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1. INTRODUCTION 

 

 Periodontal diseases are highly prevalent and 

can affect up to 90% of the world population. They      

have attracted more interest in recent year, since it is 

becoming evident that such infection can influence 

systemic health in many ways e.g. heart disease1 (Beck 

et al., 2005), stroke2 (Hozomi et al., 2012) and pneumonia 

in the elderly3 (Sharma et al., 2011). It is a chronic 

infection caused by bacterial infection of the periodon- 

tium, resulting in degeneration of tissue. This disease is 

characterized by an inflammatory reaction in gingival 

tissue and subsequently destroys periodontal structures 

including cementum, periodontal ligament and alveolar 

bone. 

 An important aspect of periodontal therapies is 

to slow down or to arrest the progression of the disease 

by scaling and root planning of the tooth. Medications 

for example tetracycline, macrolides, quinolone, metro- 

nidazole in combination with tetracycline may also be 

used, and sometimes surgery may be needed. Therapeutic 

methods may involve tissue engineering to regenerate 

the alveolar bone, cementum, periodontal ligament and 

finally prevent recurrence of the disease. Periodontal 

ligament cells play an important role in regeneration      

of the periodontium and of the bone, since they possess 
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ABSTRACT 
 

 The aim of this study is to investigate the effect of propolis from Thai Tetragonula laeviceps (Thai 

stingless bee) on human periodontal ligament fibroblasts (PDLF). Periodontal ligament fibroblasts obtained from 

Science CellTM were cultured in Dulbecco’s Modified Eagles Medium (DMEM) containing 10% fetal bovine 

serum. The cytotoxicity of propolis was assayed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) method. The cell proliferation assay was evaluated in the presence and absence of propolis at 

different concentrations at day 1, 4, 7, and 10. The horizontal migration assay was performed using scratched 

assay in monolayer culture, and vertical migration assay was done in a Boyden chamber, stained with toluidine 

blue O then counted. The antioxidant activity of propolis was measured based on the scavenging effect on 2,2-

diphenyl-1-picryl-hydrazyl radical (DPPH). The effect of propolis on bone regeneration was determined using 

alkaline phosphatase activity and mineralized nodule formation assay. The results showed that propolis, up to 

200 mg/ml, respectively, produced no toxicity to PDLF. It was also found that at low concentration propolis could 

promote PDLF proliferation and cell migration. The antioxidant activity of propolis was dose dependent. It was 

found that the higher the concentration the higher antioxidant effect. Alkaline phosphatase activity was found to 

increase markedly at day 14 then decrease in all groups. It was found that propolis could induce nodule formation. 

In conclusion, propolis from T. laeviceps can promote PDLF cell proliferation, migration and differentiation.  
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stem cell activities. 

Propolis is the generic name for a complex 

mixture of resinous substances that bees collect from 

plants, and is used to coat the inner walls of the bee hive, 

to protect the entrance against intruder, and to inhibit 

the growth of fungi and bacteria. Propolis has been used 

in dentistry for various purposes and has a promising 

role for medicine in the future4 (Taheri et al., 2011). 

However, different types of bees produce different 

propolis due to both species and environment in which 

they live. Tetragonula laeviceps, stingless bee commonly 

found in tropical regions, can be commercially 

cultivated in an artificial beehive and widely distributed 

throughout Thailand. It was reported to possess anti- 
bacterial and antifungal properties5 (Umthong et al., 

2011) Moreover, it also possessed anti proliferative 

effect on cancer cell lines6. Therefore, the aim of this 

study is to investigate the effect of T. laeviceps propolis 

on fibroblasts in human periodontal ligament in terms 

of cytotoxicity, cell proliferation, cell migration and 

differentiation. 

 

2. MATERIALS AND METHODS  
 

2.1. Propolis 

 

T. Laeviceps propolis was kindly provided by 

Professor Chanpen Chanchao, Department of Biology, 

Faculty of Science, Chulalongkorn University, Bangkok, 

Thailand. Propolis from T. laeviceps was collected from 

hives in a mangosteen (Garcinia mangostana) and 

rambutan (Nephelium lappaceum) orchard in Makham 

district, Chantaburi province, Thailand in May 2012.     

It was wrapped in an aluminum foil and kept in the   

dark at -20℃ until used. Crude extract of propolis      

was obtained by dissolving 10g of propolis in 10 ml.       

of dimethylsulfoxide (DMSO) overnight at room tem- 
perature, then centrifuging and keeping the clear 

supernatant at 4°C, This will be stock solution at the 

concentration of 1000 mg/ml and further diluting with 

cell culture media to obtain various concentrations of 

propolis for use in further studies.  

 

2.2. Cell culture 

 

Human periodontal ligament fibroblasts 

(PDLF) were purchased from Science CellTM Research 

Laboratories. Cells were cultured in Dulbecco’s Modified 

Eagle Medium (DMEM), Gibco™, Invitrogen Corpora- 
tion with 10% (v/v) fetal bovine serum (FBS), Hyclone®, 

Hyclone UK Ltd., UK (complete medium) at 37°C in a 

humidified air atmosphere containing 5% (v/v) CO2. 

 

2.3. MTT assay for cytotoxicity 

 

PDLF were added to each well of  96-well plates 

(Costar®, Corning, USA) at a concentration of 2x104 

cells in 200 µl of DMEM per well. Cells were incubated 

at 37˚C in humidified atmosphere of 95% air and 5% 

CO2 for 24 hours. Then cells were treated with various 

concentrations of propolis for 24 hours. In the negative 

control group, the cells were treated with DMEM alone. 

The DMSO concentration was kept less than 1% which 

showed no toxicity to cells. Cell viability was assessed 

by the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra- 
zolium bromide (MTT; Sigma-Aldrich, USA) method7. 

(Mosmann, 1983). In brief, cells were washed with 1X 

PBS and incubated with 0.5 mg/ml MTT (Sigma-

Aldrich™, Inc., USA) for 2 hours. After that, they were 

rinsed again with 1X PBS. The formazan product was 

dissolved in DMSO for 30 minutes. The absorbance   

was measured at 540 nm using EpochTM microplate 

spectrophotometer (Biotek®, USA). 

 

2.4. Cell proliferation Assay 

 

PDLF were seeded in 24-well plates (Costar®, 

Corning, USA) at a density of 2x104 cells/well in 

humidified atmosphere at 5% CO2 at 37⁰C. Cells were 

treated with propolis at concentrations of 200, 100, 10, 

1, 0.1 g/ml. The medium was changed every other day 

and the concentration of propolis was kept at specified 

concentration. Cell viability was assessed by the 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) method8 (Jaiswal et al., 1997) at day 1, 4, 7 and 

10. In the negative control group, cells were treated  

with DMEM alone. In the positive control group, cells 

were treated with 10% DMSO. All experiments were 

performed in triplicate. 

 

2.5. In vitro wound healing assay 

 

Horizontal migration assay was performed 

using a modification of the scratch assay method9 

(Liang et al., 2007). Briefly, a confluent monolayer of 

PDLF cells were cultured on 24 well plates by seeding 

cells at the concentration of 1x105 cells per ml of 

DMEM per well. Cells were incubated for 24 hours at 

37°C in humidified atmosphere of  95% air and 5% CO2. 

After this incubation period, a wound was created in the 

cultured cells by scraping cells across the surface of    
the tissue culture well centrally extending to the edge  
of the well. The wounded well was rinsed with PBS, and 

then treated with propolis at various concentrations. 

Cells were further incubated for 18 hours allowing the 

remaining cells to migrate into the created wound space. 

The migrated cells were fixed with iced cold methanol, 

washed once with deionized water and stained with 

toluidine blue. Images of cell migration were acquired, 

and cell migration was determined by counting number 

of cells migrating into the wounded area. The experiment 

was performed at least 3 times. 
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Vertical migration assay was performed using  
a Boyden chamber according to Chen, 200910. Briefly, 

PDLF were cultured in a 24 well plates Boyden chamber 

by seeding 1x105 cells in 2 ml of  DMEM per well. Cells 

were incubated at 37°C in humidified atmosphere of 

95% air and 5% CO2. After 24 hours, cells were treated 

with propolis at various concentrations and then cells 

were further incubated for another 24 hours allowing 

the cells to migrate vertically. The migrated cells were 

fixed with ice-cold methanol for 2 minutes and washed 

with deionized water once then stained with toluidine 

blue for 2 minutes followed by washing with deionized 

water twice. Cell migration images were acquired. Six 

areas were taken for each well. Cell migration was 

determined by counting the number of cells which 

moved to the bottom side of the filter. The experiment 

was performed at least 3 times. 

 

2.6. Mineralized nodule formation and quantification 

 

Three experiments were performed according 

to the method by Nohutcu et al., 199711. Cells were 

observed daily and media was collected at days 7, 14, 21 

and 28. PDLF cells were seeded at the concentration of 

2x103 cells per well in a 12 well plates for 24 hours and 

then treated with crude propolis at the concentration      
of 0.1 µg/ml. Bone inducers (50 µg/ml ascorbic acid, 10 

mM β-glycerophosphate and 100 nM dexamethasone) 

were used as positive control. In the negative control 

group, cells were treated with DMEM alone. Cells were 

incubated at 37°C in humidified atmosphere of 95% air 

and 5% CO2 with change of medium after every 3rd   
day. Photographs were taken on days 7, 14, 21 and 28.   
At day 28, after the nodule formed, the medium was 

removed. Cells were then washed with PBS twice. Cells 

were fixed with 100% cold methanol for 10 minutes     
and then rinsed twice with deionized water. Cells were 

stained with 1% Alizarin Red S (pH 4.1-4.3) (Sigma-

Aldrich, USA) for 10 minutes, after removing dye, and 

rinsed with deionized water and air dried for 1 day. Next 

day photographs were taken of the nodules. The number 

of nodules were counted and calculated per area. 

 

2.7. Alkaline phosphatase activity assay 

 

On day 7, 14 and 21, cells were washed twice 

with PBS and lysed with lysis buffer (400 µl) containing 

1 mM Phenylmethanesulfonyl fluoride (PMSF; Sigma-

Aldrich, USA) and Cell Lytic M (Sigma-Aldrich, USA) 

for 15 minutes. Then cells were scraped and transferred 

to microtubes followed by centrifugation at 14,000 rpm 

for 15 minutes at 4˚C. Then the supernatant was 

collected and stored at -80˚C until use. 100 µl pNPP (p-

nitrophenyl phosphate) was added to 50 µl sample and 

incubated at 37°C for 30 min. Alkaline phosphatase 

enzyme activity was calculated from the absorbance of 

p-nitrophenol product formed at 405 nm determined 

using a microplate reader (Bio-Rad). 

 

2.8. Free radical scavenging assay 

 

Antioxidant activity of T.laeviceps propolis  
was measured based on the scavenging effect of 

propolis on 2,2-diphenyle-1-picryl-hydrazyl radical 

(DPPH) (St.Louis, USA). Ascorbic acid was used as     
the reference antioxidant12 (Yamaguchi et al., 1998). A 

solution containing various concentrations of propolis 

was used to assess their antioxidant activity. Absolute 

ethanol (0.1 ml of absolute ethanol and 3.9 ml of 60 μM 

DPPH solution) was used as the negative control and    
60 μg/ml ascorbic acid was used as a positive control. 

All tubes were incubated at 28°C for 30 minutes, after 

which the absorbance was read at 515 nm, against 

absolute ethanol as the blank. All experiments were 

performed in triplicate at each concentration. Percen- 

tage DPPH radical scavenging activity was calculated 

by the following equation: 

% DPPH radical scavenging activity = {(Ac- 

As)/Ac}×100 

where Ac is the absorbance of the control, and 

As is the absorbance of the test samples or standard. 

Then % of inhibition was plotted against concentration, 

and the IC50 was determined.  

 

3. RESULTS 

 

3.1. Cell viability 

 

The results showed that propolis from T. 

Laeviceps up to 200 µg/ml produced no toxicity to     

PDL fibroblasts as shown in Figure 1. T. Laeviceps 

propolis at the concentrations of 0.1 µg/ml and 1 µg/ml 

could also promote PDLF proliferation as shown in 

Figure 2. It was also found that 10% DMSO was toxic 

and cell viability was reduced to only 28%. 

 

3.2. In vitro wound healing assay 

 

 The cell culture wound-closure and the trans 

well migration assays were performed to determine the 

migration of cell horizontally and vertically. The results 

showed that T. Laeviceps propolis at the concentrations 

of 0.1 µg/ml, 1 µg/ml and 10 µg/ml could significantly 

promote PDLF migration into scratched area as shown 

in Figure 3. The number of migrated cells were counted 

per area and showed in Figure 4. The greatest migration 

activity was found at the concentration of 10 µg/ml. 

Statistical significant difference was found in the  

group of 0.1, 1, 10 and 100 µg/ml. In order to confirm 

the effect of propolis on PDLF migration the transwell 

cell migration assay was performed. The result showed 

similar effect to the scratch assay. T. Laeviceps propolis 
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Figure 1. Percentage of cell viability after treated PDLF with various concentration of T. laeviceps propolis. Each bar represents a mean with 

SD (n=6). A significant differences shown as asterisk (*) at p<.05 when compare with control group. 

 

 

Figure 2. Effect of propolis on PDLF cell proliferation (n=3). 
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Figure 3. Horizontal migration assay of cell treated with propolis. 

 

 

Figure 4. Number of cells migrated horizontally after treated with various concentrations of propolis. Each points and bar represents a mean 

with SD (n=3). A significant differences shown with asterisk (*) at p<.05 when compare with the control group. 
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could significantly promote vertical cell migration 

through the membrane at the concentrations of 0.1 and 

1 µg/ml as shown in Figure 5. 

 

3.3. Alkaline phosphatase activity 

 
The level of alkaline phosphatase activity, 

shown in Figure 6, increased markedly in the propolis 

treated and inducer treated groups at day 14, but then 

decreased. Surprisingly, the level of alkaline phos- 

phatase activity in propolis treated sample was lower in 

the presence of inducer compared to in the absence of 

inducer. 

 

3.4. Nodule formation 

 
At day 21, cells treated with propolis, propolis 

with inducer, and with inducer only showed a tendency 

to clump and form foci, while negative control group 

cells appeared normal but reached confluency. At day 

28, mineralized nodules were observed and could be 

stained with Alizarin Red S, as shown in Figure 7. It 

was found that propolis could induce nodule formation 

without inducers.  

Cells treated with propolis showed the highest 

numbers of nodule formation, which were nearly 2 folds 

higher than in the positive control group. Mineralized 

nodule was not formed in the negative control group 

without inducers (Table 1). Propolis appears to have no 

synergistic effect in inducing nodule formation, since 

the number of nodules found in the propolis plus inducer 

group was a little less than in the group with inducer 

alone. However, the size of mineralized nodules varied. 

 

3.5. Free radical scavenging effect 

 

The antioxidant activity of propolis was 

measured based on the scavenging effect of propolis    

on the stable free DPPH. The results showed that the 

antioxidant activity of propolis was dose dependent,  

with higher concentration showing greater antioxidation 

effect, as shown in Figure 8. The dose giving 50% effect 

(EC50) was 3.4 mg/ml. 

 

4. DISCUSSION 

 

 Effective treatment of periodontal diseases 

requires reducing inflammation and promoting both 

hard and soft tissue regeneration. In recent years, many 

researchers have been studying stem cell-mediated 

periodontal regeneration13 (Barosso et al., 2012). 

PDLF, the most important cells in the 

periodontium, have been suggested to play an impor- 
tant role during periodontal wound healing leading to 

periodontal tissue regeneration14-15 (Iaska et al., 2001), 

(Wang et al., 2011). Periodontal ligament fibroblasts 

have been reported to possess stem cell properties, e.g. 

expression of stem cell markers16 (Nomura et al., 2012), 

the ability to differentiate and the ability to form 

mineralized nodules15 (Wang et al., 2011). This cell was 

therefore selected to use in this study. 

Propolis is one of the few natural remedies     

that have maintained popularity over a long period          

of time. Previous studies showed many biological 

properties of propolis such as wound healing13 (Barroso 

et al., 2012), anti-inflammation17 (Dobrowolski et al., 

1991), antioxidant activity18 (LeBlanc et al., 2012). 

However, different bees produce different propolis due 

to both species and living environment. This study is 

the first to study the effect of propolis obtained from 

Thai Tetragonula laeviceps (Thai stingless bee) on 

PDLF migration in vitro. Therefore, cytotoxicity tests 

need to be performed on this cell type, and the viability 

of  PDLF cells after treatment with propolis for 24 hours 

was measured by the colorimetric MTT assay. 

The results showed that cells treated with 

propolis showed significant difference in cell viability 

at concentration 200, 100, 10, 1, 0.1 µg/ml, but no 

toxicity was found at all concentrations tested. The 

ethanolic extract of T. laeviceps propolis was previously 

reported to contain compounds with in vitro anti-

proliferative activity on 5 carcinoma cell lines (Chago, 

Kato-III, SW620, BT474 and HepG2). In the same paper, 

the propolis extract also showed cytotoxic activityity on 

two normal cell lines namely HS27 and CH-liver cells5 

(Umthong et al., 2009), with IC50 values of  37.85 µg/ml 

and 29.14 µg/ml, respectively. It was also reported that 

100 µg/ml water extract and 100 µg/ml methanolic 

extract of T. laeviceps propolis had little antiprolife- 
rative effect on SW620 colon cancer cells, with more 

80% cell viability remaining5 (Umthong et al., 2009). 

Interestingly, it was found that our study shows that     

T. laeviceps propolis up to 200 µg/ml showed no cytotoxic 

activity to PDLF. This may be due to a difference in the 

propolis extract used since the propolis in this study was 

crude extract dissolved in DMSO. Moreover, different 

type of cells may respond differently to toxic substances, 

PDLF have been suggested to tolerate propolis better 

than Hanks balanced salt solution19 (Gjertsen et al., 

2011). It has been suggested that propolis solution can 

be used to preserved dental pulp and periodontal 

ligament fibroblasts which may have possible use          

as an alternative intercanal medication in endodontic 

treatment20. 

Tests of cerumen from Brazilian stingless   
bees with the Artemia salina lethality assay showed 

some samples having surprisingly high cytotoxicity, 

whiles others appeared to be non-toxic21 (Velikova et 

al., 2000). Many other studies of A. mellifera propolis 

extract have shown different cytotoxic concentrations 

to different cell types in vitro22 (Teerasripreecha et al., 

2012).  The   complex  composition  of  propolis  may



MM. Baloch et al.  Pharm Sci Asia 2021; 48(5), 450-460 
 

 
456 

 

Figure 5. Number of cells migrated vertically after treated with various concentrations of propolis. Each points and bar represents a mean with 

SD (n=3). A significant differences shown with asterisk (*) at p<.05 when compare with the control group. 

 

 

Figure 6. The alkaline phosphatase activity of PDLF cells expressed in nmol of pNP/mg protein/min. 

 
Table 1. Number of mineralized nodules formed calculated from a representative experiment. 
 

Condition Number of Nodules per cm2 

Propolis 10µg/ml 139.9 

Propolis + Inducer   51.3 

Positive control   70.8 

Negative control  0 
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Figure 7. Representative photograph of mineralized nodule formation after staining with alizarin red S at day 28. 

 

 

Figure 8. Antioxidant activity of T.laeviceps propolis at various concentrations. EC50 of propolis is 3.4 mg/ml.  
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explain why the propolis from the same type of bee 

could give apparently contradictory results, for example 

in anti-cancer activity and healing effect. The propolis 

collected in different seasons and at different places   

may also possess different properties too. This is the 

limitation of the study with crude extract. 

The cell viability at those concentrations was 

confirmed by cell proliferation assay. Cells were grown 

in the presence and absence of propolis for 10 days. The 

results clearly showed that at the concentration of 100 

µg/ml of propolis, cells were still growing at similar rate 

to control, while at the concentration of  200 µg/ml cells 

were still viable. At the concentration of 200 µg/ml, 

propolis could inhibit growth of  PDLF and may begin 

to be slightly toxic. Therefore, the use of this crude 

propolis at higher concentrations than 200 µg/ml is not 

recommended. However, most interestingly, the cell 

proliferation assay showed that propolis at a concentra- 

tion as low as 0.1 µg/ml could promote growth of  PDLF.  

 The antioxidant activity of propolis was 

measured based on their scavenging effect on the stable 

free 2,2-diphenyl-1-picryl-hydrazyl radical. 

The antioxidant activity of propolis samples 

from various countries, including Brazil, has been 

studied using this method. Red Brazilian propolis 

showed the best results23 (Trusheva et al., 2006). Another 

study of anti-oxidative property of propolis from 3 cities 

in the north of Brazil showed that the samples having 

higher phenolic and flavonoid contents showed higher 

anti-oxidant activity24 (Sawaya et al., 2011). In another 

study, the antioxidant activity was found to vary with 

different seasons25 (Simoes-Ambrosio et al., 2010). 

 In the present study, the results showed that    

the antioxidant activity of propolis is dose dependent, 

with higher concentrations giving higher antioxidant 

activity. The EC50 for propolis used in this study was 

3.4 mg/ml, indicating mild antioxidant activity. However, 

many reports showed that the antioxidant activities of 

many natural products vary greatly depending on source, 

season and collection process. With Chinese propolis, 

IC50 or ED50, varied between 21.79 µg/ml to 173.38 

µg/ml depending on the source of propolis. 

 Wound healing is a highly complex yet elegantly 

co-ordinated process. Like many biological phenomena, 

the study of wound healing has benefited from the use 

in vivo and in vitro models which have attempt to 

identify, isolate and simplify some of the processes 

associated with tissue repair26 (O’Leary et al., 2004). 

The aim of periodontal therapy is to regenerate and 

restore the periodontium27 (Garrett et al., 1996). Recent 

studies reported that regeneration of the destroyed 

periodontal attachment tissue is biologically possible28- 

29 
(Meyer et al., 1986, Gottlow. 1984). The goal of rege- 

neration is to reconstitute the periodontal tissue onto a 

root surface that is the site of marginal periodontitis.        
In the periodontal regeneration process, progenitor 

periodontal ligament PDL cells need to migrate to the 

root surface, attach to it, proliferate and differentiate 

into an organized and functional fibrous attachment 

apparatus. 

In this study we performed proliferation and 

migration assays both vertically and horizontally     

since this may be related to the migration process in 

periodontal diseases. First to confirm results using 

different assays and second; since in treatment of perio- 

dontal diseases sometimes need to perform surgical 

treatment and sometimes the guide tissue regeneration 

membrane may be needed. In order to regenerate bone 

in the periodontal diseases, the most important cells are 

periodontal ligament fibroblasts. These cells have to 

migrate to the defect bone area and also migrate 

vertically down under the gingiva. In treatment of 

severe periodontal diseases, surgical procedure may be 

required and guided tissue regeneration membrane   

may be needed. To start bone regeneration process the 

PDLF have to be able to migrate and proliferate into 

wounds area both horizontally and vertically, then they 

begin to deposit abundant ECM components during   

the final phase of wound healing. PDLF have been 

shown to be able to differentiate to become bone cell 

and help in mineralization process. Therefore both 

horizontal and vertical migration are important for the 

tissue regeneration process. The results showed that 

concentrations lower than 10 µg/ml of propolis for 24 

hours could promote cell migration. On the other hand, 

propolis at the concentration of 1 µg/ml and 10 µg/ml 

could also promote PDL cell proliferation 

In addition, the effect of propolis on the 

differentiation of human periodontal cell was studied. 

The results showed that all test groups and the positive 

control group could have formed mineralized nodules 

starting on day 24 and being clearly seen by staining on 

day 28 of culture, which correlated well with the ALP 

activity. There were the differences in the test groups 

and the positive control group, in terms of the number  

of  mineralized nodules found. However, no mineralized 

nodule was detected in the negative control, which 

lacked inducers. 

 PDL cells consists of heterogeneous cells with 

osteoblastic, fibroblastic, or cementoblastic proper- 

ties30-31 (Yee et al., 1976, Pender et al., 1995). Previous 

studies have shown that PDLF cells can form bone-like 

mineralized nodules in the presence of ascorbic acid,     

β-glycerophosphate and dexamethasone in monolayer 

culture32 (Cho et al., 1992). A similar study showed that 

Andrographis paniculata gel had the ability to induce 

differentiation of PDLF to osteoblast-like cells and 

formation of mineralized nodules at day 28 of culture33 

(Sakulwan. 2008). Thus, in this study, the ALP activity 

and the mineralized nodule formation were used to 

investigate the direct effect of the propolis on a diffe- 

rentiation of human PDLF cells to osteoblast like cells 
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in vitro. ALP is a calcium and phosphate binding protein 

and also an enzyme which hydrolyses monophosphate 

esters producing a high concentration of phosphates34 

(Beertsen et al., 1989) leading to supersaturation and 

subsequent precipitation of calcium phosphate salt in 

the collagenous substrate35 (Martland et al., 1926). The 

activity of the enzyme is considered to be an important 

indicator of bone formation and a phenotypic marker of 

the osteoblastic cells. ALP appears to be an early marker 

of osteoblast differentiation and is expressed at high 

levels during the period of extracellular matrix depo- 

sition and then down-regulated after the mineralization 

stage1 (Beck et al., 1998). 

 In the present study, the ALP activity 

continuously increased, and reaching its peak on day   

14 in all groups, and then started to decrease. Cultured 

human periosteal-derived cells also showed increase in 

ALP expression for up to 2 weeks, with the continuous 

decrease thereafter36 (Perk et al., 2007). Therefore, our 

results showed a similar pattern of ALP activity in   

PDLF cells, but surprisingly, the level of ALP activity   

in PDLF also increased in the group lacking inducers. 

Moreover, the level of alkaline phosphatase activity in 

propolis treated sample was lower in the presence of 

inducer compared to in the absence of inducer. This  

may due to the antioxidant property of propolis which 

may react with ascorbic acid in the osteogenic medium 

and resulted in such response. The PDLF may possess   

a specific property, since PDLF contains stem cell 

property and can differentiate to other cell types such  

as osteoblast-like cells. The PDLF cells used in this 

study contain more than 99% stem cell property (data 

not shown). Thus, ALP activity increases during 14 days 

of culture, so the cells are ready to differentiate if the 

signal received. However, in the absence of inducer, 

cells will not differentiate and continue to grow as 

fibroblasts. Therefore, ALP activity may not be a good 

candidate for following the mineralization process in 

PDLF. However, it is interesting that propolis could 

induce ALP activity to increase and remain quite high 

after 14 day of culture. In addition, all test groups and 

the positive control group showed mineralized nodules 

starting on day 24 of culture, and the number and size 

of the nodules increase on day 28 of culture. However, 

differences in the number of mineralized nodules were 

found in the test groups and the positive control, but no 

mineralized nodule was detected in negative control 

group. Propolis alone could induce PDLF differentia- 

tion and mineralization, but use of propolis together 

with inducer actually caused reduction in the number    

of mineralized nodules, suggesting that these two sub- 

stances may have some antagonistic effect on induction. 

The mineralized nodules may arise from osteoblast-like 

cells formed by PDLF differentiation or result from 

mineralization of PDLF itself. Further studies are needed 

clarify this, as well as to understand the mechanism of 

the induction. 

The findings in this study clearly show that 

propolis from T. laeviceps could be used to induce bone 

formation. This is the first time that such property of 

this propolis has been described. The concentration used 

for induction is very low at the level of 0.1 µg/ml of 

propolis respectively, which is much lower than the 

EC50 found the free radical scavenging assay, so it is 

unlikely that these two properties are related. 

The findings of the present study may help in 

the development of new drug to be used for treatment   

of periodontal disease, by which bone regeneration 

could be induced. With this property of this propolis, it 

will be interesting to see whether it may assist in other 

bone mineralization or bone tissue damage, such as in 

arthritis or other bone diseases. However, further clinical 

studies will be required to enable this natural product to 

be used in the effective manner.  

Moreover, the study about other biological effect 

of propolis from T. laeviceps on other cell types may 

lead to the development of new regimen for treatment of 

other wound type. 

 

5. CONCLUSIONS 

 

Propolis from T. laeviceps can induce prolife- 

ration, migration and differentiation of PDLF. Thus, 

the results of this study could be used to support the use 

of these natural materials in dental practice for the 

treatment of periodontal diseases. 
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