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Abstract

Corneal disease is the 2™ biggest reason of blindness after cataract. Based on WHO data, it was
predicted that 10 million people in the world would suffer from cornea-related sight deficiency. One of
the solutions is by using wound dressing to cover the cornea so that it could heal effectively. Several
studies were conducted to observe the use of collagen, hyaluronic acid, and PEO for wound dressing. To
increase the properties of the membrane, chitosan coating was introduced. In this study, we observe the
effect of chitosan coating on the electrospun membrane based on collagen, hyaluronic acid, and PEO
combined with glutaraldehyde as a crosslinker. The result in FTIR test showed that the crosslinking
process ended up in new bond formed among the materials used in this study. The chitosan coating could
increase the transparency of the membrane as shown by the result of UV/Vis Spectrophotometry test but
the result was not significantly different (p-value > 0.05). The morphology test using SEM showed that
the pore diameter of the membrane decreased with the presence of chitosan coating (p-value < 0.05).
Likewise, with an increase of chitosan coating concentration, the pores diameter also decreased. The
cytotoxicity test showed that the membrane with several chitosan coating concentrations were non-toxic
with cell viability more than 50 % (p-value < 0.05). The chitosan coating also had antibacterial effect as
shown by the inhibition zone (p-value < 0.05), especially fto Pseudomonas aeruginosa as gram positive
bacteria. In conclusion, the presence of chitosan coating could improve the characteristics of the
electrospun membrane coated with chitosan for wound dressing in corneal ulcers case.

Keywords: Chitosan coating, Collagen, Hyaluronic acid, Electrospinning, Cornea ulcers, Wound
dressing

Introduction

Ulcers in cornea which are mostly caused by disease or wound could lead to blindness. Corneal
disease is the 2™ biggest reason of sight deficiency or blindness after cataract [1]. The genetic or defect
corneal disease causes the loss of corneal transparency and visual dysfunction. Such a disease is caused
by corneal ulcers shown by the presence of scar tissue which can lead to sight deficiency and blindness
around the world [2].

Corneal ulcers are pathological condition in which the part of the corneal surface is missing or
discontinued due to the death of corneal tissue. This condition is caused by bacteria, fungi or virus in the
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cornea which can lead to infection or inflammation [3]. Based on WHO data, it is predicted that 10
million people in the world would suffer from cornea-related sight deficiency or disease [4,5].

The 1* treatment for corneal ulcers is by giving antibiotics, antimicrobial or antifungal agents.
However, the intake of these drugs is not always obeyed by the patients which can worsen the condition.
When a treatment is not successful and becomes a scar tissue, the last solution is keratoplasty [6]. Besides
that, several procedures can be undertaken to support the tissue repair and inflammation control by
designing biomaterials that could reconstruct the damaged cornea. One of the solutions is by transplanting
amniotic membrane. But, like the other allograft, amniotic membrane is limited only to the number of the
donor and it has always the risk of contaminating this contagious disease. Thus, there is a need to
investigate a novel biomaterial that has biocompatible properties and could stimulate the re-epitelization
of the corneal tissue.

Several biomaterials were investigated to be applied in the cornea by using polymers, such as
chitosan, caprolactone fibrin, collagen hydrogel, etc. The natural macromolecules like collagen, chitosan,
hyaluronic acid and synthetic polymer like polyethylene oxide (PEO) could be used to produce fibrous
membrane [7]. Collagen is a natural polymer that is biocompatible and vastly applied in the human body
as implants in the bone, cartilage, tendon, skin, heart valve and cornea. The type I collagen is the main
component of stroma and extracellular matrix (ECM) so that it is commonly used in the corneal tissue
engineering [8]. To support collagen in wound healing process, a hyaluronic acid could be used due to its
role in tissue repair. This material could also control the tissue hydration and water transport and maintain
the viscoelasticity of liquid connective tissue, such as synovial fluid in the joints or vitreous humor in the
cornea [9].

The use of collagen as a membrane was developed into a nanofiber membrane by using
electrospinning method. The most usual problem in this method is the presence of beads in the fibers
which weakens the membrane mechanical properties. These beads also affect the surface morphology of
the membrane. Ye et al. [7] synthesized the nanofiber membrane from polyethylene oxide combined with
collagen and hyaluronic acid and modified by chitosan. They reported that the membrane was transparent
and had a high performance in mechanical properties. Chitosan is a polysaccharide that has high
biological characteristics, especially in antibacterial properties. It is also non-toxic, biocompatible and
biodegradable [10]. This material has been used as coating material due to its superior antimicrobial
properties, optical property improvement, and adhesion enhancement [7,11]. For wound management,
chitosan could provide histological organization, mechanical properties enhancement of the wound, and
wound healing acceleration including proliferation of fibroblast cell [12]. To improve the morphology
and transparency of the membrane, this study aims to investigate and optimize the variation of
concentration of chitosan coating.

Materials and methods

Materials

The materials used in this study were polyethylene oxide (Sigma Aldrich, Singapore Mw: 600.000
gr/mol), Type I collagen (Biochitosan, Indonesia), hyaluronic acid, chitosan (Biochitosan, Indonesia),
glutaraldehyde (Sigma Aldrich, Singapore), methanol, PBS, aluminum foil and deionized water.

Collagen-hyaluronic acid-PEO solutions

The Collagen (COL), hyaluronic acid (HA) and poly ethylene oxide (PEO) were prepared in a ratio
of 80: 5: 15. All of them were mixed and dissolved in 10 mL 80 v/v % methanol to obtain 10 wt % of
mixed solution. It was mixed with a magnetic stirrer for 3 h at speed of 300 rpm and at room temperature.

Electrospinning process

The Electrospinning process was performed by electrospinning device (GenLab HK 7, Indonesia)
with a high voltage difference of 8.5 kV, solution flow rate of 20 pL/h, and distance between collector
and needle of 17 cm at room temperature and 50 % of relative humidity. This process was carried out for
5 h. The collector was a flat collector covered with an aluminum foil.
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Glutaraldehyde crosslinking and chitosan coating process

The fibrous membrane was then crosslinked by using 25 v/v % glutaraldehyde for 24 h at room
temperature with vapor method to increase the membrane stability in liquid medium. This process was
performed by putting the fibrous membrane on the metal mesh above the glutaraldehyde solution on a
closed beaker glass. The color of the membrane changed to yellowish brown and shrunk in term of size.
The duration of crosslinking process affected the optical transparency of the membrane. Several studies
reported that glutaraldehyde was toxic at a certain concentration and it is also a carcinogenic agent.
Glutaraldehyde was chosen due to its primary function as a cross linker which increases the mechanical
properties of materials. In this study, the crosslinking method was vapor method. This method was used
due to the electrospun membrane which was easily dissolved in the solvents. The membrane was not in
direct contact with glutaraldehyde. It also has been used several medical products, such as heart valve
replacements and tissue products [13]. The crosslinking process was controlled by the height of vapor
method and crosslinking time to maintain the uniformity of the crosslinking product. After the
crosslinking process, the coating process was undertaken by preparing the chitosan solution in several
concentrations (0.5, 1.0, 1.5, and 2.0 w/v %). The chitosan was dissolved in 1 v/v % acetic acid by using a
magnetic stirrer for 4 h and let it rest for a night to let the bubble going out. Before the coating process,
the membrane was rinsed with deionized water. The coating process was done for 3 h with immersion
method at room temperature. The drying of coating process was performed at room temperature for 2 h.
The thickness of the coated membrane was 0.35 + 0.01 mm.

Functional group test using Fourier Transform Infrared (FTIR)

The samples were characterized by Fourier Transform Infrared (FTIR) (IR Perkin Elmer) in Faculty
of Science and Technology, Universitas Airlangga, Surabaya, Indonesia. The sample was added by KBr
and formed into a pellet. This test was undertaken in the wavenumber of 4,000 - 400 cm.

Transparency test

The transparency (Visible light transmittance) of the sample was observed by using UV/Vis
spectrophotometry (Hitachi UH 5300). The wet sample was cut into 5x1 cm’ and placed inside the
sample cuvette while the standard cuvette was filled with solvent of the sample. The result was the
percentage of transmittance which indicates the transparency of the sample.

Morphology test using Scanning Electron Microscope (SEM)

The sample was characterized by Scanning Electron Microscope (SEM) (Phenom Pro X Dextop)
with magnification of 1,5000 performed at Faculty of Science and Natural Science, State University of
Semarang, Indonesia. The sample was 1* coated with gold to increase the conductivity. The pore size and
its spread was observed based on the SEM images.

MTT assay test

MTT assay method was used to observe the cytotoxicity properties of materials. The test was
conducted at PUSVETMA, Surabaya by using Baby Hamster Kidney (BHK)-21 fibroblast cells. The cell
that is alive would react by transforming the tetrazolium salt into formazan. The BHK-21 fibroblast cell in
Eagle’s media was incubated for 48 h and rinsed with Phosphate Buffer Saline (PBS). 100 pul of 86 %
Eagle’s media, 1 % Penicillin streptomycin and 100 units of Fungizone/mL was prepared and the cultured
cell was inserted into it. The cell culture was placed into 96-microwell plate. The sample with dimension
of 0.5%0.5 cm® was put in each well and incubated for 24 h at 37 °C. The 96-microwell plate was rinsed
with PBS and was added 10 pl of 5 mg/mL MTT solution in each well. It was added by 50 ul of DMSO
and then centrifuged for 5 min with 30 rpm. The measurement process was done by Elisa reader (Thermo
Multiscan EX) indicating the violet level as Optical Density (OD) representing the cell viability of the
material based on Eq. (1). The test was replicated 5 times [13,14].

% cell viability = (OD treatment + OD media control)/(OD cell control + OD media control) (1)
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Antibacterial test

This test was performed to observe the sample resistance that has been coated with chitosan towards
pathogen bacteria. The method used in this study was disc diffusion method by using Pseudomonas
aeruginosa (as gram negative bacteria) and Staphylococcus aureus (as gram positive bacteria). The
culture media was Mueller-Hinton Agar (MHA). This media was made by diluting 3.8 gr MHA in 1,000
mL distilled water and inserted on autoclave at temperature of 121 °C for 15 min. The solution was then
let aside until the temperature was 40 - 50 °C and poured to a sterile petri dish. The compact agar was
incubated at 37 °C for 24 h. The bacteria colonies were taken by using OSE wire and put in the 5 mL 0.9
% saline solution. The solution was incubated for 24 h and the turbidity was compared with the 0.5
McFarland standard turbidity. The bacteria was swapped zigzag on top of the agar media on the petri
dish. The sample with dimension of 6x6 mm” was put on the bacteria culture and incubated for 24 h. The
evaluation of this method was performed by measuring the clear zone around the membrane which
indicates the antimicrobial activity of the sample [16].

Results and discussion

Synthesis of collagen-hyaluronic acid-PEO-based electrospun membrane

The COL-HA-PEO-based electrospun membrane has been synthesized successfully. The result of
electrospinning process was a white fibrous membrane on the surface of the aluminum foil. This
membrane was dried in a room temperature. The crosslinking with glutaraldehyde and the coating process
with several chitosan concentration on the membrane was performed which resulted to yellowish
membrane. This membrane was then characterized in its functional group, morphology, optical
transparency, cytotoxicity and antibacterial activity.

Functional group test

Figure 1 showed the FTIR result of collagen-HA-PEO-based electrospun membrane before and
after crosslinked with glutaraldehyde and coated with chitosan. It showed that the specific functional
group of every compound was in there, such as amide I stretching, C = O, C-O-C complex from chitosan,
hyaluronic acid, and collagen at wavenumber of 1643.53, 1406.64, and 1082.67 cm’, respectively. The
absorption peak at wavenumber of 3434.41 cm™ was the hydroxyl functional group from every material
and also the result of crosslinking [14,17,18]. There was a slight shift of absorption peak of amide I
functional group which indicated the result of crosslinking process. The shift was from 1651.40 to
1642.74 cm™ because the formation of C = N bond between amide I functional group from collagen and
aldehyde functional group from glutaraldehyde [19].

PEO-HA-COL
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Figure 1 The FTIR spectra of the COL-HA-PEO-based electrospun membrane before the crosslinking,
after the crosslinking and 0.5 % chitosan coating.
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Transparency test

The UV/Vis spectroscopy test was used to observe the transparency of the synthesized membrane.
This result was shown in Figures 2 and 3. The result illustrated that the transparency level of the sample
increased with the addition of chitosan coating compared to the control sample which was the sample
without chitosan coating [7]. The result with several chitosan coating concentrations did not show a linear
trend since it decreased from 0.5 to 1.5 w/v % of chitosan and increased again at 2 w/v % of chitosan. The
result was not significantly different (p-value > 0.05). This may be caused by the thickness of the coating.
Since the coating process was a dip coating method, then the speed and the viscosity of the chitosan
solution affected the thickness of the coating. Without controlling these parameters, the thickness would
be slightly different from one sample to another sample. Moreover, the addition of chitosan could
increase the transparency level due to the bonding among the chitosan and the collagen, hyaluronic acid
and PEO that increased the optical properties of the sample [20]. The increase in optical property might
be caused by the decrease of pore size. The change in surface property would make the light as an
electromagnetic wave went through the sample behave differently. With the increase in chitosan
concentration in the sample, there were a lot of amide functional group in the surface as a specific
functional group of chitosan. The difference in color or transparency may be caused by the change in
internal structures developed during the drying of the membrane [21].

e (b © (d) (©)

Figure 2 The transparency test of the COL-HA-PEO-based electrospun membrane after crosslinking
process using glutaraldehyde with several chitosan coating concentration (a) 0 w/v %, (b) 0.5 w/v %, (c) 1
w/v %, (d) 1.5 w/v %, (e) 2 w/v %.
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Figure 3 The UV/V is spectroscopy test of the COL-HA-PEO-based electrospun membrane after the
crosslinking process using glutaraldehyde and chitosan coating.
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Morphology test

The morphology test was used to observe the surface structure of the tested sample. This test was
performed on the sample without crosslinking and coating process and the sample with crosslinking and
chitosan coating with several chitosan concentrations. The result was observed based on the pore diameter
and distribution. Figure 4(a) depicted the electrospinning result from the materials used in this study
which were collagen, hyaluronic acid and PEO with magnification of 8,000. The micro/nano fiber was
successfully synthesized without the presence of beads. This result was obtained by using methanol as a
solvent. After the crosslinking process by using glutaraldehyde, the morphology of the membrane
changed [7]. The fibers were combined due to the crosslinking process and resulted to a membrane with
pores shown in Figure 4(b). The fibers structure changed to porous structure with higher mechanical
strength and stability. The pores were spread evenly. After the chitosan coating process, the result was
shown Figures 4(c) - 4(f) with magnification of 15,000.

(d) (e) ¢
Figure 4 SEM images of the COL-HA-PEO-based electrospun membrane (a) without crosslinking and
chitosan coating, (b) with crosslinking, but without chitosan coating, (c) with crosslinking and 0.5 w/v %
chitosan coating, (d) with crosslinking and 1 w/v % chitosan coating, (e) with crosslinking and 1.5 w/v %
chitosan coating, (f) with crosslinking and 2 w/v % chitosan coating

The effect of the chitosan coating was shown in Figure 5 which was the pore diameter average of
the membrane without and with chitosan coating in several concentrations. The pore diameter before the
chitosan coating which was 3.58 pm was higher than the one after chitosan coating which was between
0.899 and 1.479 pm. This was caused by the chitosan solution which enveloped the pores and reduced the
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pore diameter. With the increase of chitosan coating concentration, the pore diameter of the membrane
decreased too. The size of pores that is suitable for stratification of corneal epithelia cell was ranged from
0.1 to 0.8 um. The corneal epithelia cell growth could be observed with pore size 0.4 - 0.8 um [20,22].
The result of this study showed that the pore size of the membrane was slightly out of the range for the
corneal epithelia cell to grow [23]. It is recommended to decrease the pore size by decreasing the chitosan
concentration for the future study.

Pore Diamater (nm})

0.0 05 1.0 1.5 2.0
Chitosan Concentration (%)

Figure 5 The pore diameter average of COL-HA-PEO-based electrospun membrane after the crosslinking
process using glutaraldehyde and chitosan coating. The * marker shows a significant difference from
ANOVA 1-way test with p-value < 0.05.

MTT assay test

The MTT assay test was used to observe the toxicity property of the sample that is important for its
application as corneal ulcers wound dressing. This test was using BHK-21 fibroblast cells and showed the
cell viability due to the response towards the sample. MTT reactant has a function to detect the living cell
when it interacts with the sample by showing a violet color. This color is originated from the formazan
which is the result of MTT reactant with cell’s mitochondria indicating that the cell is alive. This color
was read by the Elisa reader indicating the cell viability by using a formula mentioned in Putra et al.
(2018) [13]. The result was shown in Figure 6. All of the chitosan coating concentrations showed the cell
viability above 50 %, which was non-toxic. The study of Telli et al. [15], Khoswanto et al. [24] and
Ariani et al. [25] mentioned that when the cell viability of material above 50 %, the material is considered
as non-toxic [15,24,25]. Another study also mentioned that the cell viability of materials should be more
than 80 % to be categorized as non-toxic. Based on this standard, the sample with chitosan coating
concentration of 1 and 1.5 w/v % was non-toxic. Moreover, there was no correlation between the increase
of chitosan concentration and the cell viability. The cell viability of the sample with chitosan coating was
lower than the one without coating. The presence of chitosan coating that used acetic acid as solvent
could decrease the cell viability. Nonetheless, the membranes were still non-toxic with cell viability more
than 50 % or even more than 80 %. This property is important due to the aim of its application. For
further study, the toxicity of the sample should be tested with the close cells to corneal epithelial cells to
obtain more thorough information about its biological properties.
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Figure 6 The cytotoxicity test on the COL-HA-PEO-based electrospun membrane after the crosslinking
process using glutaraldehyde and chitosan coating. The * marker shows a significant difference between
the several chitosan concentration from ANOVA 1-way test with p-value < 0.05.

Antibacterial test

The antibacterial test by using disc diffusion method was performed with both gram negative and
positive bacteria which were Pseudomonas aeruginosa and Staphylococcus aureus. Those 2 bacteria were
one of bacteria caused corneal ulcers. The inhibition zones around the sample indicated the antibacterial
activity of the sample. They showed that there was no inhibition zone and even the bacteria could grow
on the surface of the membrane. The diameter of inhibition zone was measured and depicted in Figure 7.

Based on the study by Monks et al. [26], the antibacterial activity of the sample with chitosan
concentration of 0.5 and 1 w/v % was categorized as low antibacterial activity since it was 10 mm or less
while the sample with chitosan concentration of 1.5 and 2 w/v % was categorized as middle antibacterial
activity for both bacteria. The result was significantly different since the p-value < 0.05. The inhibition
zone of the sample increased with the increase of chitosan concentration and they were significantly
different with p-value of 0.000. This result was suited with the study by Shanmugam et al. [27] that
showed the increase of antibacterial activity on several gram positive and gram negative bacteria. In
several cases, the antibacterial activity would reach its peak at low concentration (around 1.5 - 2 g/L)
[28]. The low concentration of chitosan could have a better solute distribution with lower inter-chain
interaction so that they could interact easier with the other molecules [29].

Chitosan has different antibacterial effects on gram positive (Staphylococcus aureus) and negative
bacteria (Pseudomonas aeruginosa). Based on No et al. [30] and da Silva et al. [31], chitosan had better
antibacterial effect on gram negative bacteria, such as Pseudomonas aeruginosa in this study. It
emphasized the result of this study which showed that the sample had higher inhibition zone on
Pseudomonas aeruginosa compared to that on Staphylococcus aureus. This was related to the wall
properties and structure of the bacteria. The gram negative bacteria has thinner cell wall compared to the
gram positive bacteria so that it was more vulnerable to the chitosan’s antibacterial effect [30,31]. It was
also supported with the wettability of the bacteria in which the gram negative bacteria was more
hydrophilic than gram positive bacteria and lead to more sensitive to chitosan [32].
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Figure 7 The diameter of inhibition zone of chitosan-coated COL-HA-PEO-based electrospun membrane
on Staphylococcus aureus and Pseudomonas aeruginosa. The * marker shows a significant difference
from ANOVA 1-way test with p-value < 0.05.

Conclusions

The electrospun membrane based on collagen-hyaluronic acid and PEO was synthesized with
several chitosan coating concentrations. The membrane was crosslinked by using glutaraldehyde with
evaporation method. The functional group test using FTIR showed that the crosslinking process resulted
in the new bond among the materials used in this study, especially the hydroxyl group and the aldehyde
group from the glutaraldehyde. The transparency of the membrane did not increase significantly with the
increase of chitosan coating concentration (p-value > 0.05). The morphology test using SEM indicated
that the presence of chitosan coating reduce the pore diameter of the membrane from 3.58 um to between
0.889 nm and 1.479 um. The increase in chitosan coating concentration also reduce the pore diameter of
the membrane significantly (p-value < 0.05). The cytotoxicity test result showed that the membrane was
non-toxic (p-value < 0.05). The antibacterial test showed that the chitosan coating enhanced the
antibacterial effect of the sample, especially to gram negative bacteria (p-value < 0.05). All of the
characterization mentioned before indicated that the use of chitosan coating could improve the properties
of the membrane for its application as wound dressing for corneal ulcers.
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