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Abstract:
Background:East Java green tea leaf (Camelia sinensis) 

possesed active compound such as Epigallocatechin 

Gallate (EGCG) is well known for enhancing the bone 

remodelling through enhancement of Vascular 

Endothelial Growth Factor (VEGF) and Fibroblast 

Growth Factors (FGF-2). Remodelling of alveolar bone 

is very important to obtain optimal Orthodontic Tooth 

Movement (OTM) to align the tooth. Aim: To 

investigate the expression of VEGF and FGF-2 

expression during OTM in Wistar rat after 

administration of EGCG from C. sinensis Extract 

(EGCG-CSE) Wistar rats. Material and Methods: This 

study was true experimental study with post-test only 

control group design. Twenty eight Wistar rats were 

randomly selected and divided into four groups 

accordingly; K- group which did not get both EGCG-

CSE administration and OTM; K+ group with OTM for 

14 days, but no EGCG-CSE administration; 1 (T1) with 

4 days of OTM and 7 days of EGCG-CSE 

administration; treatment group 2 (T2) with both 14 

days OTM and EGCG-CSE administration. Ten g 
2 

force/mm of NiTi close coil spring was installed 

between the upper left molars and cental insicive to 

move the molar mesially that induce OTM. All OTM 
thanimal model were terminated in the 14  days. 

Maxillary was isolated for immunohistochemistry 

investigation. Tukey Honest Significant Difference 

(HSD) was done after Analysis of Variance (ANOVA) 

test to investigate the significant difference between 

groups (p<0.05). Results: The highest positive VEGF 

expression was found in the T2 in both area. 

Meanwhile, the highest positive FGF-2 expression was 

found in the K-group in both area. There were 

significant different of VEGF and FGF-2 expression in 

both area between groups except T1 and T2. 

Conclusion: Post administration of EGCG-CSE can 

stimulate the VEGF and FGF-2 expression during OTM 

in Wistar rats.

Keywords: Epigallocatechin Gallate, Fibroblast 

Growth Factor-2 Expression, Green Tea,Tooth 

Movement Techniques, Vascular Endothelial Growth 

Factor expression.

Introduction:

Periodontal tissue remodeling is the main key that 

should be considered during Orthodontic Tooth 

Movement (OTM) to achive optimal orthodontic 

treatment result. Bone remodeling is the process of 

bone resorption that occur in compression area and 

bone formation in tensile area. OTM can be 

optimally controlled by the force magnitude and 

the biological response of periodontal tissue [1]. 

The force that applied in OTM can lead to macro 

and micro environment change around Periodontal 

Ligament (PDL) due to blood flow changes. Thus, 

that condition can stimulate the secretion of 

cytokines,chemokines,  growth factors,  

prostaglandin which are important factor for bone 

remodeling. Bone remodeling is a crucial process 

to maintan bone homeostasis [2,3].
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Growth Factors (GFs) such as Vascular Endo-

thelial Growth Factor (VEGF) or Fibroblast 

Growth Factor (FGF-2) play pivotal role during 

bone remodeling. VEGF is the main mediator of 

angiogenesis and it serves a variety of biological 

functions, such as stimulate vascular permeability 

and promote monocyte chemotaxis. VEGF is also 

involved in bone and periodontal tissue 

remodeling [4]. Previous study mentioned that 

FGF-2 is important for angiogenesis by enhance 

the migration in various types of endothelial cells. 

Furthermore, FGF-2 stimulate endothelial cell 

proliferation and remodelling of blood vessels due 

to injury. Lack of FGF-2 can lead defects in 

endothelial cell integrity [5].

The active and effective antioxidant compound 

possesed green tea (C. sinensis) such as Epigallo-

catechin gallate (EGCG-CS) has beneficial for 

health in medicine field. EGCG is very useful and 

promising active compound for bone remodelling 

during OTM [6-7]. The aim of this study was to 

investigate the post administration of EGCG-CS 

in VEGF and FGF-2 expressions during OTM in 

Wistar rats.

Material and Methods:

This study was approved with reference number 

0074/HRECC.FODM/III/2019. The study design 

of this study was true experimental study with 

post-test only control group design. Blind simple 

random sampling was done to select the sample. 

Grean tea leaf (C. sinensis) was brought from 

Perkebunan Nusantara XII Company, Wonosari, 

Lawang, Malang, East Jawa Indonesia. Green Tea 

(C. Sinensis) extract (CSE) was obtained from 

Faculty of Pharmaceutical, Widya Mandala 

Catholic University, Surabaya, Indonesia. 

Isolation of CSE was done by means of maceration 

method. The analysis of CSE was conducted using 

High Performance Liquid Chromatography 

(HPLC) system (Ag-ilent 1260, Agilent 

Technologies, German) [2,6].

Twenty eight healthy Wistar rats 16-20 weeks-old 

with weight 200-250g divided into 4 groups (Fig. 

1A) accordingly; NiTi close coil spring with 6 mm 

length (American Orthodontics Corporation, 

USA) installed from maxillary molars to insicive 
2 to induce OTM with 10gf/mm (Fig.1B) [8-9]. 

One hundred fifty mg/kg body weight (b w) dose 

of EGCG-CSE was administered perorally. 

Rodent anesthesia (60 mg/kg bw of ketamine and 

xylazine 3 mg/kg bw (Sigma-Aldrich, USA) was 

used to sacrificed all samples and premaxillae was 

isolated. Premaxillae was decalcified with 5% 

EDTA (OneMed, Indonesia) for 1-month. The 

sample was then undergo the tissue processing 

and embedded in paraffin according to previous 

method [9]. 

Immunohistochemical (IHC) staining was 

investigated by means of a 3.3'-diaminobenzidine 

stain kit (DAB) (Sigma Aldrich, US) with counter 

stainning Hematoxylin Eosin (Sigma Aldrich, 

US). Monoclonal antibodies anti-FGF-2 (sc-

365106)and anti-VEGF (sc-80442) was used in 

this study (Santa Cruz Biotechnology™, US).The 

positive number of VEGF and FGF expression in 

fibroblast at periodontal tissue was done by 3 

observer in 5 different visual fields by means of 

Nikon H600L light microscope (Japan) at 400x 

magnification with a 300 megapixels Fi2 DS 

digital camera and image processing software 

Nikon Image System (Nikon, Japan). The data 

were analysed by Statistical Package for the 

Social Sciences 20.0 software (SPSS for 

Windows, SPSS, Chicago, USA). Descriptive 

statistics are given as Mean ± Standard Deviation 

(SD). One-way Analysis of Variance (ANOVA), 

and Tukey Honest Significant Difference (HSD) 

(p<0.05) was done based on Shapiro-Wilk and 
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Levene's test (p>0.05) to compare the VEGF and 

FGF expression between groups.

Results:

Based on the data analysis showed that all data 

were homogen and distributed normally (p>0.05). 

The positive expression of VEGF in fibroblast in 

both tensile and compression area can be seen in 

figs. 2A and 2B. T2 group in the compression and 

tensile area has the greatest number expression of 

VEGF. Meanwhile, the lowest number expression 

of VEGF found in K- both compression and tensile 

area. There were significant different of VEGF 

expression in both compression and tensile area 

between groups except T1 and T2 (figs. 2C and 

2D). In figs. 3A and 3B showed the FGF-2 positive 

expression in both tensile and compression area. 

The K-group in both compression and tensile area 

has the greatest number of FGF-2 expression. 

Meanwhile, the lowest number expression of 

FGF-2 found in K+ both compression and tensile 

area. There were significant different of FGF-2 

expression in both compression and tensile area 

between groups except T1 and T2 (figs. 3C and 

3D).

Fig. 1A: The Scheme of Study
Fig.1B: The Orthodontic Tooth Movement in Animal Model

Marker Group

Mean ± Standart Deviation

K- K+ T1 T2 P 

VEGF in tensile area 1.9 ± 0.2 4.1 ± 0.7 5.6 ± 0.6 5.8 ± 0.4 0.001

VEGF in compression area 8.2 ± 0.1 6.3 ± 0.5 7.6 ± 0.2 8.9 ± 0.3 0.001

FGF-2 in tensile area 9.1 ± 1.1 2.7 ± 0.8 6.7 ± 5.9 7.7 ± 0.3 0.001

FGF-2 in compression area 10.9 ± 0.4 8.4 ± 0.3 9.3 ± 0.6 9.8 ± 0.5 0.001

Table 1: Mean of Standart Deviation, the Result of Normality Test and T-Test in Each 
Marker between  Groups
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Fig. 2: Immunohistochemical Analysis showed Positive VEGF Expression (Brown Color) of Fibroblast 
at the Alveolar Bone (Black Arrow) with 400x Magnification Using Light Microscope.
(A) Positive VEGF expression at tensile area between groups. (B) Positive expression of VEGF at 
compression area can be seen in each group (C) Expression of VEGF at tensile area of each group 
was positively expressed. (D) Expression of VEGF at compression area can be observed in each 
group. There was significant difference of positive VEGF expression in both tensile and 
compression areascompared to each group (p<0.05).



 Journal of Krishna Institute of Medical Sciences University 62ÓÓ

JKIMSU, Vol. 9, No. 1, January-March 2020 Fidiyah Inayati et al.

Fig. 3: Immunohistochemical Analysis showed Positive Fgf Expression (Brown Color) of Fibroblast 
at the Alveolar Bone (Black Arrow) with 400x Magnification Using Light Microscope.
(A) Positive FGF expression at tensile area between groups. (B) Positive expression of FGF at 
compression area can be seen in each group (C) Expression of FGF at tensile area of each group was 
positively expressed. (D) Expression of FGF at compression area can be observed in each group. 
There was significant difference of positive FGF expression in both tensile and compression areas 
compared to each group (p<0.05).
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Discussion:

In this present study, the expressions of VEGF and 

FGF-2 in the tensile and compressive area in both 

treatment group was increased significantly 

compared to the control groups, both positive and 

negative. The bioactive compound of green tea is 

EGCG that very useful for acceleration of alveolar 

remodelling [10]. EGCG was investigated for its 

benefits as beverages for daily consumption. 

EGCG is well known for its benefits in bone 

regeneration [11]. EGCG is a promising 

therapeutic strategy for bone regeneration and 

improve bone quality in obese and osteoporosis. 

EGCG can enhance bone formation through 

osteoblastogenesis stimulated by VEGF has an 

important role in enhancement of Prostaglandin 

F2alpha (PGF2α). PGF2α is also known can 

increase VEGF synthesis through Protein Kinase 

C (PKC) by independent stimulation of p44 / p42 

Mitogen-Activated Protein Kinase (MAPK) in 

osteoblast. Previous study reported that EGCG 

increased PGF2α regulation to synthesize VEGF 

by stimulation through enhancement of SAPK / 

JNK activation, but not p44 / p42 MAP kinase or 

p38 MAP kinase of osteoblasts [12-13].

Bone vascularization was regulated by VEGF 

which is angiogenic factor [14]. During the bone 

remodeling, angiogenesis takes an important role. 

Expression of VEGF was observed during 

differentiation of osteoblast [15]. Interestingly, 

VEGF also known as on of main cytokine that 

relesead by bone matrix during bone remodeling. 

Enhancement of VEGF expression may help to 

maintain the nutrition and oxygen supply through 

blood vessel [16-17].

Neovascularization is a crucial step of bone 

remodelling. Neovascularization carry the nutrient 

and oxygen to stimulate the metabolic bone callus 

remodelling and migration of hematopoetic stem 

cells [18,19]. The purpose of bone remodelling is 

maintain its size, shape and structural integrity. 

Bones are rich in vascularization. Blood vessels in 

bone regulate the hematopoiesis synthesis. 

Abnormal function of bone blood vessel function 

related to the bone diseases [5,10-13].

Green tea (C. sinensis) contained of abundant 

flavonoid, one of them is catechin [8]. Previous 

study mentioned that bone resorption can be 

inhibited by catechin administration [10]. 

Osteoblast as a bone cells have a important role in 

bone remodeling. ALP secretion by osteoblast can 

be stimulated by cathecin administration that can 

lead to calcium deposition and decreased of bone 

resorption related inflammatory cytokines [19-

20]. Nevertheless, until now, the study of catechin 

still limited. Previous study mentioned that VEGF 

may secreted and produced by osteoblast. VEGF 

secretion by osteoblasts plays an important role in 

regulating bone metabolism. The mechanisms 

underlying VEGF synthesis in osteoblasts have 

not been fully explained. EGCG did not effect 

VEGF serum levels, but significantly increases 

PGF2α which stimulates VEGF synthesis in 

osteoblast. PGF2α stimulates VEGF synthesis 

through three MAP kinases, SAPK/JNK in 

osteoblast induced by EGCG [13].

Growth factors related to angiogenesis such as the 

VEGF or FGF-2 is well know as angiogenesis 

regulator. FGF-2 has been reported to be involved 

in angiogenesis. Previous research showed that 

the migration response of endothelial cells caused 

by FGF-2-stimulation. FGF-2. Lack of FGF-2 

showed changes in various phenotypes, early 

embryonic death, minor blood vessel defects. 
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FGF-2 acts in a specific stage of body 

development. FGF-2 stimulate endothelial cell 

proliferation and blood vessels remodelling in 

response to injury [21].

In our study, the post oral administration of 

EGCG-CSE can increase FGF-2 expression 

which elucidate that there is an emphasis bone 

remodeling in both area during the OTM. OTM 

can trigger inflammation in the periodontal tissue 

[1, 2]. In this study, VEGF and FGF-2 expression 

between both treatment groups (T1 and T2) 

showed insignificant differences. In the T1 group 

during OTM stillin the Lag Phase. This stage is 

characterized by very little or even no tooth 

movement. The post oral administration of EGCG 

GTME which has the effect of osteoblastogenesis 

would be very synergistic because this phase 

occurs when osteoclasts have been recruited and 

osteoblasts are activated for microenvironment in 

the periodontal ligaments and bone remodelling 

[2].

In the T2 group during OTM is at the initial phase of 

the tooth movement. At this stage it is characterized 
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