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Abstract 

Growth factors are able to regulate significant cellular events in tissue regeneration and repair in periodontium 

injury.VEGF is a key regulator of physiological and pathological angiogenesis,because it induces endothelial cell 

proliferation, stimulates angiogenesis and TGF-β1 effects on cell growth, biological interactions and receptor 

binding abilities .Both factors maintain  periodontal health and affected on the expression of ALP by periodontal 

tissue. 

The aim of the present study To identify the biological events for expression of ALP by application  of VEG and 

TGF-β1 , in periodontial healing. 

Eighteen male Albino rats were subjected for non surgical operation of distal sides of  both lower anterior teeth, 

right side was considered as experimental site treated with 1µm of a combination of VEGF and TGF  ,while left 

be the control and treated with 1µm of normal saline. 

All the samples were studied immunohistochemistry for identification alkaline phosphatase at three periods 

3,7,14 day postoperatively. 

The results demonstrated a higher records of positive  gingival epithelial cell,stromal cell ,PDL cell and bone cell 

that expressed strong immune-reaction of  ALP in combined (VEGF &TGF-β1)group in comparison to control. 

Conclusion .The present study suggested that using of a combination of VEGF and TGF in injured periodontium  

is a powerful tool in regenerative  of periodontium tissue ,by strong expression of ALK by epithelial and 

connective cells.. 

Keywords: vascular endothelial growth factor;periodontium healing,alkaline phosphatase,transforming growth 

factor. 

Abbreviations : vascular endothelial growth factor(VEGF),periodontal ligament (PDL), alkaline phosphatase 

(ALP), transforming growth factor(TGF). 

 

1.Introduction 

After periodontium injury occurs, healing proceeds in a succession of cell-cell and  cell-extracellular matrix 

interactions. In the process of normal wound healing, the growth factors act in conjunction to form a complex 

arrangement of molecules that regulate cellular activity and bordering the wound  (Polimeni,et al 2006) . 

The aim of periodontal therapy is to regenerate and restore the various periodontal components affected by 

disease to their original form, function, and consistency (Yun, etal 2010). Regeneration requires restoration of 

alveolar bone height to the cemento-enamel junction, regeneration of gingival connective tissue destroyed by 

inflammation, formation of new cementum on previously exposed root surfaces, synthesis of Sharpey’s fibers 

and their insertion into root surfaces, and re-establishing epithelial seal at the coronal portion. The activity of 

alkaline phosphatase (ALP) is considered to indicate the presence of osteoblast cells, osteoprogenitor and the 

formation of new bone. In many study this enzyme was investigated in cells  of regenerated periodontal tissue 

underlying treated by guided tissue regeneration (GTR) ,Kuru, etal 1999; Stucki, etal 2001. 

 The new therapeutic approaches available to achieve these objectives include use of barrier membranes for 

guided tissue regeneration, and applying  growth factors (Pisoschi et al., 2010 Buduneli & Kinane, 2011). 

Vascular endothelial growth factor (VEGF) represents a specific mitogen of endothelial cells in vitro and an 

inducer of angiogenesis in vivo (Ferrara,2000) .While TGF-1 exhibits both pro-inflammatory and anti-

inflammatory properties besides its ability to stimulate synthesis of ECM molecules and to inhibit the breakdown 

of ECM, it has been intensively evaluated in relation to periodontial healing (Banita, etal 2011). 

The present study was designed  to examine the  biological effect of the topical  application of growth factors 

VEGF and TGF-β1  in periodontial wound  that prepared by deprived of periodontal ligament, bone and 

cementum layers in non surgical curette technique ,and to study the expression of ALP by periodontium. 

 

2.Materials and Methods 

2.1 Materials 

*VEGF165Aprotein (Rat)(ab51967) ,lyophilised form From abcam company 

*TGF  beta 1 protein (Active) (ab50036),lyophilised form From abcam company. 
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* Anti-Alkaline phosphatase, Tissue Non-specific antibody from Abcam company UK(ab65834). 

 *Detection Kits System ,Abcam company England(ab64259) 

2.2 Experimental animal 

Eighteen male Albino rats, weighting (300-400)gram, aged(6-8)months were used and maintained under control 

conditions of temperature, drinking and food consumption and according to the National Research Council’s 

guide for the care and use of laboratory animals. The animals were subjected for non surgical operation of distal 

sides of  both lower anterior teeth( right side was considered as experimental site ,while left be the control one). 

2.3 Methods 

2.3.1.Assessment for the subgingival depth to create a periodontium defect 

Before starting the experiment ,histologic and radiographic examinations were done to ten samples of lower jaw 

carrying the central teeth of normal intact rats( excluded from the designed number) to get a data base on the 

estimation of a  proper sub gingival depth related to rats that allowed and supported the study to create a 

periodontium defect includes alveolar bone, cementum and periodontal ligament. 

2.3.2. Non Surgical Technique  
The non surgery was performed under a well sterilized condition and gentle technique. Every animal 

was weighted to calculate the dose of general anesthesia that was given to it. The general anesthesia was induced 

by Intra muscular injection of xylazine 2% (0.4 mg/kg B.W.), plus keta mine HCL 50mg (40 mg/kg- B.W.). 

Then the animal was placed on the surgical table and the surgical towel was placed under the site of the 

operation .Using Cavitron
 
Ultrasonic Scaler with a stopper to o.2 mm( depth assess from our present data) and 

with focused spray design that inserts direct water down into the pocket in which it helps to flush away debris., 

periodotium defect was made. Removing thin cementum layer, alveolar bone layer and tearing in periodontal 

ligament for both distal sides of lower anterior teeth, experimental and control sites.After operation a 

radiographic films were taken to confirm our work . 

Drying the area by air, then applied a combination of both VEGF and TGF-β1  1µm,while normal saline 1 µm 

was used for control. The animals were scarified at intervals 3,7,14 day ,using over dose anesthesia . Six animals 

for each period. the lower jaw was dissected and fixed in10%  buffered formalin. 

2.3.3 Assessment of Immunohistochemistry results 

Positive reading was indicated when the cells display a brown cytoplasmic stain, while negative reading was 

indicated for absence of immune-reactions depends on positive and negative control. 

2.3.3.1 Immunohistochemical scoring for positive cells expressed ALP. 
Quantification method. Of Immunoreactivity  was semiquantitatively estimated the immune-staining score  that 

was calculated as the sum of a proportion score and an intensity score. The proportion score reflects the 

estimated fraction of positively stained infiltrating cells (score 0, none; score 1, <10%; score 2, 10-50%;score 3, 

51-80%; score 4, >80%). The intensity score represents the estimated staining intensity (score 0, no staining; 

score 1, weak; score 2,moderate; score 3, strong) ,Hillmann, et al 1999. 

 

3.Results and Discussion 

Periodontial tissue have heterogeneous cellular constituents ,the cell with indicative of a highly undifferentiated 

state, express  high alkaline  phosphatase activity (Luan,etal 2006) 

The results for control group  illustrate a positive expression for ALK marker by prickle cell of gingival epithelia 

at 3 day period. At 7 and 14 days osteoblast of woven bone,fibroblast expressed faint ALK immune-

reaction,while sulcular epithelia shows a negative DAB stain,figures(1.2.3.4,5). Groeneveld ,etal 1995 

established the spatial distribution of ALP activity and assessed the activity of the enzyme quantitatively in the 

periodontium of the rat maxillary molars, a highest activity was found in areas related to mineralization, adjacent 

to the alveolar bone and cementum and inner part, adjacent to the tooth, while a negative results was found in  

outer part . 

The experimental combination group illustrates strong positive localization of ALp by all epithelial layers of 

gingival at 3 day,and strong positive by osteoblast and sulcular epithelia,figures(6,7,8).Fibroblast ,endothelial 

cells of repaired periodontal ligament shows a positive immune-reaction for ALp,figure(9).These results may 

attributed that VEGF could have a direct effect on osteoprogenitor cells, mainly by promoting the differentiation 

of osteoblasts and by increasing the mineralisation of the regenerated bone that expressed strong ALK 

( Keramaris,etal 2002) .In addition to the ability of exogenous transforming growth factor-beta (TGF -β1) to 

induce osteogenesis critical events in both bone formation and fracture healing (Olivos-Meza,etal 2010 and 

Kasagi and Chen,2013)   

Sulcular epithelium resembles a non-keratinized extension of the oral epithelium, and is continuous with 

the junctional epithelia .In present study sub-sulcular connective tissue shows numerous active formation of new 

blood vessels, enhance proliferation of sulcular epithelia that shows strong ALK expression. 

 



Journal of Natural Sciences Research                                                                                                                                                www.iiste.org 

ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) 

Vol.4, No.1, 2014 

 

86 

Statistic analysis revealed a higher records in the mean value of cells that expressed positivity for ALp of 

experimental combined group in comparisum to control,with a highly significant value,and the stromal cell 

showed to be more affected ,tables(1&2),figure(10). 

The present study highlighted on the ability to deliver a combination of growth factors in a manner to form 

biocompatible scaffolds to sites of tissue regeneration that promote angiogenesis and osteogenesis  and it offers 

significant therapeutic opportunities for a variety of tissue engineered scaffold. 

 

4.Conclusion 

 Topical application of  a combination of VEGF  and TGF enhanced periodontium cells  for expression of ALK 

that include epithelial and connective tissue . 
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Figure (1) Faint stain for (ALP) in control group expressed by prickle cell (arrow) of epithelial of  gingiva . DAB 

stain x40  

 
 

Figure (2) woven bone (WB) expressed faint immuno- reaction for (ALP). DAB stain x40  

 

 
 

Figure(3) Negative expression for ALP by sulcular epithelia in control x40 
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Figure(4) Osteoblast (arrows) osteocyte (arrow heads) in newly formed bone expressed positive (ALP) 

immunoreactions. DAB stain x40 

 

 
Figure (5) Fibroblast (arrows) show positive expression of (ALP). DAB stain x40 

 

 
Figure (6) Epithelia cell of gingival tissue of experimental group expressed strong positive (ALP) 

immunoreactions. DAB stain x40 
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Figure (7) Cells within woven bone (WB) express (ALP) and show positive DAB stain. DAB stain x40  

 
 Figure (8) Sulcular epithelia (arrow ) strongly stained for expression of (ALP) DAB stain x40  

 
 

 

Figure (9) Fibroblast (arrows), endothelial cell (arrow heads), positively stained for (ALP). DAB stain x40 
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Table (1): Summary Statistics of the Studied No. of Positive Cells for ALK Marker in the Studied Groups  

Marker Groups No. of Positive : No. Mean 

Std. 

Dev

. 

Std. 

E. 

95% C. I. 

for Mean 
Min. Max. 

L.B

. 
U.B. 

A
lk

a
li

n
e 

P
h

h
o

sp
h

a
te

s 
 

Control 

Keratinocyte(Ging.) 6 6.8 1.0 0.4 5.8 7.9 6 8 

Stromal cells(Ging.) 6 7.7 0.5 0.2 7.1 8.2 7 8 

Periodontal ligament 6 9.2 1.3 0.5 7.8 10.6 8 11 

Bone cells 6 9.8 1.0 0.4 8.8 10.9 8 11 

( VEGF 

& TGF ) 

Keratinocyte(Ging.) 6 17.0 2.1 0.9 14.8 19.2 14 20 

Stromal cells(Ging.) 6 17.3 3.0 1.2 14.2 20.5 14 20 

Periodontal ligament 6 11.7 1.5 0.6 10.1 13.3 10 14 

Bone cells 6 10.3 1.5 0.6 8.8 11.9 8 12 

 

Control

Types

Bone cells

Periodental ligament

Stromal cells
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( VEGF & TGF )

Types

Bone cells
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s
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e
a
n
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a
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e
s
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17.317.0

 
 

Figure (10): Bar charts for the estimated overall means values for the Studied No. of Positive Cells for 

ALK in the Studied Groups 
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Table (2): Multiple Comparisons by (LSD Method) among all pairs of different (S.O.V.) effect's on Positive 

Cells in compact form 

 

 

LSD  test 

Factor (I) group (J) group Sig.
(*)

 C.S. 

Groups 

 
control ( VEGF & TGF ) 0.000 HS 

Types of 

cells  

Keratinocyte 

Stromal cells 0.000 HS 

Periodontal ligament 0.000 HS 

Bone cells 0.634 NS 

Stromal cells 
Periodontal ligament 0.000 HS 

Bone cells 0.000 HS 

Periodontal ligament Bone cells 0.000 HS 

 

 

  


