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Abstract 

The study was designed to identify the role of local exogenous green tea in bone healing . Thirty male albino rats, 

were subjected for bone defects in medial sides of both tibia bone (right tibia was considered as experimental site 

with 1µl of extract green tea, while the left be the control one, (treated with 1µl of normal saline). The rats were 

scarified at 3,7,10 days post surgery. Bone healing was histologically examined with immunohistochemical for 

localization of bone morphogenic protein 2.The results: show bone healing treated with extracted green tea 

illustrated to be faster in apposition of ostoid and bone trabeculae that is detected to fill the most of bone defect 

in comparism with control group.Conclusion: Our results indicate that low application of  exogenous green tea  

could be an effective therapeutic for bone injures, these data are promising  for a possible future clinical usage 

especially for enhancement of bone healing. 

 

Introduction  

Bone is a composition tissue that consists of organic components, type I collagen, non collagenous proteins and 

in organic components, mainly hydroxyapatite crystals (Nanci, et al., 2008), The two main categories of bone 

cells are osteoblasts that form the bone and osteoclasts that resorb (dissolve) the bone. The combined and 

cooperative activities of osteoblasts and osteoclasts result in a bone architecture that provides mechanical 

support and protection for the body. In addition, bone serves as a vital reservoir of minerals, principally calcium 

and phosphorus, necessary for maintaining normal cellular, neurologic, and vascular activities of the body 

(Nijweide et al., 2010). 

Both osteoblastic and osteoclastic cells regulate bone metabolism, and both cell types are involved in 

the development of osteoporosis (Nijweide et al., 2010).. Osteoblasts, the bone-forming cells, locate near the 

surface of the bone and produce cytokines that affect osteoclasts. viable osteoblasts acting in concert with 

multiple growth factors(Matsuo et al., 2008),which are essential for the repair and regeneration of bone.  

Spescific growth factors important to bone formation include fibroblast growth factor 2, platelet-derived growth 

factor, vascular endothelial growth factor, Insulin like growth factor, bone morphogenic protein 2,4and 7, and 

transforming growth factor-beta (Singer et al.,2011). 

Tea, the dried leaves of the Camellia sinensisspecies of the Theaceae family, is a popular beverage with 

an annual production of three billion kilograms worldwide (Yang et al., 2000). In the past decade, 

epidemiological evidence has shown an association between tea consumption and the prevention of age-related 

bone loss in the elderly population. The objective of this research  is to study the benefits of local application of 

green tea as exogenous biomaterial on bone healing.  As the use of green tea is a first trial to study in healing 

process.  

Green tea polyphenols (GTP) have positive effects on bone mass and microarchitecture in both models 

of bone loss (She et al., 2008; Shen et al., 2009). Green tea prevented the aging-induced as well as aging plus 

estrogen deficiency-induced reduction in femoral bone mass (i.e., bone mineral content (BMC) and density 

(BMD), respectively (Chwan-Li et al., 2011). Serum osteocalcin (a bone formation biomarker) was elevated by 

the GTP treatment, while serum tartrate-resistant acid phosphatase (TRAP, a bone resorption biomarker) was 

suppressed by the GTP treatment (Wang et al., 2008). 

Green tea poly phenols supplementation was shown to suppress oxidative stress (as shown by decreased 

urinary 8-hydroxy-2′-deoxyguanosine levels) and inflammation (as shown by suppressed mRNA expression of 

tumor necrosis factor-α and cyclooxygenase-2 in spleen). Authors concluded that GTP mitigates bone loss in a 

chronic-inflammation-induced bone loss model by reducing oxidative stress-induced damage and inflammation 

( Shen et al., 2009; Shen et al.,2010). 

One particular green tea compound called Epi- gallo-catechin (EGC), led to an increase in this 

enzyme’s activity by 79%.  It also increased levels of bone mineralization in these cells: a vital part of 

strengthening bones  (Mount et al.,2006). 

 Epi- gallo-catechin also suppressed the activity of cells called osteoclast cells that weaken and break 

down old bone, part of the natural process of bone remodelling. (Choi et al.,2003). 
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2.Materials and Methods 

The study was designed to illustrate the effectiveness of application of the local exogenous extracted green tea 

gel by studying bone specimens histologically and identification of bone morphogenic protein 2 in bone tissue. 

All experimental procedures were carried out in accordance with ethical principles of animal experimentation. 

 

2.1Experimental animals  

In this research, thirty male albino rats, weighing (320-500) gram, aged (6.5-8) months were used and 

maintained under control conditions of temperature, drinking and food consumption. 

The animals were subjected for bone defects in medial sides of both tibial bone ( right tibia was 

considered as experimental site, while left be the control one), the animals were divided into two groups 

1-Control group the bone defect treated with 1µl normal saline. 

2- Experimental group includes 10 rats, the bone defect treated with 1µl  extracted green tea gel . The rats were 

sacrified at 3, 7.10 days post surgery. 

 

2.2Materials 

Extracted green tea gel 

 

2.3 Methods 

The animals were subjected for a surgical operation. The 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 ketamine 

HCL 50mg (40 mg/kg- B.W.also an antibiotic cover with oxy-tetracycline 20% ( 0.7 ml/kg) intramuscular 

injection was given. Then the animal was placed on the surgical table and the surgical towel was placed under 

the site of the operation . Both tibiae were shaved using cream from the inner side and the skin was cleaned with 

a mixture of ethanol and iodine then a piece of cotton damped with  alcohol and left covering the shaved skin for 

one minute  . Surgery was performed under sterile condition and gentle surgical technique.  The cotton was 

removed. Incision was made on the lateral side to expose the medial side of the tibia , the skin and fascia flap 

was reflected. By intermittent drilling, and continuous cooling with irrigated saline,  ahole of 1.8mm   was made 

with small round bur. Bone penetration was performed at a rotary speed of 1500 rpm. Following the hole 

preparation, the operation site was washed with saline solution to remove debris from the drilling site. Bone 

defect was made on   both medial sides of right and left tibia bone, experimental and control sites.  

After operation drying the area by air, then applied extracted green tea gel1µl .While normal saline 1 

µml was used for control. Suturing of the muscles was done with absorbable catgut followed by skin suture . The 

operation site was sprayed with local antibiotic (tetracycline spray), also long acting systemic antibiotic oxy-

tetracycline 20% (0.7 ml/1kg) was given to the animals after the surgery. Post operative care was performed  by 

giving an antibiotic ( local and systemic). The animals were scarified at intervals 3,7,10 day , using over dose 

anesthesia . Five animals for each period, for each group. The tibia bone was dissected and fixed in10% buffered 

formalin. Histological examination was done for all samples under light microscope. 

2.3.1Assessment for 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. 

2.3.1.1 Immunohistochemical scoring of BMP2 

Quantification method of Immunoreactivity  was semiquantitatively estimated the immune-staining score  that 

was calculated as the sum of a proportion 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 (score0, no staining, score1weak,score2 moderate, score3 strong), Hillmann et 

al.,1999. 

 

3.Results 

3.1Histological findings 

Control  group at 3 Days duration shows bone marrow infilterated by inflammatory cells with newly formed 

blood vessels; (Figure 1). Bone healing site  for Control  7 Days duration shows fibrous tissue, with progenitor 

cell and fibroblast cell; (Figures 2). Trabeculated bone coalesce with cutting bone. Osteoblast, osteocyte and  

reticular cells aew detected at 10 day post operative period ( Figures 3,4). 
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Figure 3.1 Microphotograph view for control group (3 days) shows progenitor cell (arrow head), inflammatory 

cell (arrow).H&EX20 

 

 
Figure2:View for bone healing site (control 7 days) shows fibrous tissue (FT) with progenitor cell (arrow head), 

fibroblast (arrow).H&EX20 
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Figure3:View for trabeculated bone (TB) coalese with cutting bone (CB) in control group 10 days. H&EX20 

 

 
Figure 4 View for osteoid tissue (OT) filled the bone defect in green tea gel group at 3 days. H&EX20 

 

 
Figure5: New blood vessels (arrow heads) in developing osteoid tissue. H&EX40 

 

 
Figure 6:Trabeculated bone (TB), Coalesce with cutting bone (CB) in green tea gel group 7 days. H&EX20 
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Figure7:View for highly cellular osteoid tissue.H&EX40 

 

 
Figure 8: New bone (NB) with multiple  haversian canal (HC) , in nearly cutting bone (CB). H&EX20 

Experimental group: Bone treated with extracted green tea gel illustrated osteoid tissue filled the 

bone defect with newly formed blood vessels is detected at 3 day Figures (4,5). Trabeculated bone, coalesce with 

cutting bone in extracted green tea gel group 7 days with highly vascular ostoid tissue; Figures (6,7) and the 

period 10 days illustrated new bone with multiple haverssian canal in nearby cutting bone; Figure (8). 

 

3.2 Immunohistochemical evaluation for expression of  bone morphogenic protein 2 

Figure(9) Immunohistochemical view for control group 3 days shows positive bone morophogenic protein 2 

expession by progenitor(arrow heads),inflammatory cell (green arrow), endothelial cell (pink arrow). DAB 

stainX20. 

 
Figure (10) Osteprogenitor cell (arrow heads) and osteoblast (arrow) show positive BMP2 expression. DAB 

stainX40 
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Figure (11) Osteoblast (arrows), reticular cell (arrows heads) show positive BMP2 expression in control group 

10 days. DAB stainX40 

 

 
 

Figure(12) Immunohistchemical view for positive BMP2expressed by osteoprogenitor cell (arrows) in green tea 

gel group 3 days. DAB stainX20 

 
Figure (13) Osteoblast (arrows) and progenitor cell (arrow heads) expressed positive BMP2. DAB stainX40 
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Figure(14) Osteoblast (arrow), osteocyte (arrow heads) expressed positive BMP2 in green tea gel group 10 days. 

DAB stainX40 

 

 
 

Control group shows an immunhistochemical view shows positive BMP2 expression by progenitor cell , 

inflammatory cell and endothelial cell in control group 3 days (Figure 9). Osteoprogenitor cell and osteoblast 

show positive BMP2 expression at 7 day (Figure 10). Osteoblast and reticular cell show positive BMP2 

expression at 10 day (Figure 11). 

Experimental group of extracted green tea gel  illustrates an immunohistochemical view for positive BMP2 

expressed by progenitor cell  and endothelial cell in green tea gel group 3 days (Figure 12). Osteoblast and 

reticular cell show positive BMP2 expression at 7 day (Figure 13). Haversian canal (HC) content and active 

osteocyte in green tea gel 10 days show positive BMP2 expression (Figure 14). 

 

3.3 Statistical analysis of results 

Results for the mean of bone cells count at 7 period for all study groups illustrates a high significant difference 

value for green tea gel group in comparism to control group 

 Table 1: Descriptive statistics of the bone cells count (H&E) and groups’ difference in each duration 

Bone cells Duration Groups Descriptive Statistics Groups’ difference 

Mean S.D. Min. Max. F-test p-value 

Osteoblast 7 days Control 9.75 0.14 9.6 8.9 314.64 0.000 

(HS) Green tea gel 18.23 0.19 19 19.4 

10 days Control 7.83 0.12 7.7 7.9 25.26 0.000 

(HS) Green tea gel 7.85 0.08 7.8 7.9 

  Osteocyte 7 days Control 13.80 0.10 12.7 12.9 310.89 0.000 

(HS) Green tea gel 15.25 0.18 16.1 16.4 

10 days Control 9.68 0.11 9.6 9.8 676.42 0.000 

(HS) Green tea gel 15.13 0.12 15 15.2 

Osteoclast 7 days Control 1.75 0.96 1 3 9.03 0.002 

(HS) Green tea gel 1.88 0.11 2.8 3 

10 days Control 0.80 0.46 0.4 2 8.45 0.003 

(HS) Green tea gel 0.20 0.09 0.2 0.4 

It has been shown that at 7 days duration the mean of the no. of osteoblast cells was significantly higher 

( 18.23) P<0.001 in the study group treated with green tea gel. 

The mean of the no. of osteocyte cells was significantly higher ( 15.25) P<0.001 in the study group 

treated with green tea gel at 7 days duration. 

The mean of no. of osteoclast cells was significantly higher ( 1.88) P<0.001 in the study group treated 
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with green tea gel at 7 days duration.  

Table 2: Descriptive statistics and duration difference of the positive stromal cells expressed by bone 

morphogenic protein 2 

Groups Duration Descriptive Statistics Duration difference 

Mean S.D. Min. Max. F-test p-value 

Control 3 days 33.53 2.47 30.2 35.5 252.24 0.000 

(HS) 7 days 30.23 0.19 30.1 30.5 

10 days 12.35 0.21 12.1 12.6 

Green tea gel 3 days 60.33 0.17 60.1 60.5 4914.83 0.000 

(HS) 7 days 49.55 0.41 49.1 50.1 

10 days 35.90 0.41 35.3 36.2 

 

Table 3: LSD test after ANOVA test 

Groups Duration Mean Difference p-value 

Control  3 days 7 days 3.30 0.010 (HS) 

10 days 21.18 0.000 (HS) 

7 days 10 days 17.88 0.000 (HS) 

Green tea gel 

 

3 days 7 days 10.78 0.000 (HS) 

10 days 24.43 0.000 (HS) 

7 days 10 days 13.65 0.000 (HS) 

 10 days 48.98 0.000 (HS) 

7 days 10 days 12.15 0.000 (HS) 

Table 2,3 show the statistics and duration difference of the positive stromal cells expressed bone 

morphogenic protein 2 and it represents a highly significant difference values for green tea gel group in 

comparism to control group. 

 

4. Disscusion 

Bone formation is a continuous process that begins during fetal development and persis throughout life as a 

remodeling process. In the event of injury, bones heal by generating new bone rather scar tissue (Carvalhol et al., 

2012), to elucidate the extent to which skeletal regeneration affected by exogenous extracted green tea gel , we 

used detailed expression  stages of bone apposition and ossification. 

The present study shows an early ostoid deposition in extracted green tea gel group at 3 day period, as 

ostoid tissue formation, accompanied with significant immunopositive expression for bone morphgenic protein 2 

in bone defect site. These results could be attributed to, that the traumatic site includes, stem cells differentiate 

into osteoblasts (Catharino et al., 2014) that enhanced by bone morphogenic protein 2 which has been implicated 

in angiogenesis and the proliferative osteoblast and active osteocyte were included in deposition of collagen fiber. 

At 7&10 day periods, extracted green tea gel groups show trabeculae filled a proximately the whole 

defect in comparism to histologic views for control group . This result can be attributed that green tea gel 

directly promotes the differentiation of primary osteoblast, which is responsible for bone apposition and 

mineralization. The placebo-treated defects were not able to create a bony bridge across the gap. In contrast, 

green tea gel treatment caused significant filling with bone. 

The present statistics analysis for the mean value of osteoblast, active osteocyte in green tea gel group, 

and stromal cells that expressed immunopositive reaction for bone morphogenic protein 2 were recorded to be a 

highly significant differences in comparism to control group.  

By direct exposing the extracted green tea gel to bone defect, bone -forming cells from rats – called 

osteoblasts – to these green tea compounds, the research found that both the rate of bone growth and bone 

strengthening was significantly increased within a few days. 

Some of this bone boosting affect comes down to the activity of a key enzyme that promotes bone 

growth. One particular green tea compound called Epi- gallo-catechin (EGC), led to an increase in this enzyme’s 

activity by 79%.  It also increased levels of bone mineralization in these cells: a vital part of strengthening bones. 

Epi- gallo-catechin also suppressed the activity of cells called osteoclast cells that weaken and break down old 

bone, part of the natural process of bone remodelling. 

This study was conducted on rat bone cells, so further research is need to see if the same affect will hold 

true for human bone cells, this is acoincied with Chun et al.,2009 who was founded that catechin compound that 

present in green tea increase the harnessed of osteoporotic bone.   

Our study shown that polyphenols which present in green tea (GTP) have positive effects on bone 

healing, this coincide with shen et al.,2008 who stated that the GTP prevented the aging-induced as well as aging 

plus estrogen deficiency-induced reduction in femoral bone mass. 
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