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Abstract 

Background: The role of the basic fibroblast growth factor (bFGF) has well known in the 

angiogenesis and ulcer healing. In this study, we aimed to evaluate the effects of bFGF on tissue 

repair in a rat oral mucosal wound. 

Methods: Musosal wound induced on the lip mucosa of rats and bFGF was injected along the edge 

of the mucosal defect immediately after surgery. The tissues were collected on days 3, 7 and 14 after 

the wound induction. The micro vessel density (MVD) and CD34 expression were done by 

histochemical studies. 

Results: The bFGF significantly accelerated granulation tissue formation and MVD was increased 

three days after ulcer induction but decreased 14 days after surgery. The MVD was significantly 

higher in the bFGF-treated group. The wound area was decreased in all groups time-dependently and 

a statistically significant difference (p value?) was observed between the bFGF-treated group and 

untreated group. The wound area was smaller in the bFGF-treated group compared to the untreated 

group. 

Conclusions: Our data demonstrated that bFGF can accelerated and facilitated wound healing. 
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Introduction 
Oral ulcer is one of the most common and 

painful oral diseases that develops following 

inflammation in tissue necrosis (1). The 

inflammatory cascade, immunological 

factors, infectious agents, and systemic 

conditions are the key causes that lead to 

expansion of oral ulcer (2). Stress oxidative 

following inflammatory cascade activation 

plays important role in the pathogenesis of 

oral ulcers (3). 

The inflammatory response is active 

following the injury which is necessary in  

 

 

healing process. In proliferation stage, the 

epithelial cells migrate upwards and 

regenerate the epidermis within 2-3 days and 

triggers by growth factors such as fibroblast 

growth factors (FGF) and transforming 

Growth Factor (TGF) (4). The FGFs 

constitute a family of cell signaling proteins 

that contains more than 10 members.  

The FGFs are involved during migration of 

macrophages, fibroblasts, and endothelial 

cells to damaged tissues and also participate 

in the migration of epithelial cells for 
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constituting a new epidermis (5, 6). The 

FGFs, especially FGF-2, able to induce the 

angiogenesis as in vitro and in vivo (6, 7). 

Furthermore, the effects of FGFs have been 

reported in the proliferation of angioblast in 

embryos, development of bone marrow and 

differentiation of myeloid cells (8). 

Therefore, in this study, we aimed to evaluate 

the effects of bFGF on angiogenesis in 

healing of oral ulcers in a rat wound model. 

 

Materials and Methods 
Twenty-seven adult Wistar male rats (250-300 

g) were obtained from the animal facility of 

Hamadan University of Medical Sciences and 

kept under the standard condition (55±1% 

humidity, 25±1 °C, and with free access to food 

and water ad libitum). The animals were 

randomly divided into three groups (n=9, for 

each group): Intact control, oral ulcer, and 

bFGF-treated oral ulcer groups. 

To provide an oral ulcer model, the rats were 

anesthetized by using pentobarbital (50 mg/kg) 

and an ulcer was induced at mandibular labial 

mucosa. A Whatman filter paper with 6 mm 

diameter was immersed in 50% acetic acid and 

pressed, then kept on the target area for 60 

seconds to provide the ulcer. Following ulcer 

induction, the bFGF-treated group received a 

single submucosal injection of bFGF (Kaken, 

Japan), 3 µg in 6 µl normal saline). 

To assess the ulcer healing, dimension of 

wound area was measured on days 0, 3, 7, and 

14 by a ruler with an accuracy of 0.01 mm (9).  

Histological studies 

The animals were euthanized using 

phenobarbital and the tissues collected and 

were fixed in 10% formalin. After embedding 

the tissues in paraffin, they cut off into 4 µm 

sections. To assess the expression of CD34, five 

sections of each sample were evaluated by 

immunohistochemistry staining. Briefly, the 

sections were blocked in 30% H2O2-methanol 

solution for 5 min and incubated with the rabbit 

anti CD34 antibody (1:50) overnight at 4 C, 

then incubated with the HRP-conjugated anti 

rabbit secondary antibody for 30 min. Next, the 

slides were incubated with DAB chromogenic 

substrate and counterstained with Gill's 

hematoxylin. The stained sections were 

assessed by light microscope (Olympus BX41) 

and photographed by a digital camera attached 

to the microscope at a magnification of 40X. 

A protocol described by Fox et al. was 

applied to assess the micro vessel density and 

the numbers of CD34+ micro vessels were 

counted by Analysis LS Starter software (10).  

Statistical analysis 

The data were presented as means ± Standard 

deviation and analyzed by SPSS software 

(Version 20). The Nested Analysis of Variance 

and Bonferroni’s multiple comparison test was 

used to compare the mean area of the ulcer and 

CD34+ cells between the different groups. The 

p≤0.05 was considered statistically significance. 

Results 
Effects of bEGF on the wound area in oral ulcer 

The data analysis showed a reduction in the wound area 

time-dependently, with the highest area on day 3 

(54.0±52.14) and the lowest on day 14 (09.1±99.5). 

There were significant differences between days 3, 7, 

and 14 (p<0.001). Administration of bEGF caused 

significant reduction in the dimension of wound area 

when compared to the ulcer group (p<0.001, Table 1). 

Like the ulcer group, the diminishing of wound area in 

the bFGF group was time-dependently, so the highest 

mean (22.11±32.2) was related to day 3 and the lowest 

(51±44) was in day 14. Administration of bFGF caused 

a remarkable reduction in the wound area compared to 

the untreated group (p<0.001) (Table 1).  

The Nested Analysis of Variance of CD34+ cells 

revealed that the number of blood vessels increased at 

day 3 and then decreased at day 14 in both ulcer and 

bFGF groups (Fig. 1, Table 2). Injection of bFGF 

resulted in a remarkable increasing in average of CD34+ 

cells compared to the ulcer group (p<0.001). The 

highest expression of CD34 was on day 3 following 

administration of bFGF (p<0.001 compared to other 

days). There was a significant difference between day 0 

of treatment compared to days 7 and 14 (p<0.05). 

Ultimately, the further analysis showed significant 

expression of  CD34 in the bFGF-treated in compared 

to the un-treated ulcer group. 
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Table 1. Comparison of the size of the wound area (mean±S.D) on days 0,3,7, and 14. 

Groups days mean±SD 

Ulcer 

0 28.26±00 

3 14.52±0.54 

7 10.52±0.64 

14 5.99±1.09 

bFGF- treated 

0 28.26±00 

3 11.22±2.32 

7 4.34±1.32 

14 0.51±0.44 

 
Table 2. Comparison the mean of CD34+ cell in the different groups. 

p value Mean±SD days Groups 

P<0.001 5.1±00 0 Control 

   

Ulcer 
P<0.001 

5.1±00 0 

9±37.21 3 

 7±27.15 7 

 7±7.21 14 

   

bFGF- treated 
P<0.001 

5.1±00 0 

14±23.25 3 

 10±70.36 7 

 10±57.51 14 

(a; p<0.001vs. days 0, 7, and 14, b; p<0.001 vs. day 0 of ulcer group, c; P<0.001 vs. days 0, 7, and 14, d; p<0.05 vs. day 0 of 

bFgf- treated group). 

 

 
Fig. 1. Detection of CD34-positive cells in the oral mucosa of the 3rd (A), 7th (B), 14th (C) days after wound induction, 

3rd (D), 7th (E), 14th (F) days of bFGF- treated, and control group (G) using immunohistochemical staining. 
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Discussion 
In the present study, the formation of blood 

vessels increased until the third day but then 

decreased in both ulcer and bFGF- treated 

groups. 

The wound healing process begins 

immediately after injury with various growth 

factors and cytokines and the granulation tissue 

develops progressively (11). This tissue is 

characterized by the formation of new and small 

blood vessels (angiogenesis) and the 

proliferation of fibroblasts on day 3 that confirms 

the results of this study for overexpression of 

CD34 until day 3. During the second week, the 

proliferation of fibroblasts occurred and the 

infiltration of leukocytes and blood vessels is 

significantly reduced, and resulted in the 

accumulation of the collagen (12). The FGFs 

stimulated the proliferation of mesodermal, 

ectodermal, and endodermal cells and are 

mitogenic for keratinocytes and fibroblasts (11). 

The bFGF involved in the formation of 

granulation tissue and angiogenesis, and 

increased the blood supply to the wound area, 

and played an important role in its healing (13). 

Kibe et al. reported that bFGF is involved in the 

proliferation, differentiation, and migration of 

keratinocytes into scar areas, causing 

neovascularization of granulation tissues in 

wound healing (14). In another study, the 

administration of bFGF in the infectious wounds 

of diabetic rats resulted in a significant 

angiogenesis, fibroblast proliferation, and 

collagen formation in compare to the un-treated 

group (15). 

A study by Chakrabarti et al. showed that 

bFGF and collagen matrix hydrogel attenuated 

inflammation of burn wound, accelerated 

wound closure, and increased re-

epithelialization and granulation tissue 

formation through activation of ERK and TRK 

pathway (16) that is consistent with the results 

of our study. 

Hata et al. reported that the injection of 

bFGF into the palatal wounds improved the 

blood supply to the operated mucosa and 

underlying bone, result in tissue remodeling of 

the palate during growth (17). A study by Oda 

et al. revealed that the effective concentration 

of bFGf varied in different tissues (9). For 

example, bFGF with both doses of 0.72 and 

4.05 µg are effective on the skin lesion of mice 

(18). However, a dose of 4 μg bFGF has been 

reported to be effective on the ischemic liver 

and intestinal lesions (19) while a dose of 5 μg 

is sufficient for rabbit skin lesions (20). 

A study by Ohshima et al. examined the 

healing effects of bFGF on oral ulcers and 

simultaneously wound healing process and 

caused the formation of granulation and 

improved the ulcer healing (21). Results of 

previous oral studies have shown that bFGF is 

effective in improving the proliferation of 

human PDL cells (22). The healing effect of 

bFGF was evaluated on dogs and found the 

formation of new cementum in these animals 

(23). Furthermore, the injection of bFGF 

resulted in an improvement in the tissue 

regeneration of atrophied salivary glands (24). 

Medeiros et al. reported that the local 

application of bFGF stimulated the proliferation 

of fibroblasts and lymphocytes, increased 

collagen synthesis in the rat model of skin 

wounds, and also improved wound tensile 

strength. The collagen fibers are important 

components in the extracellular matrices that 

are responsible for the tensile strength of 

wounds (25). The biological mechanism of 

bFGF in wound healing is not still clear but this 

growth factor seems to protect cell survival 

during stressful conditions (26), regulates 

migration and differentiation of target cells, and 

participate in angiogenesis (27). 

In conclusion, the results of this study 

indicated that bFGF can increase the 

angiogenesis in the oral mucosa and thus 

facilitate and accelerate wound healing. 
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