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Abstract 
INTRODUCTION: A diabetic ulcer is a common disease in diabetic patients. Due to antibiotic resistance, new 
therapeutic alternatives are being considered in diabetic foot patients to reduce complications and mortality. This 
study aimed to evaluate the effect of collagen hydrogel on wound healing process in diabetic rats.  
METHODS: Diabetic wounds were induced with streptozotocin in all 42 male Wistar rats. The rats were divided 
into four groups: (a) treated with fibroblast cells, (b) collagen hydrogel, (c) collagen cultured with fibroblast cells, 
and (d) control group. Microscopic and histological (H&E staining and Mason trichrome staining), measurement of 
wound surface with Image J, skin density and thickness by the ultrasound probe, and skin elasticity with cutometer 
tool was used to evaluate the wound healing in a days , 14, and 21 after the treatment.  
RESULTS: The results showed that the treatment of diabetic wounds with fibroblast cells cultured in collagen 
hydrogel greatly reduces inflammatory responses in the skin tissue and significantly accelerates the healing process. 
Also, 21 days after the start of treatment, skin elasticity, thickness and density were higher in the collagen + 
fibroblast group than in the control group. 
CONCLUSION: Also, the results of the present study show that diabetic wound dressing can significantly reduce 
the inflammatory phase in the wound healing process by increasing the speed of collagen synthesis, skin density and 
elasticity, and angiogenesis. 
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1. Introduction 
A diabetic ulcer is a common disease in diabetic patients. Between 15 and 25 percent of people with diabetes 
develop diabetic foot ulcers. The 5-year mortality rate for diabetic wounds that require reputation varies between 39 
and 80 percent. In addition, new therapeutic alternatives are being considered in diabetic patients. There has been a 
lot of research in recent years on the effects of collagen hydrogels and fibroblasts, but research in this area is still of 
interest to scientists. Stem cells can proliferate and are transformed into different cell types 1-3.Collagen hydrogel is 
used for a wide range of skin diseases by increasing blood flow 4-6. Huang reported that stem cells can heal skin 
wounds by increasing the thickness and elasticity of the skin. Other research has shown that hydrogels cultured with 
stem cells help rapid healing of diabetic skin ulcers through angiogenesis and collagen deposition 1, 4, 7  . In contrast, 
recent research has shown that mesenchymal stem cells interfere with the healing of diabetic wounds. Despite 
significant findings regarding the positive effects of collagen hydrogels  7, 8, the results of some studies in this area 
are disappointing 9. There is conclusive evidence of the effects of collagen hydrogels on the healing of diabetic skin 
ulcers, which clearly indicates wound healing after the use of fibroblasts derived from foreskin and collage 
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hydrogels. Based on this and considering that, common treatments are very complex  1, 10. In this regard, the use of 
collage hydrogels cultured with fibroblasts derived from circumcised skin may be effective. In this study, the effects 
of collage hydrogel were investigated using cell culture and histology methods. The results of this study can be used 
in the design of treatment methods to heal skin wounds. 
2. Materials and Methods  
All the study procedures were carried out according to the local guidelines for the care of laboratory animals of the 
Faculty of Pharmacy and Pharmaceutical Sciences, Tehran Medical Sciences, the Islamic Azad University, Iran 
(IR.IAU.PS.REC.1399.148). 
2.1. Preparation of Collagen Hydrogels 
40 mg of bovine collagen (Biomaterials Company) was dissolved in a Falcon tube containing 25 mL of deionized 
sterile water. 2 mL of PBS buffer and 8 mL of HEPES buffer were added to the Falcon tube and placed at room 
temperature for one day. The obtained hydrogel was dewatered using an acetone solution and sterilized by UV light 
of the UV irradiation. The morphology of the hydrogel was examined and photographed using the Olympus BX61 
Research Slide Scanner microscope  11. 
2.2. Isolation of Fibroblast Cells 
First, the foreskin of a human infant was collected and stored using HEPES buffer at 4 °C. The skin sample was cut 
into small pieces employing surgical forceps in a bacteriological petri dish and washed to prevent microbial 
contamination in a Falcon tube containing 10 mL of 70% alcohol. In the next step, the dermis was separated from 
the epidermis and incubated with dispase enzyme and HEPES buffer for 24 hours. Dermal samples were then 
incubated with collagenase (Sigma-Aldrich, USA) at 0.1% for 2 hours. The contents of the dish were transferred to a 
50 ml Falcon tube containing 5 mL of DMEM-HG culture medium (GIBCO, USA) and containing 10% FBS and 
pipitaged. The contents of the Falcon were passed through a mesh filter with 70 μm pores to separate the cells from 
the tissue fragments. The cells were centrifuged for 5 min at 200 g at 14 °C. The supernatant was drained and was 
added serum-free DMEM-HG culture medium to 5 mL of cell sediment. Finally, the cells were centrifuged at 200 g 
at 14 °C for 5 min 12, 13. 
2.3. Fibroblast Cells Characterization and Count 
Immunocytochemical staining was performed to confirm the identification of isolated fibroblast cells. To stain the 
nucleus, the slide was immersed in hematoxylin for 1 minute and then rinsed with water. Dehydration and 
clarification were performed by placing slides in 50, 70, and 96% alcohol. Cells were counted by Fisher Scientific 
hemocytometer and Olympus IX 70 light microscope. PI-Acridine staining was applied to evaluate cell viability 
according to the manufacturer's instructions. Cells were cultured, isolated, washed, and incubated with annexin-V 
and 7-AAD PE grafted in annexin-V (BD Biosciences) binding buffer for 15 minutes. Finally, the percentage of 
living and dead cells was examined in the Beckman Coulter Navios flow cytometer 14, 15. 
2.4. Culture of Fibroblasts in Collage Hydrogel 
First, the hydrogel was prepared on the desired plate. After reaching the desired density, fibroblasts were trypsinized 
and transferred to hydrogels. The cells containing hydrogel were placed in an incubator and observed daily under a 
microscope .Fibroblast cell culture was observed in hydrogels using an inverted microscope (Olympus, IX 70) and a 
scanning electron microscope (SEM, Hitachi, S-3000 N, Japan). After 14 days, collagen disks cultured with 
fibroblast cells were used for wound dressing16, 17. 
2.5. Hydrogel Cytotoxicity Assessment   
To measure cell viability, 1 × 105 fibroblast cells were cultured with RPMI medium in a 96-well plate. After 24 
hours of incubation, the cells with hydrogel were treated. After 48 hours of exposure of the hydrogel to the cells, 20 
μl of 3-[4,5-dimethylthiazol-2yl]-2,5-diphenyltetrazolium bromide (MTT) solution was added (0.05 mg/well) to the 
plates in the dark. After 5 hours of incubation of the plates, 100 microliters of DMSO solution were added to each 
well, and after 10 minutes of stirring, the resulting color intensity was measured by the Elisa Reader at 570 nm. 
After culturing with glutaraldehyde and drying in room air, sectioning and then coating with gold, the cultured cells 
were subjected to SEM imaging 15, 16, 18-22  . 
2.6. Animal Experiments  
42 male Wistar rats were purchased weighing 200 to 220 g from Pasteur Institute (Tehran, Iran). Animals were kept 
in metal cages with access to water and food. Rats were exposed to 12 hours of darkness and 12 hours of light at 
23 °C for one week in special conditions in terms of light and temperature. The rats were divided into 4 groups (6 in 
each group): (a) control group (normal saline intake group), (b) fibroblast treated cells (fibroblast group), (c) 
collagen hydrogel treated (collagen group), and (d) collagen cell treated group + fibroblast group (collagen + 
Fibroblasts). Diabetes was induced by injecting a dose of 50 streptozotocin (STZ, 40 mg/kg, Aladdin) 
intraperitoneally in rats. Symptoms of diabetes, such as binge drinking and urinary incontinence, appeared in rats 
three days after the injection. Glucose levels in the blood sample taken from the tail were measured using a 
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glucometer 4 days after the injection. Rats with a blood glucose level greater than 246 mg/dl were considered 
diabetic rats. The animals were anesthetized with 2 mg of intraperitoneal injection of ketamine, and 0.2 mg of 
xylazine was completely rubbed on the back of the animal. The wound was created using a sterile punch. The 
dressings were fixed on the wound using Vaseline gauze and transparent adhesive tape. Images of the wound area 
were captured on days 7, 14, and 21 after the wound using a digital camera (S9 +, Samsung, South Korea). Image J 
was measured in the mm scale. 
2.7. Histological Examination  
Animals were exterminated by spinal method on days 7, 14, and 21, and the skin tissue including the wound area 
and the surrounding skin area was removed by 2 cm and placed in 10% formalin solution. Fixed samples in 10% 
formalin were stained with H&E (Thermo Fisher Scientific Co., Ltd., Shanghai, China) dyes for tissue analysis and 
Mason trichrome for cellular changes. Fixed textured slides were photographed using a digital camera (Olympus IX 
70). 
2.8. Biometric Analysis 
The thickness and density of the skin were assessed at the wound site using 75 MHz ultrasound imaging (digital 
ultrasound imaging system DUB Skin Scanner 75, tpm taberna pro medicum GmbH, Germany) on days 7, 14, and 
21. Skin elasticity (net elasticity (R2), gross elasticity (R5), and post-recovery deformation (R7)) were examined 
using a catheter (Courage & Khazaka electronic GmbH, Germany) on days 7, 14, and 21 after the treatment in the 
area of the wound. 
2.9. Data Analysis 
Data were analyzed using SPSS statistical analysis software. One-way ANOVA and then the Tukey method applied 
for comparisons between groups. In the statistical study, the significance level was considered p < 0.05. 
3. Results  
3.1. Microstructure and Morphology of Collagen 
The color of the collagen hydrogel was clear, and the results showed that UV light was sufficient for 1 hour to 
sterilize the collagen and hydrogel samples (Figure 1A). Observation of the microstructure of the collagen samples 
showed a relatively rough surface with a spongy composition and appeared smooth and uniform (Figure 1B). 
 

                                                         
Figure 1. Digital images of (A) the hydrogel samples and (B) microstructure of the collagen (Scale in nm). 
 
3.2. Isolated Cell Viability and Cell Count 
The results showed that a high percentage of fibroblasts were alive on the day of isolation, a small number of them 
died, and this method was suitable for isolation 
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Figure 2. Viability of fibroblast cells isolated from foreskin on the day of isolation. 
 
 
3.3. Macroscopic Observation and Wound Area Measurement  
The results showed that the wound section in the group receiving fibroblasts and collagen cells in comparison with 
the control group and groups receiving each factor alone had the highest improvement on days 0, 7, 14, and 21 
(Figure 3). Also, with time, the amount of wound shell thickness in this group was more than that in other groups, 
and the wound diameter decreased more and, therefore, was faster the wound healing process. 

 
Figure 3. Wound closure on days 0, 7, 14, and 21 in the control and experimental rats. 
 
3.4. Microscopic Examination of the Wound  
The results showed that the neutrophil count reached its maximum on the third day after wounding and then 
decreased. This rate was almost the same in all 4 days of the study. Therefore, it can be concluded that all 4 groups 
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do not stimulate the immune system and cause an inflammatory reaction and increase the number of neutrophils at 
the wound site. At 21 days after the treatment, the number of macrophages decreased in all groups, and in the group 
treated with collagen, the hydrogel was significantly lower than in the other groups. Epithelial tissue was observed 
on the 7th day after the treatment and increased for 14 days. On the 7th day, angiogenesis in the collagen hydrogel 
group was significantly less than in that the 3 experimental groups((Figure 4).  

 
Figure 4. Histological sections of harvested wound area specimens on days 7, 14, and 21 in the control and 
experimental groups. 
3.5. Biometric Analysis  
The results showed that the thickness of skin (epidermis + dermis) in the groups receiving fibroblast stem cells, the 
group receiving collagen hydrogel, and the group receiving fibroblast stem cells + collagen hydrogel increased 
significantly compared to the control group (p < 0.001). Also, the amount of skin thickness in the group receiving 
fibroblast stem cells + collagen hydrogel was significantly different from the group receiving fibroblast stem cells (p 
< 0.05). Finally, in the group receiving fibroblasts + collagen hydrogel stem cells, a significant difference was 
observed with p < 0.01 compared to the group receiving collagen hydrogel(Figure 5). 
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Figure 5. Data obtained from measuring the effects of fibroblast cells and collagen hydrogels in the studied groups 
on skin thickness in the healing of diabetic wounds in an animal model.  
 
The percentage of skin density in the group receiving fibroblast stem cells and fibroblast stem cells + collagen 
hydrogel significantly increased compared to the control group (p < 0.001, p < 0.05). Finally, the percentage of skin 
density in the group receiving fibroblast stem cells + collagen hydrogel significantly increased compared to the 
groups receiving fibroblast cells and collagen hydrogel (p < 0.001, Figure 6). 

 
Figure 6. Data obtained from measuring the effects of fibroblast cells and collagen hydrogels in the studied groups 
on the percentage of skin density in the healing of diabetic wounds in the animal model . 
 
 
Gross skin elasticity (R2) significantly increased in the group receiving fibroblasts + collagen hydrogel compared to 
the control group and the group receiving collage hydrogel (p < 0.01). Also, the net skin elasticity (R5) increased 
significantly in the group receiving fibroblast stem cells and fibroblast stem cells + collagen hydrogel compared to 
the control group (p < 0.01, p < 0.001). The rate (R7) of skin recovery in the group receiving fibroblast stem cells 
and fibroblast stem cells + collagen hydrogel increased significantly compared to the control group (p < 0.001) 
(Figures 7, 8, and 9). un
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Figure 7. Data from the measurement of the effects of fibroblast cells and collagen hydrogels in the studied groups 
on the amount of gross skin tension (R2) in the healing of diabetic wounds in an animal model. 

 
Figure 8. Data obtained from measuring the effects of fibroblast cells and collagen hydrogels in wounds in an animal 
model the studied groups on the amount of skin elasticity (R5: net elasticity) in the healing of diabetic. un
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Figure 9. Data obtained from measuring the effects of fibroblast cells and collagen hydrogels in the studied 
groups on the amount of skin elasticity (R7: recovery after deformation) in the healing of diabetic wounds in an 
animal model.1 
The results obtained from ultrasound imaging showed that the wound thickness increased on day 21 in all 
groups compared to days 7 and 14, which increased primarily in the group receiving fibroblasts + collagen 
hydrogel and then in the collagen group had the highest amount (Figure 10). 
 

 

 
* Significance compared to the control group, ¥ Significance relative to the group receiving fibroblast 
cell, φ Significance relative to the group receiving collagen hydrogel (***: p < 0.001, ¥¥¥ p < 0.001, 
ффф p < 0.001). 
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Figure 10. Ultrasound imaging for measurement of density and thickness of wound area skin using a 75 MHz 
ultrasound probe on days 7, 14, and 21 after the treatment. 
4. Discussion 
Although many studies have shown that collagen hydrogels and fibroblast cells are effective in wound healing1, 

4, the effect of cultured collagen hydrogels with circumcised fibroblasts on healing skin wounds is still 
challenging. It is the most interesting research topic. Based on the present study, using histological and 
microscopic methods, the effects of collagen hydrogel transplantation cultured with circumcised skin fibroblasts 
have been investigated to show that transplantation of cultured collagen hydrogels with fibroblast cells can heal 
the wound at the right time and by what mechanisms it does this repair. According to the results, collagen 
hydrogel did not show significant cytotoxic effects on neonatal foreskin-derived fibroblast cells and is a bio-safe 
substance for are used for wound healing. The results showed that the wound cross-section had the highest 
healing rate in the group receiving fibroblasts and collagen simultaneously. Also, over time, the thickness of the 
wound shell in this group was more than that in other groups, and the wound diameter decreased more and the 
wound healing process was faster. Histological studies with two types of H&E and Mason Tricom showed that 
the number of macrophages decreased on day 21 in all 4 groups. This amount was significantly lower in the 
cellular hydrogel group than the other 3 groups. The epithelial formation was observed on the seventh day and 
increased until the 14th day. On days 7, 14, and 21, the percentage of epithelial formation in the cellular 
hydrogel group was always significantly higher than the other three groups. On day 7, angiogenesis in the 
cellular hydrogel group was significantly lower than the other three groups.  According to these results, Bai et 
al(2020) , showed that diabetic wounds treated with bone marrow stem cells (BM-MSCs) cultured in chitosan 
hydrogel compared with the control group completely healed the wound 15 days after treatment23. Shen et 
al(2015) , showed that the wounds of diabetic rats in the collagen-treated group accelerated wound healing 
compared with the control group and achieved complete healing on the 18th day after the treatment24.In a study, 
Shi et al. (2016) examined the effects of fat-derived stem cells on skin ulcers in male diabetic rats and reported 
that stem cell transplantation significantly reduced ulcers on day 151. In another study, Pomatto et al.(2021) 
examined the effects of fat-derived mesenchymal cells on skin ulcers in diabetic rats and showed that fat-
derived mesenchymal cells repair wounds by increasing angiogenesis6. Still, in another study of the effects of 
fat-derived stem cells on skin wounds using flow cytometry and Western blotting on DBW mice, Pak et al. 
(2021) reported that fat-derived stem cells (ADSCs) maximize signaling. Paracrine and angiogenesis via the 
PI3K/AKT pathway provide synergistic effects of wound healing 25. Nuschke (2014) examined the effects of 
mesenchymal stem cells (MSCs) by MTT and immunohistochemistry. The results of the study showed that 
mesenchymal stem cells through tissue collagen deposition can reduce tissue inflammation and induce 
angiogenesis and wound healing. In another study, Kaisang et al.(2017) examined the effects of collagen 
hydrogels cultured with fat-derived stem cells on wounds by histological methods on diabetic rats. Their 
findings showed that collagen hydrogels cultured with fat-derived stem cells improve and optimize stem cell 
function in order to increase diabetic wound healing26. In addition, they investigated the effects of hydrogels 
cultured with bone marrow mesenchymal stem cells (BMSCs) on the wounds of diabetic rats by histological and 
immunohistochemical methods and reported that this treatment involved granulation, angiogenesis, and 
extracellular matrix secretion and showed that rapid epithelialization helps heal diabetic skin ulcers27. In a 
study, da Cunha et al.(2014) examined the effects of collagen and alginate hydrogels cultured on fibroblast cells 
by flow cytometry and RT-PCR. Immunohistochemical results confirmed that cultures of encapsulated skin 
fibroblasts enhance the morphology of various cells and that this biomaterial can regulate wound healing 
progress28. In another study, Yu et al. (2018) examined the effects of fat-derived stem cells (ASC) on 
immunohistochemical methods in mouse skin wounds, and their results showed that stem cells could reduce 
macrophage uptake and increase paracrine by collagen deposition in order to heal wounds8. Uysal et al. (2014) 
studied the effects of mesenchymal stem cells (MSCs), bone marrow-derived stem cells (BSCs), and fat-derived 
stem cells (ASCs) on histological and immunohistochemical methods on skin lesions in mice Male Fisher field, 
and their results showed that the fastest wound healing rate was observed by mesenchymal stem cells while 
increasing the rate of epithelialization through angiogenesis29. In a study, Rodriguez et al. (2015) examined the 
effects of fat-derived stem cells (ASC) on immunohistochemical methods on skin wounds in nude mice, and 
their results showed that stem cells could repair wounds through blood perfusion30.The results showed that the 
concomitant recipient group of fibroblasts and collagen cells with amazing ability increases the thickness and 
percentage of skin density in the wound area. Also, only the fibroblast and collagen cell receiving group 
significantly increased the gross skin elasticity (R2) in the wound area. Regarding the results of the study of net 
skin elasticity (R5) and recovery process (R7), all the studied groups, except for the collagen receiving group 
alone, have significant incremental changes. According to these findings, a study by Kittana et al.(2018) showed 
that different concentrations of carbon nanotubes increase the thickness of the epidermis in the wound area31. In 
a study, Luna et al. (2021) examined the effects of bone marrow mesenchymal cells on skin wounds by 
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histological and Western blotting methods on diabetic rats. The results showed that bone marrow mesenchymal 
cells inhibit wound healing and are a treatment option for wounds in people with diabetes32. In the study, Huang 
et al. (2021) examined the effects of collagen hydrogel cultured with umbilical cord stem cells (SCF) on 
diabetic wounds by histological methods on diabetic rats and found that collagen hydrogel is a desirable 
scaffold. And hydrogel-loaded stem cell factor as a dressing is a promising treatment for diabetic tissue 
regeneration 33.In a study, Williams et al. (2020) examined the effects of collagen hydrogels on wounds with 
histological and immunohistochemical methods in non-diabetic rats. The results showed that collagen hydrogel-
treated wounds showed significant improvement compared to controls34. In contrast, Qiu et al. (2007) studied 
the effects of fibroblast cells on wound collagen production in diabetic rats, and based on the results presented 
in this study, transplanted fibroblast cells at the wound site did not significantly increase collagen production35. 
In terms of the mechanism of action of fibroblasts and collagen hydrogels on the healing of diabetic wounds, it 
seems that these cells increase the number of fibroblasts and consequently increase the secretion of these cells. 
Increased secretion leads to an increase in collagen and interstitial matrix, followed by epithelial cells that have 
a high ability to migrate to the granular tissue and can block the wound opening in less time and cause the 
wound to heal 36. 
5. Conclusion 
The results of the present study showed that the bonding of collagen hydrogels with fibroblasts can increase the 
thickness, density, and elasticity of the skin in the wound area by increasing collagen synthesis. This dressing 
also increases angiogenesis, stimulates macrophages, and accelerates epithelial formation. The present study has 
limitations in measuring growth factors in wound tissue as well as the expression of regenerative genes involved 
in skin repair in skin cells and the epidermis. The results of this study can be used to clarify the association 
between collagen hydrogel and fibroblast cells with diabetic ulcers, as well as the management and prevention 
of diabetic skin ulcers. However, more research is needed to examine the process of wound healing through 
other types of hydrogels on other stem cells and to determine how the bonding of collagen hydrogels to 
fibroblasts affects wound healing. 
 
6. Acknowledgments 
This research was financially supported by Avicenna International College, Budapest, Hungary and Global 
Research, Education, and Event Network (GREEN).  
7. Conflict of interests 
The authors state that there are no conflicts of interest regarding the publication of this article. 
Ethical approval: All applicable international, national, or institutional guidelines for the care and use of animals 
were followed.

un
co

rre
cte

d p
roo

f



  
References 
 
1. Shi R, Jin Y, Cao C, Han S, Shao X, Meng L, Cheng J, Zhang M, Zheng J, Xu J, Li M. Localization of 
human adipose-derived stem cells and their effect in repair of diabetic foot ulcers in rats. Stem Cell Res Ther. 
2016;7:1-13. 
2. Hamidi Y, Saki S, Afraz ES, Pashapour S. A Meta-analysis of ADIPOQ rs2241766 polymorphism 
association with type 2 diabetes. J Diabetes Metab Disord .2022;21:1-7. 
3. Banafshe HR, Pashapour S, ghadami Dehkohneh S, Ghaderi A. Vitamin D in neurological and 
neurodegenerative patients: Current knowledge and future perspectives. IJPR. 2018;10:781-90. 
4. Shalbafian R, Ahmadi R, Dehghani A, Shams K. The Healing Effects of Collagen Hydrogel on Skin 
Wound in Diabetic Animal Model. 2021. 
5. Zabihi A, Mahmoodi M. Evaluation of Diabetic Wound Healing and Collagen Changes after Subdermal 
Fibroblast Cells Injection in Animal Model. Yafteh. 2021;23(1):149-160. 
6. Pomatto M, Gai C, Negro F, Cedrino M, Grange C, Ceccotti E, et al. Differential therapeutic effect of 
extracellular vesicles derived by bone marrow and adipose mesenchymal stem cells on wound healing of diabetic 
ulcers and correlation to their cargoes. International journal of molecular sciences. 2021;22:3851. 
7. Pomatto M, Gai C, Negro F, Cedrino M, Grange C, Ceccotti E, Togliatto G, Collino F, Tapparo M, 
Figliolini F, Lopatina T. Mesenchymal stem cell-laden anti-inflammatory hydrogel enhances diabetic wound 
healing. Scientific reports. 2015;5:1-12. 
8. Yu J, Wang M-Y, Tai H-C, Cheng N-C. Cell sheet composed of adipose-derived stem cells demonstrates 
enhanced skin wound healing with reduced scar formation. Acta biomaterialia. 2018;77:191-200. 
9. Rennert RC, Sorkin M, Januszyk M, Duscher D, Kosaraju R, Chung MT, Lennon J, Radiya-Dixit A, 
Raghvendra S, Maan ZN, Hu MS. Diabetes impairs the angiogenic potential of adipose-derived stem cells by 
selectively depleting cellular subpopulations. Stem Cell Res Ther 2014;5:1-12. 
10. Silva V, Peirone C, Capita R, Alonso-Calleja C, Marques-Magallanes JA, Pires I, Maltez L, Pereira JE, 
Igrejas G, Poeta P. Topical Application of Ozonated Oils for the Treatment of MRSA Skin Infection in an Animal 
Model of Infected Ulcer. Biology. 2021;10:372. 
11. Deng A, Yang Y, Du S, Yang X, Pang S, Wang X, Yang S. Preparation of a recombinant collagen-peptide 
(RHC)-conjugated chitosan thermosensitive hydrogel for wound healing. Mater Sci Eng: C. 2021;119:111555. 
12. Zabihi A, Ahmadi R, Dehghani A. The Effect of Injection of Fibroblast Cells Isolated from Foreskin on 
Histological Improvement of Diabetic Wound in Animal Model.JAB .2021;14:95-105. 
13. Zabihi A. The Effects of Fibroblasts on Wound Healing in Diabetic Rats. 2020. 
14. Talebi FR, Asefnejad A. The Effects of Gelatin Hydrogel on Neonatal Fibroblast Cells Viability in vitro. 
2021. 
15. Pashapour S, Zabihi A, Behrouzi R. Investigating the cytotoxic effect of ibuprofen concentration in liver 
cancer cells (HepG2) and normal fibroblast (AGO). Toxicol Adv. 2022;4:15. 
16. Pashapour S, Heshmati M, Mousavi Z, Esmaeili S. The effects of methanolic extract of the aerial parts of 
Galium verum on HT29 and AGO cell lines. The Nucleus. 2022;65:223-232. 
17. Pashapour S, Heshmati M, Mousavi Z, Esmaeili S. The apoptotic effect of methanolic extract of Galium 
verum on HT29 cell line.JBS. 2022;4:210-220. 
18. Pashapour S, Heshmati M, Mousavi Z, Esmaeili S. The cytotoxicity of the chloroform and petroleum ether 
fractional extracts of Galium verum L. in HepG2 and HT29 cell lines.JKUMS. 2020;24. :e101079. 
19. Norouzi S, Ahmadi R, Pashapour S. The cytotoxic effects of Tolmetin on evaluation of Bax and Bcl2 genes 
expression level in cervical cancer cells (Hela). KAUMS Journal (FEYZ). 2020;24:31-7. 
20. Wdowiak A, Farahmandlou N, Tajik A, Pashapour S, Ahmadi R. The Cytotoxic Effect of Estradiol 
Valerate, Progesterone, and Testosterone on Brain Glioblastoma (A172), Colorectal Cancer (HT29) and Human 
Embryonic Kidney (HEK293) Cells and the Expression Levels of Bax, Bcl-2, and KAI-1/CD82 in A172 and HT29 
cells.JBS.2021;4:106-119. 
21. Zabihi A, Pashapour S, Malakijoo N. Evaluation of cytotoxicity of rubiadine on MCf7 and AGO cell lines. 
Toxicol Commun. 2022;4:9. 
22. Pashapour Z, Heshmati M, Mousavi Z, Esmaeili S. Effect of whole methanolic extract of Galium verum on 
AGO cell line. Toxicol Commun. 2022;4:10. 
23. Bai H, Kyu-Cheol N, Wang Z, Cui Y, Liu H, Liu H, Feng Y, Zhao Y, Lin Q, Li Z. Regulation of 
inflammatory microenvironment using a self-healing hydrogel loaded with BM-MSCs for advanced wound healing 
in rat diabetic foot ulcers. J tissue eng. 2020;11:2041731420947242. 

un
co

rre
cte

d p
roo

f



24. Shen T, Dai K, Yu Y, Wang J, Liu C. Sulfated chitosan rescues dysfunctional macrophages and accelerates 
wound healing in diabetic mice. Acta Biomaterialia. 2020;117:192-203. 
25. Pak CS, Heo CY, Shin J, Moon SY, Cho S-W, Kang HJ. Effects of a catechol-functionalized hyaluronic 
acid patch combined with human adipose-derived stem cells in diabetic wound healing. Int j of molec sci. 
2021;22:2632. 
26. Nuschke A. Activity of mesenchymal stem cells in therapies for chronic skin wound healing. 
Organogenesis. 2014;10:29-37. 
27. Kaisang L, Siyu W, Lijun F, Daoyan P, Xian CJ, Jie S. Adipose-derived stem cells seeded in Pluronic F-
127 hydrogel promotes diabetic wound healing. J  Surg Res. 2017;217:63-74. 
28. da Cunha CB, Klumpers DD, Li WA, Koshy ST, Weaver JC, Chaudhuri O, Granja PL, Mooney DJ. 
Influence of the stiffness of three-dimensional alginate/collagen-I interpenetrating networks on fibroblast biology. 
Biomaterials. 2014;35:8927-8936. 
29. Uysal CA, Tobita M, Hyakusoku H, Mizuno H. The effect of bone-marrow-derived stem cells and adipose-
derived stem cells on wound contraction and epithelization. Advances in wound care. 2014;3:405-413. 
30. Rodriguez-Menocal L, Shareef S, Salgado M, Shabbir A, Van Badiavas E. Intradermal injection of human 
adipose-derived stem cells accelerates skin wound healing in nude mice. Stem Cell Res Ther. 2015;6:1-11. 
31. Kittana N, Assali M, Abu-Rass H, Lutz S, Hindawi R, Ghannam L, Zakarneh M, Mousa A. Enhancement 
of wound healing by single-wall/multi-wall carbon nanotubes complexed with chitosan. Int  J Nanomedicine. 
2018;13:7195. 
32. Luna GL, Oehlmeyer TL, Brandão G, Brassolatti P, Tosta J, Goto LS, Avó LD, Leal AM.Use of human 
bone marrow mesenchymal stem cells immortalized by the expression of telomerase in wound healing in diabetic 
rats. Braz. J. Med. Biol. Res. 2021;54. 
33. Huang J, Wu S, Wu M, Zeng Q, Wang X, Wang H. Efficacy of the therapy of 5-aminolevulinic acid 
photodynamic therapy combined with human umbilical cord mesenchymal stem cells on methicillin-resistant 
Staphylococcus aureus-infected wound in a diabetic mouse model. Photodiagnosis and Photodynamic Ther. 
2021;36:102480. 
34. Williams T, Leon DS, Kaizawa Y, Wang Z, Leyden J, Chang J, Fox PM. A Human-Derived, Collagen-
Rich Hydrogel Augments Wound Healing in a Diabetic Animal Model. Annals Plastic Surg. 2020;85:290-294. 
35. Qiu Z, Kwon A-H, Kamiyama Y. Effects of plasma fibronectin on the healing of full-thickness skin 
wounds in streptozotocin-induced diabetic rats. J Surg Res. 2007;138:64-70. 
36. Bolke L, Schlippe G, Gerß J, Voss W. A collagen supplement improves skin hydration, elasticity, 
roughness, and density: Results of a randomized, placebo-controlled, blind study. Nutrients. 2019;11:2494. 
 
 

un
co

rre
cte

d p
roo

f




