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ABSTRACT:

Backgroud: Platelet concentrates have been proposed asapéhdic tool to enhance
and promote cellular and molecular mechanisms dunwound healing and
periodontal regeneration. Recently, the use of Aded platelet rich fibrin (A-PRF)
has shown to be more potent than the standard RRfms release of growth factors
and the architecture of their fibrin network. Theratecture of A-PRF matrix with
even distribution of cells and growth factors cahance the activity of different cell
lines over a definite period of time and providd esailability for periodontal tissue

repair and regeneration.

Objective: The aim of the study was to evaluate the effechafanced platelet rich
fibrin (A-PRF) on the proliferation, migration amattachment of cultured human PDL

fibroblasts.

Materials and Methods. Human PDL fibroblasts were cultured from freshly
extracted premolar teeth planned for orthodontictaexion. MTT assay was used to
assess the proliferation rate of PDL cells cultureGroup 1 (DMEM+10%FBS) and
Group 2 (DMEM+A-PRF). Cell migration was assesssiuh@ in-vitro scratch assay.
ImageJ software measured the distance of woundirdast Ohour, 24hours and 48
hours. Cell attachment assay was computed by cayritie viable cells using

haemocytometer under a microscope with tryphan stiai@ing.

Statistical analysis: Comparison between and within the groups was dsimgwne
way ANOVA and pair wise comparison was done suingt€ely’s post-hoc test for
proliferation and migration assay. Mean and stahdiviation of attached cells was

compared using Student t-test for attachment assay



Results: The proliferation rate of PDL fibroblasts exposedPRF was statistically
significant at 48 hours (p= 0.018) and at 24 hadhes activity was significant in
Group 1 (p=0.02). Complete wound closure was sedaroup 2 at 24 hours, when
compared to Group 1 which was noted at 48 hours. difierence was statistically
significant (p=0.00). The attachment of PDL fibradtls on root planed dentin
specimens for Group 2 was 135.8% more than Growpid¢h was highly significant

(p=0.00).

Conclusion: A-PRF showed a stimulatory effect on proliferatianjgration and

attachment of PDL cells in-vitro.

Keywords. Platelet concentrates, Advanced-platelet rich fib(A-PRF), PDL

fibroblasts, wound healing.
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I ntroduction

INTRODUCTION:

Periodontitis, a chronic inflammatory disease cawstruction of both hard and soft
tissues of the tootH. Reducing the tissue inflammation, preventing Hert
attachment loss and regeneration of the lost penitiaim remains to be the ultimate
goal of periodontal therag®. Rehabilitation of the epithelial seal, formatiohnew
cementum with attachment of connective tissue $ilaned revamping of alveolar bone

level determines a successful outcome of periodoegeneratior?.

The restoration of diseased tissues, requires aeséigl and uneventful healing for
maintaining the structure and function of the péoiatium . The general principle

of healing consists of cellular and molecular esestcurring between different cell
types and the extra-cellular matf The cells that occupy the perivascular space of
the periodontium have an inherent differentiatiateptial into its cell types like the
cementoblasts, osteoblasts and fibroblasts whiepgres a favourable environment

for periodontal regeneratidfi.

The fibroblasts in the connective tissue of thaquemtium have a central role in the
remodelling phase of wound healing which encourdbgesregeneration of collagen

fibres and connects the cementum to gingival caiiveetissue and alveolar boffé

Process of wound healing is regulated and exhddrdby biologically active
substances mainly the growth factors. These adpatasice the key cellular processes
such as mitogenesis, cell differentiation and matsin. Platelets released from the
blood clot are an autogenous source of growth facteth a central role during the

initial wound healing phas®.
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I ntroduction

The role of platelets in primary hemostasis durimjlammation and tissue
regeneration is attributed to its property to reeaytokines and growth factors stored
in the a-granules®. Growth factors liberated by platelets such asefg#derived
growth factors (PDGFs), transforming growth fadtoff GF{3), as well as insulin-
like growth factor-I, are mitogenic proteins linkamlformation of collagen, bone and

early wound closur€?.

Platelet concentrates (PCs) are autologous extralotained after processing a whole
blood sample, through centrifugation. PCs namellatéet-rich plasma (PRP) and
Platelet-rich fibrin (PRF)” based on the conceptcefl therapy provide autologous
growth factors within a fibrin matri¥Y. The f' generation of PCs are “platelet-rich
plasma (PRP) and plasma rich in growth factors (PRE™. The 2 generation of

platelet concentrate, PRF, introduced in Franc€hgukroun and colleagues in 2001,
overcame the drawbacks associated with PRP prépartitat mandates use of

anticoagulants to avoid blood coagulatith

Use of PRF is simple, requires neither anticoagul@n bovine thrombin or calcium
chloride. The whole blood collected is centrifugeithout any additive§®. PRF has
shown the tissue regenerative potential and isalscaffold carrier for mesenchymal
cells ™. The PRF concentrate is able to form a 3-dimemsidibrin network of
platelets and leukocytes (including monocytes, lgogytes, and granulocytes) that

act as scaffold during early phases of wound hgé&ith

The crosstalk between cells and fibrin matrix présrg gradual growth factor release
and promotes better wound healing during the intease™®. The three-dimensional

fiorin network of PRF would simulate the extrackllumatrix in relation to its
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I ntroduction

structure thereby creating an environment for teéscto function optimally thus

allowing more efficient cell migration and prolieion ®©.

The first delivered PRF preparation called L-PRmteRiged with a relative
centrifugation force of 708g for 12mifs). Recently, the “Low-speed centrifugation
concept” has modified the process of PC preparafidh It is presumed that,
decreasing the centrifugation speed (G-force) mighdst the number of platelets
along with leukocytes in the PRF matfi®. Besides having a porous structure, this
matrix permits additional room for easy releasglatelets and immune cells thereby

resulting in greater sustained delivery of grovetbtdrs®©?.

Of the more recent protocols, is preparing A-PRAR-&RF+ membranes (Max RCF:
276g for 14 minutes and 208 g for 8 min respectVéP. A-PRF is reported to have
a significant higher delivery of various growth tiars, like the PDGF, TGB4, EGF,
VEGF, and insulin-like growth factor (IGF), compdreo L-PRF and PRB?. The
centrifugation protocol for A-PRF showed a moresifibrous space, loose structure

and more cells within the fibrin rich cl&P.

Present literature substantiates the use of both BRPRF in modulation of cell
activities like differentiation, proliferation, mgtion of various cell types such as
dermal pre-keratinocytes, human gingival fibroldasisteoblasts in a specific manner
(3 A systematic review of in-vitro studies examint effect of PRF on cell
proliferation, migration, differentiation, inflamrtian, and osteoclastogenesis of
various cells types and confirmed PRF as an astivece of biologic agents that can

facilitate wound repair and regeneratith
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The intention of any regenerative process is tiitei new PDL on the root cemental
surface, with connective tissue fibres insertedttum tooth root produced by PDL
fibroblast cells“®. The regenerative events necessitate the conaetsaue cells to
migrate and attach to the wounded site so as toreeand repair the tissu&<”.
There are very few invitro studies available on dffifect of A-PRF on the cells that
actively participate in periodontal repair and mg®tion during wound healing

eventgt9:25:26)

Thus, the current study aims to assess the effeetRRF on proliferation, migration,

and attachment of PDL fibroblastsvitro.
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AlM AND OBJECTIVES

AIM OF THE STUDY:

Assessment of the effect of Advanced-platelet rich fibrin (A-PRF) on proliferation,

migration and attachment of human periodontal ligament fibroblasts.

OBJECTIVESOF THE STUDY:

1. To assess the proliferation of human periodontal fibroblasts treated with and

without Advanced Platelet Rich Fibrin (A-PRF).

2. To assess the migration of human periodontal fibroblasts treated with and

without Advanced Platelet Rich Fibrin (A-PRF).

3. To assess for the attachment of human periodontal fibroblasts on root

specimens treated with and without Advanced Platelet Rich Fibrin (A-PRF).

4. To compare the proliferation, migration and attachment of human periodontal

fibroblasts treated with and without Advanced Platelet Rich Fibrin (A-PRF).
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Review Of Literature

REVIEW OF LITERATURE

The goal for treating periodontitis is not only iied to cease the disease progression,
but also aims towards regenerating the lost pentidm due to disease. Literature
reviews the use of various biomaterials and regepthtelet derived products have
gained popularity in the field of periodontics doetheir growth factor release which

actively participates in wound healing, repair aggeneration.

The literature has reviewed the use of PRP and &RFits effect on different cell
lines i.e. mesenchymal stem cé€ft8, epithelial cells?”, human gingival fibroblasts
8 PDL fibroblasts?’?? and osteoblast€” wherein, both the platelet concentrates
have shown to enhance the activity of gingival, Plildroblast and osteoblasts but
suppresses the growth of epithelial cells. Undergiidance of certain biologic clues,
the resident cells of the periodontium mainly fiiassts actively participate in tissue

repair and remodelling thus promoting tissue reggian.

Patricio C. Smith, Christopher McCulloch, ConstanZa Martinez, Jorge Martinez

(2019)in their review article have described the rolgefiodontal fibroblasts during
wound healing and its function in restoring theusture of periodontal tissues.
Wound closure is regulated by epithelial cells awathnective tissue cells. It was
stated that the role of gingival and periodontardblasts in healing and repair of
tissues is crucial and begins by organising andhegizing the collagen fibres of
connective tissue promoting attachment. Thus, cmiegy that the cell populations
are needed for regeneration and the actively fanati fibres will restore the

periodontium
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The culture and identification of PDLSCs (PDL sterils) was demonstrated by
Wenjun Zhu and Min Liang (2015)in their review article and stated that PDLSCs
possess the characteristics of MSCs. Type | callage and dispase are chosen over
trypsin and EDTA as enzyme digest methods and hasrs higher proliferation rate
and stronger differentiation activity of PDLSCs. eTleulture media affects the
biologic features of PDLSCs and those culturedirMEM (o minimum essential
medium) had higher proliferation and osteogeniceptal than those cultured in
DMEM (Dubecco’s modified eagle’s medium). Cumulatidata suggests that the
sequential use of different types of growth facteeems to be effective for the
differentiation of PDLSCs which makes them a gutwed tool for periodontal

regeneration”

Sarita Dabra and Preetinder Singh (2011¢viewed the role of growth factors, their
mode of action and molecular signalling pathwaypenodontal pathologies. Growth
factors participate in tissue repair by regulatpiwliferation, differentiation and
mitotic activity of cells and extracellular matsynthesis. The differentiation of PDL
fibroblasts in specific tissue cell type is enhahoethe presence of these signalling
molecules. The availability of growth factors gigamproves the predictability of
tissue engineering for regeneration. Overall, tee af GFs will populate the PDL
space, root and bone surfaces with desired celllptipn required for formation of

new attachment apparaté’s’

The factors influencing wound healing post periddbrsurgery was described by
Giuseppe Polimeni, Andreas V. Xiropaidis & UIf M..BVikesjo (2006) The review
compiled the current scientific evidence and stateat the biologic and clinical

factors mainly the cells from PDL, primary wouneslre, space maintenance and
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Review Of Literature

wound stability together contribute to successferigdontal regeneration. The
periodontal wound healing and regeneration of th& periodontium is not only
influenced by the biomaterial used but also depemdthe technique used to achieve

periodontal regeneratiof?

Role of platelet concentratesin PDL regener ation.

A systematic review by J Strauss et al 201%ummarized the in-vitro studies
available in the literature to evaluate the efficig of PRF on various cell lines in
terms of cellular proliferation, migration and @iféntiation. The review included 53
studies published till December 2018. The studyébthat the autologous source of
growth factors i.e. PRF greatly promotes cell ntigra proliferation and
differentiation of PDL cells into tissue specifielictype. This enhanced activity
provides early recruitment of cells in the woundaaand facilitates tissue repair and

regeneration®

A study byKanyawat Rattanasuwan et al (2018sed the 1st generation of platelet
concentrate i.e. “platelet rich plasma (PRP)". Hfiect of PRP on PDL fibroblasts

was evaluated focusing on the proliferation, migratand attachment parameters.
The use of various concentrations of PRP mainlyabfb 10% was able to stimulate
the activity of PDL fibroblasts because of the aske of various growth factors from

PRP. The study concluded that 10% of PRP modul&@Pd cell proliferation,

migration and attachment at a greater rate thaofPRP £

Julia Etulain (2017) described the role of platelets as modulators lod t
physiopathological process of inflammation and uisgegeneration. The growth

factors released from platelets are responsible thig function and promote
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revascularization by induction of proliferation aglifferentiation of endothelial cells,
repairs the connective tissue by activation ofdiitasts and causes differentiation of
mesenchymal cells into tissue specific cell typBktelet-rich plasma (PRP), a
reservoir of platelets and growth factors, is agtivnvolved in differentiation of
various cell types thus promoting tissue repair amgeneration. Thus, PRP is a

promising regenerative biomaterial which hastessug recovery after surgefiy

A study byEduardo Anitua, Maria Troya and Gorka Orive (2013)valuated the
effect of autologous platelet rich in growth fac(®RGF) on proliferation, migration
of PDL fibroblasts and release of growth facto®RGF has a stimulating effect on
PDL cell proliferation, migration, adhesion and \ades a mixture of growth factors
prepared from the patient’s own blood. This techgglamplifies the expression of
endogenous growth factors like the VEGF, TSP-1, ETIBGF and pro-collagen type
| to the wound area. The availability of these agatelivered by PRGF is said to
modulate and enhance the healing by facilitatingraction between the cells and the
extracellular matrix which is necessary for propanctioning of the periodontium

thus contributing to regeneratidfl.

A study by Y-C Chang and J-H Zhao (2011pxamined the effect of PRF on
periodontal ligament fibroblasts (PDLFs). The natufibrin framework of PRF
prevents proteolysis of growth factors and fad#iaits release for a longer period of
time. Proliferation of PDLFs was enhanced with gptation of phosphorylated
extracellular protein kinase (p-ERK) expressionsdAlexpression of OPG and ALP
activity was enhanced which indicates decreasesblysic activity and formation of

new bone formatior?®
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An in-vitro study byChung-Hung Tsai, Shih-Ya Shen, Jiing-Huei Zhao, YGhao
Chang (2009)examined the biologic effects of PRF on gingivi@drdblasts, PDL
cells, oral epithelial cells and osteoblasts ov@+day culture period. The transition of
cell proliferation in a cell-type specific manneasvobserved in the study. With no
cytotoxicity towards periodontally related cellsgtgrowth factors released from PRF
had shown to increase the proliferation of gingifiatoblasts, osteoblasts and PDL
cells and inhibiting the epithelial cell prolifera. This might prevent the
interference of epithelium on the root surfacesrfew attachment and promote PDL

regeneratiorf?”

David M. Dohan et al (2006)in their retrospective analysis acknowledged the
biochemical properties and fibrin technologiesibfih adhesives, concentrated PRP
(cPRP) and PRF. Differences in these 3 generatibissirgical additives lie in their
gelling mode where, fibrin adhesive and cPRP usenkothrombin or calcium
chloride for fibrin polymerization and PRF polynmsss naturally and slowly during
centrifugation. The different mode of polymerizatimfluences the mechanical and
biologic properties of the final fibrin matrix. PRiembrane with weak thrombin
concentrates, slow polymerization mode and a 3-dgo@al organization consisting
of equilateral junctions gives great elasticity ttee fibrin matrix which supports

cytokine enmeshment and cellular migration bettentcPRP™

Optimised platelet rich fibrin: Advanced platelet rich fibrin (A-PRF)

The evolution of the second generation of PRF @aupint about by modifying the
centrifugation force by decreasing the rpm andeasing the time. The optimised
PRF obtained named as advanced platelet rich fig#?RF) has a centrifugation

cycle of 1500rpm for 14 minutes. A-PRF has two fermhich differs based on
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centrifugation cycle i.e. A-PRF (centrifuged at Qfim for 14minutes) and A-PRF+
(centrifuged at 1500 for 8 minute'$]?®. This change in centrifugation force has led
to an even distribution of cells throughout the RFPmatrix as compared to PRF with

more release of growth factdf®.

Effect of A-PRF, a newer platelet derived producaswevaluated by Haram
Ghanaati et al (2014)and compared to the standard PRF (S-PRF). Changeei
centrifugation force seen with A-PRF resulted icr@ased number of platelets. Along
with this, A-PRF clot showed more neutrophilic griotytes which could contribute
towards monocyte differentiation into macrophage®RF would contribute towards
both soft and hard tissue regeneration with theasmth factor release by promoting

cell-based tissue engineering for periodontal regeion ®”

Luciano P et al 2019in their study evaluated the activity of gingivahd PDL
fibroblasts using A-PRF+, FGF and L-PRF in termpmiferation, cell viability and
cellular migration in wound healing culture plat€ke proliferation of fibroblasts was
greater for A-PRF+ and L-PRF. However, A-PRF shod®db% more activity than
L-PRF and 42.5% more than FGF group. The study lmadeJ software to measure
the wound closure at 24 hours. The results suggebee activity of L-PRF and A-
PRF+ to be more pronounced as compared to FGF gnodmegative control which
was statistically significant (p<0.01 for both gpsi)l. The authors concluded that their
results would help to select the best PRF for perdal tissue repair and

regeneration®®

A study byMasako Fujioka-Kobayashi et al 201dsed various types of PRF i.e. A-
PRF, “A-PRF+ and L-PRF". The cellular response iofjtyal fibroblasts and growth

factor release was evaluated for 10 days. Thetre$uheir study reported that the
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cellular activity was highest for both A-PRF andPRF+ group as compared to L-
PRF. Compared to control group, the cell migrationL-PRF group increase by
200% and both A-PRF+ and A-PRF group showed inecastivity by 300%. But

the difference between A-PRF and A-PRF+ was natifioignt. Moreover, the results
showed more collagen type 1 content from cells sgddo A-PRF+ suggesting that
optimising the centrifugation force of PRF wouldadeto promising regenerative

outcomes™?

In-vitro study byEizaburo Kobayashi et al (2017emonstrated the growth factor
release from PRP, PRF and A-PRF was compared operiad of 10 days. ELISA
was used to assess and quantify the growth fastms as PDGF-AA, PDGF-AB,
PDGF-BB, TGFB1, VEGF, EGF and IGF at 15mins, 60min, 8hours, Hagay 3 and
day 1d". A significantly higher amount of growth factolease was from A-PRF as
compared to PRP and PRF. Among all the growth facRDGF-AA was found to be
highest in all PCs with lower levels of EGF and IGFith these findings it was
noticed that the newer platelet concentrate A-PRiwed gradual release of growth

factors for over 10 days and proved clinically den& for regenerative procedures.

(22)

An in-vitro study byHideo Masuki et al (2016)compared the pro-inflammatory
cytokine and growth factor contents in PRP, PRGIPRRY and CGF by determining
the blood cell count for platelet concentrates &hidSA for determining growth

factor and cytokine levels. The findings showed thé®?RF and CGF preparations
consisted of TGHB1, PDGF-BB, VEGF, IL- B, IL-6 at a higher concentration than
PRP. The benefits of A-PRF and CGF over PRP makes ttapable for inducing

angiogenesis, promoting wound healing with tisegeneratior>?
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Methodology

MATERIALS AND METHODOLOGY:

SOURCE OF DATA

Ethics statement

The study protocol was approved by the ResearchEdhidal Committee of KLE

V.K Institute of Dental Sciences, KLE UniversityeBgauvi.

Informed consent was obtained from patients whaintelered to give blood sample
for preparation of A-PRF. The study was conducted the Department of
Periodontics, KLE'S V K Institute of Dental Scies¢eBelagavi utilizing the
outpatient department facilities. The laboratorggedures were undertaken at KLE'S

Dr. Prabhakar Kore’s Basic Scientific Research @e(@BSRC), Belagavi.

Primary cultures of human PDL fibroblast cells wepeepared from freshly
extracted premolar teeth. Sufficient numbers ofscelere obtained by subsequent
propagation. The study was carried out on PDL blast cells from third to fifth
passages. The cells were then exposed to two eliffegroups for the in-vitro

experiment:

Group 1 (CONTROL): PDL fibroblasts exposed to 200ul DMEM and 10% &bet

bovine solution (without A-PRF).

Group 2 (TEST): PDL fibroblast exposed to 200ul DMEM along with @iquoted

solution of 2ul of DMEM and A-PRF
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INCLUSION CRITERIA

1. Age between 18 — 30 years

2. Teeth indicated for orthodontic extraction.

3. Teeth without any pathology like caries, periaplealons etc.

EXCLUSION CRITERIA

1. Patients with systemic disease like diabetes rasllit

2. Patient under medication such as aspirin, antidaagutherapy,

antibioticsor any other medications which havestiect on platelets.

3. Patients with blood disorders like thrombocytopenia

4. Tobacco use

5. Cancer of hematopoetic system.

6. Lactating mothers, pregnant women
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ARMAMENTARIUM

1.

2.

8.

9.

15ml sterile bottle

Kidney tray

Surgical gloves

BP blade no # 22 and handle
Toothed tissue forceps

Plain tissue forceps

Glass petridish

Cell culture T flask

Syringe with needle (2ml and 5ml)

10. Micropipette

11.Pipette tips

12. Micro centrifuge tubes

13. Micropipette stand

14.24 well culture plate

15.96 well culture plate

16. Syringe filters 0.2um

17.Neubauer’'s counting chamber

18.Blood collection plain tubes

19.CO, incubator

20. Centrifugation machine

21.Vertical laminar air flow

22.Light Microscope
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TABLE 1: CHEMICAL REAGENTS USED

Ltd.

td

SR.NO REAGENTS COMPANY
1. Dulbecco’s Modified Eagle’'s Gibco life technology
Medium (DMEM)
2. 0.25% Trypsin Gibco life technology
3. Penicillin (10,000 Units/mL) + Hyclone
streptomycin (10,000 ug/mL)solutior
4. Gentamycin Laborate Pharmaceuticals India
5. Amphotericin Chandra BhagatPharma Pvt. L
6. Fetal Bovine Serum HIMEDIA
7. Phosphate Buffer Saline HIMEDIA
0. MTT Reagent HIMEDIA
10. Dimethylsulfoxide (DMSOQO) Fischer Scientific (gligens)
11. 0.4% Tryphan blue HIMEDIA
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FIGURE 1: CHEMICAL REAGENTS USED

FIGURE 2: ARMAMENTARIUM

Jnarn
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FIGURE 3: LIGHT MICROSCOPE

FIGURE 4: SPECTROPHOTOMETER
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FIGURE 5: CENTRIFUGE MACHINE

FIGURE 6: CO, INCUBATOR

FIGURE 7: NEUBAEUR'S CHAMBER USED FOR CELL COUNTING
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METHOD OF COLLECTION OF DATA

Preparation of advanced-platelet rich fibrin (“A-PRF")

10ml of fresh human venous blood was drawn fronithggatients and collected in
two separate 5ml glass-coated plastic tubes witAnmibcoagulants and immediately
centrifuged at 1500rpm for 14 minutes. The threstimit layers were seen after
centrifugation. The upper part was the acellulaspla, the middle buffy coat layer
comprised of the fibrin clot and the bottom partswiae RBC layer. The fibrin clot
was separated from the bottom layer by using dlestelade. The A-PRF clot was

then gently pressed into a membrane using staxileay

FIGURE 8: COLLECTION OF BLOOD SAMPLE

5ml OF VENOUS BLOOD DRAWN FROM HEALTHY SUBJECT
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FIGURE 9: PREPARATION OF A-PRF

(A) Blood Transferred to A Plain
Tube Without Any

(B) Obtained A-PRF Membrane

Anticoagulants

(C) COLLECTION OF A-PRF MEMBRANE
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Methodology

PDL-fibroblasts isolation and Cell-Culture.

Human PDL-fibroblast cells were cultured from thermolars extracted for
orthodontic reasons. After extraction, tooth wascpt in DMEM supplemented with
0.5 pL/ml of amphotericin, 20QuL/ml penicillin G, 200 uL/ml streptomycin and
washed with PBS. Under the vertical laminar aiwnfline tooth was removed from the
bottle and transferred to a sterile glass peth.difie tooth was first washed with PBS
in the petri dish and then transferred to anotletni gish to which 2ml of DMEM was
added. The tissue over the mid-root surface waapped with a BP blade no. 22
attached to its handle and macerated into smati¢iops.

The obtained tissue was then seeded with a micetipinto a 24 well plate to
which DMEM supplemented with Qub/ml of amphotericin B, 200L/ml penicillin
G, 200gL/ml streptomycin. This plate was then pihicethe CQ incubator at 37T in
a humidified atmosphere containing 5%£C4nd allowed to incubate. The media was
changed every 2 to 3 days and the cells were siilred on acquiring sufficient
confluency.

Once the cell growth was 60-70% confluent by ab&@ weeks, it was
subjected to the process of trypsinisation. Theiomdvas removed from the wells
completely and the cell layer was washed with PB®. allow the cells to detach
from the plate, 0.05% trypsin in EDTA buffer waglad to the wells and was allowed
to stand for 2-3 minutes. The cell count was deiteech by using Neubauer’s cell
counting chamber. Dilutions were prepared to lgetrequired cell density. Cells were
then seeded in 96 well plates and were allowedttacka to the plate overnight.
PDL fibroblasts were then subjected to A-PRF tdqgrer the proliferation, migration

and attachment assays.
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FIGURE 10: COLLECTION OF TOOTH SAMPLE

(A) Bottle containing PBS (B) Freshly extracted tooth

(C) Tooth transferred to PBS
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FIGURE 11: HARVESTING OF PDL FIBROBLAST CELLS

(a) Extracted tooth taken into the (b) 2ml of DMEM media added
petridish onto the tooth

(c) Scraping of PDL tissue from (d)Tissue is minced in to small
the mid-root section fractions

(e) Tissue along with media aspirateshd added to 24 well plate

Page 24



Methodology

FIGURE 12: CULTURED PDL FIBROBLASTS UNDER MICROSCOP E
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Methodology

1. CELL PROLIFERATION:

Cell proliferation of the PDL fibroblast cells wagetermined by MTT

assay.

PRINCIPLE OF MTT ASSAY:

MTT assay is a colorimetric assay which determioel$ proliferation. The
reduction of yellow 3-(4,5-dimethythiazol- 2-yl)®diphenyl tetrazolium bromide
(MTT) by mitochondrial succinate dehydrogenasevial@ated in this assay. MTT
that enters the cells is taken up by the mitochandnd is reduced to an insoluble,
coloured (dark purple) formazan product. The cigstarmed are then solubilized
with an organic solvent (i.e. DMSO). The solubilisédormazan is measured
spectrophotometrically at 570 nm. The amount ofoaolproduced is directly
proportional to the number of viable cells. Reductof MTT takes place only in
metabolically active cells the level of activity & measure of the viability of the
cells the amount of colour produced is directlygandional to the number of viable

cells.

PROCEDURE: ¢

The cells were seeded at a concentration of 1°xcéliwell in 96 well micro
titre plate and were allowed to attach overniglite Tells were treated with A- PRF
appropriately diluted with DMEM media and the cohtgroup was treated with
DMEM and 10% FBS media. The plate was then keptirfoubation for 5 days in
CO; incubator at 3T in a humidified atmosphere containing 5%C@0ul of 5
mg/ml MTT reagent was added to wells after 5 days the plate was kept for 4hr

incubation in dark place at room temperature. (Aliom foil was used as MTT
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reagent is photosensitive). The supernatant wasutlr removed without disturbing
the precipitated Formazan crystals and 200ul of DM&as added to dissolve the
crystals formed. The optical density was measursidguspectrophotometer at a
wavelength of 570 nm. The proliferation effect ofPRF was assessed by
spectrophotometric determination of colour change tb conversion of MTT into

“Formazan blue” by living cells”.

The proliferation activity of PDL fibroblasts wassessed in the following

groups:

Group 1: PDL fibroblasts treated with DMEM + 10% $B

Group 2: PDL fibroblasts treated with DMEM + A-PRF

Negative control: PDL Fibroblasts treated with oDIMEM.

The proliferation activity of PDL fibroblasts wa®mpared to a standard
group i.e. DMEM media only which served as a negatontrol and the

effects of Group 1 and Group 2 were compared wéhdard group.

The relative proliferation activity of PDL fibroldés in Group 1 and Group 2 were
calculated as percentage of control. The Opticakitie (OD) of negative group was

taken as 100%. The results were calculated asafsilfiGraph 1]

(OD of groups) X 100

(Obrmgative control)
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PROLIFERATION ASSAY ©2-

Proliferation of human PDL fibroblasts will be assed using the MTT ass&y

Cultured PDL fibroblasts will be trypsinised andi®icells will be seeded in the
96-well tissue culture plates

¥

The cells will be maintained in 20Dof DMEM solution supplemented with 10%
FBS for 24h at 37degree C.

\ 4

After incubation the fibroblasts will be washedwjthosphate buffer saline
(PBS) and then prepared for

. N\,

GROUP 1 (CONTROL) GROUP 2 (TEST)

PRF containing PDL fibroblasts Containing PDL fibroblasts
supplemented with 200ul DMEM supplemented with 200ul DMEM adde
and 10% foetal bovine solution to it will be aliquotedsolution of 2ul of

DMEM and A-PRF

. o

These two groups will be incubated for a period&f72h

¥

After incubation, the culture media will be discaddand 100ul of MTT
assay solution will be added to each group andheilincubated for 4h

2

After incubation the cells will be washed with PB&d will be transferred to a
spectrophotometer with absorbance measured at 540nm
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FIGURE 14: MTT ASSAY FOR CELL PROLIFERATION.

Colour change noticed 4 hours after exposing to Mdaigent
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2. CELL MIGRATION

In-vitro scratch test was performed to detect atign of the PDL

fibroblast cells.

Principle

This in-vitro test monitors the closure of the wduarea by creating “a new
artificial gap, so called “scratch”, on a confluecell monolayer. The cells on the
periphery of the artificial wound will move towartlse open wound area to close the
“scratch” till new cell to cell contacts are foed again. The fundamental steps
involve creation of a “scratch” on the cell momagkr, recording of images at the
beginning and regular intervals during cell migvati and comparing the images for

assessment of the rate of cell niigna

In the present study, the closure of the wound massured inum in the

following groups at Ohour, 24hrs and 48hrs
Group 1: PDL fibroblasts treated with DMEM + 10% $B

Group 2: PDL fibroblasts treated with A-PRF

Procedure®®

The cells seeded at a concentration of f&alls/well in a 96-well culture
plate were allowed to attach overnight. Using ailstenicropipette tip, a scratch was
made in each well. DMEM and FBS media were adddteaontrol wells. Separate

wells were treated with A-PRF membrane.

The scratch was then observed under the light méome and an area was

marked beside one part of the scratch and a pigtasetaken. The culture plate was

Page 30



Methodology

incubated in 5% C§& at 37C. Pictures of the same marked area were takehrat O
24hrs and 48hrs. The width of the wound was medsuraum using the ImageJ

software.

Measuring the wound closure @m using ImageJ softwar€®

To set a measurement scale, a line was drawn bettmae points of known
distance. Three predetermined locations were sgldcbm where the measurements
were recorded for all the images. Taking into cdesation the angle and the length, a
horizontal line is drawn between the two pointshat three predetermined locations.
The obtained value is transferred to a data winddvere measurements for each
particle was recorded. The mean value of the obththree values was taken for

statistical analysis.
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MIGRATION ASSAY ©-

Using the in-vitro wound healing model

¢

A confluent monolayer of the cells will be incubdtfer 24h at 37degree C

/ N

GROUP 1 (CONTROL) GROUP 2 (TEST)
PDL fibroblasts with 200ul DMEM PDL fibroblasts with 200ul DMEM
and 10% foetal bovine solution added to it will be aliquoted solution o
2ul of DMEM and A-PRF

f

N /

Wound is created in the central portion of the wegtiending to the
diameter of the wells

4

Cells will be incubated for 24 hours

U

Cells fixed with 70% ethanol for 16h and photogmgbhising a light
microscope equipped with a digital camera.
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FIGURE 15: IN-VITRO SCRATCH WOUND CREATED FOR MIGRA TION

GROUP 1

GROUP 2
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3. CELL ATTACHMENT

The dentin specimens were prepared from periodgntedalthy premolar
teeth extracted for orthodontic reasons for attaaitnof PDL fibroblasts. Collected
teeth were root planed using Gracey curettes t@venrregular cementum layer and
the fibres.

The dentin specimens were prepared as per thecptqiooposed byVikeso
et al ®? wherein the middle third of the tooth root areaswsed for specimen
preparation. Tooth specimen measuring 0.5x0.5x0r8 were obtained with a
diamond cutting bur on micrometer with continuoakne irrigation.

A total of 44 specimens were obtained and immersedistilled water and
was autoclaved before use. The sterilized tootkispns were placed in the 96-well
flat bottom plate. These specimens were then divid® two groups
Group 1: 22 root specimens treated with solutionr2@f DMEM and 10% FBS,
allowed to dry at 37 degree C for 6h.

Group 2: 22 root specimens treated with DMEM and A-PRF, allowed to dry at
37 degree C for 6h.

Following this, 20Ql of cell suspension was carefully added over tied specimens
and incubated for 24h at 37°C.

The attachment assay was performed according toptbtcol given by
Alleyn et al ®”. The number of cells attached to the tooth roaicspens were
observed using Tryphan blue cell count kit with aemmocytometer under a
microscope.

Briefly, the tooth specimen along with attached | celispension was
centrifuged in an eppendroff tube. Following thiee tooth root specimen was

removed from the tube. Later, 10t20each of 0.4% tryphan blue and cell suspension
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was added for incubation not more than 3minut&¥ &E. A drop of the tryphan blue-
cell mixture was placed in the haemocytometer unttex cover slip. The
haemocytometer was then staged on the light miopesand focused on the cells.

The principle of tryphan blue staining is based d&tection of live cells
(which appear as transparent cells) as they comtact cell membrane and prevents
the dye to enter the cell membrane. The dead-esllithey take up the dye, these
appear blue under the microscope.

Counting of cells

Focusing on the grid lines of Neuber's haemocytemeinder a microscope,
using a hand tally counter, the unstained or traresg cells were counted in 1-set of
16 squares. Same was followed for the next 16 caueares until all the 4-sets of 16

corner squares were noted. The following formula wsed for cell counting

Cell counting = Total number of cells (I. I, V) X 2 x 10,000
4
(2 is the dilution factor for tryphan blue and'iOthe number of cells per ml)

Sample size determination for attachment assay.

Sample size estimation is done by using the fatigviormula:

n= Zg"'_zﬁ)f
?d
where,
=S %) =
S Power (%) = 95 S;: Standard deviation in group 1
2 a error = 5% S;: Standard deviation in group 2
Z,=1.96 B error = 20% | d: Mean Difference of standard
Z; = 1.682 deviation of group 1 and group 2

n: sample size number
d =9.260 Z,. Alpha error
Hence, the sample size was finalized as 22 Zg: Beta error
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ATTACHMENT ASSAY @7

Tooth specimen preparation:

Extracted tooth will be collected for root specimmeparation

¥

The tooth will be root planed with Gracey curettes

\ 4

Middle third of the root is used for specimen prepian using diamond
cutting bur on micromotor with continuous salinggation.

4

A total of 44 specimen measuring 0.5x0.5x0.3cm héllobtained and
immersed in distilled water, autoclaved before use

A 4

The sterilized root specimens will be placed in@6awell flat bottom plate

A 4

The specimens divided into two equal groups (oé2¢eh)

N N

GROUP 1 (CONTROL) GROUP 2 (TEST)
root specimens treated with solution| root specimens will be treated with
of 2uL DMEM and 10% FBS, 2uL DMEM and A-PRF, allowed to

=3

allowed to dry at 37 degree C for 6 dry at 37 degree C for 6h

N /

Root sections will be immersed in 20@f cell suspension and
incubated for 24h at 37degree C

L 4

Attached fibroblasts will be checked using TRYPHANEe cell
count kit with a hemocytometer.
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FIGURE 16: PREPARATION OF TOOTH SPECIMEN

|

Tooth root planed with Gracey curettes

Tooth specimens measuring 0.5x0.5x0.3cm in dimesdior attachment assay
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FIGURE 17: SEGGREGATION OF TOOTH SPECIMENS

GROUPA: 22 Root specimens treated witht2DMEM and A-PRF, allowed t
dry at 37C for 6h

GROUP B: 22 Root specimens treated with solutior2idf DMEM and 10%
FBS, allowed to dry at 3C for 6h
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STATISTICAL ANALYSIS:

1. Mean and standard deviation was calculated forcaptilensity values for
proliferation.

2. Mean and standard deviation was calculated fodis&ance of wound closure
for migration and number of viable cells for attannt.

3. Comparison between and within groups for prolifieratand migration was
done usingne way ANOVA.

4. Pair wise comparison usingukey’s post-hoc tesffor proliferation and
migration.

5. Student t-testo compare the number of viable cells for attaahime
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1. PROLIFERATION (MTT ASSAY)

RESULTS:

TABLE 2: Mean and SD of optical density at 24 hours

GROUPS MEAN STANDARD DEVIATION (SD)

GROUP 1 0.555 0.107

GROUP 2 0.493 0.010
NEGATIVE CONTROL 0.368 0.076

Observations:

The mean value of optical density observed at tie & 24 hours in the Groupl,

Group2 and negative control group were 0.555+0.00193+0.01, 0.368+0.07

respectively.
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TABLE 3: Comparison of optical density at 24 hoursby One-way ANOVA.

Sources of Sum of Degree of Mean
F-value p-value
variations squares freedom (df) square
Between 0.055 2
0.027
groups
4.648 0.06
Within groups 0.035 6 0.006
Total 0.09 8
Observations:

1. One-way ANOVA was applied for comparison betweed wafithin groups at
24hours.

2. The difference between and within the groups wastatistically significant.
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TABLE 4: Mean and SD of optical density at 48 hours

GROUPS MEAN | STANDARD DEVIATION (SD)

GROUP 1 0.735 0.237

GROUP 2 0.871 0.219
NEGATIVE CONTROL (NC) | 0.368 0.076

Observations:

The mean values of optical density observed atetitk of 48 hours in the Groupl,

Group2 and NC were 0.735+0.237, 0.871+0.219, 0.8686 respectively.

TABLE 5: Comparison of optical density at 48 hoursby One-way ANOVA.

Sources of Sum of Degree of Mean
o F- value p- value
variations squares freedom (df) square
Between groups 0.407 2 0.204
Within groups 0.221 6 0.037 5.529 0.04*
Total 0.628 8
*p<0.05
Observations:

1. One-way ANOVA was applied for comparison betweed waithin groups at

48hours.

2. The difference between and within the groups waisssically significant.
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TABLE 6: Pair wise comparison of optical density at24 hours by Tukey’s post-

hoc test.
GROUPS Groupl Group?2 NC
Mean 0.555 0.493 0.368
SD 0.107 0.010 0.076
GROUP1 -
GROUP2 p=0.36 -
NEGATIVE CONTROL (NC) p=0.02* | p=0.09 -

*p<0.05

Observations:

1. Tukey’s post-hoc test was applied and a statisfisagnificant difference was
observed between Groupl and NC at 24hours (p=0.02).
2. Statistically significant difference was not noteetween Groupl and Group2

(p=0.36) and also between Group2 and NC (p= G02%hours.
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TABLE 7: Pair wise comparison of optical density at48 hours by Tukey’s post-

hoc test.
GROUPS GROUP1 GROUP2 NC
Mean 0.735 0.871 0.368
SD 0.237 0.219 0.076
Groupl -
Group2 p=0.41 -
NC p=0.05 p=0.018* -
*p<0.05
Observations:

1. Tukey post-hoc test was applied and a statisyicadjnificant difference was
noted between Group2 and NC at 48hours (p= 0.018).
2. Statistically significant difference was not noteztween Group 1 and NC (p=

0.05) and between Groupl and Group2 (p=0.41) abhu48h
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GRAPH 1: Proliferation of PDL fibroblasts at 24 hours.
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Proliferation of PDL fibroblasts at 24 hours as
% of control

20

o
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*p=<0.05

*Denotes statistically significant differences whempared to NC.

Graph 1 depicts the difference seen at 24hoursond and Group2 when compared

to the negative control (NC) which was set at 100.

The proliferation rate of PDL fibroblasts at 24 h®increased by 50% for Groupl.
The proliferation rate of Group2 increased by 3¥%hat of the NC. At the end of 24

hours, Groupl showed 17% more proliferation thaou@2.

Groupl shows statistically significant differenceni NC at 24hours. The difference
between Group2 and NC and between Groupl and Grawg® not statistically

significant. [Table 6]

Page 45



Results

GRAPH 2: Proliferation of PDL fibroblasts at 48 hous

300

250
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150
100
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GROUP 1 GROUP 2

Proliferation of PDL fibroblasts at 48 hours
as % of control

*p=<0.05

* Denotes statistically significant differences wheompared to NC.

Graph 2 depicts the difference seen at 48hoursangd and Group2 when compared

to negative control (NC) which was set at 100.

The proliferation rate of PDL fibroblasts at 48 moincreased by 99% for Groupl.
For Group2, the proliferation increased by 136%tlet end of 48 hours. The

proliferation rate of Group2 increased by 37% coragdo Groupl.

The difference in proliferation rate for group 2svstatistically significant compared
to NC. The difference in proliferation between Gué and NC and between Groupl

and Group?2 was statistically not significant. [Teald]
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2. MIGRATION ASSAY (IN-VITRO SCRATCH ASSAY)

TABLE 8: Mean and standard deviation (SD) of woundclosure @m) at Ohr,

24hrs and 48hrs.

Time GROUP1 GROUP2
Mean SD Mean SD
Ohr 94333.33 1604.16 64100.00 4784.35
24hrs 11333.33 1761.63 0.00 0.00
48hrs 0.00 0.00 0.00 0.00
Observations:

The mean distanceuf) of wound closure observed in Group 1 and Group 2

At 0 hour, 94333.33+1604.16 and 64100.00+4784.3peetively.

At 24 hours, 11333.33+1761.63 and 0.00+0.00 respmdgt where, 0.00+0.00

indicates complete closure.

At 48 hours, 0.00+£0.00 and 0.00+0.00 respectiv@liydicating complete wound

closure for both groups]
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Table 9: Intra-Group comparison at timely intervals for the distance of wound

closure am) by one-way ANOVA.

Sources off  Sum of Degree of Mean of
GROUP 1 o F-value p-value
variation squares | freedom (df) squares
Between
15916222223 2 7958111111
groups
Within 4205.696 0.000
11353333.33 6 1892222.222
groups
Total 15927575556 8
GROUP 2| Sources off  Sum of Degree of Mean of
o F-value p-value
variation squares | freedom (df) squares
Between
groups 8217620000 2 4108810000
Within 538.507 0.000
groups 45780000 6 7630000
Total 8263400000 8
*p<0.05

Observations:

One-way ANOVA was applied for intra-group companso

Groupl and Group2 showed a statistically significdifference for the distance of

wound closure at Ohr, 24hrs and 48hrs for bothggou
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Table 10: Comparison of the distance of wound close (um) by Student T-test.

Groups Mean SD t-Testvalue p-value
Groupl 35222.22 44620.02851
0.756 0.461
Group2 21366.67 32139.15058
Observations:

Student T-test for comparison between the groupsthie distance of wound closure

was not statistically significant (p=0.461).
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TABLE 11: Pair wise comparison of two groups at tinely intervals for the

distance of wound closure in micrometrem) by Tukey’s post-hoc test.

Ohr 24hrs 48hrs Ohr 24hrs 48hrs
GROUP 1 GROUP 2

Mean 94333.33 11333.33 0.00 64100,000.00 0.00
SD 1604.16 1761.63 0.00 4784.35 0.0D 0.90
Ohr - -

24hrs p= 0.00* - p= 0.00% -

48hrs p= 0.00* p= 0.00* - p=0.00* p=1.00 -

*p<0.05

Observations:

1. Tukey’s post-hoc test for Groupl and Group2 shostadstically significant

difference at Ohr, 24hrs and 48hrs (p=0.00 for lgptups).

2. The difference was not statistically significanttvim Group2 at 24 and 48

hours (p=1.00).
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Graph 3: Comparison of Group 1 and Group 2 for disance of wound closure at

timely intervals.
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Distnace of wound closure at timely intervals
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«=@=Group 1 ==@==Group 2

Observations:

1. At 24hrs, Groupl showed significant wound closurel &roup2 showed
complete wound closure.

2. At 48hrs, Groupl showed complete wound closure.
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FIGURE 18: Wound closure seen at 0 hour, 24 hoursna 48 hours for Group 1

and Group 2.
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3. ATTACHMENT ASSAY

Table 12: Mean and standard deviation (SD) of attawed cells by tryphan blue

staining in two groups by Student t-Test.

Groups N Mean SD T- Test value p-value

Groupl 22 92213 5107.6
8.420 0.00*

Group2 22 125276 17695

*p<0.05
Observations:

Mean number of cells attached to the tooth specime@roupl and Group2 were

92213+5107.6 and 125276+17695 respectively.

A highly statistical significance was observed egw Group 1 and Group 2.
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Graph 4: Comparison of mean value of number of cedl attached in Groupl and

Group2.
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*Denotes significant differences between group$ wit0.05.

Observations:

The attachment in Group 2 showed increase by 13th8%Group 1.

[Difference in the number of cells attached is esged in terms of mean £ SD as %

of control.]
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DISCUSSION:

The connective tissue cells of the periodontiunivabt participate in wound healing
and periodontal regeneration which is dependenthenactivation of particular cell
types under the influence of certain biologic clffesThe proliferation and migration
of these resident cells is greatly influenced kg pinesence of growth factors which

alters and favours the microenvironment toward#ogental regeneratiofy.

The use of platelet concentrates in regeneratimisiey has proven to be significant
because of its inherent property to release grdadtors delivered at the defect site.
Literature provides evidence to the use PRE*¥and PRF?"?% for periodontal
regeneration through in-vitro and in-vivo studi&sse of preparation and release of

growth factors over a period of time demonstraltes ddvantages of PRF over PRP

(11,20)

Studies have been conducted on PRF to evaluatisfeffect on cell behaviour of
PDL fibroblasts. These studies have shown that P&dtively impacts the cellular
activity and enhances cellular proliferation, migra, differentiation of human

gingival fibroblasts, PDL fibroblasts, osteoblagts?:28:2940)

The advanced platelet-rich fibrin (A-PRF) is cemiged at slower speeds (1500 rpm,
14 min) and the modification to centrifugation fertcas shown to increase the platelet
cells and monocyte/macrophage number and cell henad?>°) Very few studies in

the literature have evaluated the effects of A- PRIPDL fibroblast$®2°2%)

Therefore, the present study was conducted withtaiassess the effectiveness of A-

PRF on proliferation, migration and attachmentwilan PDL fibroblasts.
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Cédll Proliferation of PDL fibroblasts:

The present study has compared the proliferatidivigcof PDL fibroblasts to a

standard group i.e. DMEM media only which servedasegative control (NC), and
the effects of Groupl (DMEM+10%FBS) and Group2 (RHy were compared to the
standard group. Proliferation of PDL fibroblastasmvobserved using MTT assay

[Figure 14].

The activity of the PDL fibroblasts was assesse@4itrs and 48hrs. At 24 hours,
Groupl showed statistically significant (p= 0.024fference in the proliferation of
periodontal fibroblasts than the NC. Whereas, dir24no statistical difference was
noted between Group2 and the NC (p=0.09), and ltw@roupl and Group2

(p=0.36). [Table 6]

At 48hrs, the difference between Groupl and NC alsd between Groupl and
Group2, was not statistically significant. Howevatr 48 hours, Group 2 compared to

NC showed a difference with statistical significaractivity (p= 0.018). [Table 7]

When the proliferation rate of fibroblasts was camgal to that of NC which was set
at 100, proliferation of cells in Groupl increasyd50% and in Group2 by 33% at
the end of 24hrs. At 24hrs, Groupl showed an iseréa proliferation by 17% than

Group2. [Graph 1]

At 48hrs, Groupl showed an increase by 99% andp2réwy 136% as compared to
the negative control. When noted at 48hrs, Grolnp#ved an increase in proliferation
by 37 % compared to Groupl. However, the results it show a statistical
difference between the study groups. (p= 0.36 ah@drs, p= 0.41 at 48 hours).

[Graph 2]
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The results obtained can be explained becausee GA4#ARF matrix as it is reported to
have a porous structure with an even distributioimonune cells thereby providing a
continuous release of bioactive agents for a ddfiperiod of time as compared to
other platelet concentrat&8“Y. However, with more time needed to attain specifi
amount of growth factors from A-PRF, this can béilaited to the difference

between groups in the present study which wasigoifieant at 24 and 48hrs.

The effectiveness of different types of PRF, L-P&t A-PRF was evaluated on
human gingival fibroblasts. At 24hrs, proliferatiosf gingival fibroblasts was
increased by 87.5% for L-PRF and 52% for A-PRF asmared to NC (with 1%
FBS; which was set as 100). However, at 48 hourPR& showed 40% increase
compared to L-PRF which showed 32.3% increase enptioliferation activity.The

result reported was similar to the findings of fiesent stud{?*.

In a study where the proliferation of PDL fibrolilasvas evaluated using L-PRF, A-
PRF and FGF at 24hrs reported similar results. &ABRowed increased proliferation
by 69.2%, L-PRF by 49.6% and FGF by 26.7% compéuettie control media. The
intra-group comparison was also similar to the @néstudy where, the two PRF

groups and FGF group showed no statistical diffeegp>0.05§%°.

Effect of optimised PRF with a low-speed concept veamluated on gingival
fibroblasts. L-PRF (control), A-PRF (14 minutesl800rpm) and A-PRF+ (8 minutes
at 1300rpm) were compared and the results demoéedtrthat all the PRF
experimental groups showed significant increaseelhproliferation at day 3 and day
5. However, they found that A-PRF and A-PRF+ grosipswved slightly better results

than L-PRF group at day 5. The marked differencthécentrifugation forces in A-
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PRF lead to the formation of an A-PRF clot with mwdistribution of platelets,

leukocytes and growth factors release over a defjrériod of timé"®.

The proliferation of human periosteal cells wasnexed using A-PRF, CGF, PRGF
and PRP.The in-vitro study reported that the order of growactor release, the
highest was from A-PRF and CGF which were almasilar followed by PRP and
PRGF being the lowest amongst all. The proliferatdd human periosteal cells was
more in A-PRF and CGF group thus the presence BR&-enhanced the activity of
periosteal cells leading to increased number oéaisasts and promoting bone
regeneration®. Present study reported similar results as toateve-mentioned
experimental groups eliciting the positive effe€tA6PRF in proliferation of PDL

fibroblast(1925:26.:34)

Cdll Migration of PDL fibroblasts:

Present study evaluated the migration of human HbBroblasts using the in-vitro
scratch assay and the distance of wound closure messured inum using the
ImageJ softwar€® at Ohr, 24hrs and 48hrs [Figure 15]. The mearadést of wound
measure at Ohr for Groupl and Group2 was 94333&Bk16 and
64100.00+4784.35 respectively [Table 8]. This ddfece between the groups at the
start of the experiment could be attributed todisparity caused by the difference in

the width of the scratched wound.

Intra-group comparison for Group 1 and Group 2 stasistically significant. [Table
9] Intergroup comparison of Groupl and Group2 ditlshow statistical significance

difference. [Table10]
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At 24hrs, a significant wound closure was observedGroup 1 which was
11333.33+£1761.63 (p=0.00) and at 48 hours, completend closure was seen for
Group 1 i.e. 0.00£0.00 [Figure 15]. Whereas, foowr 2, a significant (p=0.00) and
complete wound closure i.e. 0.00£0.00 was obseraed®4 hours which was

maintained at 48 hours. [Table 11, Graph 3]

In an in-vitro study cell migration of human gingivfibroblasts was evaluated using
the same in-vitro scratch method for L-PRF and A-PRhis study found that, at
24hrs, L-PRF significantly promoted the cell migpat (p>0.05) as compared to
control group (1%FBS). Whereas at 48hrs, the cajration was significant in A-

PRF group (p>0.05) compared to control group. Caingahe difference at 24 and
48 hours, only A-PRF group showed statisticallyngigant increase in cell migration
(p>0.001). This finding is similar in the presemidy where A-PRF showed better

migration at both 24 hours and 48 hofirs

In an in-vitro studyit was reported that A-PRF + stimulated culturesested higher
levels of eotaxins, CCL5, PDGF, and VEGF by 3-,-1.8-, and 1.2- folds
respectively. Eotaxins and CCL5, pro-inflammatohemokines are chemotactic for
T cells and leukocytes. These agents are overesgueduring initial phase of tissue
injury. VEGF and PDGF and promote chemotaxis of nmglcages thereby favours

migration of fibroblasts which can be anticipatedthe results of the present study

(42)

Cell migration of PDL fibroblast was evaluated @sinPRF, A-PRF and FGF. The
results reported A-PRF and L-PRF to show significaall migration of PDL
fibroblasts (p>0.01) as compared to FGF. When spefedvound closure was

assessed, A-PRF group showed higher speed of égthton when compared to
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other groups which was statistically significarnt@01). The results suggest A-PRF+
contains a different and/or more pronounced cokkedi growth factors and

chemokines promoting migration, and with less nunabénhibitory component&®.

The effect of different forms of A-PRF was evalubby optimising the centrifugation
force. The effect of optimised PRF i.e. A-PRF (1léumes at 1300rpm) and A-PRF+
(8 minutes at 1300rpm) was reported on cell migratf gingival fibroblasts. All the
PRF experimental groups showed significant enhamngigdation of human gingival
fibroblasts where L-PRF showed 200%, A-PRF and A~PRhowed 300% increase
in cell migration. No significant difference wasesen the cell migration with A-PRF
and A-PRF+. The authors concluded that reducingémgrifugation force will lead to
even distribution of leukocytes throughout the AFPElot in contrary to PRF clot

where the leukocytes were located at the bottothetlot™®.

The findings of the discussed studies along witlults of the current study supports
the role of A-PRF in promoting wound closure gapotiyh migration of PDL

fibroblast cells.

Attachment of PDL fibroblasts:

The evidence available in the literature indicatest root conditioning either with
root planning alone®*“* or root biomodification using various agents like

tetracycline*®, EMD “¢4Dfacilitates attachment of PDL fibroblasts.

The attachment assay in the present study wasrpetbaccording to the protocol
given by Alleyn et af®”. Briefly, 44 dentin root specimens were placed@well
plates. 22 tooth specimens were exposed to aliquq@MEM+FBS and 22 were

exposed to aliquot of DMEM+A-PRF for 24 hours. Beling this, the live cells were
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calculated using 0.4% tryphan blue staining andé€s hemocytometer under a

microscope.

The mean value of number of viable cells in Groupvds 92,213+5107.6 and in
Group 2 was 1,25,276x17695 respectively. A staadly significant result was noted
when compared between the two groups (p<0.001hbI¢Ta2]. The attachment of
fibroblast cells seen in A-PRF group was 135% ntlbas the control without A-PRF.
[Graph 4] To the best of our knowledge there arestndies on the role of A-PRF for

attachment assay of PDL fibroblasts and other iiffecell lines.

However, in an in-vitro study different concentoats of PRP were used to evaluate
attachment of PDL fibroblasts on dentin slabs.his study, 10% PRP significantly
increased the fibroblast attachment as comparés®dd®RP and the control group.
The release of growth factors from PRP, the presesfc VWF, fibrinogen and
attachment factors like fibronectin present in gliets would have influenced the
attachment of cells to the dentin structtifé The concept of growth factor release is
similar for PRP and A-PRF though they defer in guantity of released growth
factors®®, we can assume that the mechanism for attachrfiémé cells might be the

reason for increased activity noted with A-PRF

In another study the attachment of osteoblastsevakiated using PRF with WST-1
colorimetric assay from Roche. It was found thatasipared to the control group
(without PRF), PRF group showed significant incesimscellular attachment in a time
dependent manner which was 35%, 55%, 91%, 98% @€éblat 0.5,1, 2 ,3 and 4
hours respectively and was statistically significarhen compared to the control
group (p<0.05). It was concluded that, PRF greatijpanced cell attachment and

accelerates wound healifi§.
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Overall, A-PRF has shown to promote the cellulanawgour of PDL fibroblasts by
enhancing its proliferation, migration and attachirte dentin surfaces. The use of A-
PRF proves to be advantageous when compared to pthtelet preparations in
relation to the number of growth factor releaseemorted byKobayashi Eet al®?.
The mechanical strength of A-PRF membrane is prdeebe superior than other
platelet concentrates thereby can be a reservograoivth factors and serve as a

scaffold for tissue regeneratici*®)

The shortcomings of the present study include #réation caused by the difference
in the width of the scratches obtained during iaiéif wound creation for cell
migration assay which could be minimised by usespécial migration plates.
Secondly, the A-PRF preparation which involved tise of different donor blood
samples for each cell assay could have been oldtdinen one individual. As the
literature mentions that the PRF membranes obtainech younger age group
individuals have more number of platelets, improWdin matrix architecture and
enhanced antimicrobial property, this directly aféethe growth factor release pattern
from the PRF membrar&. So, the present study could have focused onativite

blood from one individual for preparing A-PRF.
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SUMMARY AND CONCLUSION

The aim of the current study was to assess thetedfeadvanced platelet rich fibrin
(A-PRF) on proliferation, migration and attachmentPDL fibroblasts. Study was
conducted in the Department of Periodontics, KLE Wistitute of dental sciences,
Belagavi and the laboratory procedures were caoigdn the KLE’s Dr. Prabhakar

Kore Basic Scientific Research Centre, Belagavi.

PDL fibroblasts were harvested from healthy indisits who were planned for
orthodontic extraction. Middle third portion of tmeot was scrapped to collect PDL
fibroblasts. The cells from 3-8 passages were téiethe experiment. The cells were
equally divided in two groups, in Groupl cells wergosed to DMEM+FBS and in

Group?2 cells were exposed to DMEM+A-PRF for 24hrs.

The Cell proliferation of PDL fibroblasts was evatled at 24hrs and 48hrs using the
MTT assay and the groups were compared to negatw&rol (only DMEM). At
24hrs, A-PRF group did not show a statistical défece in proliferation rate when
compared to Group 1 (p= 0.36) and negative cormroup (p= 0.09). However, at
48hrs, A-PRF group showed statistical differencprivliferation rate when compared
to negative control (p= 0.018). Compared to Groufifference was not statistically

significant (p= 0.41).

Cell migration was done using in-vitro scratch wousssay which measured the
distance covered by the PDL fibroblasts when exppésé&sroupl and Group?2 at 0, 24
and 48hrs using the ImageJ software. At 24hrs, tetepvound closure was attained

in Group 2 which was not noted in Group 1 withistatal significant difference (p=
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0.00). At 48 hours, Groupl showed complete wourmswrke, which was also

maintained for Group2 as seen at 24hrs.

The literature lacks in providing evidence to shitw attachment of PDL fibroblasts
when exposed to A-PRF. In the present study, tteclainent of PDL fibroblasts
reported a highly significant difference betweew gvoups (p= 0.00) where, Group 2

showed 135.8% increased rate of attachment whepa@d to Groupl.

Within the limitations of the present study, follimg conclusions can be made:

1. At 48hrs A-PRF showed increased proliferation by%3as compared to
Group 1. However, the activity of A-PRF at 24 howas not significant as
compared to Groupl.

2. At 24 hours A-PRF showed complete wound closure #rel difference
between the groups was significant. Whereas, Grbughowed complete
wound closure at 48 hours which was maintained\f®RF at 48 hours.

3. The attachment of PDL fibroblasts was significanAtPRF group which was

highly significant and increased by 135.8% moretGaoup 1.

Hence to conclude, A-PRF showed a positive impactellular behaviour of PDL
fibroblasts which includes cell proliferation, mégiion and attachment. However, in-
vitro and in-vivo studies are required which willopgide an insight to validate the

utility of A-PRF in periodontal wound healing arebenerative therapy.
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ANNEXURES:

1. Ethical clearance certificate

( . Research and Ethics Committee
g KLE V K INSTITUTE OF DENTAL SCIENCES
KLE University

Accredited 'A' Grade by NAAC Placed in Category ‘A’ by MHRD (Gol)
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®: 0831-2470362 Web: http://www.kledental-bgm.edu.in
FAX: 0831-2470640 E-mail:principal@kledental-bgm.edu.in
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UNIVERSITY
EVPONEANG FROFESSONAS
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This is to Certify that the synopsis titled
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Dr. NIKLTHA - SHETTY P. G. Student /
Staff, Guided by Dp. Mewnkhn K-8 from Department of
PerinpoNTIC S has been critically evaluated by

committee members and granted ethical clearance to conduct the above

mentioned study

¥
Date : \J\ '
er Secretary, i.Y Cﬁliffjal)/

Researgh and Ethical Committee: ! © Research and Ethical Committee

KLBVK TInstitute of Dental Sciences: nees KLEVK Institute of Dental Sciences
ResCC Belagavi: | \ . . RV | o ommittee
LBV T gy AGATE Resear . Dental Sciences
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2. Consent Form

DEPARTMENT OF PERIODONTICS
KLE V.K. INSTITUTE OF DENTAL SCIENCES
BELAGAVL.

ASSESSMENT OF THE EFFECT OF ADVANCED PLATELET RICH FIBRIN
(A-PRF) ON PROLIFERATION, MIGRATION AND ATTACHMENT  OF
CULTURED HUMAN PERIODONTAL LIGAMENT FIBROBLASTS — A N IN-
VITRO STUDY.

Principal Investigator: IK0219005

I , aged years have been informed
about my involvement in the study.

| agree to give my personal details like Name, Age, Gender, Residential Address, past
and Present dental history and any other detailsif required for the study to the best of
my knowledge.

| will co-operate with the dentist.

I will follow the instructions given by the dentist during study.

| permit the dentist to utilize the information given by me and the results obtained from
this study for presentation and publication without disclosing my identity.

I have been informed that the blood sample drawn from me will be used to prepare a
newer agent which will be used for the study, and | permit the dentist to perform the
same.

If by chance any complications arise during the above said procedure, | permit the
dentist to take necessary actions to prevent the same.

In my full consciousness and presence of mind, after understanding all the procedures
and related complications if any, in my vernacular language, | am willing and give my
consent to participate in this study.

Date:
Name of the Patient:

Signature:
Address & Ph. No:
Name of witness/guardian:

Signature:
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3. Optical densities of three groups at 24 and 48 hoar

TIME DISTANCE OF WOUND CLOSURE MEASURED IN pm

GROUP 1 GROUP 2 Negative control
24HOURS 0.679 0.506 0.455

0.506 0.487 0.339

0.481 0.487 0.31

0.872 0.62 0.455
48 HOURS 0.461 1.021 0.339

0.874 0.974 0.31
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4. Distance of wound closure measured using IMAGEJ stfare

TIME DISTANCE OF WOUND CLOSURE MEASURED IN pm
GROUP 1 GROUP 2
0 HOUR 96000 68100
94200 65400
92800 58800
13200
24HOURS 11100 0
9700
48 HOURS 0 0
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5. Attachment of PDL fibroblasts in two groups at 24 lours.

GROUP 1 Number of cells GROUP 2 Number of cells
attached attached
1 97,350 1 1,21000
2 91,675 2 146000
3 98251 3 1,32000
4 92,666 4 1,40000
5 90,123 5 1,49000
6 82,970 6 1,41200
7 87,561 7 1,19870
8 85,341 8 98,000
9 89,900 9 1,27890
10 91,000 10 1,10000
11 99,950 11 99,175
12 95,712 12 1,57210
13 93,119 13 1,32000
14 81,980 14 1,30900
15 88,999 15 1,19000
16 90,560 16 97,289
17 94,390 17 94,461
18 96,671 18 1,42980
19 88,381 19 1,33000
20 95,340 20 1,21000
21 97,100 21 1,16,000
22 99,653 22 1,28100
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