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ABSTRACT

The periodontium is a supportive structure which surrounds the teeth and supports them. This structure consists of
different tissues including gingiva, cementum, periodontal ligament and alveolar bone. The aim of this study is to
analyze the osteogenic stimulatory effect of the combination of dexamethasone and L.L.L.I. on the periodontal stem
cell (PDLSc). The PDLSc were obtained from the first premolar root of young healthy patients who had their teeth
extracted for orthodontic treatment purposes. After obtaining the stem cells, the PDLSc were cultured in plates
containing a-MEM and 15% FBS. The osteogenic differentiation was carried out in three groups, basic medium,
Dexamethasone and L.L.L.I. and negative control and then the alizarin red staining test, calcium test and alkaline
phosphatase test were performed. The results showed that intracellular calcium and alkaline phosphatase in the
dexamethasone and L.L.L.I. group was significantly higher than the control group (p<0.05). Also the stain test
showed mineralization of célls in the dexamethasone and L.L.L.I. group. The results of this study showed that the
combination of dexamethasone and L.L.L.I. has a stimulatory osteogenic effect on PDLSc.
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INTRODUCTION

The periodontium tissue is made from a populatibneural crest cells called the dental follicle €Tdhental follicle
creates a sheath of connective tissue around thelageng tooth. During differentiation and root fioation the
dental follicle creates the alveolar bone, root eetum and PDL. The second source of PDL precuaersiround
the blood vessels in the area and play a role lwilding the PDL after root formation (1). Besidibe dental
follicle and PDL precursor cells, the use of otpeecursors such as mesenchymal bone marrow stdsnaced
cementoblast precursors have also been reportee soccessful in reconstructing the PDL. The silityalof these
precursor cells is due to their flexible nature meg that mature stem cells, when influenced byridjlet inductive
factors, can develop into many different typesisgute (2). Even though the ability of stem cellsi@veloping into
other types of periodontal cells has been proveis still unknown what influences them to develapvards
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rebuilding a true periodontium with a suitable bigital width and function. Also data from severhhical and
biological studies has provided enough proof teauilding the periodontium is possible (3, 4).Tlw af treating
the periodontium is to prevent tooth loss and lokfissue strength and also reconstruction of stpmptissues
around the teeth. The expected result of suchatnient is to eliminate disease from the periodomtia achieve a
successful reconstruction of the periodontium megr@ functional epithelial coverage (5, 6). Todaw lleveled
laser (L.L.L.I.) has turned into a commonly usedtinment in medicine and dentistry and has effsotsh as
stimulating wound healing, cartilage proliferatiamd proliferation of fibroblasts for collagen syasis, anti-
inflammatory effects and nerve regeneration. TheoV® model has actually proved that L.L.L.l. causgmulation
of osteoblasts to increase their function in ortteregenerate bone. Dexamethasone is a substame tifre
corticosteroid group and has proven to have varieffiscts on bone formation in mice and various obsi
osteoprogentious differentiation effects in humahgch have also been verified (7). The aim of theent study is
to analyze the effect of the combination of Low &kelaser Irradiation and Dexamethasone on theréififéation of
mesenchymal PDL stem cells into osteoblasts undérim conditions.

MATERIALSAND METHODS

I solation of PDL stem cells:

The PDL stem cells were obtained from the rootirst premolars from 17 young and healthy peoples ifltended
teeth were examined a week before extraction. Tovres of the teeth were isolated and rinsed wigmiyl of saline
solution in order to prevent an increase in tempeeaand damage to the cells. The periodontal lgyarntissue was
acquired from the middle third of the root usinguagical scalpel. Ligaments from the coronal andahird were
not used to prevent pollution with gingival and gmll cells. The periodontal ligament cells were pthin plates
with o-MEM and FBS 15% in isolation and were engulfedyjme 1 collagenase solution (3mg/ml) after beingtke
for 1 hour at a temperature of 87The sample was then centrifuged for 15 minukes. plates which contained
MEM and FBS 15% and antibiotic 1% were then pourgd six hollow plates where they were culturedaat
temperature of 3 with 5% CQ. After three days many of the fibroblastoid célésl migrated from the media. On
the 7" day the adhesive cells with approximately 80-9@%vergence were washed with PBS and separated from
the media using free EDTA-trypsin 25% solution gndced within a 5x103 cells/énpolyester tissue culturing
media. The initial PDLSCs cultures commonly corgdincolonies of bipolar fibroblastoid cells, whiclitea
culturing proliferated with a doubling time of 48urs and reached a suitable level of convergence (8

Alkaline phosphatase Activity test

In order to analyze osteoblast differentiation, B0is were collected on th& and 14' day and stored at -2D.
The collected media was diluted in a solution ciming four times the buffer solution (0.5mmol/l M€Land
1mol/ldiethanolamine) and an equal amount of satestfl0mmol/l P-nitrophenyl phosphatase). The #ite
activity was determined using staining with P-rjitnenyl phosphatase as substrate (8).

Calcium test

On the ', 14", 215 and 2§ day the cells were rinsed with PBS and removenh ftioe plate and stored at <@0The
cells were then frozen and melted three times amally the amount of calcium was measured usingGhesol
phthalein compieron method (8).

RESULTS

The alizarin red stain test showed a statisticsiiyificant increase in the DEX and L.L.L.l. groapmpared to the
base and control group on the™8ay (figure 1). Calcium which increases during blome formation process was
not observed in the control group. Alizarin redirstanalysis showed a statistically meaningful iase in the
amount of mineralized nodules in the DEX and L.L.lgroup. The obtained results from the ALP testtioa 7",
14" and 21" day showed a statistically significant increasehi@a DEX and L.L.L.I. group compared to the other
groups (P<0.05)(figure 2). The calcium measuremesults on the, 14", 21 and 28' day indicated a statistically
meaningful increase in the amount of calcium in@BEEX and L.L.L.I. group compare to the other gro(iggure 3).
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Figure 1: Alizarin red stain of PDL stem Cellsin day 21, 28 , Control, PDL SC without any treatment, Basic: PDL Sc in medium contain
(e-MEM and FBS 10% and 5mmol of B_gelisrophosphat and L_ascorbic acid .g/ml), Dex-Laser: basic medium with complement of
LLLI
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Figure2:Theresult of ALP test in day 7,14 and 21in PDL stem Cells, Control, PDL SC without any treatment, Basic: PDL SC in
medium contain (e-M EM and FBS 10% and 5mmol of B_gelisrophosphat and L_ascor bic acid .g/ml), Dex-Laser: basic medium with
complement of LLLI
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Figure 3: Theamount of Cain day 7,14,21 and 28 in PDL stem Cells Control, PDL SC without any treatment, Basic: PDL SC in medium
contain (a-MEM and FBS 10% and 5mmol of p_gelisr ophosphat and L _ascorbic acid .g/ml), Dex-Laser: basic medium with complement
of LLLI

DISCUSSION

The main goal in periodontal treatment is to previcbnditions in which reconstruction of damaged|ast
periodontium is possible (9). In order to comprehgreriodontal reconstruction, knowledge of PDL steef

proliferation and differentiation regulatory factorare necessary. One group of these mediators are

glucocorticosteroids. Dexamethasone is one of duessary glucocorticosteroids for osteoblast difféation (10).
Corticosteroids have a complicated effect on theebend this effect is both time and dose dependédnt Around

3 decades ago a new topic surfaced with the purpbseconstructing tissue which was tissue engingeand
reconstructing tissue and organs from the patigr@mselves which had biological compatibility amthdtion and
no severe reaction from the immune system. Wittsehleenefits tissue engineering is considered aglesad
treatment. Today low leveled laser (L.L.L.l) hasdme a common tool in medicine and dentistry. |a study the
combined effect of L.L.L.I. and dexamethasone oa tifferentiation of mesenchymal PDL stem cellsoint
osteoblast was analyzed. The quantitative alizathanalysis showed that the amount of calcifiedutes created
in the L.L.L.I. and dexamethasone group was highan the negative control group which shows thhtcedturing
with L.L.L.I. and dexamethasone supplements prodmoee mineralized nodules compared to control seba
groups. When comparing similar studies which aredythe effect of laser on osteogenesis, Gottlihigys states
that irradiated samples produced more calcium ghatsp Also the mineralization took place fastethia irradiated
group than the control group which shows fastefiedthtiation of mesenchymal stem cells(MSCs) irgteoblasts.
Therefore it can be claimed that L.L.L.l. considdyaincreases ALP activity in the early phases wfuwring (12).
Also in Grigoriadiss study bone formation induction using laser rédig stimulated protein and DNA synthesis
and an increase in ALP function in osteoblastoitsagere reported (13). In the current study ALRilggis showed
primary progenitor cells do not always express astest markers such as ALP and only after addiimgusatory
factors (L.L.L.I. and DEX) can they express thesarkars. In Kamalia’'s study it was reported that enatized
tissue formation in BMSc in chicks caused the fdiomof a special index for studying the regulat@nBMSc
osteogenic coverage using DEX and it directly psotlee existence of an osteoblastic coverage inccdiring
(14). In the current study in the culturing grouthwDEX supplement on the f4and 2% day there was a
statistically meaningful higher amount of ALP markad calcium content compared to the control grédgo in
Roozegar et. al's study in 2015 results showed ititatcellular calcium and alkaline phosphataseslevn the
L.L.L.I. and DEX group were both much higher th&e tontrol group (p<0.05). Also alizarin red stagiesults
showed the mineralization of cells in the DEX grd8p 15) which correlates with the results of thigdy. In the
study at hand ALP increased noticeably at the add 2F' day after being exposed to DEX and L.L.L.I. Theref
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stimulating ALP function presents the stimulaticnteth proliferation and differentiation of cells the culturing
stage which causes a considerable increase in uhwar of differentiated cells which express diffdration
markers. Therefore it can be stated that the sttonl mechanism of DEX and L.L.L.I. in bone forneetiis
induced through various growth factors, cytokinesl @rostaglandins with differentiation inductionoperties
which are produced by osteoblastic coverage c€he products of these mediators may be influengetaser
radiation and act as autocrine or paracrine stimslfor progenitor cells, however more researchetired to
verify these mechanisms (16).
CONCLUSION

Considering the results acquired from this studait be stated that the stimulatory mechanism of Bid L.L.L.I.
has a considerable stimulatory osteogenic effed®Bh stem cells and with further studies and redezs on the
effects of DEX and L.L.L.I. this combination carope to be effective in treating bony defects.
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