumatic restorative treatment. ] Appl Oral Sci 2017; 25: 541-550.

. Arabaci T, Tiirkez H, Canakgi CE, Ozgéz M. Assessment of cytoge-

netic and cytotoxic effects of chlorhexidine digluconate on cultured
human lymphocytes. Acta Odontol Scand 2013; 71: 1255-1260.

. Giannelli M, Chellini F, Margheri M, Tonelli P, Tani A. Effect

of chlorhexidine digluconate on different cell types: a molecular and
ultrastructural investigation. Toxicol In Vitro 2008; 22: 308-317.
Kuropatnicki AK, Szliszka E, Krol W. Historical aspects of propo-
lis research in modern times. Evid Based Complement Alternat
Med 2013; 2013: 964149. DOI: 10.1155/2013/964149.

Aini FN, Adiningrat A. Challenge in propolis biocompatibility as
a potential medicament in dental medicine: a literature review.
Proceedings of the 4" International Conference on Sustainable
Innovation 2020 - Health Science and Nursing (ICoSIHSN 2020).
DOI: 10.2991/ahsr.k.210115.050.

do Nascimento TG, dos Santos Arruda RE, da Cruz Almeida ET,
et al. Comprehensive multivariate correlations between climatic
effect, metabolite-profile, antioxidant capacity and antibacteri-
al activity of Brazilian red propolis metabolites during seasonal
study. Sci Rep 2019; 9: 18293. DOI: 10.1038/541598-019-54591-3.
Fachri BA, Sari P, Yuwanti S, Subroto E. Experimental study and
modeling on supercritical CO2 extraction of Indonesian raw

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

propolis using response surface method: Influence of pressure,
temperature and CO2 mass flowrate on extraction yield. Chem
Eng Res Des 2020; 153: 452-462.

Touzani S, Embaslat W, Imtara H, et al. In vitro evaluation
of the potential use of propolis as a multitarget therapeutic product:
physicochemical properties, chemical composition, and immuno-
modulatory, antibacterial, and anticancer properties. BioMed Res
Int 2019; 2019: 4836378. DOI: 10.1155/2019/4836378.

Maddox CE, Laur LM, Tian L. Antibacterial activity of phenolic
compounds against the phytopathogen Xylella fastidiosa. Curr Mi-
crobiol 2010; 60: 53-58.

Wang CY, Chen YW, Hou CY. Antioxidant and antibacterial ac-
tivity of seven predominant terpenoids. Int ] Food Prop 2019; 22:
230-238.

Kharouf N, Haikel Y, Ball V. Polyphenols in dental applications. Bio-
eng Basel Switz 2020; 7: 72. DOI: 10.3390/bioengineering7030072.
Galeotti F, Maccari F, Fachini A, Volpi N. Chemical composition
and antioxidant activity of propolis prepared in different forms
and in different solvents useful for finished products. Foods 2018;
7:41. DOI: 10.3390/foods7030041.

Adiningrat A, Kusnadi RA, Allam AS, Sofiani E, Maulana I, Yu-
moto H. The effect of probiotic Lactobacillus acidophilus and
ethanolic propolis compound toward nucleic acid deposition in
the extracellular polymeric substance of root canal bacteria. Eur J
Dent 2022. DOI: 10.1055/s-0042-1750771 [Online ahead of print].
Fauzi AF, Indiana SK, Wicaksono RH, Adiningrat A. A challenge
in ethanolic propolis utilization from Apis trigona as an oral anti-
microbial agent. ] Int Dent Med Res 2018; 11: 682-686.

Oktaweni F, Sutikno S, Sudaryadi I. Pollen diversity and propo-
lis’s bioactive compounds of stingless bees (Tetragonula laeviceps
Smith 1857) from Kedungpoh Meliponiculture, Gunungkidul, Yo-
gyakarta. Proceedings of the 7™ International Conference on Biolo-
gical Science (ICBS 2021); 2022. DOI: 10.2991/absr.k.220406.048.
Albano M, Alves FCB, Andrade BFMT, et al. Antibacterial and
anti-staphylococcal enterotoxin activities of phenolic compounds.
Innov Food Sci Emerg Technol 2016; 38: 83-90.

Guimaraes AC, Meireles LM, Lemos ME, et al. Antibacterial activ-
ity of terpenes and terpenoids present in essential oils. Molecules
2019; 24: 2471. DOL: 10.3390/molecules24132471.

Mani E Damasceno HCR, Novelli ELB, Martins EAM, Sforcin JM.
Propolis: effect of different concentrations, extracts and intake pe-
riod on seric biochemical variables. ] Ethnopharmacol 2006; 105:
95-98.

Jers C, Ravikumar V, Lezyk M, et al. The global acetylome of the
human pathogen Vibrio cholerae V52 reveals lysine acetylation
of major transcriptional regulators. Front Cell Infect Microbiol
2018; 7: 537. DOI: 10.3389/fcimb.2017.00537.

Zheng X, Marsman G, Lacey KA, et al. The cell envelope of Staphy-
lococcus aureus selectively controls the sorting of virulence factors.
Nat Commun 2021; 12: 6193. DOI: 10.1038/s41467-021-26517-z.
Hubble TS, Hatton JE, Nallapareddy SR, Murray BE, Gillespie M]J.
Influence of Enterococcus faecalis proteases and the collagen-
binding protein, Ace, on adhesion to dentin: E. faecalis adhesion
to dentin. Oral Microbiol Immunol 2003; 18: 121-126.

Nobbs AH, Lamont R]J, Jenkinson HE Streptococcus adherence
and colonization. Microbiol Mol Biol Rev 2009; 73: 407-450.
Adiningrat A, Prabowo RAW, Kurnia R, Septianti NFF, Maulana I,
Sofiani E. Metabolism-independent phenomenon in ethanolic pro-
polis inhibitory capacity towards enterococcus spp proteolytic activi-
ty. Odonto Dent ] 2022; 9: 206. DOI: 10.30659/0d;.9.2.206-214.
Abdullah NA, Jaafar E Yasin HM, et al. Physicochemical analy-
ses, antioxidant, antibacterial, and toxicity of propolis particles
produced by stingless bee Heterotrigona itama found in Brunei
Darussalam. Heliyon 2019; 5:€02476.DOI:10.1016/j.heliyon.2019.
€02476.

Ismail SR, Ismail S, Deris ZZ, Ismail N. In vitro antileptospiral
activity of Trigona thoracia propolis and its synergistic effects with
commonly prescribed antibiotics. ITIUM Med ] Malays 2020. DOI:
10.31436/imjm.v19i1.1317.

J Stoma 2023, 76, 2

99



Arya Adiningrat, Ikhsan Maulana, Ahmad Ghitha Fadhlurrahman, Muhammad Fariez Kurniawan, Nur Rahman Ahmad Seno Aji

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

Kubiliene L, Laugaliene V, Pavilonis A, et al. Alternative prepa-
ration of propolis extracts: comparison of their composition and
biological activities. BMC Complement Altern Med 2015; 15: 156.
DOI: 10.1186/s12906-015-0677-5.

Sun C, Wu Z, Wang Z, Zhang H. Effect of ethanol/water solvents
on phenolic profiles and antioxidant properties of beijing prop-
olis extracts. Evid Based Complement Alternat Med 2015; 2015:
595393. DOI: 10.1155/2015/595393.

Alshuniaber MA, Krishnamoorthy R, AlQhtani WH. Antimicro-
bial activity of polyphenolic compounds from Spirulina against
food-borne bacterial pathogens. Saudi ] Biol Sci 2021; 28: 459-464.
Sumayya SS, Lubaina AS, Murugan K. Bactericidal potentiality
of purified terpenoid extracts from the selected sea weeds and
its mode of action. J Trop Life Sci 2020; 10. DOI: 10.11594/jtls.
10.03.03.

Ilieva Y, Dimitrova L, Zaharieva MM, et al. Cytotoxicity and micro-
bicidal activity of commonly used organic solvents: a comparative
study and application to a standardized extract from vaccinium
macrocarpon. Toxics 2021; 9: 92. DOI: 10.3390/toxics9050092.
Jamalzadeh L, Ghafoori H, Sariri R, et al. Cytotoxic effects of some
common organic solvents on MCF-7, RAW-264.7 and human
umbilical vein endothelial cells. Avicenna J Med Biochem 2016.
DOI: 10.17795/ajmb-33453.

Koc A, Karabay AZ, Ozkan T, Buyukbingol Z, Aktan1 E. Time and
concentration dependent effects of different solvents on prolifera-
tion of K562, HL60, HCT-116 and H929 Cell Lines. ] Res Pharm
2022; 26: 494-501.

International Organization for Standardization. Biological evalu-
ation of medical devices — Part 5: Tests for in vitro cytotoxicity
(Reference number: ISO 10993-5:2009). 2009.

Biinger CM, Jahnke A, Stange J, de Vos P, Hopt UT. MTS colo-
rimetric assay in combination with a live-dead assay for testing
encapsulated L929 fibroblasts in alginate poly-L-lysine microcap-
sules in vitro. Artif Organs 2002; 26: 111-116.

Cory AH, Owen TC, Barltrop JA, Cory JG. Use of an aqueous sol-
uble tetrazolium/formazan assay for cell growth assays in culture.
Cancer Commun 1991; 3: 207-212.

Riss TL, Moravec RA, Niles AL, Duellman S, Benink HA, Worzella
TJ, Minor L. Cell Viability Assays. In: Markossian S, Grossman A,
Brimacombe K, et al. (eds.). Assay Guid Man [Internet]. Bethesda
(MD): Eli Lilly & Company and the National Center for Advanc-
ing Translational Sciences; 2004. Available from: http://www.ncbi.
nlm.nih.gov/books/NBK144065/ (Accessed: 26.06.2022).

Russell LH, Mazzio E, Badisa RB, et al. Differential cytotoxici-
ty of triphala and its phenolic constituent gallic acid on human
prostate cancer LNCap and normal cells. Anticancer Res 2011; 31:
3739-3745.

Furukawa M, Wang J, Kurosawa M, et al. Effect of green propolis
extracts on experimental aged gingival irritation in vivo and in
vitro. ] Oral Biosci 2021; 63: 58-65.

Zulhendri F, Felitti R, Fearnley ], Ravalia M. The use of propolis in
dentistry, oral health, and medicine: a review. ] Oral Biosci 2021;
63:23-34.

100

Journal of Stomatology * http://www.jstoma.com



