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 Chapter 2 

Fabrication, Characterization and Modification Strategy 

of Electrospun Nanofibrous Scaffolds from Acid and 

Alkaline Hydrolyzed Gelatin for Corneal Tissue 

Engineering 
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2.1 Introduction 

Gelatin is a natural protein biopolymer extracted and acquired from partial hydrolysis of native 

collagen. Collagens are the most abundant naturally occurring structural protein present in 

almost all parts of the animal body i.e., bone, cartilage, and skin, cornea, tendon, and ligaments 

(Z. Zhang et al. 2013; Aramwit et al. 2015; Yin-Guibo et al. 2009). Gelatin is reported to 

contain 18 amino acids partially linked to each other. Figure 2.1 depicts the basic chemical 

structure of gelatin. 

Figure 2.1 Basic chemical structure of gelatin (Kommareddy, Shenoy, and Amiji 2007). 

Glycine is one of the three predominant amino acids in the gelatin molecule that modulates 

cell adhesion (Alihosseini 2016; Barchuk et al. 2016; Massoumi et al. 2016) (Figure 2.2). 

Partial hydrolysis of collagen could be performed either by physical, chemical or thermal 

denaturation (Barchuk et al. 2016). Gelatin has been classified into two types i.e. acid 

hydrolyzed gelatin (gelatin A) and base hydrolyzed gelatin (gelatin B) based on the acid or 

alkaline/base pre-treatment and thermal denaturation of collagen (Faradiella, Ningsih, and 

Triastuti 2017) (Figure 2.3). Gelatin type A (acid pre-treated) has broad isoelectric range 

between pH 7-9, while gelatin type B (basic pre-treated) has a narrow isoelectric range between 

4.7- 5.4 (Okhawilai et al. 2010; Van Vlierberghe et al. 2014).  
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Figure 2.2 Basic amino acid composition of gelatin. 

Glycine is present at a N-terminal of alkali processed gelatin while alanine is predominant in 

acid processed gelatin (Djagny, Wang, and Xu 2001). Acid hydrolyzed gelatin (GA) contains 

higher elastic modulus as well as viscosity compared to base hydrolyzed gelatin (GB), 

rendering them preferable for tissue engineering applications (Table 2.1). 

Many similar characteristics from native collagen and low cost of the gelatin proteins make it 

preferable to be used for scaffold fabrications in tissue engineering applications (Mohiti-Asli 

and Loboa 2016; Deshmukh et al. 2017). Gelatin has wide spectrum applications such as 

gelling agents in food industry, gelatin desserts, gummy candies, ice creams, dips, yogurts, and 

marshmallows. Moreover, these are used in photographic films, papers cosmetics and various 

pharmaceutical and medical fields such as hard and soft capsules/microcapsules, drug delivery 

carriers (e.g. microspheres), sealants for vascular prosthesis, drugs, wound healing dressings 
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and multivitamin capsules (Massoumi et al. 2016; Deshmukh et al. 2017; Moreno and Peinado 

2012; Bandyk et al. 2001; Land, Piehl, and Burks 2013; Ramos et al. 2016; Hajikarimi and 

Sadeghi 2020; Ji et al. 2018). 

 

Figure 2.3 Preparation of two distinct gelatins from collagen hydrolysis by acidic and basic 

treatments (Wahab and Mahat 2016). 

Several advantages such as non-immunogenicity, biodegradability and biocompatibility make 

it a suitable candidate for biomedical applications (Yin-Guibo et al. 2009). Nowadays, due to 

their versatile nature these biopolymers have widened their applications in various other areas 

of biomedical and tissue engineering. Gelatin is well known for its film-forming properties that 

enable it to draw in sheets and cell adhesion substrates (Salvatore et al. 2012). There are few 

limitations with film based scaffolds and substrates i.e. low surface area-to-volume ratio, poor 

porosity, and mechanical strength (Barchuk et al. 2016; Ramos et al. 2016; Ji et al. 2018). To 
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overcome these limitations, gelatin electrospinning approach could be applied which would 

ultimately lead to aligned/non-aligned nanofibrous scaffold with high porosity, increased 

surface-to-volume ratio and enhanced mechanical strength (Yin-Guibo et al. 2009; Barchuk et 

al. 2016; Okhawilai et al. 2010; Choktaweesap et al. 2007; Dadras Chomachayi et al. 2018; 

Huda et al. 2017). 

Table 2.1  Characteristics of gelatin type A and type B as described in the literatures (Kuijpers 

et al. 1999a; Lee et al. 2016). 

 

Properties/Characteristic  Gelatin Type A Gelatin Type B 

Treatment Hydrochloric acid/Acid Sodium Hydroxide/Lime 

water 

pH 4.5 – 6.0 5.0 – 7.0 

Isoelectric Point  7.0 – 9.0  4.8 – 5.4 

Gel Strength (Bloom) 300 150 – 250 

Ash 0.3 – 2.0 0.5 – 2.0  

Net charge at physiological pH Positively charged Negatively charged 

Biocompatibility Fair Good  

Viscosity (millipoise) Partially higher  Partially lower 

Degree of crosslinking  Low High 

Elasticity modulus High Low 

Free carboxylic group Low High 

Characteristic amino acids Asparagine, Glutamine Aspartic acid, Glutamic 

acid 

Molecular weight (kDa) 50000-100000 90000-100000 

Gelatin nanofibrous scaffolds could be a potentially advantageous candidate to mimic the 

extracellular matrix (ECM) as well as for developing nanoporous wound dressing, and 
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sustained-release drug delivery system (Jang et al. 2018; Foox and Zilberman 2015). However, 

gelatin based electrospinning approach is difficult with water based solution; therefore it 

requires a highly polar, volatile, organic solvent or a mixture of two or more solvents to enable 

its electrospinning behavior (Mohiti-Asli and Loboa 2016; Song, Kim, and Kim 2008). There 

are various solvents such as trifluoroethanol (TFE), acetic acid, and formic acid, which could 

be used to fabricate controlled gelatin nanofibrous scaffolds. 

Silk fibroin (SF) is a naturally occurring, biocompatible, highly stable and mechanically robust 

polymeric biomaterial that is known to have wide applications in tissue engineering and 

regenerative medicines (Qi et al. 2017; Lawrence et al. 2009; Singh, Bandyopadhyay, and 

Mandal 2019; Li et al. 2017; Chen et al. 2019). SF is generally isolated from cocoons of 

silkworm (e.g. Bombyx mori) and is well known for its transparency, non-toxicity, tuneable 

mechanical property, low immunogenicity, oxygen and water vapour permeability and 

naturally crosslinking property. Silk could be molded into arrangements that could enable 

various optical based applications e.g. lensing and diffraction devices, non-linear optical 

behaviours, and wave guiding (Kujala et al. 2016; Lawrence et al. 2008; Rice et al. 2008). Cell 

growth and proliferation are slightly lower on SF scaffolds due to limited number of cellular 

adhesive sequences (e.g., RGD) (Chen et al. 2019; Guidetti, Wang, and Omenetto 2020; Tran, 

Wilson, and Seib 2018; Aziz et al. 2017). 

Among biomaterials, gelatin could be employed to fabricate cornea, as it is the hydrolyzed 

derivative of collagen, which is the major composition of cornea. Gelatin is a popular 

biopolymer because of its inexpensiveness, biocompatibility and biodegradable nature. 

Moreover, gelatin is devoid of any harmful/toxic effect on the cells and supports the growth, 

development and proliferation of cells (Farasatkia et al. 2021; Mohammadzadehmoghadam 
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and Dong 2019). The limitations of gelatin biopolymers are its high degradability and 

instability on long-term incubation under physiological aqueous environment. Stabilization of 

gelatin nanofibrous scaffolds may be accomplished in two ways: through crosslinking or via 

composite reinforcement. Chemical cross-linkers (i.e., glutaraldehyde, 1-ethyl-3-(3-

dimethylaminopropyl) carbodiimide / N-hydroxysuccinimide) EDC/NHS) could serve as 

stabilizing agents, but have certain limitations such as cytotoxicity and pro-inflammatory 

effects on macrophage-like cells, which negatively affect the biocompatibility of chemically 

cross-linked scaffolds (Hussein et al. 2017). Composite reinforcement adds rigidity and 

strength to a structure, which allows it to withstand structural loads. Composite materials retain 

their own identities while maintaining a relationship between their characteristics and the 

product produced by their combination (Tripathi 2017). Therefore, in this chapter we adopted 

composite reinforcement technique to stabilize gelatin nanofibrous scaffold. 

Electrospinning approach could be ideal for fabricating corneal stromal equivalents mimicking 

corneal architecture (Tonsomboon and Oyen 2013). In this presented work, we have used a 

ternary solvent (glacial acetic acid/ethyl acetate/water) to solubilize gelatin of both types (i.e. 

A and B) separately, fabricated electrospun nanofibers using the prepared gelatin solutions and 

characterized the scaffolds based on various parameters including scanning electron 

microscope (SEM) analysis, porosity, water retaining capacity, attenuated total reflection-

Fourier transform infrared (ATR-FTIR) analysis, and in vitro degradation of the fabricated 

nanofibrous scaffolds. Additionally, to maintain the stability of gelatin-based scaffolds under 

physiological circumstances, silk fibroin was penetrated inside the nanofibrous scaffolds 

followed by their physically crosslinking via ethanol vapor treatment. The scaffolds were then 

characterized for various parameters, including scanning electron microscopy (SEM) analysis, 
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porosity, water-retention capacity, transparency, and attenuated total reflection-Fourier 

transform infrared (ATR-FTIR) analysis. To explore the possibility of its application in corneal 

tissue fabrication, we have also assessed the cellular compatibility using corneal fibroblast 

cells. 

2.2  Materials and method 

2.2.1 Materials 

Gelatin A (Bloom strength 300, molecular weight distribution: 50000-100000 Da) was 

procured from Sigma Aldrich. Gelatin B (Bloom strength 250, molecular weight distribution: 

90000-100000 Da) was purchased from HiMedia, India. Dialysis membrane [12,000 molecular 

weight cut off (MWCO)], polyethylene glycol (PEG, molecular weight- 20,000), lithium 

bromide (LiBr), phosphate buffer saline (PBS), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-

tetrazolium bromide (MTT), Dulbecco’s modified Eagle’s medium (DMEM) high glucose, 

fetal bovine serum (FBS), antibiotics penicillin and streptomycin solution (100X) were 

purchased from HiMedia, India. Absolute ethanol 99.9% of high analytical grade and distilled 

water were used in all the experiments. Glacial Acetic Acid (GAA), ethyl acetate, sodium 

carbonate (Na2CO3) were procured from SRL, India. 

2.2.2 Methods 

2.2.2.1 Fabrication of electrospun gelatin nanofibrous mats 

Gelatin A and gelatin B solutions were prepared separately using a ternary solvent (glacial 

acetic acid/ethyl acetate/deionized water) in a ratio of 4.2:2.1:1 w/w respectively (10% w/w) 

(Tonsomboon and Oyen 2013). The solutions were stirred for 2 h at 1000 rpm, 40°C on the 

hot plate. The solutions were cooled down to the room temperature before performing the 

electrospinning. Super ES-2 electrospinning unit from E-Spin Nanotech Pvt. Ltd., India was 
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used to fabricate nanofibrous sheets. Various parameters such as flow rate, sample 

concentration, applied voltage and the distance between the needle and collector were selected 

with multiple values while optimizing for nanofiber formation. Most of the values such as 

sample concentration, sample solvents, and distance between needle and collected were cited 

from Tonsomboon et al., (Tonsomboon and Oyen 2013). Few parameters such as syringe 

volume and flow rate were already provided in the user manual instructions of the instrument 

(espin nanotech, IIT Kanpur). Rest of the parameters such as applied voltage and thickness of 

the scaffold were optimized after multiple attempts. A summary of optimized parameters for 

electrospinning process is given in table in figure 2.4. Briefly, the solution was dispensed at a 

flow rate of 0.40 mL/h using a 10 mL luer lock syringe with a 21-gauge needle.  

 

Figure 2.4 Depicts schematic for electrospinning setup and optimized parameters for gelatin 

electrospinning.  

 

The drum collector was placed at 15 cm distance spinning at a rotation speed of 1000 rpm with 

an applied high voltage of 15 ± 1 kV for 36 h. The electrospun mats were further air dried in 

the laminar airflow chamber overnight to desiccate them completely. 
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2.2.2.2 Preparation of silk fibroin solution 

Mulberry based cocoons from Bombyx mori were purchased from Research Extension (Silk 

Board), Bhadrasi, Varanasi, ministry of textiles, Government of India. Silk fibroin was isolated 

as described earlier (Rockwood et al. 2011). Briefly, larger cocoons were chopped into smaller 

pieces, which were further degummed using 0.02 M sodium carbonate (Na2CO3) for 30 

minutes in boiling deionized water. The fibers isolated were rinsed thoroughly in hot water to 

remove most of the sericin content, followed by air drying at room temperature overnight. 

Furthermore, the extracted and dried silk fibers were solubilized in 9.3 M lithium bromide and 

incubated at 60°C for 4 h for the complete dissolution of the silk fibers. The silk fiber-

containing solution was dialyzed using 12 k Da cellulose dialysis membrane at 4°C for 3 days 

against deionized water to remove lithium bromide completely (Figure 2.5).  

 

Figure 2.5 Schematic flow diagram for silk fibroin extraction procedure. 

The water was regularly changed every 6 h to maintain the concentration difference for passive 

diffusion of lithium bromide outside from the dialysis bag. Thus, the obtained silk fibroin 

solution was around 7-8% (w/v) solution, which was however found difficult to spin coat due 
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to less viscosity. Therefore, the silk solution was again dialyzed against 10% (w/v) 

polyethylene glycol (MW. 20,000) for 10 h to obtain relatively more concentrated silk fibroin 

solution (14-16% (w/v)).  

2.2.2.3  Silk permeation inside gelatin scaffold 

Electrospun nanofibrous gelatin A scaffold was observed to degrade within 24 h in PBS at 

37°C. To improve the integrity and stability of nanofibrous gelatin A scaffolds in culture 

medium, scaffolds were permeated with 14-16% w/v silk fibroin solution obtained from 

Bombyx mori as described earlier. Furthermore, the nanofibrous scaffolds permeated with 

silk fibroin (SFG) were treated with 70% ethanol vapor overnight for physically crosslinking 

the silk fibroin to stabilize the gelatin A nanofibers inside the scaffold. Briefly, the 60 mm 

Petri dish was placed in an inverted position on the spin coater chuck and silk fibroin solution 

was spin-coated at 500 rpm for 1 minute at an acceleration of 500 rpm/s to obtain a thickness 

around ~400-500 microns. Thickness was measured from microscopic images of the cross-

sectional area from the obtained scaffold. Furthermore, the electrospun gelatin mat was placed 

on the top of spin-coated silk fibroin gently, which allowed permeation of silk fibroin in all the 

unoccupied space in-between the nanofiber space (figure 2.6a). The silk permeated mat was 

further air-dried overnight. Moreover, the scaffold was treated overnight with 70% ethanol 

vapor to physically crosslink the silk and to increase number of beta sheets formation (figure 

2.6b). The fabricated scaffold was further characterized for its enhanced stability and 

cytocompatibility. 
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Figure 2.6 Schematic procedure for (A) silk permeation inside the electrospun gelatin A 

nanofibrous structure and (B) schematic representing ethanol vapor crosslinking of the silk 

permeated gelatin A nanofibrous (SFG) scaffold. Ethanol vapor treatment alters silk 

confirmation from least stable, high water soluble scaffold to highly stable, less water-soluble 

silk. Therefore, the gelatin nanofibers of silk permeated gelatin A (SFG) remains protected 

from fast degradation enhancing its stability under physiological conditions. 

2.2.3 Characterization of the scaffolds 

2.2.3.1 Morphological characterization of electrospun nanofibers 

Scanning electron microscopic [Zeiss EVO 18 SEM Zeiss, (Germany)] images of the 

fabricated nanofibrous mats were characterized for their morphological features such as 

nanofibers arrangement, fiber size, the porous space in-between the nanofibers. Briefly, the 10 
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mm x 10 mm samples were sputter-coated with gold and were studied for their physical 

appearance at various magnifications. The SEM micrographs were captured at 3 different 

magnifications i.e., at 5k, 10k and 25k, at an accelerating voltages of 15 KeV. 

2.2.3.2 Porosity determination 

The porosity of the fabricated scaffold was quantified using Image J software (NIH, USA) 

from at least 3 different images of both electrospun scaffolds as described earlier (Michalak et 

al. 2017; Oksa et al. 2011). Porosity calculation using Image J software is the best method, 

which has been proposed to deliver the reliability of 95% confidence level (Oksa et al. 2011). 

The procedure to calculate the porosity has been described as flow chart in figure 2.7. The 

mean threshold method was applied for porosity calculation. The results obtained were plotted 

using Origin software (Origin Lab Corporation). 

 

Figure 2.7 Schematic for porosity analysis using Image J software. 
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2.2.3.3 ATR-FTIR spectroscopic analysis 

Infrared spectra for the scaffolds were recorded on Nicolet iS5 THERMO Electron Scientific 

Instruments LLC equipped with diamond laminate crystal with iD5 attenuated total reflection 

(ATR) accessory for the scaffolds. 4 cm-1 resolutions with 16 scans were taken for all spectra 

at an infrared range of 500– 4000 cm-1.   

2.2.3.4 Water retention capacity 

The water retaining capacity of the scaffolds was discerned by soaking the scaffolds in 

phosphate buffered saline (PBS), pH 7.4 at room temperature for 144 h (i.e., 6 days) 

(Varshney et al. 2019). Scaffolds used for this study were 10 mm x 10 mm x 0.5 mm (lxbxh). 

The fluid retention ratio is defined as the ratio of final increased weight to the initial weight. 

The weight of the wet scaffolds was measured immediately by blotting the surrounding water 

content with the help of a tissue paper. At least three independent experiments were carried 

out in triplicates. 

The water retention was determined as 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑝𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 (%) = (
𝑊𝑤𝑒𝑡− 𝑊𝑑𝑟𝑦

𝑊𝑑𝑟𝑦
) × 100……………………… (i) 

 

2.2.3.5 In vitro stability and degradation 

In vitro stability and biodegradation of the fabricated scaffolds were carried out in a lysozyme 

solution (104 U/mL in distilled water) at 37°C inside a humidified CO2 incubator. The scaffolds 

were incubated in the lysozyme solution for 6 days. The lysozyme degradation was observed 

after 4 h, 10 h, 1 day, 3 day and 6 days of incubation. The scaffolds were weighed at specified 
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time intervals while maintaining the degrading medium. At the end of the postulated time 

period the scaffolds degradation percentage was quantified using the following formula- 

𝐷𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) = (
𝑊𝑖− 𝑊𝑓

𝑊𝑖
) × 100…………….…………………… (ii) 

Where 𝑊𝑖 and 𝑊𝑓 are the initial and final weights of the scaffolds before and after degradation 

respectively. 

2.2.3.6 Transparency determination 

Transparency of the scaffolds was measured using a UV-visible spectrophotometer (UV-VIS 

Spectrophotometer – 2373, Electronics India (EI), India) across the range of visible 

wavelengths (400-700 nm). The scaffolds were cut into strips with 20 X 9 mm dimensions 

with a thickness range of 0.5-0.6 mm. The scaffolds were pre-immersed in PBS for 1 h and 

were loaded in cuvette for transparency measurement. Firstly, the cuvette containing PBS was 

set as a reference baseline and then the samples were scanned in visible wavelength range 

(400-700 nm). 

2.2.3.7 Cellular viability and compatibility 

2.2.3.7.1 Culturing fibroblast cells on the prepared nanofibrous scaffolds 

To determine the cellular proliferation and cellular biocompatibility, the silk permeated (SFG) 

scaffolds (3 mm punched using biopsy punch) were first air dried overnight and soaked in a 

complete nutrient medium and incubated for 1 h to enrich the scaffolds with nutrients essential 

for cell growth and proliferation. Tissue culture polystyrene 96-well plates as a two-

dimensional (2D) culturing platform were employed as a control for cell culture. 

Moreover, scaffolds, as well as control plates, were seeded with 104 cells per unit volume. 

SIRC [Statens Seruminstitut Rabbit Cornea] cells were used for the cytocompatibility 
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assessment, and the nutrient medium was changed every alternate day.  The scaffolds were 

observed every alternate day for cellular growth and proliferation inside the scaffold.  

2.2.3.7.2 MTT assay 

Cell proliferation and toxicity were determined by MTT (3-(4, 5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H-tetrazolium bromide, HiMedia) reduction assay using SIRC cells (corneal 

fibroblast cells). This assay presents a simple colorimetric method for calculating comparative 

cell viability by using a standard microplate absorbance reader. The MTT test is a colorimetric 

assay used to measure the metabolic activity of cells. It is based on the ability to reduce the 

tetrazolium dye MTT to an insoluble, purple-color formazan crystals, which is reliant on the 

enzymes of nicotinamide adenine dinucleotide phosphate (NADPH) (Figure 2.8). The MTT 

assay was performed with silk permeated gelatin A composite scaffold placed at the bottom of 

the 96-well plate following the standard procedure. 3 mm scaffold discs were punched out that 

were sterilized by exposing them to ultra-violet radiation for 60 minutes inside a biosafety 

cabinet. Cells cultured in the 2D polystyrene 96-well plates without any scaffolds were taken 

as a positive control; whereas the cell culture medium alone (without cells) served as the 

negative control for the experiments. SIRC cells were seeded on each scaffold at a density of 

1x104 cells/mL and maintained in a CO2 incubator (Galaxy® 170 S, Eppendorf, Germany) for 

1st day, 3rd day, and 5th day. After incubation, the culture medium was removed from each well 

and a total of 100 µL solution of medium and MTT (5 mg/mL in PBS) solution was added to 

each well. After 4 h of incubation with MTT, the formazan crystals formed inside the wells 

were solubilized using a 100 µL dimethyl sulfoxide (DMSO, HiMedia) solution for 1 h for 

both control and scaffold samples. The optical absorbance was measured at 570 nm on a 
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multimode reader (Synergy H1 hybrid, Biotek, USA). Three independent experiments in 

triplicates were performed for testing the scaffolds. 

 

Figure 2.8 Depicts the mechanism of MTT assay to determine the cellular proliferation. 

2.2.3.8 Statistical analysis 

At least three independent experiments were performed in triplicates, unless otherwise stated 

and the results were expressed as mean ± standard deviation (SD). One-way analysis of 

variance (ANOVA) was performed for all the samples followed by Tukey’s multiple 

comparison test to evaluate difference between the groups and considered significant when p 

< 0.05*, p<0.01**, p<0.001***. 

2.3 Results  

2.3.1 Morphological characterization  

We have studied the scanning electron microscopic (SEM) images of the fabricated scaffolds 

for their morphological properties. The nanofibers of the fabricated scaffolds were distinctly 

visible in the obtained micrograph, as shown in figure 2.9. Both types of gelatin scaffolds 

depict similar nanofibers in a randomly arranged manner. SEM images show good 
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interconnectivity between the pores of the gelatin A and B nanofibrous mat that would be 

beneficial for cellular growth and proliferation (Figure 2.9 c and d). The average nanofiber 

diameter was calculated as 96.09 ± 31.9 nm and 86.07 ± 29.5 nm for gelatin A and B, 

respectively. Fig.2.10 represents the permeated silk fibroin inside GA nanofibrous scaffold. 

The scaffolds clearly showed permeation of silk within the nanofibrous pores. SEM images 

show good interconnectivity between the gelatin A nanofibrous mat pores that would be 

beneficial for cellular growth and proliferation. Silk occupied the nanofibrous gaps in the silk 

permeated gelatin (SFG) scaffold, and as a result, the pores in the SFG scaffold are no longer 

visible through SEM images. The physical crosslinking of silk nanofibers using ethanol vapor 

provides stability to less stable gelatin nanofibrous scaffolds to withstand the physiological 

environment and to exhibit optimal cellular growth. 

 

Figure 2.9 Digital images and SEM micrograph of the electrospun gelatin nanofibers. (A) & 

(B) Digital images and (C) & (D) SEM images of nanofibrous scaffold shows no difference 

except gelatin B nanofibers appears smooth and thin compared to gelatin type A nanofibers. 

Gelatin Type A Gelatin Type B

(c) (d)

(a) (b)

500nm500nm
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Figure 2.10 Depicts digital images of electrospun gelatin A (GA) and silk permeated 

nanofibrous gelatin A (SFG), and their respective SEM images.  

 

2.3.2 Porosity determination 

The porosity of the prepared scaffolds was measured from the SEM (Scanning electron 

microscope) images of the gelatin A and B scaffolds using Image J (open, free software for 

image processing). The threshold method adopted was ‘mean’. Porous space between the fibers 

was found notably high that significantly increased the free space area around the nanofibers.  

The obtained results showed similar porosity values i.e. 48.08± 3.35 and 51.38 ± 3.72 for 

gelatin A and gelatin B, respectively (Figure 2.11).  
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Figure 2.11 Graph represents the porosity percentage obtained using image J software from 

the scanning electron microscope (SEM) images of the fabricated scaffolds: gelatin A and 

gelatin B. 

2.3.3 ATR-FTIR spectroscopic analysis 

Attenuated total reflection-Fourier-transform infrared spectroscopy (ATR-FTIR) of gelatin 

type A and B nanofibrous sheet was performed to identify the functional groups, probable 

biomolecules and possible bonds in both the samples. Proteins are a group of amino acids 

connected by peptide bonds. These polypeptide and proteins repeating units are responsible 

for IR absorptions bands. These polypeptide and protein repeats give rise to nine characteristic 

absorption bonds out of which the amide-I represents C=O stretching and could be identified 

as a peak at 1640 cm-1, N-H bending vibrations and stretching vibrations of C-N were 

represented by amide-II and display a peak at 1539 cm-1. Amide-III peak is represented at 1240 

cm-1, which represents N-H in phase bending and C-N stretching. The peak band 3304 cm-1 

attributes to hydrogen bond of water and  amide A (N-H stretching vibration) (figure 2.12). On 
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comparing peaks of both the gelatin A and B scaffolds, we observed similar peaks at 

characteristic wavenumbers with slight change in their peak intensities. 

Figure 2.13 shows the various characteristic peaks of gelatin type A nanofibrous sheet, silk 

nanofibrous scaffold and SFG scaffold; such as, in case of SFG peaks of amide-I represent 

C=O stretching and could be identified as a peak at 1640 cm-1, N-H in phase bending vibrations 

and stretching vibrations of C-N were represented by amide-II and display a peak at 1539 cm-

1.  Amide-III peak is represented at 1240 cm-1, which represent N-H in phase bending and C-

N stretching. The peak band 3304 cm-1 attributes to hydrogen bond of water and  amide A (N-

H stretching vibration) (figure 2.13). Moreover, the major peaks for silk film (before ethanol 

vapor treatment i.e., NT) were detected at 1645, 1530 and 1235 cm-1. These absorption peaks 

correspond to the peptide backbone of amide I (C=O stretching), amide II (N-H Bending) and 

amide III (C-N stretching) respectively; representing random coil arrangement of silk I 

structure. Ethanol vapor treatment of SFG overnight led to shift in the absorption peaks to a 

slightly lower wavenumber i.e., at 1627 cm-1, 1522 cm-1 and 1232 cm-1 for amide I, amide II 

and amide III, respectively; attributing to β sheet formation in silk and furthermore indicating 

that SFG (after ethanol vapor treatment) mainly exhibited silk II structure (Okhawilai et al. 

2010; Amiraliyan, Nouri, and Haghighat Kish 2010; Shen et al. 2015; Yusoff et al. 2019). It is 

important to note that SFG does not exhibit any alteration in the gelatin peaks after ethanol 

vapor treatment.  
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Figure 2.12 Attenuated total Reflection-Fourier-transform infrared spectroscopy (ATR-FTIR) 

analysis of electrospun gelatin A scaffold, gelatin B scaffold and gelatin A. Both the gelatin A 

and B polymeric scaffolds show similar characteristic peaks with no significant difference. 

Gelatin A and gelatin B scaffolds represents characteristic peaks at 1640, 1540, 1455 cm-1 and 

3304 cm-1 for amide I, amide II, amide III and amide A, respectively.  
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Figure 2.13  Attenuated total reflection-Fourier-transform infrared spectroscopy (ATR-FTIR) 

analysis of electrospun gelatin A scaffold silk film, and ethanol treated silk permeated gelatin 

A nanofibrous mat [SFG (T)]. SFG (T) shows all the characteristic peaks of gelatin A and silk, 
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with a peak shift of silk characteristic peak to a slightly lower wavenumber, i.e., at 1627 cm-1, 

1522 cm-1, and 1232 cm-1 for amide I, amide II, and amide III, respectively.  

 

2.3.4 Liquid retaining capacity   

The results for liquid retaining capacity of the scaffolds are shown in figure 2.14. The dried 

samples were weighed and then immersed in PBS followed by incubation at room 

temperature (25oC) as well as at physiological temperature (37oC). Gelatin B scaffold got 

dissolved quickly in both the conditions, whereas gelatin A gained approximately 800% fluid 

than its original weight within 2 h and was stable more than 11 h at room temperature. At a 

physiological temperature (i.e., 37oC), the scaffold gained around 1000% fluid than its dry 

weight and was stable only up to five hours followed by eventual degradation (figure 2.14). 

The SFG scaffold after physical crosslinking showed a weight gain up to 960% of the total 

weight. The SFG scaffold lost a little weight after 5 h after incubation but attained stability 

after losing little weight. The SFG scaffold was perceived to have enhanced stability i.e., up to 

144 h (i.e., 6 days) at physiological temperature. Therefore, the permeation of silk fibroin 

followed by ethanol treatment led to better stability of the gelatin A nanofibrous scaffold 

compared to gelatin A (GA) without any treatment. 
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Figure 2.14 Water retention percentage of acid hydrolyzed (gelatin A) scaffold at (A) room 

temperature (B) at 37°C (physiological temperature) upto 11 h, and (C) electrospun silk 

permeated gelatin A nanofibrous (SFG) scaffold at 37ºC (physiological temperature) up to 144 

h (i.e. 6 days). The gelatin A scaffold incubated at 37°C shows high water holding capacity, 

but starts degrading after 5 h whereas the samples stored at a room temperature (25°C) remains 

stable upto 11 h of incubation. Silk permeated electrospun gelatin A nanofibrous scaffold 

(SFG) remains stable for longer compared to gelatin A alone, providing better opportunity for 

cellular growth. 
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2.3.5 Stability and degradation 

Stability and degradation of a biomaterial is an essential characteristics of any scaffold to be 

utilized for tissue engineering application. The evaluation of the stability of fabricated 

nanofibrous sheet was performed at physiological temperature (37°C). In vitro degradation 

study in a lysozyme solution was conducted to simulate behavior of nanofibrous scaffold in 

physiological environment, because of presence of this enzyme in various body fluids 

including tears and serum (Ren et al. 2005). Digital images of the scaffolds represent the 

degradation behavior as shown in figure 2.15 (a). The gelatin B degraded quickly within 

minutes, whereas, gelatin A showed comparatively better stability and almost degraded 

within 24 h of incubation. The silk permeated gelatin A nanofibrous scaffold (SFG) degraded 

around 40% of its original weight within 6 days of incubation. Bar graph in figure 2.15 (b) 

represents the weight loss percentage of gelatin A and SFG nanofibrous scaffolds. Gelatin A 

nanofibrous scaffolds lost ~35% and ~83% of their initial weight after 4 h and 10 h of 

incubation, respectively, followed by almost complete degradation 24 h onwards. SFG 

nanofibrous scaffolds exhibited better stability compared to both gelatin A and B nanofibers. 

Weight loss percentage for SFG nanofibrous scaffold was found ~6%, ~12%, ~27%, ~32% 

and ~40% after 4 h, 10 h, 1st day, 3rd day and 6th day of incubation. The small weight loss 

percentage of SFG scaffold could be attributed to its conversion from hydrophilic and 

amorphous silk moiety into less hydrophilic and crystalline structure after ethanol treatment. 

Moreover, gelatin component is likely to be entangled in between crystalline silk structure; 

facilitating better stability and resistance to lysozyme degradation of SFG scaffold. 
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Figure 2.15 Depicts in vitro degradation of scaffolds in lysozyme solution to simulate the in 

vivo environment of body fluids (A) Digital images of scaffolds showing physical appearance 

of gelatin A, gelatin B and SFG scaffolds after 4 h, 10 h, 1 day, 3 day and 6 days of incubation 

in lysozyme solution (B) Represents weight loss percentage of scaffolds after 4 h, 10 h, 1 day, 

3 day and 6 days of incubation. Scale bar is 10 mm. 

2.3.6 Transparency  

The transparency of nanofibrous gelatin B scaffold was not possible to measure as it got 

dissolved quickly after immersing the scaffold in PBS solution. Gelatin A and SFG scaffolds 
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were quantified for their transparency. The transparency of nanofibrous gelatin A and SFG 

scaffolds were further compared with that of adult rat native cornea as shown in figure 2.16. 

The comparative graph represents the transparency of adult rat cornea (78.38 ± 5.4) similar 

to acid hydrolyzed gelatin (63.32 ± 5.8), which was found slightly higher than the 

transparency of silk permeated gelatin A composite scaffold (60.53 ± 10.3) (Table 2.2). Thus, 

the outcomes revealed the transparency of the scaffolds comparable to that of adult rat cornea, 

which harbours its tremendous potential to be used for a myriad application in corneal tissue 

engineering. 

 

Figure 2.16 Depicts the transparency percentage of the native rat cornea, and fabricated 

electrospun gelatin type A scaffold and silk permeated gelatin A (SFG) nanofibrous scaffolds. 

The scaffolds illustrate comparable transparency with respect to native adult rat cornea. 
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Table 2.2 Transparency percentage of the fabricated scaffolds quantified using UV-Visible 

spectrophotometer. 

 

S.No. Scaffold Transparency 

(%) 
1.  Adult rat cornea 78.38 ± 5.4 

2.  Gelatin A scaffold 63.32 ± 5.8 

3.  SFG 60.53 ± 10.3 

 

2.3.7 Cellular viability and compatibility 

2.3.7.1 Cell culture within the scaffolds 

Culturing cells on the prepared scaffold was performed to assess the cytocompatibility of the 

nanofibrous scaffolds. Gelatin type B scaffold is dissolved immediately when exposed to 

nutrient medium. As discussed previously, the gelatin A scaffold was found stable up to 

certain duration at physiological conditions, but start to degrade after 6 h of incubation. 

Therefore, to maintain stability and observe cell growth and cell compatibility, the 

concentrated silk fibroin (14-16 % w/v) was permeated inside the gelatin mat, followed by 

physical crosslinking using 70% ethanol. The obtained results show optimal cell growth and 

proliferation of fibroblast cells (figure 2.17). Figure 2.17 (a) and (b) represent the bright-field, 

DAPI stained and merged images of SIRC cell cultured on two-dimensional polystyrene 

culture plates (TCP) and SFG scaffolds, respectively. The SIRC cells were clearly visible at 

10x magnification on the scaffold. Although cells exhibited less expanded shapes on the 

scaffold, they were showing good proliferation rate as observed from MTT results. No 

significant compromise in the physical stability and integrity of the scaffolds was perceived in 

the 96-well polystyrene plate until 6 days of cell culture 
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Figure 2.17 Illustrates growth of SIRC [Statens Seruminstitut Rabbit Cornea] fibroblast cells 

cultured on (A) a culture plate and (B) silk permeated gelatin A (SFG) nanofibrous scaffold 

for 1, 3, and 5 days. Scale bar is 100 µm. 
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2.3.7.2 MTT assay 

A steady increase in cellular viability was observed over a period of 5 days of culture on the 

silk permeated, physically crosslinked gelatin A (SFG) scaffold for SIRC cells. The scaffold 

depicted a consistency in the percentage of cellular proliferation (~ 72%) with respect to 5th 

day control for SIRC fibroblast cells by 5th day of culture (figure 2.18). Fabricated scaffold 

assisted growth of fibroblast cells; the proliferation percentage for fibroblast cells was seen to 

be remarkably optimal by 5th day of cell culture within the scaffolds. Scaffolds showed a 

noticeable increase in the proliferation percentage of SIRC cells from 21.16 ± 1.73 % on 1st 

day to 36.18 ± 2.90 % by 3rd day and to 72.46 ± 3.73 % by 5th day with respect to 5th day 

control for (SIRC) fibroblast cells cultured in 96-well polystyrene plates (figure 2.18). 
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Figure 2.18 This figure illustrates the percentage cellular viability of SIRC [Statens 

Seruminstitut Rabbit Cornea] fibroblast cells for 1st, 3rd and 5th day of cell culture. Cellular 

proliferation and compatibility of the electrospun gelatin A permeated nanofibrous (SFG) 

scaffold determined by MTT assay. In this experiment, absorbance for the 5th day control 

culture of SIRC cell was considered as reference OD for all the samples. Values are expressed 

as mean ± SD (n=3) and the level of significance as *p < 0.05 and **p < 0.01, ***p < 0.001, 

respectively. 

2.4 Discussion 

Gelatin is the natural polymer that is the most comparable to collagen in terms of chemical 

characteristics and structural similarity. In compliance with the acid or alkaline/base pre-

treatment and thermal denaturation of collagen, gelatin has been divided into two types: acid 

hydrolyzed gelatin (gelatin A) and base hydrolyzed gelatin (gelatin B). In this study, we have 

revealed and explained the fabrication and characterization of alkali hydrolyzed and acid 

hydrolyzed gelatin based electrospun scaffolds that may harbour tremendous applications in 

corneal tissue engineering. Gelatin A and B represent similar characteristics except a few 

properties, which have been stated in Table 2.1. Alkali pre-treatment converts amide residue 

of asparagine and glutamine into aspartic acid and glutamic acid, respectively, leading to 

relatively more number of carboxylic groups in gelatin B. Among gelatin A and B, the shear 

modulus (Ge) of gelatin A is expected to be higher because of high bloom strength (300) 

compared to gelatin B (250). Concentrations of elastic junction (µ) and network chain (ν) are 

known to affect Ge that determines the polymer network of the gel. At equal degree of swelling, 

Ge of physical gelatin A gels are found consistently higher than Ge of physical gelatin B gels. 

Moreover, in a study chemically cross-linked gelatin B gels showed a lower elasticity modulus 

than chemically cross-linked gelatin A gels wherein the number of chemical junctions was 

found the same as in the other (Kuijpers et al. 1999b; Lee et al. 2016). This appeared to be 

in conflict with the fact that gelatin B contains more carboxylic acid groups, which are 
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available for cross-linking; however, the same is also associated with a higher probability of 

intramolecular cross-linking, as demonstrated quantitatively by chemical and rheological 

analysis of the number of cross-links formed (Kuijpers et al. 1999b; Van Vlierberghe et al. 

2014). It is known that the chance for intramolecular cross-linking increases upon increasing 

the number of reactive groups on a polymer chain. Therefore, it is anticipated that the 

intermolecular interaction between the exposed moieties of gelatin A could be higher 

compared to that of gelatin B. As a result, gelatin A is expected to demonstrate greater inter-

crosslinking for the gelatin A based nanofibrous scaffold, resulting in greater stability as 

compared to gelatin B nanofibrous scaffolds.  From the stability test, we observed that the acid 

hydrolyzed gelatin electrospun scaffold might serve as a promising candidate for tissue 

engineering applications in comparison to gelatin B electrospun scaffold. Gelatin A based 

scaffold maintains its integrity for longer duration at both room temperature as well as at 

physiological conditions. Although the gelatin A electrospun mat does not perform well at 

physiological conditions for much longer duration, its transparency feature in an aqueous 

solvent may enable it to be used in the area of tissue engineering where transparency of the 

scaffold is an essential requirement (Tonsomboon and Oyen 2013). To overcome the stability 

issue, various crosslinking agents such as carbodiimides i.e., 1-ethyl-3-(3-

dimethylaminopropyl)-1-carbodiimide hydrochloride (EDC) in conjunction with N-

hydroxysuccinimide (NHS), glutaraldehyde, genipin, and transglutaminase are used and 

reported in the literature (Tonsomboon and Oyen 2013; Zhao and Sun 2017; Reddy et al. 2008; 

Long et al. 2017; Farris, Song, and Huang 2010). These crosslinking agents  have been widely 

exploited to gain optimal mechanical strength and stability, tunable porosity, optimal water 

imbibing capacity, and extensive porosity in several polymeric biomaterials (Tonsomboon and 
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Oyen 2013; Zhao and Sun 2017; Reddy et al. 2008; Long et al. 2017). Crosslinkers could be a 

better alternative to enhance the stability of gelatin based electrospun scaffold. However, they 

are accompanied with a few limitations such as hampering the transparency, pro-inflammatory 

effects on macrophage-like cells and causing toxic effect on cellular proliferation (Biscarat et 

al. 2015; Poursamar et al. 2016). 

Ethanol treatment induces crystallinity in the silk fibroin by transforming the secondary 

structure from random coils to β sheets. Silk fibroin structural protein majorly remains in 

amorphous state when in liquid form and contains large number of water molecules in between 

the structure enabling its hydrophilic nature. It undergoes conformational transition among 

beta sheets, random coil and helices, when exposed to ethanol vapor or methanol or other 

external stimuli such as water vapor and high intensity UV light (L. Zhang and Webster 2009; 

Smith and Ma 2004; Buitrago et al. 2018; Hodgkinson, Yuan, and Bayat 2014). The β sheet 

formation involves the breakage of hydrogen bonds between water and silk and formation of 

intra/inter-chain hydrogen bonds (Figure 2.6 b) (Lin et al. 2013). Moreover, the obtained FTIR 

results in figure 2.13 are in agreement with the various studies including the effect of ethanol 

treatment on the fabricated silk fibroin nanofibers and its composites for tissue engineering 

applications by Varshney et al. (Varshney et al. 2020), Ning et. al. (Ning et al. 2018) Huang 

et. al. (Huang et al. 2014) and Zhang et. al. (F. Zhang, Wang, and Zuo 2010). ATR-FTIR of 

the scaffolds confirms the characteristic peaks of the polymeric materials. SFG reveals the 

presence of both the polymers i.e., gelatin A and silk. Ethanol vapor treatment shifted major 

silk characteristic peaks from random coil arrangement (silk I) to beta sheet conformation (silk 

II), resulting in better stability compared to silk film (NT= non-treated i.e., before ethanol 

treatment) (Amiraliyan, Nouri, and Haghighat Kish 2010; Shen et al. 2015). The interaction 
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between the polar groups of silk fibroin chains and ethanol/methanol/water molecules affects 

the hydrogen bonding between the proteins chains which results in the conversion of less 

stable, water-soluble amorphous silk into a highly stable, water-insoluble crystalline silk 

structure (L. Zhang and Webster 2009; Hodgkinson, Yuan, and Bayat 2014; F. Zhang, Wang, 

and Zuo 2010; Baradaran-Rafii, Biazar, and Heidari-keshel 2016). Silk fibroin protein is a 

transparent, biocompatible, less degradable and mechanically stable naturally occurring 

product. These properties of silk entice it as a suitable candidate to be used in combination 

with gelatin. In our study, we have permeated concentrated silk fibroin (14-16% w/v) within 

the porous spaces of gelatin A nanofibers followed by physical crosslinking of silk fibroin to 

enhance the stability of the scaffold. The silk permeated within the pores of nanofibrous gelatin 

A scaffold increased its stability as well as facilitated adequate time for culturing cells within 

the scaffold. The electrospinning approach confers high porosity with random/aligned fibrous 

architecture with high surface to volume ratio and optimal interconnectivity between the 

nanopores within the nanofibrous structures (Mohammadzadehmoghadam and Dong 2019; 

Singh, Bandyopadhyay, and Mandal 2019). Porosity in between the electrospun nanofibers 

plays an essential role to interconnect cellular interaction as well as proper nutrient distribution 

to each and every cell inside the scaffold (Mohammadzadehmoghadam and Dong 2019).  The 

SEM images of the scaffolds confirm the random nanofibrous structure and its high porosity 

has been elucidated using ImageJ software. The electrospun nanofibrous scaffolds hold an 

advantage of enhanced mechanical property that has been extensively discussed in the 

literatures (Tonsomboon and Oyen 2013; 2013; Hwang et al. 2016; Poddar et al. 2019). 

Moreover, this unique feature provides more cellular growth and proliferation 

(Balavigneswaran et al. 2018; Poddar et al. 2019).  
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Crosslinking or blending the scaffold with the silk fibroin enhances its characteristics 

including stability and cellular proliferation, which renders them a potent biomaterial for 

tissue engineering and drug delivery applications. Gelatin enhances the hydrophilicity of the 

scaffold that permits cellular biocompatibility and supports viability with controlled 

degradation (Alihosseini 2016; Salvatore et al. 2012). Reported corneal transparency of 

various organisms varies based on the thickness of the cornea. The transparency is measured 

in the visible range and maximum transparency is quantified at a wavelength of ̴ 800 nm. 

The human native cornea shows a transparency in a range of 70-90%, which is comparable 

to the native cornea of porcine and goat (Chakraborty et al. 2019; Choi et al. 2010; Meek and 

Knupp 2015; Murab, Chameettachal, and Ghosh 2016; Nara et al. 2016; Shi et al. 2019; 

Tonsomboon and Oyen 2013). The comparative study of visible light transparency percentage 

depicts that silk permeated gelatin type A scaffold shows the transparency close to those of 

the native rat cornea (Chakraborty et al. 2019; 2019; Choi et al. 2010; Maurice 1957; Meek 

and Knupp 2015; Murab, Chameettachal, and Ghosh 2016; Shi et al. 2019). Figure 2.16 depicts 

the transparency of fabricated nanofibrous scaffold comparable to adult rat cornea as 

physiological basis of reference. There are a few studies that reveal transparency value and/or 

spectrum of transparency levels that seem to be similar to that of an adult rat cornea. e.g.  Zhang 

et al., have shown maximum transparency of rat cornea around 70% at a wavelength of 700 

nm and minimum transparency of rat cornea around 45% at wavelength 450 nm. However, we 

have obtained slightly higher transparency level with a similar spectral trend (maximum 

transparency ~78% at a wavelength of 700 nm and minimum transparency of rat cornea around 

68% at a wavelength 450 nm). The maximum transparency of fabricated nanofibrous scaffold 

(SFG) is obtained ~60% at a wavelength of 700 nm and minimum transparency around 50% 
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at a wavelength 450 nm). However, the thickness of the construct we have used in the study is 

around ~400-500 µm, which is analogous to the thickness of the human cornea; in contrast, 

the thickness of adult rat cornea thickness is reported to be approximately 126.89 ± 11.11 μm 

(Schulz et al. 2003). Furthermore, it is generally known that 'path length' is a critical component 

in determining absorbance/transmittance, as demonstrated by Beer–Lambert law (Kocsis, 

Herman, and Eke 2006). Therefore, it is expected that the fabricated nanofibrous scaffold when 

trimmed down to the thickness of adult rat cornea would deliver comparable transparency. 

Cellular compatibility of the scaffold was supported by the viability percentages obtained from 

MTT assay. Cell proliferation study supports the fact that the obtained electrospun gelatin A 

scaffold was highly compatible for corneal fibroblast cells which was in agreement with the 

microscopic observations. Although there are a few reports that proposed electrospun gelatin, 

collagen and other polymers based scaffolds for corneal tissue engineering applications 

(Hazra et al. 2016; Kong and Mi 2016; Lawrence et al. 2009; Mohammadzadehmoghadam and 

Dong 2019; Tonsomboon and Oyen 2013; Wu et al. 2018), our developed silk permeated 

electrospun gelatin based scaffold to the best of our knowledge appear to be a novel 

biomaterial possessing the major properties of native human cornea. Such a set of properties 

confers the efficacy of the electrospun gelatin based implants for cornea and other relevant 

areas of tissue engineering.  

2.5 Conclusion 

The present work demonstrates the comparative study of acid hydrolyzed against alkali-

hydrolyzed electrospun gelatin scaffolds, which are the potent polymeric biomaterial for 

tissue engineering. Both gelatin A and gelatin B have been widely used in scaffold fabrication, 

commercial products, sustained released drug delivery; however, to the best of our knowledge, 
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we are the first one to reveal a comparative study between nanofibrous scaffolds of gelatin A 

and gelatin B, fabricated using ternary solvent (glacial acetic acid/ ethyl acetate/water). 

Electrospinning techniques add-up high surface-to-volume ratio and high porosity to the 

scaffolds prepared using gelatin. Both gelatin nanofibrous scaffolds shows randomly organized 

nanofibers with excellent interconnectivity between pores, which is advantageous for cellular 

growth and proliferation. The gelatin A based electrospun scaffold shows water holding 

capacity around 800%, with optimal stability at a room temperature, enabling it as a 

promising candidate for various drug delivery, hydrogel and tissue engineering applications. 

Gelatin type A nanofibrous sheet without crosslinking is unable to withstand physiological 

conditions solely. Therefore, silk permeation followed by physical crosslinking substantially 

improves the stability of the gelatin scaffold.  GA scaffold and silk permeated gelatin A 

nanofibrous scaffold (SFG) showed 50-70% of transparency comparable to that of adult rat 

cornea. ATR-FTIR analysis showed the presence of their native functional groups and bonds. 

GA scaffold remained stable up to ∼ 11 h at 25˚C, however was found degraded within 24 h 

when incubated at 37˚C. Furthermore, SFG scaffolds physically cross-linked with ethanol 

vapor displayed relatively improved stability when examined for at least 6 days at 37°C, 

minor weight loss when incubated in a lysozyme solution and facilitated significant liquid 

retention capacity i.e., ~ 960%. The nanofibrous gelatin A scaffold permeated with silk 

fibroin provides optimal stability as well as proliferation of corneal fibroblast cells  close to 

72% compared to that of the 5th day control. The degradation rate and stability could further 

be tuned using chemical or enzymatic cross linkers depending upon the requirements. Thus, 

the outcomes reveal that the electrospun gelatin A permeated with silk scaffold possesses 

relatively more stability and therefore could be potentially useful for corneal tissue 
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engineering and regenerative medicine applications. To the best of our knowledge, our 

fabricated silk permeated electrospun gelatin-based scaffold appears to be a new biomaterial 

with the primary characteristics of native human cornea. This combination of characteristics 

contributes to the efficacy of electrospun gelatin-based implants for corneal and other tissue 

engineering applications. 
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