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Abstract 

Background and Aim: Neonatal fibroblast cells are widely used in clinical cell therapy for 

treatment of tissue impairments including skin wounds. Fibroblast cells loaded on gelatin 

hydrogels are also used for wound dressing. The main aim of this study was to determine the 

cytotoxic effects of gelatin hydrogel on neonatal fibroblast cells in vitro.  

Methods: This study was performed at the Skin and Stem Cell Research Center, Tehran 

University of Medical Sciences, Tehran, Iran during 2019. After receiving approval from the 

ethics committee and obtaining informed consent from participants, foreskin samples of infants 

(1 to 5 months old) were prepared. Dermal fibroblast cells were isolated by enzymatic method. 

Gelatin hydrogels with concentrations of 7% and 10% were prepared. Cells were seeded into 

gelatin hydrogel samples and the cytotoxic effects of the hydrogel on fibroblast cells was 

measured using MTT assay method. The data were analyzed using ANOVA. 

Results: Neonatal fibroblast cells viability significantly increased when seeded into gelatin 

hydrogel compared to fibroblast cells.  

Conclusion: Using fibroblast cells seeded into gelatin hydrogel is a promising method for 

wound dressing since the cell viability is significantly increased by gelatin hydrogel.  

Keywords: Neonatal fibroblast, Gelatin hydrogel, Cell viability. 

 

Introduction 
Fibroblasts are the main cells in the middle part of the skin that produce collagen and 

extracellular matrix. Fibroblasts are the most abundant connective tissue cells in the human 

body that are isolated from various sources, especially the foreskin of the baby and used in 

tissue engineering. These cells also play a key role in epidermal proliferation and 

differentiation and cellular matrix formation through secretion of different growth factors and 

cytokines [1]. Basic fibroblast growth factor (bFGF) plays a crucial role in various biological 

processes, including cell growth, survival, migration, and differentiation [2]. Fibroblasts make 

collagen, glycosaminoclycans, reticular and elastic fibers, and glycoproteins in the 

extracellular matrix [3].  

A hydrogel is a network of hydrophilic polymer chains sometimes found as a colloidal gel in 

which water is the diffuser phase. Hydrogels are natural or synthetic polymer networks with 

high absorption power and have the ability to absorb body fluids in the biological environment 

[4]. Gelatin hydrogels are a three-dimensional cross-linked polymer network that can absorb a 

lot of water or biofluids even under pressure. This hydrogel is used in various applications in 

the medical field such as tissue engineering, release of therapeutic agents, contact lenses and 
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skin wound healing due to its structure similar to extracellular matrix [5]. The use of hydrogels 

gives the cells enough space to multiply and grow, leaving the cells stable to attach to the target 

tissue. However, the type of hydrogel used and their biological properties as well as how the 

cells are loaded on the hydrogel scaffolds can play an important role in preventing 

complications in the target tissues [6]. The main aim of this study was to determine the 

cytotoxic effects of gelatin hydrogel on neonatal fibroblast cells in vitro. 

 

Materials and Methods 
This study was performed at the Skin and Stem Cell Research Centre, Tehran University of 

Medical Sciences, Tehran, Iran during 2019. After receiving approval from the ethics 

committee and obtaining informed consent from participants, foreskin samples of infants (1 to 

5 months old) were prepared by a paediatrician during the circumcision and transferred to the 

laboratory. Skin tissue was washed using 70% alcohol. The fragmented tissue samples were 

transferred to a Falcon tube and placed overnight in Dispase (0.1%) overnight at 4 ° 

(refrigerator). The dermal tissue was separated from the epidermis and crushed with a surgical 

blade.  Collagenase (0.1 mg / ml) was added to and incubated for 2 hours. The enzyme activity 

was neutralized by culture medium containing 10% serum. The sample was centrifuged (1200 

rpm, 5 min). The cell pellet was added to high glucose DMEM medium containing 10% serum 

and transferred to flask for cell culture.  

Gelatin hydrogel was prepared by physical crosslinking in water with concentration of 7 and 

10% w/v and below 30 ~ 35°C. During the process, gelatin molecules aggregate and undergo 

a conformational change from a random coil to a triple helix. Cells were seeded in gelatin 

hydrogel and MTT assay was used to measure the cell viability.  

 

Results 
The viability of fibroblast cells significantly increased when seeded into gelatin hydrogel 7% 

and 10% (P<0.001) (figure 1). 

 

 
Fig 4. Fibroblast cells viability when seeded into 7% and 10% gelatin hydrogel compared with fibroblast cells. 
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Discussion 
Our findings show that gelatin hydrogel increases fibroblast cells seeded into hydrogel making 

the gelatin hydrogel a best scaffold for wound dressing purpose. In line with our findings, it 

has been shown that porous gelatin hydrogel provides a proper bed for cell placement [7]. 

Hydrogels possess three-dimensional hydrophilic polymer networks, which can swell in water 

and become much larger than their initial weight without dissolution. Hydrogels play an 

important role in bio-medical fields, such as tissue engineering, regenerative medicine, drug 

delivery and so forth. In addition, hydrogels are highly similar to the natural extracellular 

matrix [8], which can offer mimetic conditions for in vitro cell culture. With the development 

of material science, hydrogel-based scaffolds for cell culture have great potential in the field 

of tissue engineering [9]. It has also been shown that the human mesenchymal stem cells 

encapsulated in crosslinked gelatin hydrogel exhibited high (>90%) viability post 

encapsulation, however metabolic activity over one week was influenced by the intensity of 

light used during crosslinking [8]. The data also suggest that injectable gelatin hydrogel can be 

used for regulating stem cell behaviors in 3D culture, delivering cells for wound healing and 

other tissue regeneration applications [10]. Gelatin may serve as a promising biomaterial due 

to its excellent biocompatibility, biodegradability, and non-immuno/antigenicity. However, the 

dissolution of gelatin at body temperature and quick enzymatic degradation in vivo have 

limited its use thus far [11]. The results of in-vitro cytotoxicity tests using mouse embryonic 

3T3 fibroblast cells indicated, an improved cell viability for gelatin gels conjugated/modified 

with poly (2-ethyl-2-oxazoline) (gp) and glyoxylic acid (gg) gels [12]. Gelatin hydrogels have 

been reported to increase cell attachment an cell viability upon cryopreservation of SaOS-2 

cells [13]. Hydrogels, including gelatin hydrogel, can offer several advantages as cell delivery 

vehicles, including cell stabilization and the provision of tissue-like environments with specific 

cellular signals; however, the administration of bulk hydrogels is still not appropriate to obtain 

safe and effective outcomes [14].  

 

Conclusion 
Using fibroblast cells seeded into gelatin hydrogel is a promising method for wound dressing 

since the cell viability is significantly increased by gelatin hydrogel. 
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