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• This paper focuses on oxidative stress during wound tissue healing phases. 

• Vascular Endothelial Growth Factor therapy arrange oxidative stress in hyperglycemic rats. 

•Topical Vascular Endothelial Growth Factor decreased NOx level in the inflammation phase.  
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Abstract 

The fundamental reasons for delayed wound healing in diabetic animals include inadequate 

production of growth factors or their increased devastation. Vascular Growth Factor (VEGF) has 

a biological role in the healing process of mucosal and skin wounds, especially in the process of 

new vessel formation. We planned to examine the oxidant-antioxidant events that occur during 

healing with topical VEGF application in diabetic rats. Experiments were performed 36 adults 

female Wistar albino rat diabetes induced by streptozotocin. The incisional wounds were made 

on the dorsal region in the rats. Rats were separated to 3 groups: the untreated (negative control) 

group (n=12), the chitosan group (n=12), the chitosan + VEGF group (n=12). The treatments 

were continued for 3 and 7 days, excluding the control and negative control groups. Then, the 

animals were sacrificed on the 3rd and 7th days of wound healing.  Antioxidant and oxidant 

parameters in skin tissue were measured using biochemical methods. Topical VEGF application 

was decreased the NOx levels on the 3rd day compared to other groups. Moreover, it increased 

wound tissue GSH and AA levels, subsequently contributing to the enhance tissue antioxidant 

capacity. In conclusion, VEGF application increases the antioxidant capacity of the tissue and 

simultaneously reduces the oxidative stress and thus gives a positive acceleration to the wound 

healing process. 
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1. INTRODUCTION 

 

Wound formation is a permanent or temporary impairment of the integrity of the structures that form the 

skin and mucosal. Wound healing is a renovation activity starting from the time of wounding and consisting 

of relational stages to put the anatomic and functional features of the wounded tissue back to their regular 

continuity [1]. Wound healing in a mature tissue generally consists of the following three stages: the start 

of the inflammation process (hemostasis, inflammation), continuity of proliferation in renewed cells, and 

shaping of the wound (remodeling, maturation) [2-6]. In the healing process of acute wounds, a sequential, 

orderly and organized process usually follows each other. However, in chronic wounds, the situation does 

not progress exactly as desired. Diabetic wounds, which are in the category of chronic wounds, are 

characterized by high amputation and mortality rates, and studies on this subject are also very up-to-date 

[7]. 

 

Diabetes is a heterogeneous metabolic disorder based on various etiology, leading to multiple 

complications. In diabetic wounds, angiogenesis and re-epithelization are delayed, and collagen 

accumulation and endothelial cell proliferation decrease [8]. People with diabetes experience weak healing 

in many aspects. Invalid immunity functions bring together abnormal healing. Also, slow collagen synthesis 

and collection and low angiogenesis lay the ground for more downward tension between the wound and 
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wound opening [5]. Diabetes is a disease associated with both metabolic effects and increased free radical 

formation. Oxidative stress arises when the delicate balance between antioxidants and oxidants shifts in 

favor of oxidants. 

 

Long-term hyperglycemia in diabetics enhance in the formation of mitochondrial reactive oxygen species 

(ROS), as a result of which the cellular antioxidant system weakens and functional macromolecules are 

damaged and wound healing is delayed. 

  

Increased free radicals in diabetes cause loss of membrane integrity, structural and functional changes, and 

genetic mutations in proteins by interacting with all cellular biopolymers. In order to deal with the effects 

of these harmful radicals, the organism has some defense systems that are enzymatic and non-enzymatic 

molecules [9-12]. Also, in diabetes, exogenous antioxidants are prescribed, and the effects of free radicals 

can be overcome [9]. 

 

Chitosan is a widely used cationic polymer [13]. Chitosan, formed by deacetylation of chitin shells, exhibits 

film-forming and gelling properties [14]. In addition to its features such as chitosan biocompatibility and 

biodegradability, studies have shown that chitosan induces inflammatory cells; thus, it has been shown to 

promote granulation and organization [15, 16]. Chitosan is frequently used because it has a regulatory 

contribution on the wound repair by making use of these properties. [17,18] 

 

Under normal conditions, successful wound healing is maintained by the internal balance of growth factors, 

chemokines, and cytokines, the majority of which are functional polypeptides. [19]. VEGF, which has a 

multifunctional effect, is a member of the VEGF family and has a specific effect on endothelial cells.[20]. 

Wound healing is controlled by the VEGF, which is primarily a pro-angiogenic factor. The VEGF is a 

factor with a 40-45 kDa homodimeric glycoprotein structure, located on chromosome 6p21.3, regulating 

the permeability of blood vessels [6, 21, 22]. The VEGF binds two high-affinity tyrosine kinases receptors 

to each other and reveals its effect on vascular cells. These cells are referred to as the VEGFR-1 and the 

VEGFR-2. It sends signals via these receptors and regulates proliferation, migration, and new blood vessels 

needed by the endothelial cells [23]. Keratinocytes are the primary source of the VEGF; however, dermal 

fibroblasts and macrophages are produced as a to respond to wounding [24, 25]. They carry the receptors 

for the VEGF on the endothelial cells, which do not make the VEGF synthesis. Inflammatory cytokines, 

hypoxia, NO, ROS, and hormones influence its release. And the VEGF values reach their peak a few days 

after the injury [26, 27]. 

 

The VEGF is the most functional angiogenetic factor in wound healing [24, 28]. Some studies show that 

the topical VEGF application positively increases the wound healing and closure rates [29, 30]. A study on 

diabetic mice reported that VEGF-loaded nanoparticle treatment increases wound healing considerably 

[30]. Again in the diabetic mice model, topical VEGF application increases the wound closure significantly 

on the different days of wound healing [31], speeds up angiogenesis [32], and is a helpful factor in terms of 

vascular microsurgery due to its positive effects in vein structure process [33]. In addition, it removes the 

positive impact on wound healing in diabetic mice to which anti-VEGF antibodies were applied [29].  

 

New vessel formation is essential especially for diabetic wounds to heal themselves and to contribute to 

other wound healing stages. At the same time, increasing the antioxidant capacity and reducing oxidative 

stress in this process will also contribute to the recovery of diabetic wounds. In this context, we planned to 

investigate the changes in the antioxidant capacity and oxidative events that occur in the wound tissue at 

different days with the application of exogenous VEGF. Consequently, the time-dependent effects of the 

VEGF was investigated to the dorsolateral incisional wounds formed in the diabetic rats’ skin tissue, on 

oxidative events. 
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MATERIAL METHOD  

 

2.1. Animals  

 

Adult wistar albino rats (200-250 g, ♀) were housed at the Gazi University Laboratory Animals Raising 

and Experimental Research Center (GUDAM). With the 6 rats in each group, 6 different rat groups were 

formed (Table 1). (The rats were first divided into 3 groups, then each group was divided into two 

subgroups: 3 and 7 day (Table 1)). The experimental part of the study was made in GUDAM. Then they 

were left in an environment -with each group in a separate cage- which is enlightened in line with the 

daylight cycle for the duration of the experiment. 

 

Table 1.   Experimental groups 
GROUPS PROCEDURE  

1. Untreated Groups (n=12) wound created, on day 3 (n = 6) 

 wound created, on day 7 (n = 6) 

2. Chitosan Groups (n=12) wound created and treatment with  chitosan on day 3 (n = 6) 

 wound created and treatment with  chitosan  on day 7 (n = 6) 

3. 3. VEGF + Chitosan 

Groups (n=12) 

 wound created and treatment with VEGF on day 3 (n=6) 

wound created and treatment with VEGF on day 7 (n = 6) 

 

 

2.2. The Formation of Diabetic Rat Model 

 

Ethics committee approval was obtained for experimental animals for this study. (GU ET-10.118). To 

create diabetes, the 36 rats, after 12 h of fasting, were injected with a single dose of 55 mg/kg streptozotocin 

(STZ) intraperitoneally (i.p.) [34]. 3 days after the daily freshly prepared STZ injection, blood glucose 

levels were measured with the help of a glucometer to determine whether the rats had diabetes or not, and 

the rats with blood glucose above 250 mg/dl were counted as diabetes. [16]. Seven days after the creation 

of diabetes, incisional wound models were formed.  

 

2.3. The Preparation of VEGF-Chitosan Gel Combination 

 

The VEGF preparation used in the experiments (VEGF containing chitosan gel) was prepared at Gazi 

University, Faculty of Pharmacy, Pharmaceutical Technology Department. Firstly, we worked with the 

lactic acids with 1% and 1.5%. Chitosan's (Sigma C-3646) gels of 1%, 2%, and 3% were prepared in various 

lactic acid concentrations. Half of the distilled water was added to lactic acid, and chitosan was added in 

the required amounts and stirred. It was incubated overnight at 22℃ to remove the bubbles. The gel pH 

values were measured. As the chitosan gel pH should be close to skin pH (in other terms, pH 4-5), it was 

decided that the gel with the most relative pH to this one should be used. The components of the resulting 

formulation were determined as 3% chitosan and 1% lactic acid. The pH of the formulation was measured 

as 4.7. After chitosan gel was prepared, it was dispersed onto the gel to make the VEGF’s (Sigma V3638) 

final concentration 7 ng/ml, and thus the VEGF containing chitosan gel was prepared. 

 

2.4. The Formation of Incisional Wound Model 

 

The experimental animals were left hungry for one day and were weighed at 10:00 in the morning on a 

standard scale. They were injected with IM ketamine (Ketalar 50 mg/kg) and xylazine (Rompun 5 mg/kg); 

thus, general anesthesia was achieved. In the dorsal region in rats, a dorsolateral incisional wound of 4 cm 

in length was made on both sides of the backbone. Later, the wound lips were adapted with sutures. The 

paracetamol in drinking water was used at 2 mg/ml to maintain the analgesia after the operation. The rats’ 

wounds in the groups were applied VEGF (7 ng/ml) within a chitosan gel through a topical way once every 

day and around the same time every day throughout the study. And in the chitosan group, the same amount 

of empty chitosan gel was applied. 
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2.5. Biochemical Aanalysis 

 

NOx Determination   

The NOx levels were determined in the tissue by the Griess method [35].  

 

TBARs Determination   

The TBARs levels were determined in the wound tissue by Cassini et al. method [36].  

 

GSH Determination   

The GSH levels were determined in the tissue by Ellman [37].  

 

Ascorbic Acid Determination  

AA levels were determined in the tissue by Kuether’s method [38].  

 

SOD Determination  

The SOD activity in the tissue was studied in compliance with Sun et al. (1988) [39].  

 

2.6. Statistical Analysis 

 

The significance of the differences between data sets was tested with one-way analysis of variance 

(ANOVA) and Tukey post-hoc test (p<0.05 significant). 

 

3. RESULTS 

 

All biochemical parameters are shown in Table 2. 

 

Table 2.  All biochemical results of the skin tissues  

Groups 
NOx 

(µmol/g tissue) 

TBARs 

(nmol/g tissue) 

GSH 

(µmol/g tissue) 

AA 

(mg/g tissue) 

SOD 

(U/g tissue) 

Untreated 

Groups 

Day 3 (A) 383.61 ± 30.06 22.12 ± 5.37 0.84 ± 0.32 0.10 ± 0.01 286.75 ± 11.07 

Day 7 (B) 233.85 ± 33.09a 22.15 ± 6.72 1.18 ± 0.79 0.10 ± 0.01 295.46 ± 7.36 

Chitosan 

Groups 

Day 3 (C) 252.86 ± 55.93a 20.96 ± 5.63 1.33 ± 0.65 0.13 ± 0.03 293.42 ± 13.37 

Day 7 (D) 303.54 ± 83.77 26.50 ± 5.41 1.57 ± 0.96 0.16 ± 0.01b 285.86 ± 9.24 

VEGF + 

Chitosan 

Groups 

Day 3 (E)    134.54 ± 75.99a,c 33.02 ± 5.26a,c 2.55 ± 1.17a,c 0.15 ± 0.02a 293.69 ± 3.82 

Day 7 (F) 233.69 ± 78.17e 33.43 ± 8.86b 1.13 ± 0.39e 0.14 ± 0.02b 289.03 ± 4.28 

a p<0.05 as compared to A  
bp<0.05 as compared  to B  
cp<0.05 as compared  to C  
dp<0.05 as compared to D  
ep<0.05 as compared to E   

 

3.1. NOx Levels 

 

With exogenous VEGF application, tissue NOx levels diminished on both days. The NOx levels displayed 

a significant decrease on day 7 compared to day 3 in the negative control group (p<0.05). On day 3 in the 

chitosan group, it was compared to the 3rd day of the untreated group, and a substantial decrease in the NOx 

was detected (p<0.05). Upon comparing the VEGF group’s 3rd day to the same day of other groups, a 

significant decrease in the NOx was detected (p<0.05). A meaningful increase was seen on day 7 of the 

VEGF group compared to day 3 (p<0.05). When the chitosan group was evaluated within itself, no notable 

difference was found regarding NOx levels (p>0.05) (Figure 1). 
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a p<0.05 as compared to A  
bp<0.05 as compared  to B  
cp<0.05 as compared to C  
dp<0.05 as compared to D  
ep<0.05 as compared to E 

 

Figure 1.  NOx levels 

                                                                        

3.2. TBARs Levels 

 

With exogenous VEGF application, tissue TBARs levels increased both on days. When the chitosan group 

and untreated group compared each other, no remarkable difference was found regarding TBARs levels 

between the 3rd and 7th day (p>0.05). The TBARS levels of group E and F increased when compared to the 

other two groups (p<0.05) (Figure 2). 

 

 

 
a p<0.05 as compared to A 
bp<0.05 as compared to B  
cp<0.05 as compared to C 
dp<0.05 as compared to D 
ep<0.05 as compared to E 

 

Figure 2. TBARs levels 
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3.3. GSH Levels  

 

With VEGF application, tissue GSH levels increased on the 3rd day when compared to all groups (p<0.05). 

When the VEGF group was evaluated within itself, it was detected that the GSH levels displayed a 

meaningful decrease on the 7th day (p<0.05). Upon the comparison of untreated and chitosan groups 

evaluated within themselves, no remarkable difference was detected between the 3rd and 7th days (p>0.05) 

(Figure 3). 

 

 
a p<0.05 as compared to A 
bp<0.05 as compared to B 
cp<0.05 as compared  to C  
dp<0.05 as compared to D  
ep<0.05 as compared to E  

 

Figure 3. GSH levels 

                                          

3.4. AA Levels 

 

Like the GSH levels, tissue AA levels with VEGF application were significantly increased on both days of 

wound healing compared to untreated groups. When day 7 of the chitosan group was compared to group B 

a meaningful increase was identified in the AA levels (p<0.05). When the VEGF + Chitosan 3rd day was 

compared to group A, a significant increase was identified in the AA levels (p<0.05). When the VEGF + 

Chitosan 7th day was compared to group B, a meaningful increase was identified in the AA levels (p<0.05) 

(Figure 4). 
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a p<0.05 as compared to A 
bp<0.05 as compared to B 
cp<0.05 as compared  to C  
dp<0.05 as compared to D  
ep<0.05 as compared to E  

 

Figure 4. AA levels 

                                                                       

3.5. SOD Activities 

 

In terms of the SOD activity, the values of the 3rd and 7th days were compared both among the groups and 

within the groups, and no statistically meaningful difference was found (p>0.05) (Figure 5). 

 

 
a p<0.05 as compared to A 
bp<0.05 as compared to B 
cp<0.05 as compared to C 
dp<0.05 as compared to D 
ep<0.05 as compared to E 

 

Figure 5. SOD activities 

 

 

4. DISCUSSION 

 

Our findings are quite remarkable in terms of revealing the role of VEGF application, which has an 

antioxidant effect, both in the regulation of inflammation and in increasing the antioxidant capacity of the 

wound in the experimental model of STZ-induced diabetes in rats. 
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Compared to group A, chitosan, which we used as a carrier, significantly reduced tissue NOx levels. In line 

with this finding of our study, Hwang et al. [40] also stated that chitin and chitin-like molecules suppress 

nitric oxide production in the cell culture medium and similarly, chitosan may have suppressed nitric oxide 

synthesis, especially inflammation phase. It can be said that exogenous application of another growth factor, 

Platelet-derived Growth Factor (PDGF), in two different studies using chitosan as a carrier, reduced the 

NOx levels of the wound tissue in both normoglycemic and hyperglycemic rats, and in fact, the presence 

of chitosan in the wound tissue had an effect on this decrease. [16, 34]. Although the carriers are the same, 

different NO levels on different days may be due to due to the difference in wound healing processes of 

normal and diabetic rats.  

 

Contrary to the results of our study, Sönmez and Coşkun-Cevher found a statistically significant increase 

in NO levels in the groups that received both chitosan and VEGF in the serum, in contrast to the NO levels 

of the wound tissue [18]. This difference may be due to the fact that it represents the whole of NO levels 

(especially iNOS derived) that change systemically rather than locally. In another study, Di et al. [41] 

reported that VEGF-B supplementation has been successful in diabetic corneal nerve regeneration by 

reducing oxidative stress in diabetic neurons using the PI-3K/AKT-GSK3β-mTOR signaling pathway. In 

fact, in this study, the direction of oxidative events in the wound tissue was tried to be determined by VEGF 

application. We should think that with the topical application of exogenous VEGF to the healing wound, 

this unique growth factor itself can act as an antioxidant molecule in biochemical events and provide 

success with a new therapeutic approach, especially in prolonged inflammation in diabetic wounds. As a 

matter of fact, the finding of the study conducted by Di et al. [41] who have achieved successful results 

with this molecule, which we have applied here and which comes from the same superfamily, and which 

shows a very high homology with VEGF-B, also support us here. 

 

Tissue TBARS levels as an indicator of lipid peroxidation is a proven parameter that has been used in the 

scientific community for a long time. In order to better understand oxidative events in wound healing 

processes, the indirect effect of oxidative events in the relevant time period in the wound tissue is shown 

by tissue TBARS levels. Following diabetes, on day 3 of the group which applied VEGF, the level of 

TBARs, the final product of lipid peroxidation, increased remarkably compared to the other groups. In our 

study, an unexpected sudden TBARS level was detected with VEGF application in both inflammation and 

proliferation phases following diabetic wound healing.  It is seen that various growth factor applications 

have different results in terms of lipid peroxidation in wound healing studies performed with either 

normoglycemic or hyperglycemic rats [16, 34, 42]. In addition, MDA levels of tissue in the PDGF 

supplementation group with the chitosan greatly increase on day 3 but, tissue MDA levels diminish on day 

7 [16].  Besides, the tissue MDA levels on day 7 decreased on the same days in all treatment groups, unlike 

the control [43].  

 

In another study, the wound tissue MDA levels with the PDGF supplementation at a great rate rise on day 

3 but this increase not statistically significant on day 7 compared to all groups. [34]. In another wound 

healing study, but in a systemic study examining serum TBARs levels, serum MDA levels decrease in the 

VEGF application with chitosan group when compared to all groups and exogenous administration of 

VEGF regulated oxidative events in serum with a reducing effect. [18].  In our study, TBARS levels of the 

tissue precipitately increased in the VEGF application group on all days and when compared to all groups 

in the diabetic rats. The unexpected results of wound tissue TBARs can be attributed to the effect of 

oxidative events resulting from high blood sugars of our diabetic experimental animals, and the partial 

insufficiency of the dose of VEGF, especially in the wound tissue or the exogenous VEGF may also be due 

to premature degradation by prolonged diabetes. In addition, the success of VEGF in wound healing under 

oxidative events may be masked by diabetes, which is too high to be eliminated, and the adverse effects 

and complications of diabetes. In the future, exogenous VEGF applications can be planned in different 

doses, durations, and easily accessible to the wound area and usable by the cells in the wound bed. 

 

Glutathione is synthesized in almost all eukaryotic cells and approximately 85-90% is found in the 

cytoplasm and also it was recently reported to upregulate GPx activity. In addition, GSH provides amino 

acid transport across the plasma membrane and regenerates some important antioxidants. Vitamin E and 

vitamin C are regulated by GSH [44].  Therefore, there is a close relationship between GSH and vitamin C. 
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In the literature review, many studies have been found that reveal the role of GSH in wound healing. There 

are studies on the fact that GSH levels, which are at the forefront of the wound healing process and are the 

first line of defense against free radicals, are consumed in the scar tissue to reduce oxidative stress in late-

healing or chronic wounds [45].  In studies with some growth factors in the presence of chitosan in both 

normoglycemic and hyperglycemic animals, it has been reported that the GSH capacity of the scar tissue 

increases [16, 34, 43, 46].  It is known that there is a tight relationship between VEGF-B and enzymes in 

antioxidant pathways, especially there is an accelerated upward increase in gene expression between Gpx1 

and other antioxidative genes [47, 48]. Like VEGF B, VEGF A can be considered as a potent antioxidant 

because they are from the same VEGF family, function through the same receptor, have with approximately 

47 % homology, and have sulfhydryl groups in terms of molecular structure. In the light of all this 

information, they share a potentiating pathway between VEGF A and GSH, Gpx1 an important intracellular 

antioxidant in our study. As a result, it can be said that VEGF A application contributes to wound healing 

by enhancing the antioxidant capacity over GSH levels. New pathways for VEGF A to regulate intracellular 

GSH levels through e-NOS activity were announced to the scientific world in 2007 by Langston et al. [49].  

Finally, GSH positively regulates VEGF A-induced eNOS activity. Similarly, in our study, VEGF 

application decreases the NOx levels in the inflammation phase of the wound healing (day 3), while the 

GSH levels of the wound tissue increase in order to provide this aforementioned regulation. It can be seen 

that exogenous VEGF administration, with a system that actually controls or supervises each other in the 

inflammatory phase of wound healing, regulates oxidative events with a modulation between NO levels 

and GSH levels in the wound, while the other decreases. 

 

Vitamin C plays a physiological role in a very broad perspective in many crucial events such as immune 

enhancement, immunomodulation, wound healing, neurotransmitter release, and collagen production [50]. 

Vitamin C itself, in a complex process such as wound healing, is especially effective in the inflammation 

phase as an immunomodulatory and in all phases of wound healing with its contribution to collagen 

synthesis. In wound healing models of growth factors, PDGF administration has been shown to increase 

AA levels at 3 and 7 days of wound healing [16,43]. In models with human studies, AA levels have also 

been reported to be elevated in both diabetic and nondiabetic patients [51]. There are also studies in the 

literature that contradict this situation [34, 45]. In our study, parallel findings were obtained with the 

findings of Gökşen et al. [34] and VEGF increased tissue AA levels. 

 

It can be said that there is a controlled feedback between this unique growth factor VEGF and tissue AA 

levels that includes all phases of wound healing in terms of reducing oxidative stress and increasing 

antioxidants.  In addition to, due to its molecular nature, VEGF A may have shown antioxidant properties 

just like VEGF B and regulated the levels of wound tissue AA over GSH, because it is known that tissue 

AA levels are also affected when GSH changes in the wound tissue. With exogenous EGF application, 

Güleç-Peker et al. detected a change in the GSH and vitamin C levels in the wound tissue at 1,3 and 5 days, 

affecting each other's turnover [52] 

 

SOD activity in serum increased in patients with diabetes [51, 53]. It has been reported that SOD enzyme 

activity did not change in the experimental wound healing model [16,34], whereas wound healing increased 

in the proliferation phase, that is, only on the 7th day, in PDGF-treated rats [43]. In our study, tissue SOD 

activity were not change in the all experimental groups. The SOD enzyme activity did not change 

significantly because the scavenging of radicals that occur in diabetic wound healing may have occurred in 

the first place and directly through other antioxidant enzymes such as GSH and AA.  

 

5. CONCLUSION 

 

Chitosan, which we used as a carrier of VEGF in this study, effectively reduced tissue NO levels in the 

inflammation period of wound healing. Thus, the biocompatible chitosan itself provided this by suppressing 

NO synthesis. VEGF itself, on the other hand, contributed to this formation by being effective especially 

in the proliferation phase of wound healing, reducing tissue NO levels independently of chitosan. Both 

chitosan and VEGF applications showed a regulatory effect by increasing the antioxidant capacity over 

GSH and AA, turning the increased oxidative events into a positive direction. In order to better understand 
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the relationship of topical VEGF application with oxidative events in wound tissue, more comprehensive 

studies on the basis of days and doses are needed in the future. 

 

ACKNOWLEDGEMENTS 

 

The authors would like to thanks Gazi University Research fund (Project number: G.Ü. BAP 05/2011-01) 

for their financial supports. 

 

CONFLICTS OF INTEREST  

 

No conflict of interest was declared by the authors. 

 

REFERENCES 

 

[1] Schilling, J.A., “Wound healing”, Surgical Clinics of North America, 56(4): 859-874, (1976).  

[2] Martin, P., “Wound healing--aiming for perfect skin regeneration”, Science, 276(5309): 75-81, 

(1997). 

[3] Singer, A.J., and Clark, R.A., “Cutaneous wound healing”, The New England Journal of Medicine, 

341: 741-786, (1999). 

[4] Hom, D.B., “Wound healing in relation to scarring”, Facial Plastic Surgery Clinics of North 

America, 6: 11, (1998).  

[5] Gantwerker, E.A., and Hom, D.B., “Skin: histology and physiology of wound healing”, Facial 

Plastic Surgery Clinics of North America, 19: 441-453, (2011). 

[6] Wilgus, T.A., Ferreira, A.M., Oberyszyn, T.M., Bergdall, V.K., and Dipietro, L.A., “Regulation of 

scar formation by vascular endothelial growth factor”, Laboratory Investigation, 88: 579-590, 

(2008). 

[7] Chang M., and Nguyen T.T., “Strategy for Treatment of Infected Diabetic Foot Ulcers”, Accounts 

of chemical research, 54(5): 1080-1093, (2021). 

[8] Li, H., Fu, X., Zhang, L., Huang, Q., Wu, Z., and Sun, T., “Research of PDGF-BB gel on the wound 

healing of diabetic rats and its pharmacodynamiccs”, The Journal of Surgical Research, 145: 41-

48, (2008). 

[9] Vincent, A.M., Russell, J.W., Low, P., and Feldman, E.L., “Oxidative stress in the pathogenesis of 

diabetic neuropathy”, Endocrine Reviews, 25: 612-628, (2004).  

[10] Memişoğulları, R., Taysi, S., Bakan, E., and Çapoğlu, I., “Antioxidant status and lipid peroxidation 

in type II diabetes mellitus”, Cell Biochemistry and Function, 21: 291-296, (2003).  

[11] Cherubini, A., Ruggiero, C., Polidori, M.C., and Mecocci, C., “Potential markers of oxidative stress 

in stroke”, Free Radical Biology and Medicine, 39: 841-852, (2005). 

[12] Memişoğulları, R., Bakan, E., “Levels of ceruloplasmin, transferrin, and lipid peroxidation in the 

serum of patients with Type 2 diabetes mellitus”, Journal of Diabetes and Its Complications, 18: 

193-197, (2004). 

[13] Chen, S.K., Tsai, M.L., Huang, J.R., and Chen, R.H., “In vitro antioxidant activities of low-

molecular-weight polysaccharides with various functional groups”, Journal of 

Agricultural and Food Chemistry, 57(4): 2699–2704, (2009) 



1459  Ebru UZUN, Kanuni Barbaros BALABANLI, Sule COSKUN CEVHER/ GU J Sci, 36(4): 1449-1461 (2023) 

 

 
 

[14]  Ishihara, M., Ono, K., Sato, M., Nakanishi, K., Saito, Y., Yura, H., and Kurita, A., “Acceleration 

of wound contraction and healing with a photocrosslinkable chitosan hydrogel”, Wound Repair and 

Regeneration, 9(6): 513-521, (2001). 

[15]  Ueno, H., Mori, T., and Fujinaga, T., “Topical formulations and wound healing applications of 

chitosan”, Advanced Drug Delivery Reviews, 52(2): 105-115, (2001). 

[16]  Kaltalioglu, K., Coskun-Cevher, S., Tugcu-Demiroz, F., and Celebi, N., “PDGF supplementation 

alters oxidative events in wound healing process: a time course study”, Archives of Dermatological 

Research, 305(5): 415-422, (2013). 

[17] Alemdaroğlu, C., Değim, Z., Celebi, N., Zor, F., Oztürk, S., and Erdoğan, D., “An investigation on 

burn wound healing in rats with chitosan gel formulation containing epidermal growth factor”, 

Burns, 32(3): 319–327, (2006). 

 

[18]  Cevher, Ş.C., and Çoban, V. S., “The Investigation of the Effect of Topical Vascular Endothelial 

Growth Factor (VEGF) Administration On Serum Oxidative Parameters in Diabetic Rats”, Gazi 

University Journal of Science, 29(3): 543-547, (2016). 

 

[19] Barrientos, S., Stojadinovic, O., Golinko, M.S., Brem, H. and Tomic, C.M., “Growth factors and 

cytokines in wound healing”, Wound Repair and Regeneration, 16(5): 585-601, (2008). 

[20] Yazır, Y., Gonca, S., Filiz, S., and Dalçık, H., “An important protein family for endothelial cells; 

vascular endothelial growth factor (Vegf) members of the family, structure and synthesis”, 

Cumhuriyet Medical Journal, 26(4): 181-184, (2004). 

[21] Vincenti, V., Cassano, C., Rocchi, M., and Persico, G., “Assignment of the vascular endothelial 

growth factor gene to human chromosome 6p21.3”, Circulation, 93: 1493-1495, (1996).  

[22] Erol, N., “Vascular endothelial growth factor and anti-vegf agents”, Journal of Retina Vitreous, 15: 

35-40, (2007).  

[23] Ferrara, N., Gerber, H.P., and Le Couter, J., “The biology of VEGF and its receptors”, Nature 

Medicine, 9: 669-676, (2003). 

[24] Nissen, N.N., Polverini, P.J., Koch, A.E., Volin, M.E., Gamelli, R.L., and DiPietro, L.A., “Vascular 

endothelial growth factor mediates angiogenic activity during the proliferative phase of wound 

healing”, The American Journal of Pathology, 152: 1445-1452, (1998). 

[25] Brown, L.F., Yeo, K.T., Berse, B., Yeo, T.K., Senger, D.R., Dvorak, H.F., and Van de Water, L., 

“Expression of vascular permeability factor by epidermal keratinocytes during wound healing”, 

Journal of Experimental Medicine, 176: 1375-1379, (1992). 

[26] Brown, N.J., Smyth, E.A.E., Cross, S.S., and Reed, M.W., “Angiogenesis induction and regression 

in human surgical wounds”, Wound Repair and Regeneration, 10: 245-251, (2002). 

[27] Nissen, N.N., Polverini, P.J., Gamelli, R.L., and DiPietro, L.A., “Basic fibroblast growth factor 

mediates angiogenic activity in early surgical wounds”, Surgery, 119: 457-465, (1996). 

[28] Hopf, H.W., Gibson, J.J., Angeles, A.P., Constant, J.S., Feng, J.J., Rollins, M.D., Zamirul Hussain, 

M., and Hunt, T.K., “Hyperoxia and angiogenesis”, Wound Repair and Regeneration, 13: 558-564, 

(2005). 

[29] Bitto, A., Minutoli, L., Altavilla, D., Polito, F., Fiumara, T., Marini, H., Galeano, M., Calò, M., Lo 

Cascio, P., Bonaiuto, M., Migliorato, A., Caputi, A.P., and Squadrito, F., “Simvastatin enhances 



1460  Ebru UZUN, Kanuni Barbaros BALABANLI, Sule COSKUN CEVHER/ GU J Sci, 36(4): 1449-1461 (2023) 

 

 
 

VEGF production and ameliorates impaired wound healing in experimental diabetes”, 

Pharmacological Research, 57(2): 159-169, (2008). 

[30] Losi, P., Briganti, E., Errico, C., Lisella, A., Sanguinetti, E., Chiellini, F., and Soldani, G., “Fibrin-

based scaffold incorporating VEGF- and bFGF-loaded nanoparticles stimulates wound healing in 

diabetic mice”, Acta Biomaterialia, 9(8): 7814-782, (2013). 

[31] Kirchner, L.M., Meerbaum, S.O., Gruber, B.S., Knoll, A.K., Bulgrin, J., Taylor, R.A., and Schmidt, 

S.P., “Effects of vascular endothelial growth factor on wound closure rates in the genetically 

diabetic mouse model”, Wound Repair and Regeneration, 11: 127-131, (2003). 

[32] Elçin, Y.M., Dixit, V., and Gitnick, G., “Extensive in vivo angiogenesis following controlled 

release of human vascular endothelial cell growth factor: implications for tissue engineering and 

wound healing”, Artificial Organs, 25(7): 558-565, (2001). 

[33] Infanger, M., Shakibaei, M., Kossmehl, P., Hollenberg, S.M., Grosse, J., Faramarzi, S., Schulze-

Tanzil, G., Paul, M., and Grimm, D., “Intraluminal application of vascular endothelial growth factor 

enhances healing of microvascular anastomosis in a rat model”, Journal of Vascular Research, 

42(3): 202-213, (2005). 

[34] Gökşen, S., Balabanlı, B., and Coşkun-Cevher, Ş., “Application of platelet derived growth factor-

BB and diabetic wound healing: the relationship with oxidative events”, Free Radical 

Research, 51(5): 498-505, (2017). 

[35] Miranda, K.M., Espey, M.G., and Wink, D.A., “A rapid, simple spectrophotometric method for 

simultaneous detection of nitrate and nitrite”, Nitric Oxide, 5(1): 62-71, (2001). 

[36] Casini, A.F., Ferrali, M., Pompella, A., Maellaro, E., and Comporti, M., “Lipid peroxidation and 

cellular damage in extrahepatic tissues of bromobenzene-intoxicated mice”, The American Journal 

of Pathology, 123(3): 520-53, (1986). 

[37] Aykaç, G., Uysal, M., Yalçın, A.S., Koçak Toker, N., Sivas, A., and Öz, H., “The effect of chronic 

ethanol ingestion on hepatic lipid peroxide, glutathione, glutathione peroxidase and glutathione 

transferase in rats”, Toxicology, 36(1): 71-76, (1985).  

[38] Berger, J., Shepard, D., Morrow, F., and Taylor, A., “Relationship between dietary intake and tissue 

levels of reduced and total vitamin C in the nonscorbutic guinea pig”, Journal of Nutrition, 119(5): 

734-740, (1989). 

[39] Sun, Y., Oberley, L.W., and Li, Y., “A simple method for clinical assay of super oxide dismutase”, 

Clinical Chemistry, 34(3): 497-500, (1988). 

[40] Hwang, S.M., Chen, C.Y., Chen, S.S., and Chen, J.C., “Chitinous materials inhibit nitric oxide 

production by activated RAW 264.7 macrophages”, Biochemical and Biophysical Research 

Communications, 271(1): 229-233, (2000). 

[41] Di, G., Zhao, X., Qi, X., Zhang, S., Feng, L., Shi, W., and Zhou, Q., “VEGF-B promotes recovery 

of corneal innervations and trophic functions in diabetic mice”, Scientific Reports, 7(1): 1-13, 

(2017). 

[42] Kalay, Z., and Cevher, S. C., “Oxidant and antioxidant events during epidermal growth factor 

therapy to cutaneous wound healing in rats”, International Wound Journal, 9(4): 362-371, (2012). 

[43]  Judith, R., Nithya, M., Rose, C., and Mandal, A. B., “Application of a PDGF-containing novel gel 

for cutaneous wound healing”, Life Sciences, 87(1-2): 1-8, (2010). 



1461  Ebru UZUN, Kanuni Barbaros BALABANLI, Sule COSKUN CEVHER/ GU J Sci, 36(4): 1449-1461 (2023) 

 

 
 

[44]  Sen, S., and Chakraborty R., “The Role of Antioxidants in Human Health. American Chemical 

Society, Oxidative Stress: Diagnostics, Prevention and Therapy”, American Chemical Society, 1-

37, (2011). 

[45]  Rasik, A.M., and Shukla, A., “Antioxidant status in delayed healing type of wounds”, International 

Journal of Experimental Pathology, 81(4): 257-263, (2000). 

[46] Aykaç, G., Uysal, M., Yalçin, A. S., Koçak-Toker, N., Sivas, A., and Öz, H., “The effect of chronic 

ethanol ingestion on hepatic lipid peroxide, glutathione, glutathione peroxidase and glutathione 

transferase in rats”, Toxicology, 36(1): 71-76, (1985). 

[47]  Arjunan, P., Lin, X., Tang, Z., Du, Y., Kumar, A., Liu, L., and Li, X., “VEGF-B is a potent 

antioxidant”, Proceedings of the National Academy of Sciences, 115(41): 10351-10356, (2018). 

[48] Chen, R., Lee, C., Lin, X., Zhao, C., and Li, X., “Novel function of VEGF-B as an antioxidant and 

therapeutic implications”, Pharmacological Research, 143: 33-39, (2019). 

[49] Langston, W., Chidlow, JH Jr., Booth, BA., Barlow, SC., Lefer, DJ., Patel, R.P., and Kevil, CG., 

“Regulation of endothelial glutathione by ICAM-1 governs VEGF-A-mediated eNOS activity and 

angiogenesis”, Free Radical Biology and Medicine, 42(5): 720-729, (2007).  

[50]  Li, Y., and Schellhorn, H. E., “New developments and novel therapeutic perspectives for vitamin 

C ”, The Journal of Nutrition, 137(10): 2171-2184, (2007). 

[51]  Srivatsan, R., Das, S., Gadde, R., Manoj, K. K., Taduri, S., Rao, N., and Rao, A., “Antioxidants 

and lipid peroxidation status in diabetic patients with and without complications”, Scientific 

Information Database, 121-127, (2009). 

[52] Güleç Peker, E. G., Coşkun, Ş., Ebegil, M., and Acartürk, F., “Effect of exogenous epidermal 

growth factor (EGF) on nonenzymatic antioxidant capacities and MPO activity of wound tissue”, 

Medicinal Chemistry Research, 19(6): 533-540, (2010). 

[53] Arya, A. K., Pokharia, D., and Tripathi, K., “Relationship between oxidative stress and apoptotic 

markers in lymphocytes of diabetic patients with chronic non healing wound”, Diabetes Research 

and Clinical Practice, 94(3): 377-384, (2011). 

 


