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            Abstract

            
               
Regenerative techniques, which aim to replace damaged periodontal ligament, bone, cementum, and connective tissue, are newer
                  approaches to periodontal care. In periodontology and oral implantology, the development of molecular mediators has accelerated
                  substantially over the last decade. At various cellular levels, different growth agents cause distinct reactions in periodontal
                  tissues. The potency of biologics in regenerating the periodontal tissues is the call attention in this review paper, in which
                  it discusses the structure, mechanism of action, indication and FDA (Food and Drug Administration) approval to use in regenerating
                  periodontal tissues. The working activity of biologic agents together with reasons for utilizing them in regenerating tissues
                  of periodontium lost due to disease are discussed, as well as the expected benefits as compared to traditional approaches.
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               Introduction

            Biological substances like PDGF- platelet-derived growth factor, BMP- bone morphogenic proteins, FGF- fibroblast growth factor,
               TGF-β- Transforming growth factor-beta and EMD- enamel matrix derivatives seemed to recommend to improve clinical outcomes
               in regenerating the tissues of periodontium when lost due to the disease process.1, 2  Table  1 Cellular activities of epithelium, connective tissue, bone, and regulating immunity and its function are in control of growth
               factors.3, 4

            Over the last two decades, many of the biological mediators have been developed, including rh-PDGF, rh-BMP FGF-enhanced substitute,
               and EMDs.5, 6, 7, 8

            
                  Platelet-rich fibrin versus platelet-poor plasma
               

               Marx along with colleagues suggested using individuals own platelet concentrates to alter bone healing. Blood platelet concentrates
                  made by centrifuging and activating platelets from venous autologous blood to provide a concentrated growth factor preparation.9, 10, 11 Platelets are enucleated protoplasmic pieces derived from megacaryocytes with various granules enriched with growth factors
                  such as PDGF- AA, BB, and AB, two types of TGF like beta1 and beta2, VEGF, bFGF-2, along with EGF). Additionally it carries
                  fibrin, fibronectin, and vitronectin, which impact key biotic schemes for recovering tissues during healing.12, 13, 14

            

         

         
               Platelet-Rich Fibrin

            PRFG is created from un-coagulated blood centrifuged with commercially available equipment to create a layer with increased
               platelet and leukocyte concentrations inside a fibrin scaffold.15, 16 Increased chemotaxis, proliferation, differentiation, and angiogenesis are the mechanisms through which PRF enhances wound
               healing. 
            

            Thrombocytes are indeed a spontaneous supply of growth factors that play a pivotal part in tissue repair, therefore they're
               important for periodontal wound healing.  PRP, Pure-PRP, Leukocyte-PRP, PRF, and Leukocyte-PRF), and TPRF are the many varieties
               formed based on centrifugation measures and technique.17, 18

            Platelet alpha granules contain growth factors such as PDGF, vascular endothelial growth factor-VEGF, insulin-like growth
               factor- IGF, platelet-derived angiogenic factor- PDAF, and transforming growth factor-beta- TGF-β, making it a potent biologic
               agent for periodontal regeneration.19, 20, 21

            
                  
                  Table 1

                  Describes the summary of mechanism of action, indications, and FDA approval status of common biologic agents used in periodontal
                     regeneration.
                  

               

               
                     
                        
                           	
                              
                           
                           
                              Agent
                              
                           

                           
                        
                        	
                              
                           
                           
                              Indications
                              
                           

                           
                        
                        	
                              
                           
                           
                              Functions
                              
                           

                           
                        
                        	
                              
                           
                           
                              FDA approval
                              
                           

                           
                        
                     

                     
                           	
                              
                           
                           
                              EMD
                              
                           

                           
                        
                        	
                              
                           
                           Treating intra-bony defects  In aesthetic zones, EMD is also utilised to optimise tissue height.

                           
                        
                        	
                              
                           
                           Promotes periodontal wound healing  Promotes soft and hard tissue regeneration.

                           
                        
                        	
                              
                           
                           The therapy of intra-bony defects has been approved by the FDA by using EMD

                           
                        
                     

                     
                           	
                              
                           
                           PDGF-BB 
                           

                           
                        
                        	
                              
                           
                           Used in the socket augmentation  Used in Guided bone regeneration.

                           
                        
                        	
                              
                           
                           Enhances wound healing soft and hard tissue regeneration promoted

                           
                        
                        	
                              
                           
                           Intra-bony defects, furcations, and gingival recession treatments by using PDGF-BB have been authorized by the FDA.

                           
                        
                     

                     
                           	
                              
                           
                           BMP-2 
                           

                           
                        
                        	
                              
                           
                           Used in the sinus augmentation Alveolar ridge augmentation is enhanced

                           
                        
                        	
                              
                           
                           Enhances mature bone formation Bone regeneration for implant related therapy is promoted

                           
                        
                        	
                              
                           
                           The FDA has approved use of BMP-2 in sinus augmentation and alveolar ridge augmentation procedures.

                           
                        
                     

                     
                           	
                              
                           
                           
                              PRF
                              
                           

                           
                        
                        	
                              
                           
                           Used in sinus augmentation as graft material

                           
                        
                        	
                              
                           
                           Bone healing is enhanced Used in soft and hard tissue regeneration

                           
                        
                        	
                              
                           
                           Not regulated by the FDA

                           
                        
                     

                     
                           	
                              
                           
                           
                              FGF-2
                              
                           

                           
                        
                        	
                              
                           
                           FGF-2 significantly improves defect fill 

                           
                        
                        	
                              
                           
                           Promotes hard tissue regeneration 

                           
                        
                        	
                              
                           
                           Currently seeking FDA approval

                           
                        
                     

                  
               

            

         

         
               Indications 

            PRP, PRFG, as well as L-PRF were all investigated as soft tissue substitutes, sinus augmentation grafting materials, and a
               periodontal regeneration barrier membrane. Nonetheless, because of the wide diversity of research methodologies, material
               regimens (graft, barrier, or combination), surgical techniques, and some other factors, determining the efficiency of various
               concentrates is difficult. It is, nonetheless, beneficial in a wide range of therapeutic circumstances. However, the outcomes
               might not even be better to classic GTR for periodontal regeneration or regular CTG for recession treatment. In contrast,
               platelet concentrates have yet to be used in implant or major bone grafting therapies. Tissue repair has been shown to benefit
               from platelet-derived concentrates, which indirectly aids bone production.22, 23, 24

            
                  Structure and methods of action of the growth factor

               Growth factors comprise small molecules that bind to cell receptors and cause a biological reaction. With almost 800 members,
                  G protein-coupled receptors were the most numerous receptor family. Growth factors bind to the G protein-coupled receptor
                  and change the phosphorylated state of tyrosine, serine, and threonine to activate intercellular signalling.25, 26

            

         

         
               Platelet-Derived Growth Factor (PDGF)

            The multifaceted peptide PDGF (platelet-derived growth factor) comes in five isoforms: PDGF-AA, PDGF-AB, PDGF-BB, PDGF-CC,
               and PDGF-DD. These interact to tyrosine kinase receptors on cellular membrane and then perform basic tasks. With increasing
               overall number of stem cells, platelet-derived growth factor enhances wound repair and bone regeneration, capillary ingrowth
               by enhancing endothelial cell proliferation, and connective tissue regeneration and collagen synthesis by replicating and
               activating fibroblasts.27, 28 
            

            Platelet-derived growth factor induces cellular proliferation at healthy doses of 0.1 to 1 g/ml, which is increased by interaction
               with v3 integrin. It activates Rac, which improves cell chemotaxis in monocytes, gingival fibroblasts, especially periodontal
               ligament cells. Rac is a GTPase that plays a role in actin reorganization including lamellipodia production. Platelet-derived
               growth factor alters the actin cytoskeletons of periodontal cells by activating focal adhesion kinase, protein kinase B, commonly
               referred to Akt, and serine/threonine protein kinase.29, 30

            The platelet-derived growth factor's therapeutic potential was already explored both in-vitro and in-vivo by delivering it
               to locally injured tissues. Recombinant platelet-derived growth factor was approved by the US Food and Drug Administration
               (FDA), and Linche and colleagues examined it in an animal model, with the results indicating that platelet-derived growth
               factor promotes healing process in periodontitis.1, 2, 6

            
                  Indications and surgical intervention

               To speed up osseous repair as well as angiogenesis in large lesions, Schwartz and colleagues employed recombinant platelet-derived
                  growth factor–BB in conjunction to biphasic calcium phosphate. Clinical experiments using recombinant platelet-derived growth
                  factor –BB as well as insulin growth factor indicated better osteo fill 9 months following surgery. Recombinant platelet-derived
                  growth factor-BB improves periodontal healing of Class II furcation deficiencies when combined with allogeneic bone as a carrier.1, 3

            

         

         
               Transforming Growth Factor-Beta

            TGF beta proteins are extracellular signalling peptides that attach to heteromeric complex type 1 and type 2 II receptors.
               Throughout periodontal healing process, both receptors have been increased, and the type I receptor controls the receptor
               complex's signalling specificity. When TGF-BETA binds with the type II receptor, it activates the type I receptor by serine
               phosphorylating Smad proteins. By chemically reacting with a shared partner, activated Smads drive transcriptional modifications
               in the target gene (Smad4 in mammals). Human DNA encodes seven type I receptors (activin-like kinases 1–7), five type II receptors,
               and two auxillary receptors, Endoglin and Betaglycan. Type II receptor kinase 5 complex activates Smad2 and Smad3, while type
               II receptor–activin-like kinase 1 complex activates Smad1, Smad5, and Smad8 representing an alternative signaling route.2, 4 Beta glycan binds to type II receptors and then delivers the ligand to them. Endoglin binds to transforming growth factor
               beta1 as well as beta3, which are mainly produced in endothelial cells, providing a link between tumour angiogenesis and inflammation.
               In endothelial cells, it also suppresses transforming growth factor beta/activin-like kinase 5/Smad3 cellular responses while
               enhancing activin-like kinase 1/Smad1 signalling, allowing it to exert control over the pathway.5, 6

            TGF-beta1 also generates a range of responses in various cellular subtypes by activating the prototypic signalling pathway,
               which includes mitogen-activated protein kinase activation, extrinsic signal-regulated kinase, p38, and c-Jun N-terminal kinase.
               Because transforming growth factor-beta is produced as a latent precursor complex and remains connected to the extracellular
               matrix in an inactive state, the most critical degree of control is exerted post-transcriptionally.8, 10

            During periodontal wound healing, gingival epithelial cells and macrophages release TGF-beta1, which aids in myofibroblastic
               differentiation as well as the formation of extracellular matrix components like type I collagen and fibronectin.30

         

         
               Bone Morphogenic Proteins (BMP)

            The transforming growth factor superfamily includes BMPs, which seem to be multifunctional polypeptides. BMPs aid in bone
               and cartilage production throughout the embryonic period, and also aid in regeneration after birth. Based on sequence similarity
               and function, BMPs are classified into four subgroups: BMP 2,4,5,6,7; BMP 8a,8b; BMP 9,10,12,13,14; and growth differentiation
               factor-5. BMPs are 400–500 amino acid polypeptides that are thought to be powerful osteoinductive mediators. Hence Periodontal
               healing and remodeling are aided by bone morphogenic proteins. In an in-vitro investigation, Hakki and colleagues discovered
               that bmp7 affects the expression of mineralized tissue-related genes in cementoblasts. Various growth factor reactions to
               tissue formation were discovered in baboon furcation defects: osteogenic protein-1 had a more selective impact on cementogenesis,
               whereas bone morphogenic protein-2 promoted osteogenesis. When recombinant human bone morphogenic protein-2 was employed,
               Miyaji and his colleagues noticed cementum-like tissue development in exposed roots in Beagle dogs.11, 31 Based on their concentration gradient and chemotactic capabilities, BMPs can operate as mitogenic agents or stimulate the
               development of chondroblasts or osteoblasts. Clinical research conducted by Fiorellini et al indicated considerable bone growth
               in a human buccal wall defect model when rhBMP-2 was combined with collagen sponge vs. collagen sponge alone.30, 31

         

         
               Enamel Matrix Derivative (EMD)

            Among the most commonly used biologics within periodontology is enamel matrix derivative (EMD). EMD is hypothesised to improve
               periodontal regeneration by replicating basic processes that take place throughout periodontium regeneration. EMD, such as
               the cell from Hertwig's epithelial root sheath, works as a cementogenesis initiator.31, 32

            When tissue formation cells are exposed to EMD, the phenotype of the cells changes, resulting in an increase in the expression
               of growth and differentiation factor-related genes, including transforming growth factor beta.32

         

         
               Fibroblast Growth Factor-2 (FGF-2)

            Acidic FGF (aFGF, FGF-1) and basic FGF (bFGF, FGF-2) are two forms of fibroblast growth factor-2 (FGF-2) that communicate
               via receptor-type tyrosine kinase12. Whenever Fibroblast Growth Factor interacts with a receptor as just a consequence of
               receptor dimerization with autophosphorylation, tyrosine kinase is activated. Fibroblast Proliferation Factor encourages fibroblast
               and osteoblast growth, as well as angiogenesis, which aids tissue repair and regeneration. FGF-2 induces periodontal ligament
               cells to produce osteopontin, heparin sulphate, and hyaluronan, resulting in a favourable local environment during tissue
               engineering.32

         

         
               Conclusion

            This review's specific goal is to update the function of numerous biologic modifiers that are employed as a treatment option
               for periodontal regeneration. According to the findings of the aforementioned investigations, these biological modifiers have
               significant effects on cell activity, making them beneficial in periodontal regeneration treatment. Even though biologics
               have proven to be advantageous for better clinical results, the function of good patient and case selection, type of bone
               augmentation, and basic surgical principles remain critical elements that influence success.
            

            Active research into the biology of the healing site, including the identification of relevant cells to target, along with
               administration systems to control agent delivery just at specified location, should be able to create the suitable framework
               for periodontium tissue repair.
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