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ABSTRACT 

Objective: Propolis is a beehive-derived natural substance containing plant secondary metabolites and can potentially be used for periodontal 
therapy. This study aims to analyze the phytochemicals of Indonesian stingless bee propolis and its efficacy of propolis extract gel as an adjunctive 
periodontal therapy.  

Methods: The qualitative and quantitative phytochemical analysis measured the total phenolic and flavonoid content. The gallic acid equivalent was 
used to measure phenolics, and the Quercetin equivalent was used to measure the flavonoids of the extract. The Kirby-Bauer method was used to 
analyze the antimicrobial activity. The study used periodontitis-induced Wistar rats and were treated by applying propolis gel with concentrations 
of 50%, 60%, and 70%. Matrix Metalloproteinase-8 (MMP-8) level was measured with the Enzyme-Linked Immunosorbent Assay (ELISA).  

Results: The qualitative and quantitative phytochemical analysis of the propolis extract detected the presence of phenol, flavonoid, alkaloid, 
triterpenoid, saponins, glycosides, and tannins. The Kirby-Bauer method showed that propolis gel with a concentration of 50%, 60%, and 70% had a 
significant difference in inhibition between treatment groups against Porphyromonas gingivalis (p<0.05). The 70% propolis gel appeared effective in 
inducing the expression of MMP-8 (p<0.05). 

Conclusion: Propolis extract gel with 70% concentration could potentially be used as a supportive treatment for periodontal therapy. 

Keywords: Stingless bees, Geniotrigona thoracica 

© 2024 The Authors. Published by Innovare Academic Sciences Pvt Ltd. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/) 
DOI: https://dx.doi.org/10.22159/ijap.2024.v16s2.06 Journal homepage: https://innovareacademics.in/journals/index.php/ijap 

 

INTRODUCTION 

Periodontitis is a chronic inflammatory condition caused by biofilms, 
characterized by the progressive destruction of the tooth's 
supporting tissues, which leads to tooth loss [1, 2]. Periodontitis is 
the most common cause of tooth loss in the adult population [1]. The 
Global Burden of Disease Study reports that periodontitis is the 6th 
most common disease in the world. The overall prevalence of 
periodontitis is 11.2% or 743 million people worldwide [3]. 
Periodontal inflammation is mediated by several cytokines that play 
a major role in bone resorption. Periodontitis treatment primarily 
targets periodontal pathogenic bacteria, which generally results in 
therapeutic benefits. However, antimicrobial treatment alone was 
not as effective as expected [1]. 

Combination therapies are needed in periodontal treatments, such 
as mechanical therapies accompanied by synthetic drugs or natural 
products [4, 5]. Propolis is a promising beehive-derived product 
with anti-inflammatory and anti-microbial properties for 
periodontitis treatment. Propolis is collected by bees from plant 
resins and plant exudates. Propolis comprises wax, resins, balsams, 
essential oils, and plant primary and secondary metabolites such as 
amino acids, vitamins, phenolics, terpenoids, tannins, and alkaloids 
[6, 7]. The main bioactive compounds in propolis are thought to be 
the plant secondary plant metabolites such as phenolics and 
terpenoids [8, 9]. 

There are many potential biomarkers to measure the healing rate of 
periodontal disease, namely macrophage inflammatory protein-1α 
(MIP-1α), neutrophil elastase, interleukin-1β (IL-1β), 
myeloperoxidase and neutrophil collagenase, also known as Matrix 
Metalloproteinase-8 (MMP-8) and gelatinase B, also known as 

matrix metalloproteinase-9 (MMP-9) [1, 10, 11]. Matrix 
Metalloproteinases (MMPs) play an essential role in various 
inflammatory processes related to tissue damage, such as the 
degradation of almost all basement membrane and peri-cellular 
components. MMP-8 is known as the main MMP in periodontitis 
[11]. Recently, MMP-8 was proposed as a diagnostic biomarker for 
an updated periodontitis classification system and demonstrated a 
lower risk of false positives compared to the traditionally used 
clinical measure of probing for bleeding.10 Salivary matrix 
metalloproteinase (MMP)-8 is a promising biomarker for diagnosing 
periodontitis; however, several recent studies showed conflicting 
results [12]. Involvement of MMPs in the destruction of 
periodontal tissues is strongly evident, and MMP-8 is the most 
important associated with collagen breakdown during periodontal 
destruction and is present in GCF and saliva of patients with 
chronic periodontitis [13]. Salivary MMP-8 was much lower than 
GCF in pretreatment and posttreatment of periodontitis patients 
[14]. Pathogen such as Porphyromonas gingivalis , which are the 
main components of pathogenic biofilm found in the gingival 
crevicular fluid, induces a cascade which leads to increased levels 
of MMPs. The persistent increase in MMP-8 in the gingival 
crevicular fluid indicates a high risk of poor response to 
periodontal therapy [15, 16]. 

Research, development, and commercialization of propolis is 
dominated by propolis for the European Honey Bee (Apis mellifera). 
Nevertheless, stingless bee propolis has also been proven as a 
potential and promising alternative source of propolis bioactive 
compounds. The biological activity of stingless bee propolis is 
primarily antimicrobial, antioxidant, anti-inflammatory, and anti-
cancer. Other biological activities, such as wound healing, have also 
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been identified [17, 18]. This study aims to detect the matrix 
metalloproteinase (MMP)-8 levels to assess its diagnostic value in 
periodontitis. This research is expected to be the basis for 
developing complementary or adjunctive therapeutics for treating 
periodontitis based on Indonesian stingless bee propolis, especially 
that from the North Sumatra region. 

MATERIALS AND METHODS 

The study was approved by the Animal Research Ethics 
Committees/AREC of Universitas Sumatera Utara (protocol number 
0850/KEPH-FMIPA/2022). The in vitro study is experimental 
laboratory research with posttest only control group design. 
Porphyromonas gingivalis ATCC 33277 was cultured using Brain 
Heart Infusion (BHI) broth at 37 °C for 24 h under anaerobic 
condition in anaerobic jar. The propolis extract was diluted into 
three different concentrations (50%, 60%, and 70%), chlorhexidine 
0.2% as positive control and Dimethyl Sulfoxide (DMSO) as negative 
control. Chlorhexidine 0.2% was used as positive control because its 
usage as the golden standard to inhibit P. gingivalis in periodontitis 
therapy. 2 Sample size was determined using Federer formula with a 
minimum number of 5 samples for each group. Bacteria colonies 
were taken and planted on 5% Brucella Sheep Blood Agar with a 
four-quadrant streak scraping technique. The petri dishes were 
incubated at 25 °C for 24-48 h in anaerobic condition. The Minimal 
Inhibitory Concentration (MIC) was obtained by calculating the 
number of colonies with Colony Forming Units per millimeter 
(CFU/ml) using a colony counter tool.  

The Kirby-Bauer method measured the antimicrobial activity of 
propolis gel to Porphyromonas gingivalis (in vitro). The qualitative 
and quantitative phytochemical analysis of the propolis extract was 
done to detect the secondary metabolites of the propolis extract. The 
study protocol was created according to Animal Research Reporting 
In vivo Experiments (ARRIVE) guidelines. The research was done in 

the animal housing facility at the Faculty of Mathematics and 
Sciences at Universitas Sumatera Utara. Thirty male Wistar rats 
(weighing 200-250 g), aged 8-12 w with lower central incisors and 
good health, were used. The animals were housed in groups of 3 
under a 12 h light-dark cycle at room temperature with free access 
to water and food. 

Animals were periodontitis-induced by ligation and bacterial 
infection (fig. 1). Briefly, Porphyromonas gingivalis ATCC 33277 was 
cultured at the Microbiology Laboratory at Universitas Sumatera 
Utara Hospital. Ligation with Silk 3/0 was done and placed 
simultaneously around incisor teeth in the subgingival position. The 
animals were then infected with Porphyromonas gingivalis ATCC 
33277 at the gingival sulcus. All experimental procedures were 
performed by an experienced clinician. Anesthesia was performed 
with ketamine before the induction, and the treatment was applied 
to the animals. After seven days, the periodontitis-induced Wistar 
rats were examined clinically and swabbed to check for P. gingivalis 
to confirm whether the periodontitis induction was successful.  

In this study, the propolis used was sourced from the hives of 
Geniotrigona thoracica/kelulut bees from Kebun Efi, Kabanjahe. 
The hydroglyceric extract of stingless bee propolis was produced 
using a proprietary method that involves heating followed by 
filtration steps where the final product contains 100 % (w/v) 
propolis extract. The propolis extract was then diluted and mixed 
accordingly to produce a gel that had 30% (w/w)–80% (w/w) 
hydroglyceric propolis extract. The gel products were made in the 
Pharmacy Lab of Universitas Sumatera Utara. The gel contained 
propolis extract, aquadest, triethanolamine, and carbopol. 
Metronidazole gel was used as the positive control because its 
usage as adjunctive therapy for periodontitis treatment with its 
antibacterial and anti-inflammation properties. 19 Metronidazole 
gel was obtained from Ti-es, Indonesia. 

 

 

Fig. 1. a) Periodontitis induction with P. gingivalis. b) ligation with silk. c) obtaining gingival crevicular fluid with the paper point 
 

There were three treatment groups: the periodontitis-induced rats 
treated with 50% (I), 60% (II), and 70% (III) propolis extract gel. 
The positive control was the periodontitis-induced rats treated with 
metronidazole gel 25%. The negative control was the periodontitis-
induced rats treated with placebo gel. Mechanical therapy was done 
by using a manual scaler. Then, depending on the group, the gel was 
applied once after the mechanical therapy was done into the pocket 
of the gingiva by using a disposable tip. Five rats from each group 
were anesthetized with ketamine on the baseline before applying 
the gel, and gingival sulcular fluid was taken with a paper point into 
the pocket (fig. 1c). The paper points were put into the 1,5 ml 
Eppendorf tube with 0,5 ml phosphate-buffer saline (PBS). The same 
procedure was performed on the Wistar rats on the 7th d. 

The clinical parameter evaluated was the MMP-8 levels from the 
gingival crevicular fluid using Enzyme-Linked Immunosorbent Assay 
(ELISA) (Merck, Germany) at Integrated Laboratory, Faculty of 
Medicine, Universitas Sumatera Utara. An experienced clinician 
examined the clinical parameters. The kit made use of a biotinylated 
rat MMP-8 detection antibody. The sample from gingival crevicular 
fluid in the Eppendorf tubes was centrifuged to dilute the 
supernatant in PBS for 10 min at 24 °C and 3500 rpm. The total 
MMP-8 level was determined in nanograms (ng), and the 
concentration in each sample was calculated by dividing the enzyme 

amount by the sample volume (ng/ml). The absorbance of the 
substrate color reaction was read on an ELISA reader using 450 nm 
wavelengths. Phytochemical analysis of propolis extract was done in 
quantitative and qualitative phytochemical tests at the 
Phytochemical Laboratory, Faculty of Pharmacy, Universitas 
Sumatera Utara. The gallic acid equivalent was used to measure 
phenolics, and the Quercetin equivalent was used to measure the 
flavonoids of the extract. 

The data obtained from the study were quantitative in the form of 
laboratory parameters before and after treatment on days 0 
(baseline) and 7. The Kruskal-Wallis test processed the data to see 
the difference between the groups on the baseline and seventh 
day. 

RESULTS 

Table 1 shows the results of the qualitative phytochemical analysis 
of the propolis extract. It contained alkaloids, flavonoids, glycosides, 
saponins, tannins, and triterpenoids/steroids. Table 2 shows the 
total phenolics and flavonoids of the propolis extract: 4.51 mg/g and 
13.92 mg/g, respectively. The results of the inhibition zone 
measurements for all treatment groups on the growth of the 
bacterium P. gingivalis ATCC 33277 are tabulated in table 3. 
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Table 1: Qualitative propolis extracts phytochemical test results 

Secondary metabolites Reactor Results 
Alkaloids Dragendroff + 

Bouchardat + 
Meyer + 

Flavonoids Mg Powder+Amyl Alcohol+HCl p + 
Glycosides Molish+H2 SO 4 + 
Saponins Hot/shaken water + 
Tannins FeCl3 + 
Triterpenoids/Steroids Lieberman-Bourchat + 

The (+) sign indicates that the tested extract contains these metabolites. 

 

Table 2: Quantitative propolis extract phytochemical test results 

Types Content (mg/g) 
Total Flavonoids Levels 4.51 (0.45%) 
Total Phenolics Levels 13.92 (1.39%) 

 

Table 3: The resistance category and the differences of antibacterial effectiveness between treatment groups 

Groups Mean diameter of inhibition in mm (Zone±SD) Resistance category p-value 
50% 11.58±0.14 Strong 0.002* 
60% 12.50±0.00 Strong 
70% 13.25±0.25 Strong 
Chlorhexidine 0.2% 11.84±0.01 Strong 
DMSO 0±0 Weak 

≤5 mm (weak); 6-10 mm (moderate); 11-20 mm (strong); ≥21 mm (very strong), Kruskal-Wallis Test. *Significant (p<0.05) 

 

Propolis extracts with a concentration of 70% have the largest 
average inhibition zone of 13.28 mm. They are included in the 
category of strong inhibition and comparable to 0.2 % chlorhexidine, 
which has an average inhibition zone of 11.84 mm.  

The data analysis then proceeded using the Kruskal-Wallis and 
PostHoc Mann-Whitney tests. The Kruskal-Walli’s test (table 4) was 

used to see if there was a significant difference between all 
treatment groups. There was a significant difference among the 
treatment groups. Furthermore, the Mann-Whitney test was carried 
out to test whether there was a difference in the diameter of the 
inhibition zone between each two of the test groups. The results of 
the Mann-Whitney test can be seen in table 5. 

 

Table 4: The differences in the average diameter of the inhibition zone between treatment groups 

Groups P-value 
50% 60% 70% Chlorhexidine 0.2% DMSO 

Propolis 50% - 0.000* 0.000* 0.023* 0.000* 
Propolis 60% 0.000* - 0.000* 0.000* 0.000* 
Propolis 70% 0.000* 0.000* - 0.000* 0.000* 
Chlorhexidine 0.2% 0.023* 0.000* 0.000* - 0.000* 
DMSO 0.000* 0.000* 0.000* 0.000* - 

*Mann whitney test; significant (p<0.05) 

 

The post Hoc test in table 5 shows that propolis extracts with 
concentrations of 50%, 60%, 70%, and 0.2% chlorhexidine 
showed a significant difference in inhibition between treatment 
groups against P. gingivalis (p<0.05). DMSO showed a significant 
difference in inhibition between treatment groups against P. 

gingivalis bacteria with a p<0.05. MMP-8 analysis was performed 
using the enzyme-linked immunosorbent assay (ELISA). The 
results of measuring the average concentration of MMP-8 in the 
rat gingival crevicular fluid in all treatment groups can be seen 
in table 5. 

 

Table 5: The differences in GCF MMP-8 concentration between groups on day 7 

Groups Median (ng/ml) Min-Max (ng/ml) P-value 
Propolis 50% H-7 1657.123 479.254-3849.752  
Propolis 60% H-7 4113.736 2498.324-5946.603  
Propolis 70% H-7 1954.632 781.922-2300.846 0.001* 
Metronidazole H-7 2070.939 837.784-2981.886  
Placebo H7 1954.632 2201.205-3060.629  

*Kruskal-wallis; Significant (p<0.05), n=6 

 

There was a significant difference in the mean MMP-8 concentration 
between treatment groups (p<0.05). The 70% propolis gel test group 
had the lowest concentration of the other.  

DISCUSSION 

Periodontitis is an inflammatory disease caused by the infection of 
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the periodontium. Various predisposing factors are involved in the 
development and progression of periodontal diseases. The hallmark 
features of periodontitis are activation of osteoclast genesis and 
consequent destruction of alveolar bone, which is irreversible and 
can lead to loss of tooth-supporting tissue [20]. The mechanisms 
underlying periodontal disease, particularly the delicate balance 
between the immune system and biofilms, have been the subject of 
research [21]. Research on natural ingredients in dentistry has 
continued to increase in recent years to find natural products with 
comparable therapeutic activity, lower toxicity, better 
biocompatibility, and improved affordability to the public [22, 23]. 
Propolis is a non-toxic resinous substance produced by bees that has 
antimicrobial, antifungal, anti-inflammatory, antioxidant, and 
antitumor properties and has attracted the attention of researchers 
both in the fields of medicine and dentistry [24, 25]. The chemical 
composition of propolis depends on geographical location, botanical 
origin, and bee species [6, 26]. However, its composition is quite 
complex. The main components of propolis are flavonoids and 
phenolics such as caffeic acid phenethyl ester [27, 28].  

The propolis bioactive compounds are useful for treating aphthous 
ulcers, candidiasis, gingivitis, and periodontitis due to their 
therapeutic properties [29, 30]. In addition, the propolis from 
stingless bees (>600 species) also has similar biological activities 
and therapeutic benefits, namely antioxidant and anti-inflammatory 
properties and antimicrobial activity [18]. Table 1 illustrates the 
outcomes of a comprehensive qualitative phytochemical analysis 
performed on the propolis extract. The meticulous examination, 
employing various chemical tests, discerned the presence of specific 
secondary metabolites. It highlights the detection of alkaloids, 
flavonoids, glycosides, saponins, tannins, and triterpenoids/steroids. 
The notation of a positive sign in each instance indicates the 
unequivocal presence of these metabolites in the propolis extract. 
Table 2 outlines the quantitative analysis results for the propolis 
extract and details the amounts of two critical components in the 
propolis extract: 4.51 mg/g of flavonoids and 13.92 mg/g of 
phenolics. These findings are further detailed, indicating that 
flavonoids comprise 0.45% of the extract, while phenolics constitute 
a larger portion at 1.39%. Flavonoids are a very important class of 
polyphenols, as they are plant compounds with antimicrobial, 
antioxidant, and anti-inflammatory properties [31]. Their anti-
inflammatory property stimulates phagocytic activity and cellular 
immunity. Propolis contains zinc and iron metal cations, which are 
essential during collagen synthesis, flavonoids and phenolic acid 
esters, that are effective in reducing the inflammatory response by 
inhibiting the arachidonic acid lipoxygenase pathway. In addition to 
its significant effect on the immune system, they promote cellular 
phagocytic activities [32]. The Caffeic Acid Phenethyl Ester (CAPE) 
also has a cytoprotective function and protects against the oxidative 
effects of inflammatory DNA pathologies [33]. One of the discussed 
possible mechanisms of the antimicrobial activity of propolis is the 
cinnamic acid and flavonoid components, which change the ion 
permeability of the inner bacterial membrane, causing membrane 
potential dissipation and inhibition of bacterial motility [34].  

In the scope of this investigation, mice were deliberately exposed to 
P. gingivalis, an anaerobic gram-negative oral bacterium, which is 
considered a critical pathogen involved in the onset and 
development of periodontitis [35, 36]. The presence of P. gingivalis 
in the periodontal pocket has been reported to influence the 
development of periodontitis. The presence of P. gingivalis positively 
correlates with the periodontal pocket depth [37]. The fimbriae of P. 
gingivalis are thin and fibrous. These characteristics facilitate the 
adhesion of P. gingivalis to host cells and other bacteria and 
significantly promote biofilm development [38]. Table 3 presents the 
antibacterial effectiveness of different treatment groups, revealing 
that propolis extracts at a concentration of 70% exhibit the most 
robust antimicrobial activity. This is evidenced by the largest 
average inhibition zone observed, measuring 13.28 mm, and is 
categorized as a strong inhibitory effect.  

Remarkably, this level of effectiveness is comparable to that of 0.2% 
chlorhexidine, as indicated by an average inhibition zone of 11.84 
mm. These findings underscore the notable potency of the 70% 
propolis extract in inhibiting bacterial growth, emphasizing its 

potential significance in antimicrobial applications. The result, as 
presented in table 4, reveals statistically significant differences in 
inhibition zone diameters across all pairs of treatment groups 
(p<0.05). All three concentrations of propolis extract (50%, 60%, 
and 70%) exhibit statistically significant differences in inhibition 
zone diameters when compared to each other and DMSO. The 70% 
propolis extract stands out with the most notable difference 
compared to 0.2% chlorhexidine. This aligns with Yoshimasu et al. 
(2018) research, which proposed that propolis bioactive compounds 
can provoke P. gingivalis membrane depolarization, increasing its 
permeability. This observed effect suggests a potential antimicrobial 
mechanism of action for propolis against P. gingivalis.39,40 Nakao et 
al. (2020) stated that treatment with propolis significantly reduced 
pocket depth and improved clinical adhesion levels, along with a 
tendency to decrease P. gingivalis.41 Research by Veloz et al. (2019) 
stated that the polyphenols contained in propolis exhibit 
antimicrobial activity against Streptococcus mutans [42]. 

Research by Nazir et al. (2018) found that propolis extracted from 
stingless bees Geniotrigona thoracica contains terpenoid metabolite 
compounds, which have antibacterial, anti-inflammatory, and 
antioxidant activities [43, 44]. The anti-inflammatory effects of 
propolis are proven effective in improving the condition of 
periodontal disease based on Gingival Index (GI) and bleeding on 
probing (BOP) scores [45]. Although there is not much information 
regarding the mechanism of propolis' antimicrobial action, several 
researchers have stated that several propolis compositions play a 
role in this activity and that flavonoids are components commonly 
known to play a role in antimicrobial activity [6,46]. Research by 
Koo et al. (2002) stated that propolis plays a role in the enzymatic 
activity of Streptococcus mutans and Streptococcus sanguis, through 
the action of flavonoids, especially apigenin, as an inhibitor of the 
glucosyltransferase enzyme, which is an important factor in the 
formation of dental plaque [46]. Research by Coutinho (2012) states 
that subgingival irrigation with propolis extract as a periodontal 
support treatment is more effective than scaling and root planing 
alone, as assessed by clinical and microbiological parameters [47]. 
Research by Skaba et al. (2013) stated that there was a beneficial 
effect of propolis toothpaste gel on regular patients and 
periodontitis patients [48]. Research by Gonzalez et al. (2023) 
showed that propolis mouthwash was effective in reducing bacterial 
proliferation, especially in bacteria that were effective with 
chlorhexidine, and with the added benefit that propolis can avoid the 
typical staining of the mouth/tongue compared to using 
chlorhexidine [49]. 

Type I collagen represents the most significant component of the 
periodontal extracellular matrix; therefore, special attention has 
been paid to collagenase. Type I collagen contributes to a large 
amount of periodontal extracellular matrix, particularly collagenases 
and gelatinases such as MMP-8, MMP-13, MMP-2, and MMP-9 in 
periodontitis. Matrix metalloproteinases (MMPs) are essential 
proteases involved in periodontitis. They are associated with 
periodontal status [50, 51]. Matrix metalloproteinases (MMPs) are 
protein enzymes that have an important role in extracellular matrix 
degradation and reconstruction. MMPs are regulated by some 
inhibitors and are released and activated when necessary to degrade 
the extracellular matrix in some periodontal conditions, either 
healthy or pathogenic. Periodontopathogens can contribute to an 
imbalanced condition between MMPs and their inhibitors, resulting 
in host destruction [52]. Moreover, 90% to 95% of the collagenolytic 
activity in the gingival sulcus fluid comes from MMP-8. Therefore, 
matrix metalloproteinase-8 is considered one of the most promising 
biomarkers for analyzing the incidence and severity of periodontitis 
in gingival sulcus fluid [53].  

The analysis of MMP-8 was conducted through enzyme-linked 
immunosorbent assay (ELISA), and the results detailing the average 
concentrations in the rat gingival crevicular fluid for all treatment 
groups are presented in table 5. The statistical analysis test reveals 
statistical significance (p<0.05), emphasizing differences in GCF MMP-
8 concentrations among the treatment groups on day 7. Al-Majid et al. 
(2018) demonstrated that the increase in the level of active MMP-8 
can differentiate periodontitis from gingivitis and predicted 
periodontal attachment loss. Furthermore, ongoing destruction of the 
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active periodontal tissues can be identified non-invasively in oral 
fluids by the pathologically elevated MMP-8 levels [12, 54, 55]. 
Previous longitudinal studies have also shown that MMP-8 levels can 
predict periodontitis progression and attachment loss. It also helps to 
monitor periodontitis treatment during the maintenance phase [14, 
56]. Increased levels of salivary MMP-8 are correlated with 
periodontitis significantly [57–59]. Gupta et al. (2015) evaluated 
salivary MMP-8 levels in patients with chronic periodontitis compared 
to healthy individuals using the ELISA method. It was concluded that 
MMP-8 levels in the saliva of periodontitis patients were higher than 
those of healthy individuals [60]. De Morais et al. (2018) stated that 
MMP-8 concentrations were higher in periodontitis patients compared 
to the control group, and patients with advanced stages had higher 
MMP-8 concentrations. These findings indicate the potential use of 
MMP-8 as support in diagnosing periodontal disease [57]. The 
systematic review by Morais et al. (2018) stated that high MMP-8 
levels correlated with developing gingivitis to periodontitis [57]. An 
essential biological function of MMP-8 is to facilitate the migration of 
leukocytes, especially granulocyte neutrophils, from the blood 
circulation to the periodontal sulcus by cleavage of collagen and other 
extracellular matrix components [61]. Other cell types, such as 
fibroblasts, also express MMP-8 when inflammation begins [62].  

Miller et al. (2021) demonstrated that MMP-8 has the strongest 
positive correlation as salivary biomarker for discriminating 
periodontitis in the presence of diabetes, along with probing depth 
(PD)>5 mm (p<0.001) [63]. The findings indicate that high salivary 
concentrations of MMP-8 are associated with a patient having 
periodontitis [64, 65]. Soft tissue changes, including the destruction 
of the collagen matrix, can be assessed via MMP-8 and the 
production of pro-inflammatory mediators. MMPs are involved in 
tissue-destructive inflammatory processes, resulting in the 
breakdown of the membrane matrix, and MMP-8 is known to play a 
role in periodontitis.11 MMP-8 as a biomarker has been 
investigated, and Arakawa et al. showed that increased MMP-8 was 
detected in sites with ongoing bone loss [66].  

Considering that MMP-8 is expressed in periodontitis in patients, 
this study observed MMP-8 levels in our mouse model of 
periodontitis and highlights the utility and translation of mouse 
studies back to humans. MMP-8 is an extremely valuable diagnostic 
tool in treating periodontitis, and future studies and healthcare 
policies should focus on implementing more accessible methods of 
chairside testing to reduce the prevalence of this disease [15]. MMP-
8 can be detected in the sulcular fluid, which is associated with 
increased activity of annual vertical bone loss. In these cases, MMP-8 
can be considered a possible marker for progressive bone loss in 
periodontitis. This finding is in line with other cross-sectional 
studies showing that GCF levels of MMP-8 is correlated with disease 
activity in patients with chronic periodontitis [58, 67]. Persistent 
increase of MMP-8 in GCF samples is considered a high risk of poor 
response to periodontal therapy [16]. The MMP-8 expression is 
stimulated by IL-1β and inhibited by insulin-like growth factor-1 
[11, 68]. MMP-8 is one of the most abundant MMPs in periodontal 
tissues, and their level reflects the severity of the disease and its 
progression and response to treatment. They are secreted due to 
the infiltration of polymorphonuclear leukocytes and 
macrophages, plasma, and residual cells such as fibroblasts, 
endothelial cells, keratinocytes, and bone cells [69]. Proteolytic 
cascades can lead to extensive destruction of the periodontal 
tissue due to the activation of MMPs and could be an interesting 
target for diagnosis and therapy [15].  

Low MMP-8 levels were associated with periodontal health, while 
the upregulation of MMP-8 levels denoted an increased risk for 
inflammation [70]. MMP-8 levels were related to the degree of 
healing process and osseointegration, indicating their functional role 
in the periodontal tissues [15]. Propolis groups and chlorhexidine, 
consistent with Konopka et al. (2012) and Zarch et al. (2021), 
showing that clinical parameters and the concentrations of humoral 
factors have no significant correlations one month after treatment. 
Longer follow-up of patients could have resulted in differences 
between groups in levels of MMP-8 reduction [52, 71]. Clinical trial 
research continuously needs to evaluate propolis formulations or 
population-based interventions to discover the potential of natural-

based materials in gel preparations to support periodontitis 
treatment, which can affect the healing condition of periodontitis 
patients.  

CONCLUSION 

Propolis is a material that can be used as a supporting therapy for 
periodontitis, which can help eliminate inflammation and help the 
healing process. Propolis extract gel 70% is effectively used as a 
supportive treatment for periodontal therapy. 

ACKNOWLEDGEMENT 

The authors gratefully thank Research Centre and Faculty of 
Dentistry, Universitas Sumatera Utara, which granted the research 
and Kebun Efi, Kabanjahe, which granted permission to use the 
propolis extract as the material of the research.  

FUNDING 

The authors are grateful for the research funding provided by 
Research Centre Universitas Sumatera Utara through Hibah Talenta 
“Hibah Penelitian Kerjasama Pemerintah” Research 2022. 

AUTHORS CONTRIBUTIONS 

PW, FZ, OAH, IE, N, JM, JMS, DZA, RL: Researcher, Critically Revised 
the Manuscript. PW: Writing, Analysis, Interpretation. PW, FZ, OAH, 
IE, N: Conception and Data Design. PW, FZ, JM, JMS, DZA: Analysis, 
Writing, and Performed the Experiments.  

CONFLICT OF INTERESTS 

Declare that there is no conflict of interest regarding the 
publications of this paper. 

REFERENCES 

1. Bhattarai G, Poudel SB, Kook SH, Lee JC. Resveratrol prevents 
alveolar bone loss in an experimental rat model of periodontitis. 
Acta Biomater. 2016;29:398-408. doi: 
10.1016/j.actbio.2015.10.031, PMID 26497626. 

2. Fischer RG, Lira Junior R, Retamal Valdes B, Figueiredo LC, 
Malheiros Z, Stewart B. Periodontal disease and its impact on 
general health in Latin America. Section V: Treatment of 
periodontitis. Braz Oral Res. 2020;34Suppl11:e026. doi: 
10.1590/1807-3107bor-2020.vol34.0026, PMID 32294679. 

3. Yan Y, Zhan Y, Wang X, Hou J. Clinical evaluation of ultrasonic 
subgingival debridement versus ultrasonic subgingival scaling 
combined with manual root planing in the treatment of 
periodontitis: study protocol for a randomized controlled trial. 
Trials. 2020;21(1):113. doi: 10.1186/s13063-019-4031-y, PMID 
31992331. 

4. Bian Y, Liu C, Fu Z. Application value of combination therapy of 
periodontal curettage and root planing on moderate-to-severe 
chronic periodontitis in patients with type 2 diabetes. Head Face 
Med. 2021;17(1):12. doi: 10.1186/s13005-020-00253-z, PMID 
33832490. 

5. Kapoor A, Malhotra R, Grover V, Grover D. Systemic antibiotic 
therapy in periodontics. Dent Res J (Isfahan). 2012;9(5):505-15. 
doi: 10.4103/1735-3327.104866, PMID 23559912. 

6. Huang S, Zhang CP, Wang K, Li GQ, Hu FL. Recent advances in the 
chemical composition of propolis. Molecules. 2014;19(12):19610-
32. doi: 10.3390/molecules191219610, PMID 25432012. 

7. Salatino A, Salatino MLF. Scientific note: often quoted, but not 
factual data about propolis composition. Apidologie. 
2021;52(2):312-4. doi: 10.1007/s13592-020-00821-x. 

8. Zulhendri F, Chandrasekaran K, Kowacz M, Ravalia M, Kripal K, 
Fearnley J. Antiviral, antibacterial, antifungal, and antiparasitic 
properties of propolis: a review. Foods. 2021;10(6). doi: 
10.3390/foods10061360, PMID 34208334. 

9. Zulhendri F, Ravalia M, Kripal K, Chandrasekaran K, Fearnley J, 
Perera CO. Propolis in metabolic syndrome and its associated 
chronic diseases: a narrative review. Antioxidants (Basel). 
2021;10(3):348. doi: 10.3390/antiox10030348, PMID 33652692. 

10. Räisänen IT, Umeizudike KA, Parnanen P, Heikkila P, 
Tervahartiala T, Nwhator SO. Periodontal disease and targeted 
prevention using aMMP-8 point-of-care oral fluid analytics in 

https://doi.org/10.1016/j.actbio.2015.10.031
https://www.ncbi.nlm.nih.gov/pubmed/26497626
https://doi.org/10.1590/1807-3107bor-2020.vol34.0026
https://www.ncbi.nlm.nih.gov/pubmed/32294679
https://doi.org/10.1186/s13063-019-4031-y
https://www.ncbi.nlm.nih.gov/pubmed/31992331
https://doi.org/10.1186/s13005-020-00253-z
https://www.ncbi.nlm.nih.gov/pubmed/33832490
https://doi.org/10.4103/1735-3327.104866
https://www.ncbi.nlm.nih.gov/pubmed/23559912
https://doi.org/10.3390/molecules191219610
https://www.ncbi.nlm.nih.gov/pubmed/25432012
https://doi.org/10.1007/s13592-020-00821-x
https://doi.org/10.3390/foods10061360
https://www.ncbi.nlm.nih.gov/pubmed/34208334
https://doi.org/10.3390/antiox10030348
https://www.ncbi.nlm.nih.gov/pubmed/33652692


P. Wulandari et al. 
Int J App Pharm, Vol 16, Special Issue 2, 2024, 22-28 

9th RDM&E - IDCSU 2023, Indonesia                     | 27  

the COVID-19 era. Med Hypotheses. 2020;144:110276. doi: 
10.1016/j.mehy.2020.110276, PMID 33254580. 

11. Thierbach R, Maier K, Sorsa T, Mantyla P. Peri-Implant Sulcus 
Fluid (PISF) Matrix Metalloproteinase (MMP) -8 levels in peri-
implantitis. J Clin Diagn Res. 2016;10(5):ZC34-8. doi: 
10.7860/JCDR/2016/16105.7749, PMID 27437357. 

12. Zhang L, Li X, Yan H, Huang L. Salivary matrix metalloproteinase 
(MMP)-8 as a biomarker for periodontitis: a PRISMA-compliant 
systematic review and meta-analysis. Med (Baltim). 
2018;97(3):e9642. doi: 10.1097/MD.0000000000009642, PMID 
29504999. 

13. Ingman T, Tervahartiala T, Ding Y, Tschesche H, Haerian A, 
Kinane DF. Matrix metalloproteinases and their inhibitors in 
gingival crevicular fluid and saliva of periodontitis patients. J 
Clin Periodontol. 1996;23(12):1127-32. doi: 10.1111/j.1600-
051x.1996.tb01814.x, PMID 8997658. 

14. Akbari G, Prabhuji ML, Karthikeyan BV, Raghunatha K, 
Narayanan R. Analysis of matrix metalloproteinase-8 levels in 
gingival crevicular fluid and whole mouth fluid among smokers 
and nonsmokers using enzyme-linked immune-sorbent assay 
and a novel chair-side test. J Indian Soc Periodontol. 
2015;19(5):525-30. doi: 10.4103/0972-124X.162201, PMID 
26644719. 

15. Luchian I, Goriuc A, Sandu D, Covasa M. The role of matrix 
metalloproteinases (MMP-8, MMP-9, MMP-13) in periodontal 
and peri-implant pathological processes. Int J Mol Sci. 
2022;23(3). doi: 10.3390/ijms23031806, PMID 35163727. 

16. Yakob M, Kari K, Tervahartiala T, Sorsa T, Soder PO, Meurman 
JH. Associations of periodontal microorganisms with salivary 
proteins and MMP-8 in gingival crevicular fluid. J Clin 
Periodontol. 2012;39(3):256-63. doi: 10.1111/j.1600-
051X.2011.01813.x, PMID 22103335. 

17. Júnior UPS, Cabrera SP, Silva TMGd, Silva EMSd, Camara CA, 
Silva TMS. Geopropolis gel for the adjuvant treatment of 
candidiasis-formulation and in vitro release assay. Revista 
Brasileira de Farmacognosia. 2019;29(3):278-86. doi: 
10.1016/j.bjp.2019.02.010. 

18. Zulhendri F, Perera CO, Chandrasekaran K, Ghosh A, Tandean S, 
Abdulah R. Propolis of stingless bees for the development of 
novel functional food and nutraceutical ingredients: a systematic 
scoping review of the experimental evidence. J Funct Foods. 
2022;88:1-20. doi: 10.1016/j.jff.2021.104902. 

19. Linares A, Sanz Sanchez I, Dopico J, Molina A, Blanco J, Montero 
E. Efficacy of adjunctive measures in the non-surgical treatment 
of peri-implantitis: a systematic review. J Clinic Periodontology. 
2023;50Suppl 26:224-43. doi: 10.1111/jcpe.13821. 

20. Hienz SA, Paliwal S, Ivanovski S. Mechanisms of bone resorption 
in periodontitis. J Immunol Res. 2015;2015:615486. doi: 
10.1155/2015/615486, PMID 26065002. 

21. Frederic LJ, Michel B, Selena T. Oral microbes, biofilms and their 
role in periodontal and peri-implant diseases. Materials. 
2018;11(10). doi: 10.3390/ma11101802. 

22. Almadi EM, Almohaimede AA. Natural products in endodontics. 
Saudi Med J. 2018;39(2):124-30. doi: 10.15537/smj.2018.2.21038, 
PMID 29436559. 

23. Chinsembu KC. Plants and other natural products used in the 
management of oral infections and improvement of oral health. 
Acta Trop. 2016;154:6-18. doi: 
10.1016/j.actatropica.2015.10.019, PMID 26522671. 

24. Martinello M, Mutinelli F. Antioxidant activity in bee products: a 
review. Antioxidants (Basel, Switzerland). 2021;10(1):1-42. doi: 
10.3390/antiox10010071, PMID 33430511. 

25. Przybyłek I, Karpinski TM. Antibacterial properties of propolis. 
Molecules. 2019;24(11). doi: 10.3390/molecules24112047, 
PMID 31146392. 

26. Şenel E, Demir E. Bibliometric analysis of apitherapy in 
complementary medicine literature between 1980 and 2016. 
Complement Ther Clin Pract. 2018;31:47-52. doi: 
10.1016/j.ctcp.2018.02.003, PMID 29705479. 

27. Bankova VS, De Castro SL, Marcucci MC. Propolis: recent 
advances in chemistry and plant origin. Apidologie. 
2000;31(1):3-15. doi: 10.1051/apido:2000102. 

28. Marcucci MC, Ferreres F, Garcia Viguera C, Bankova VS, De 
Castro SL, Dantas AP. Phenolic compounds from Brazilian 
propolis with pharmacological activities. J Ethnopharmacol. 

2001;74(2):105-12. doi: 10.1016/s0378-8741(00)00326-3, 
PMID 11167028. 

29. Almuhayawi MS. Propolis as a novel antibacterial agent. Saudi J 
Biol Sci. 2020;27(11):3079-86. doi: 10.1016/j.sjbs.2020.09.016, 
PMID 33100868. 

30. Pasupuleti VR, Sammugam L, Ramesh N, Gan SH. Honey, 
propolis, and royal jelly: a comprehensive review of their 
biological actions and health benefits. Oxid Med Cell Longev. 
2017;2017:1259510. doi: 10.1155/2017/1259510, PMID 
28814983. 

31. De Souza Ferreira SB, de Assis Dias BR, Obregon CS, Gomes CC, 
de Araujo Pereira RR, Ribeiro Godoy JS. Microparticles 
containing propolis and metronidazole: in vitro characterization, 
release study and antimicrobial activity against periodontal 
pathogens. Pharm Dev Technol. 2014;19(2):173-80. doi: 
10.3109/10837450.2013.763262, PMID 23356908. 

32. Balata GF, Abdelhady MIS, Mahmoud GM, Matar MA, Abd El-Latif 
AN. Formulation of Saudi propolis into biodegradable chitosan 
chips for vital pulpotomy. Curr Drug Deliv. 2018;15(1):97-109. 
doi: 10.2174/1567201814666170125121735, PMID 28124615. 

33. Simu MR, Pall E, Radu T, Miclaus M, Culic B, Mesaros AS. 
Development of a novel biomaterial with an important 
osteoinductive capacity for hard tissue engineering. Tissue Cell. 
2018;52:101-7. doi: 10.1016/j.tice.2018.04.004, PMID 29857818. 

34. Ahi ZB, Renkler NZ, Gul Seker M, Tuzlakoglu K. Biodegradable 
polymer films with a natural antibacterial extract as novel 
periodontal barrier membranes. Int J Biomater. 
2019;2019:7932470. doi: 10.1155/2019/7932470, PMID 
31485230. 

35. Ideguchi H, Yamashiro K, Yamamoto T, Shimoe M, Hongo S, 
Kochi S. Molecular imaging assessment of periodontitis lesions 
in an experimental mouse model. Clin Oral Investig. 
2019;23(2):821-7. doi: 10.1007/s00784-018-2510-2, PMID 
29876665. 

36. Ishida N, Ishihara Y, Ishida K, Tada H, Funaki Kato Y, Hagiwara 
M. Periodontitis induced by bacterial infection exacerbates 
features of Alzheimer’s disease in transgenic mice. NPJ Aging 
Mech Dis. 2017;3:15. doi: 10.1038/s41514-017-0015-x, PMID 
29134111. 

37. Bostanci N, Mitsakakis K, Afacan B, Bao K, Johannsen B, 
Baumgartner D. Validation and verification of predictive salivary 
biomarkers for oral health. Sci Rep. 2021;11(1):6406. doi: 
10.1038/s41598-021-85120-w, PMID 33742017. 

38. Enersen M, Nakano K, Amano A. Porphyromonas gingivalis 
fimbriae. J Oral Microbiol. 2013;5. doi: 10.3402/jom.v5i0.20265, 
PMID 23667717. 

39. Figueiredo LC, Freitas Figueiredo N, da Cruz DF, Baccelli GT, 
Sarachini GE, Bueno MR. Propolis, aloe vera, green tea, 
cranberry, calendula, myrrha and salvia properties against 
periodontal microorganisms. Microorganisms. 2022;10(11). doi: 
10.3390/microorganisms10112172, PMID 36363764. 

40. Yoshimasu Y, Ikeda T, Sakai N, Yagi A, Hirayama S, Morinaga Y. 
Rapid bactericidal action of propolis against Porphyromonas 
gingivalis. J Dent Res. 2018;97(8):928-36. doi: 
10.1177/0022034518758034, PMID 29494308. 

41. Nakao R, Senpuku H, Ohnishi M, Takai H, Ogata Y. Effect of 
topical administration of propolis in chronic periodontitis. 
Odontology. 2020;108(4):704-14. doi: 10.1007/s10266-020-
00500-4, PMID 32112365. 

42. Veloz JJ, Alvear M, Salazar LA. Antimicrobial and antibiofilm 
activity against Streptococcus mutans of individual and mixtures 
of the main polyphenolic compounds found in Chilean propolis. 
BioMed Res Int. 2019;2019:7602343. doi: 
10.1155/2019/7602343, PMID 30719447. 

43. Nazir NH, SWNSS. Chemical constituents of Malaysian 
Geniotrigona thoracica propolis. Pertanika J Trop Agric. 
2018;41:955-62. 

44. Wang CY, Chen YW, Hou CY. Antioxidant and antibacterial 
activity of seven predominant terpenoids. International Journal 
of Food Properties. 2019;22(1):230-8. doi: 
10.1080/10942912.2019.1582541. 

45. Rajoo M. The role of propolis in inflammation and orofacial pain: 
a review. Annu Res Rev Biol. 2014;4(4):651-64. doi: 
10.9734/ARRB/2014/6111. 

https://doi.org/10.1016/j.mehy.2020.110276
https://www.ncbi.nlm.nih.gov/pubmed/33254580
https://doi.org/10.7860/JCDR/2016/16105.7749
https://www.ncbi.nlm.nih.gov/pubmed/27437357
https://doi.org/10.1097/MD.0000000000009642
https://www.ncbi.nlm.nih.gov/pubmed/29504999
https://doi.org/10.1111/j.1600-051x.1996.tb01814.x
https://doi.org/10.1111/j.1600-051x.1996.tb01814.x
https://www.ncbi.nlm.nih.gov/pubmed/8997658
https://doi.org/10.4103/0972-124X.162201
https://www.ncbi.nlm.nih.gov/pubmed/26644719
https://doi.org/10.3390/ijms23031806
https://www.ncbi.nlm.nih.gov/pubmed/35163727
https://doi.org/10.1111/j.1600-051X.2011.01813.x
https://doi.org/10.1111/j.1600-051X.2011.01813.x
https://www.ncbi.nlm.nih.gov/pubmed/22103335
https://doi.org/10.1016/j.bjp.2019.02.010
https://doi.org/10.1016/j.jff.2021.104902
https://doi.org/10.1111/jcpe.13821
https://doi.org/10.1155/2015/615486
https://www.ncbi.nlm.nih.gov/pubmed/26065002
https://doi.org/10.3390/ma11101802
https://doi.org/10.15537/smj.2018.2.21038
https://www.ncbi.nlm.nih.gov/pubmed/29436559
https://doi.org/10.1016/j.actatropica.2015.10.019
https://www.ncbi.nlm.nih.gov/pubmed/26522671
https://doi.org/10.3390/antiox10010071
https://www.ncbi.nlm.nih.gov/pubmed/33430511
https://doi.org/10.3390/molecules24112047
https://www.ncbi.nlm.nih.gov/pubmed/31146392
https://doi.org/10.1016/j.ctcp.2018.02.003
https://www.ncbi.nlm.nih.gov/pubmed/29705479
https://doi.org/10.1051/apido:2000102
https://doi.org/10.1016/s0378-8741(00)00326-3
https://www.ncbi.nlm.nih.gov/pubmed/11167028
https://doi.org/10.1016/j.sjbs.2020.09.016
https://www.ncbi.nlm.nih.gov/pubmed/33100868
https://doi.org/10.1155/2017/1259510
https://www.ncbi.nlm.nih.gov/pubmed/28814983
https://doi.org/10.3109/10837450.2013.763262
https://www.ncbi.nlm.nih.gov/pubmed/23356908
https://doi.org/10.2174/1567201814666170125121735
https://www.ncbi.nlm.nih.gov/pubmed/28124615
https://doi.org/10.1016/j.tice.2018.04.004
https://www.ncbi.nlm.nih.gov/pubmed/29857818
https://doi.org/10.1155/2019/7932470
https://www.ncbi.nlm.nih.gov/pubmed/31485230
https://doi.org/10.1007/s00784-018-2510-2
https://www.ncbi.nlm.nih.gov/pubmed/29876665
https://doi.org/10.1038/s41514-017-0015-x
https://www.ncbi.nlm.nih.gov/pubmed/29134111
https://doi.org/10.1038/s41598-021-85120-w
https://www.ncbi.nlm.nih.gov/pubmed/33742017
https://doi.org/10.3402/jom.v5i0.20265
https://www.ncbi.nlm.nih.gov/pubmed/23667717
https://doi.org/10.3390/microorganisms10112172
https://www.ncbi.nlm.nih.gov/pubmed/36363764
https://doi.org/10.1177/0022034518758034
https://www.ncbi.nlm.nih.gov/pubmed/29494308
https://doi.org/10.1007/s10266-020-00500-4
https://doi.org/10.1007/s10266-020-00500-4
https://www.ncbi.nlm.nih.gov/pubmed/32112365
https://doi.org/10.1155/2019/7602343
https://www.ncbi.nlm.nih.gov/pubmed/30719447
https://doi.org/10.1080/10942912.2019.1582541
https://doi.org/10.9734/ARRB/2014/6111


P. Wulandari et al. 
Int J App Pharm, Vol 16, Special Issue 2, 2024, 22-28 

9th RDM&E - IDCSU 2023, Indonesia                     | 28  

46. Koo H, Rosalen PL, Cury JA, Park YK, Bowen WH. Effects of 
compounds found in propolis on streptococcus mutans growth 
and on glucosyltransferase activity. Antimicrob Agents 
Chemother. 2002;46(5):1302-9. doi: 10.1128/AAC.46.5.1302-
1309.2002, PMID 11959560. 

47. Coutinho A. Honeybee propolis extract in periodontal treatment: 
a clinical and microbiological study of propolis in periodontal 
treatment. Indian J Dent Res. 2012;23(2):294. doi: 
10.4103/0970-9290.100449, PMID 22945731. 

48. Skaba D, Morawiec T, Tanasiewicz M, Mertas A, Bobela E, 
Szliszka E. Influence of the toothpaste with Brazilian ethanol 
extract propolis on the oral cavity health. Evid Based 
Complement Alternat Med. 2013;2013:215391. doi: 
10.1155/2013/215391, PMID 23861699. 

49. Lisbona Gonzalez MJ, Munoz Soto E, Lisbona Gonzalez C, 
Vallecillo Rivas M, Diaz Castro J, Moreno Fernandez J. Effect of 
propolis paste and mouthwash formulation on healing after 
teeth extraction in periodontal disease. Plants (Basel, 
Switzerland). 2021;10(8). doi: 10.3390/plants10081603, PMID 
34451647. 

50. Nilminie R. Salivary matrix metalloproteinase-8 and-9 and 
myeloperoxidase in relation to coronary heart and periodontal 
diseases: a subgroup report from the parokrank study 
(Periodontitis and its relation to coronary artery disease). PLOS 
ONE. 2015;10(7):e0126370. doi: 
10.1371/journal.pone.0126370 

51. Sorsa T, Mantyla P, Tervahartiala T, Pussinen PJ, Gamonal J, 
Hernandez M. MMP activation in diagnostics of periodontitis 
and systemic inflammation. J Clin Periodontol. 
2011;38(9):817-9. doi: 10.1111/j.1600-051X.2011.01753.x, 
PMID 21707693. 

52. Eghbali Zarch R, Askari M, boostani H, Mirzaii Dizgah I. Effect of 
propolis extract on clinical parameters and salivary level of 
matrix metalloproteinase 8 in periodontitis patients: a 
randomized controlled clinical trial. J Adv Periodontol Implant 
Dent. 2021;13(2):84-9. doi: 10.34172/japid.2021.013, PMID 
35919679. 

53. Franco C, Patricia HR, Timo S, Claudia B, Marcela H. Matrix 
metalloproteinases as regulators of periodontal inflammation. Int J 
Mol Sci. 2017;18(2). doi: 10.3390/ijms18020440, PMID 
28218665. 

54. Al-Majid A, Alassiri S, Rathnayake N, Tervahartiala T, 
Gieselmann DR, Sorsa T. Matrix metalloproteinase-8 as an 
inflammatory and prevention biomarker in periodontal and 
peri-implant diseases. Int J Dent. 2018;2018:7891323. doi: 
10.1155/2018/7891323, PMID 30305812. 

55. Sorsa T, Gursoy UK, Nwhator S, Hernandez M, Tervahartiala T, 
Leppilahti J. Analysis of matrix metalloproteinases, especially 
MMP-8, in gingival creviclular fluid, mouth rinse and saliva for 
monitoring periodontal diseases. Periodontol 2000. 
2016;70(1):142-63. doi: 10.1111/prd.12101, PMID 26662488. 

56. Lopez Valverde N, Pardal Pelaez B, Lopez Valverde A, Flores 
Fraile J, Herrero Hernandez S, Macedo-de-Sousa B. Effectiveness 
of propolis in the treatment of periodontal disease: updated 
systematic review with meta-analysis. Antioxidants (Basel, 
Switzerland). 2021;10(2):1-14. doi: 10.3390/antiox10020269, 
PMID 33578659. 

57. de Morais EF, Pinheiro JC, Leite RB, Santos PPA, Barboza CAG, 
Freitas RA. Matrix metalloproteinase-8 levels in periodontal 
disease patients: a systematic review. J Periodont Res. 
2018;53(2):156-63. doi: 10.1111/jre.12495. 

58. Kraft Neumarker M, Lorenz K, Koch R, Hoffmann T, Mantyla P, 
Sorsa T. Full-mouth profile of active MMP-8 in periodontitis 
patients. J Periodontal Res. 2012;47(1):121-8. doi: 
10.1111/j.1600-0765.2011.01416.x, PMID 21958332. 

59. Tonetti MS, Freiburghaus K, Lang NP, Bickel M. Detection of 
interleukin-8 and matrix metalloproteinases transcripts in 
healthy and diseased gingival biopsies by RNA/PCR. J 
Periodontal Res. 1993;28:511-3. doi: 10.1111/j.1600-
0765.1993.tb02114.x, PMID 8263721. 

60. Gupta N, Gupta ND, Gupta A, Khan S, Bansal N. Role of salivary 
matrix metalloproteinase-8 (MMP-8) in chronic periodontitis 
diagnosis. Front Med. 2015;9(1):72-6. doi: 10.1007/s11684-
014-0347-x, PMID 25098434. 

61. Luo KW, Wei Chen, Lung WY, Wei XY, Cheng BH, Cai ZM. EGCG 
inhibited bladder cancer SW780 cell proliferation and migration 
both in vitro and in vivo via down-regulation of NF-κB and MMP-
9. J Nutr Biochem. 2017;41:56-64. doi: 
10.1016/j.jnutbio.2016.12.004, PMID 28040581. 

62. Verstappen J, Von den Hoff JW. Tissue Inhibitors of 
Metalloproteinases (TIMPs): their biological functions and 
involvement in oral disease. J Dent Res. 2006;85(12):1074-84. 
doi: 10.1177/154405910608501202. 

63. Miller CS, Ding X, Dawson DR, Ebersole JL. Salivary biomarkers 
for discriminating periodontitis in the presence of diabetes. J 
Clin Periodontol. 2021;48(2):216-25. doi: 10.1111/jcpe.13393, 
PMID 33098098. 

64. Miller CS, King CP, Langub MC, Kryscio RJ, Thomas MV. Salivary 
biomarkers of existing periodontal disease: a cross-sectional 
study. J Am Dent Assoc. 2006;137(3):322-9. doi: 
10.14219/jada.archive.2006.0181, PMID 16570465. 

65. Ebersole JL, Nagarajan R, Akers D, Miller CS. Targeted salivary 
biomarkers for discrimination of periodontal health and 
disease(s). Front Cell Infect Microbiol. 2015;5:62. doi: 
10.3389/fcimb.2015.00062, PMID 26347856. 

66. Arakawa H, Uehara J, Hara ES, Sonoyama W, Kimura A, Kanyama 
M. Matrix metalloproteinase-8 is the major potential collagenase 
in active peri-implantitis. J Prosthodont Res. 2012;56(4):249-55. 
doi: 10.1016/j.jpor.2012.07.002, PMID 23083963. 

67. Sorsa T, Alassiri S, Grigoriadis A, Raisanen IT, Parnanen P, 
Nwhator SO. Active MMP-8 (aMMP-8) as a grading and staging 
biomarker in the periodontitis classification. Diagnostics (Basel, 
Switzerland). 2020;10(2). doi: 10.3390/diagnostics10020061, 
PMID 31979091. 

68. Sbardella D, Fasciglione GF, Gioia M, Ciaccio C, Tundo GR, Marini 
S. Human matrix metalloproteinases: an ubiquitarian class of 
enzymes involved in several pathological processes. Mol Aspects 
Med. 2012;33(2):119-208. doi: 10.1016/j.mam.2011.10.015, 
PMID 22100792. 

69. Li G, Yue Y, Tian Y, Li JL, Wang M, Liang H. Association of matrix 
metalloproteinase (MMP)-1, 3, 9, interleukin (IL)-2, 8 and 
cyclooxygenase (COX)-2 gene polymorphisms with chronic 
periodontitis in a Chinese population. Cytokine. 2012;60(2):552-
60. doi: 10.1016/j.cyto.2012.06.239, PMID 22819245. 

70. Araujo MG, Lindhe J. Peri-implant health. J Periodontol. 
2018;89Suppl 1:S249-56. doi: 10.1002/JPER.16-0424, PMID 
29926949. 

71. Konopka L, Pietrzak A, Brzezinska Błaszczyk E. Effect of scaling 
and root planing on interleukin-1β, interleukin-8 and MMP-8 
levels in gingival crevicular fluid from chronic periodontitis 
patients. J Periodontal Res. 2012;47(6):681-8. doi: 
10.1111/j.1600-0765.2012.01480.x, PMID 22510045. 

 

https://doi.org/10.1128/AAC.46.5.1302-1309.2002
https://doi.org/10.1128/AAC.46.5.1302-1309.2002
https://www.ncbi.nlm.nih.gov/pubmed/11959560
https://doi.org/10.4103/0970-9290.100449
https://www.ncbi.nlm.nih.gov/pubmed/22945731
https://doi.org/10.1155/2013/215391
https://www.ncbi.nlm.nih.gov/pubmed/23861699
https://doi.org/10.3390/plants10081603
https://www.ncbi.nlm.nih.gov/pubmed/34451647
https://doi.org/10.1111/j.1600-051X.2011.01753.x
https://www.ncbi.nlm.nih.gov/pubmed/21707693
https://doi.org/10.34172/japid.2021.013
https://www.ncbi.nlm.nih.gov/pubmed/35919679
https://doi.org/10.3390/ijms18020440
https://www.ncbi.nlm.nih.gov/pubmed/28218665
https://doi.org/10.1155/2018/7891323
https://www.ncbi.nlm.nih.gov/pubmed/30305812
https://doi.org/10.1111/prd.12101
https://www.ncbi.nlm.nih.gov/pubmed/26662488
https://doi.org/10.3390/antiox10020269
https://www.ncbi.nlm.nih.gov/pubmed/33578659
https://doi.org/10.1111/jre.12495
https://doi.org/10.1111/j.1600-0765.2011.01416.x
https://www.ncbi.nlm.nih.gov/pubmed/21958332
https://doi.org/10.1111/j.1600-0765.1993.tb02114.x
https://doi.org/10.1111/j.1600-0765.1993.tb02114.x
https://www.ncbi.nlm.nih.gov/pubmed/8263721
https://doi.org/10.1007/s11684-014-0347-x
https://doi.org/10.1007/s11684-014-0347-x
https://www.ncbi.nlm.nih.gov/pubmed/25098434
https://doi.org/10.1016/j.jnutbio.2016.12.004
https://www.ncbi.nlm.nih.gov/pubmed/28040581
https://doi.org/10.1177/154405910608501202
https://doi.org/10.1111/jcpe.13393
https://www.ncbi.nlm.nih.gov/pubmed/33098098
https://doi.org/10.14219/jada.archive.2006.0181
https://www.ncbi.nlm.nih.gov/pubmed/16570465
https://doi.org/10.3389/fcimb.2015.00062
https://www.ncbi.nlm.nih.gov/pubmed/26347856
https://doi.org/10.1016/j.jpor.2012.07.002
https://www.ncbi.nlm.nih.gov/pubmed/23083963
https://doi.org/10.3390/diagnostics10020061
https://www.ncbi.nlm.nih.gov/pubmed/31979091
https://doi.org/10.1016/j.mam.2011.10.015
https://www.ncbi.nlm.nih.gov/pubmed/22100792
https://doi.org/10.1016/j.cyto.2012.06.239
https://www.ncbi.nlm.nih.gov/pubmed/22819245
https://doi.org/10.1002/JPER.16-0424
https://www.ncbi.nlm.nih.gov/pubmed/29926949
https://doi.org/10.1111/j.1600-0765.2012.01480.x
https://www.ncbi.nlm.nih.gov/pubmed/22510045

	ABSTRACT
	Objective: Propolis is a beehive-derived natural substance containing plant secondary metabolites and can potentially be used for periodontal therapy. This study aims to analyze the phytochemicals of Indonesian stingless bee propolis and its efficacy ...
	Methods: The qualitative and quantitative phytochemical analysis measured the total phenolic and flavonoid content. The gallic acid equivalent was used to measure phenolics, and the Quercetin equivalent was used to measure the flavonoids of the extrac...
	Results: The qualitative and quantitative phytochemical analysis of the propolis extract detected the presence of phenol, flavonoid, alkaloid, triterpenoid, saponins, glycosides, and tannins. The Kirby-Bauer method showed that propolis gel with a conc...
	Conclusion: Propolis extract gel with 70% concentration could potentially be used as a supportive treatment for periodontal therapy.
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	ACKNOWLEDGEMENT
	FUNDING
	AUTHORS CONTRIBUTIONS
	CONFLICT OF INTERESTS
	REFERENCES

