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Abstract: 

Native skin consists mainly of epidermal and dermal layers. Here in this work, we have constructed an artificial skin 

scaffold mimicking the bilayered structure of the native skin using electrospinning technique for wound healing. 

Polyurethane (PU) and Gelatin (Ge) were used for developing the epidermal layer and the dermal layer respectively. 

Ciprofloxacin HCl (Cip. HCl) a fluoroquinolone antibiotic was incorporated in both the layers for rapid wound healing. 

Morphology of the skin scaffold was studied using scanning electron microscopy (SEM) analysis and the chemical 

characterization was performed using FTIR spectroscopy. Water vapor transmission rate test and oxygen transmission rate 

test was conducted to evaluate the barrier properties of the scaffold. Thermal stability of the skin scaffold was evaluated 

using DSC and TGA while an understanding of the exudate absorbing capacity and degradation behavior of the scaffold 

was obtained from water absorption studies and in vitro degradation studies respectively. In vitro drug release study and 

drug release kinetics was explored to understand the release mechanism of Cip. HCl from the scaffold. Both the layers 

showed nano and micropores when analyzed using SEM. The dermal layer showed comparatively more water absorption 

capacity and degradation, hence providing a moist environment for the wound. The skin scaffold was permeable to water 

vapor and oxygen, and hence will speed up the process of wound healing. In vitro release for Cip. HCl showed a non-

Fickian swelling type release with zero-order kinetics. Disk diffusion test conducted on the bilayers proved the antibacterial 

activity of the membrane. Hence the electrospun PU-Ge skin scaffold containing Cip. HCl is a promising candidate among 

modern day wound healing materials. 
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1.Introduction 

Clinical management of deep and extensive wounds is challenging [1-3]. 

Any wound having a depth of more than 1 cm cannot heal by itself and 

requires grafts containing dermis and epidermis harvested from other 

parts of the body [4]. Skin tissue engineering is therefore a good option 

for deep wound healing as there is a limitation in getting large autografts 

[5-7]. For deep wounds such as second- degree burn wounds, almost all 

the parts of the dermis and whole of epidermis is lost. Hence the artificial 

skin scaffold developed for such cases should have a bilayer of dermis 

and epidermis mimicking the natural skin properties [8]. Bilayered 

collagen-based skin substitutes such as Integra and Biobrane have greatly 

improved the long-term function and appearance of the wound, with 

lower wound contraction and less pigmentation [9,10]. But these 

collagen-based skin substitutes are usually associated with low 

mechanical strength, slow angiogenesis and lacks antibacterial properties 

as compared to the autograft. There are different types of artificial skin 

scaffolds made of chitosan/ polylactic acid, chitosan/polycaprolactone 

PEG grafted HA and collagen/chitosan hyaluronic acid [11]. Different 

techniques such as electrospinning, layer by layer assembly, solvent 

casting and lyophilization are some of the widely used techniques for 

developing wound healing membranes [12-16]. In this work, we have 

opted for an electrospinning technique to produce an artificial skin 

scaffold consisting of electrospun PU and Ge. Electrospinning is one of 

the easiest methods used for producing membranes having nano and 

micron-sized pores [17]. Flow rate, voltage, time, temperature, distance 

from the collector, density, viscosity, conductivity, surface tension, etc. 

are the different variables that can be optimized to get fibers of desired 
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properties [18]. This technique has been widely used for almost all the 

types of soluble synthetic and biopolymers. Ge has been chosen as a 

dermal substitute because it is the partially denatured derivative of the 

fibrous insoluble protein collagen, and does not express any antigenicity, 

is cost-effective as compared to collagen, shows good hemostatic effects, 

is completely bioabsorbable and can be cross-linked using appropriate 

chemistry to improve the mechanical strength [19]. PU is an excellent 

medical elastomer material with good mechanical strength, oxygen 

permeability, barrier properties and biocompatibility and hence can be 

used as an epidermal substitute [20,21]. Most of these bilayered 

membranes do not show any antibacterial property but it is possible to add 

antibiotics and other growth factors so that rapid wound healing and 

angiogenesis can be achieved. In this case, Ciprofloxacin HCl (Cip. HCl) 

has been added to both the Ge and PU layers so that antibacterial property 

is imparted to the scaffold. The prepared bilayered membrane has been 

characterized and important parameters such as water vapor transmission 

rate, oxygen transmission rate, mechanical parameters, thermal 

properties, in vitro degradation, water absorption, in vitro release, drug 

release kinetics and antibacterial studies have been conducted so that it 

can be used as an effective antibacterial artificial skin scaffold. 

2. Technical details 

The following chemicals have been used [22] 

Type B Gelatin granules conforming to USP standard has been used. 

Polyurethane 

HCl and analytical reagents used in the preparation of pH 7.4 buffer 

including Sodium chloride and Sodium dihydrogen phosphate.  

Potassium chloride (KCl) and Potassium dihydrogen phosphate 

(KH2PO4) 

2, 2, 2-trifluoroethanol (TFE) 

Tetra hydro furan (THF) and N, Dimethylformamide (DMF) 

The following procedures have been adopted 

Preparation of skin scaffold by electrospinning 

Characterization of the membranes 

Scanning electron microscopy analysis 

Fourier transform infrared spectroscopy 

Thermogravimetric analysis 

Differential scanning calorimetry 

Water vapor transmission rat 

Water absorption of the film 

In vitro degradation of the film 

Mechanical properties of films 

In vitro drug release study 

Mathematical modeling for controlled release of drugs Cip. HCl from the 

electrospun fiber 

Antibacterial activity by cup-diffusion method 

3. Conclusions 

In this study, electrospinning technique was used to produce a bilayered 

PU-Ge skin scaffold wound dressing membrane composed of PU, Ge and 

Cip. HCl. The bi-layered structure of this wound dressing was designed, 

so as to mimic the skin native structure, with the PU layer representing 

the epidermal layer and the Ge layer representing the dermal layer. The 

nano porous interconnected structure of the bilayered scaffolds, as 

confirmed by SEM, is a desirable factor for burn wound healing since it 

helps in wound exudate absorption, better cell adhesion and proliferation. 

The thermal stability of the PU-Ge skin scaffolds is evident from the DSC 

and TGA studies while water absorption studies indicate the fluid 

absorption capacity of the bi-layered scaffold. The bi-layered PU-Ge skin 

scaffolds were found to be having optimal water vapor and oxygen 

transmission rates. An optimal WVTR enhances wound healing by 

improving the proliferation and function of epidermal cells and 

fibroblasts, while oxygen-permeable dressings help in faster wound 

healing. The PU-Ge scaffolds showed good mechanical strength in both 

wet and dry conditions as well as controlled biodegradation rates, which 

may be synchronized with the rate of epithelialization. The drug release 

kinetics follows zero-order controlled drug release, which can be 

considered ideal for wound dressing materials. The antibacterial property 

of the bilayered skin scaffold as well as individual layers were evaluated 

and was found to be adequate, such that any chances of infections can be 

ruled out. Hence the bilayered Pu-Ge skin scaffolds can act as effective 

antimicrobial wound dressing materials and can contribute towards 

enhanced wound healing. 
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