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Abstract

The present work was aimed towards synthesizing chitin from
crab shell, followed by preparation of chitin and deacetylation
of chitin to chitosan which was then fabricated into scaffold by
using variety of polymers including (HPMC, SCMC, CMC,
chitosan). ofloxacin possess high activity as a wound healing
accelerator. The anti-infective ability and antibacterial activity of
ofloxacin can be further enhanced by the polymer prepared
from chitosan prepared from chitin.

Four formulations were developed (i.e., S1, S2, S3, S4,) using
various usage of polymers such as (HPMC, SCMC, CMC,
chitosan). The prepared scaffolds were studied for its
characteristic properties such as weight loss, swelling ability,
porosity measurement, X-ray diffraction, scanning electron
microscopy, transmission electron microscopy, FT-IR, optical
microscopy, zeta potential, In vitro release studies and In vitro
antimicrobial studies.

Owing to the greater water uptake activity, sufficient porosity,
improved antibacterial activity and extended drug release, the
optimised formulation containing chitosan would be a promising
biomaterial for corneal tissue engineering applications
compared with other polymers.

From this research, it was concluded that the drug loaded
scaffold is a viable alternative to existing conventional dosage
forms which lead to improved bioactivity and a promising
biomaterial for corneal tissue engineering applications in case
of administration affords resulting in better patient compliance
and cost effective therapy in the field of biomedical application.

Results indicated that chitosan scaffolds (S4) containing
ofloxacin were well suited for the sustained release of ofloxacin
and are promising carrier for the drug delivery in corneal tissue
engineering due to their compliance with the corneal epithelial
cells.
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f Introduction

The cornea is the outermost layer of the eye and together with the
eyelids and sclera protects the inner part of the eye. Most of the
focusing power of eye is due to the cornea. It is an elastic, non
vascularised tissue, about 500 micro meters-600 micro meters thick,
that conforms to the curvature of the eye and is composed of five
distinct layers and three different cell types [1].

Tissue engineering is a multidisciplinary field that applies the
principles of biology, chemistry, physics and engineering for the
development of substitutes that replace, repair or enhance biological
function of diseased and damaged human body parts, by manipulating
cells via their extracellular microenvironment [2]. This three
dimensional extracellular architecture ("scaffold") can be fabricated in
the shape of the tissue we want to restore, with the help of either
polymer hydrogel, self-assembly, nonwoven matrix, nano-fibrous
electro spun matrices, 3D weaving, or any other textile technology
based techniques, depending upon their structural and functional
requirements [3].

A tissue engineering scaffolds can be 2D or 3D designed structure
made of a preferably biodegradable material either of natural or
synthetic that would provide a hospitable micro environment for cells
to grow, differentiate and carry out their metabolic activity [4]. These
materials are generally polymeric, but for hard tissue engineering
some inorganic materials such as titanium oxides or phosphates are
also being tested. There are certain requirements that should be
fulfilled by these materials such as mechanical strength, controlled
biodegradability, high porosity and optimum pore size, in order to
allow cell infiltration and transfer of nutrients and wastes, as well as
sufficient surface area and appropriate chemical and physical surface
properties to promote cell attachment, proliferation and migration [5].

There have been several attempts to produce corneal equivalents
via tissue engineering. For the epithelial layer, studies have focused on
the production of surfaces that are conducive for proliferation of
epithelial cells and cues that would lead to total coverage of the
surface. To this end, fibrin, Epidermal Growth Factor (EGF) coated
Polydimethylsiloxane (PDMS) films and crosslinked collagen gels
have been used. PDMS films and collagen gels have performed well
under in vitro conditions and the fibrin substrate has gone through
clinical trials with considerable success [6]. Thus, the present work is
an effort to develop drug loaded scaffolds using chitosan derived from
crab shell for corneal tissue engineering using other polymers like
HPMC, SCMC, CMC in the formulation.

Materials and Methods

Materials

Ofloxacin was supplied from carbanio.com, hydrogen peroxide,
saturated calcium chloride, methanol was supplied from sigma aldrich,
Chennai. 1% trisodium citrate, 0.001 M silver nitrate was supplied

from nice chemicals Pvt. Ltd.

Methodology

Calibration curve of ofloxacin: Stock solution of ofloxacin was
prepared by dissolving 100 mg of ofloxacin in 100 ml of 0.1 N
hydrochloric acid in a volumetric flask to get a concentration of 1000
pg/ml.10 ml of the stock solution was pipetted out and diluted to 100
ml with 0.1 N hydrochloric acid to get primary solution of
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concentration 100 pg/ml.10 ml of primary solution was pipetted out
and further diluted to 100 ml with 0.1 N hydrochloric acid to get
secondary solution of concentration 10 pg/ml. Secondary solution was
diluted to get 2 pg/ml, 4 pg/ml, 6 pg/ml, 8 pg/ml and 10 pg/ml
solutions [7]. The absorbance of each solution was measured at 294
nm using a UV visible spectrophotometer using 0.1 N hydrochloric
acid as blank. The standard curve was plotted taking concentration in
the x-axis and absorbance in the y-axis [8].

Preparation of chitin from crab shell: Crab shells were cleaned
and washed thoroughly to remove any foreign materials, followed by
grinding to get particle size 0.30 mm-0.35 mm [9]. In demineralization
process, crab shell powder was added slowly to 7% Hydrochloric acid
with continuous stirring to avoid effervescence and heated at 600°C
for 2 hours-3 hours to remove carbonate and phosphate content from
the crab shell powder.

In deproteinization step, the acid hydrolyzed sample was treated
with 5% w/v sodium hydroxide to reduce nitrogen content of protein,
followed by washing to remove any traces of sodium hydroxide. The
sample was filtered, washed repeatedly with distilled water to remove
any traces of chemicals and soluble impurities [10-13]. The filtered
sample was then dried in an oven at 700°C for 3 hours. The dried
demineralized, deproteinized and deodorized white sample of chitin
was obtained. In bleaching step, the dried sample washed with
hydrogen peroxide to reduce pigment of chitin, followed by drying
and storing under airtight condition.

Deacetylation of chitin to chitosan: The process was then carried
out by adding 50% sodium hydroxide to the obtained sample on a hot
plate and boiling it for 2 hrs at 100°C. The sample was then allowed to
cool at room temperature for 30 minutes. Then they were washed
continuously with 50% sodium hydroxide, the sample obtained is
filtered (chitosan is obtained) [14]. The sample was left uncovered and
oven-dried for 6 hrs at 110°C.

Fabrication of scaffold: Weighed quantity of polymer Hydroxy
Propyl Methyl Cellulose (HPMC) and 100 mg of ofloxacin drug were
dissolved in water using a mechanical stirrer until a homogenous
solution was formed. Secondly, chitosan was solubilized in 2% acetic
acid, which was instilled dropwise into the HPMC mixture [15]. It was
then mixed at 500 rpm. The stirring was kept for 24 hrs and, the gel
formed was then transferred into the tissue culture dish and cooled
at-24°C for 24 hrs and lyophilized to form scaffolds. These scaffolds
were cross linked with CaCl, solution for 30 minutes, followed by
dripping in ethanol for 10 minutes. Finally, the scaffold was clarified
with water and was lyophilized. The procedure was repeated with
other polymers like SCMC/CMC/chitosan [16].

Characterization studies

Weight loss: The weight loss of the composites was carried out in
vitro by incubating the composite in Simulated Body Fluid (SBF) at
pH 7.4°C and 37°C for different periods (1,3,7,15,21 and 28 days).

At interval time the composites were taken from the medium and
dried at 50°C over night. The weight loss was calculated by the
following equation;

Weight loss (%) = (Wo -Wt)/Wo) x 100

Where, W, denotes the original weight of the composite, while W,
is the weight at time (t). Each experiment was carried out for three
samples and the average value was taken to ensure the result [17].

Swelling ability: Swelling ability was determined by the
percentage of water absorption. Dry weight of the scaffolds was
denoted as W;. Then, porous scaffolds were immersed in phosphate
buffer solution (pH 7.4) at 37°C for 24 hours. Afterwards, the
scaffolds were taken out from PBS solution and its wet weight was
measured denoted as Wy The ratio of the swelling was calculated
using the equation;

Swelling ability (%) = (W¢W;)/W;) x 100

Porosity measurement: The porosity of the composite scaffolds
can be determined by Archimedes’ principle. Ethanol was selected as
the displacement liquid as it permeated the scaffolds without swelling
or shrinking the matrix [18]. The dry weight of scaffolds was denoted
as Wy, while W; denoted the weight of the scaffolds after immersing
in ethanol for 5 minutes. Then, the scaffolds were removed and the
liquid on the surface removed by filter paper. Using equation;

Porosity (%) = (Wy—Wq)/(Wy—W)) x 100

Fourier transform infrared analysis: The FT-IR is used to
characterize and to know the chemical interactions between chitin and
other excipients. The spectra of the chitin and drug loaded composite
scaffolds were recorded using KBr pellet method in an FT-IR
spectrophotometer (JASCO 4100 type A) with the range of 4000 cm™!
to 400 cm!.

Surface analysis: The surface morphology of the bio composite
scaffold was studied using optical microscopy, Scanning Electron
Microscopy (SEM) and Transmission Electron Microscopy (TEM)
[19].

Optical microscopy: In addition, optical microscopy was also
performed with prepared scaffold using MOTIC digital microscope.
The scaffold was viewed at 10X and 40X.

Scanning electron microscopy: SEM was used to identify the
surface morphology of the formulated sample. The powdered sample
was taken and mounted on a double side carbon tape, which was fixed
to sample specimen stub. The SEM (QUANTA FEG) instrument was
used for analysis.

Transmission electron microscopy: TEM analysis can be
performed using the principle of different TEM techniques including
bright field image, dark field image, electron diffraction and high
resolution TEM. The principle employed to view the scaffolds was
High Resolution Transmission Electron Microscopy (HRTEM).

The prepared formulation (20 ul) of solution was taken and dropped
on the carbon coated side of the copper grid. The grid was dried at
room temperature for few hours. The grid was then placed in the
sample holder and mounted in the instrument. The instrument
TECHNALI T20 was used for the analysis [20].

X-ray diffraction analysis: X-Ray Diffraction analysis (XRD) was
performed with a PAN analytical Xpert pro x-ray diffractometer using
Ni filtered Cu Ko radiation. The powdered sample for evaluation was
taken on the glass slide and placed on the x-ray diffractometry [21].
The scanning rate was continued over a 20 range of 10°C to 90°C.

In vitro release studies: The drug release property of the prepared
scaffolds was carried out as follows. 100 pg/ml solution of scaffold
was prepared and transferred to a conical flask. To this, 3 ml of pH 7.4
phosphate buffer solution was added and kept in an orbital shaker. The
amount of oflaxacin released from the scaffolds was estimated by
collecting phosphate buffer solution from the test tubes and replacing
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by the addition of 3 ml fresh buffer at 30 minutes intervals for 8 hours
[22]. The concentration of drug release was determined
spectrophotometrically at 390 nm. The drug release concentration was
calculated from the standard curve.

In vitro antibacterial activity

Agar disc diffusion method preparation of inoculum: Stock
cultures were maintained at 4°C on slant of nutrient agar. Active
cultures for experiments were prepared by transferring a loop full of
cells from the stock cultures to test tubes of nutrient broth for bacteria
that were incubated at 24 hrs at 37°C. The Assay was performed by
agar disc diffusion method.

Antibacterial activity: Antibacterial activity of sample was
determined by disc diffusion method on Muller Hinton Agar
(MHA) medium. The Muller Hinton agar medium was weighed as
3.8 gms and dissolved in 100 ml of distilled water and to this add 1 gm
of agar. Then the medium was kept for sterilization. After
sterilization the media was poured in to sterile petriplates and were
allowed to solidify for 1 hr. After the medium was solidified, the

suspension. Discs were prepared with test specimen chitosan drug
loaded composite scaffold 20 pl sample of respective concentrations
(250 pg, 500 pg, 1000 pg,) negative control sterile distilled water and
positive control 10 pl (10 pg) streptomycin were placed on MHA
plates. These plates were incubated for 24 hrs at 37°C. Then the
microbial growth was determined by measuring the diameter of zone
of inhibition [23].

Results and Discussion

Calibration curve of ofloxacin

The stock solution of ofloxacin was prepared by dissolving 100 mg
of ofloxacin in 100 ml of 0.1 N hydrochloric acid. 10 ml of the stock
solution was pipetted out and diluted to 100 ml with 0.1 N
hydrochloric acid to get solution 1, and further diluted. The
absorbance of each solution was measured at 294 nm using a UV-
visible spectrophotometer using 0.1 N hydrochloric acid as blank. The
standard curve was plotted taking concentration in the x-axis and
absorbance in the y-axis was shown in Table 1 and in Figure 1. This

inoculums were spread on the solid plates with sterile swab indicated that it obeys beer lambert law.
moistened with the bacterial
Concentration (mg/ml) Absorbance
0 0
2 0.1499
4 0.2999
6 0.4597
8 0.6365
10 0.8085
Table 1: Calibration value.
Caliberation Curve of Oflaxacin Fabrication of drug loaded scaffold
0 The scaffolds were prepared as per the procedure described earlier
Zj Figure 2. The quantities of the ingredients in each scaffolds was given
e in Table 2. The scaffolds were characterized using numerous analytical
8 o5 techniques and physical parameters as mentioned.
£ s
2
o 03 y = 0.0803x - 0.0104
= 0.2 R*=0.999
0.1
0
01 ) z 4 ] 8 10 1z
Concentration mg/ml
Figure 1: Calibration of ofloxacin.
Formulation code S$1 (mg) S$2 (mg) S$3 (mg) S4 (mg)
Chitosan 30 30 30 30
SCMC - 10 - -

* Page 3 of 8 »



Citation:

Engineering. J Pharm Drug Deliv Res 12:3.

Joshua 1A, Asha M, Shanmuganathan S, Nagalakshmi S (2023) Fabrication and Characterization of Drug Loaded Scaffolds for Corneal Tissue

CMC - - 10 -
HPMC - - - 10
Ofloxacin 100 100 100 100
Dichloromethane 50 ml 50 ml 50 ml 50 ml
Water 100 ml 100 ml 100 ml 100 ml
Table 2: Fabrication of drug loaded scaffold.
Weight loss
Weight loss is a measure of the degradation of the scaffolds with
respect to time. The study was carried out in Simulated Body Fluid
(SBF) at pH 7.4°C and 37°C for four weeks as described. Scaffold S1
has maximum weight loss of 7%. Scaffold S2 has weight loss of 6%
during the period of study. The scaffold S4 showed less weight loss
compared to S3. Scaffold S5 showed least loss of weight (2.7%) in
four weeks and thus has the least degradation as shown in Table 3 and
Figure 3.
Figure 2: Fabrication of porous scaffold.
Time (days) S1 (%) S2 (%) S3 (%) S4 (%)
1 1.5 0.2 0.1 0
3 2.7 1.2 0.9 0
7 3.9 22 1.7 0.5
15 5.4 3.1 24 1.2
21 6.9 4.2 3.3 1.9
28 8 5.1 4 2.7
Table 3: Weight loss.
weight loss Swelling ability
10 The swelling ability is a measure of the water uptake and retention
s 8 properties of the scaffold. Swelling ability was calculated using the
g 6 formula, the results of which are given in Table 4. The swelling ability
Z 4 was found to be increasing with increase in chitosan concentrations.
g 5 The swelling ability is important when the scaffold is employed in a
B large area; the faster the better results obtained.
0
0 5 10 15 20 25 30
Time (Days)
—o—sl (mg) —*—s2(mg) s3 (mg) s4 (mg)

Figure 3: Weight loss.
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Formulation code W; (9) Ws (g9) Swelling ability (%)
S1 1 24 140
S2 1 2.6 160
S3 1 25 150
sS4 1 2.9 190

Table 4: Swelling ability.

Porosity measurement

Porosity is calculated using the given formula. The porosity of applications, a porous scaffold should have ideal porosity of 90.5% to
the scaffolds was similar to one another as shown in Table 5. The provide the optimal balance between a better surface area for cell
porosityis high when chitosan concentration is high. For wound healing attachment and its structural strength.

Formulation code W, (9) W (9) W, (9) Porosity (%)
S1 0.58 0.25 1.15 57.89
S2 0.59 0.25 1.19 56.66
S3 0.62 0.25 1.2 63.79
S4 0.65 0.25 1.24 67.79

Table 5: Porosity measurement.

Fourier transform infrared analysis

The presence of functional groups was confirmed by using FT-
IR (instrument-SCO 4100 type A). The readings were obtained
between 400 cm-1 to 4000 cm-1 using KBR pellet technique. FT-IR
was carried out for chitosan and scaffold. The results of the

analysis showed various stretching, bending and rocking vibrations
based on the groups present. There is no interaction between active
ingredient and other excipients as shown in Table 6 and Figure 4.

S.No Wave number (cm™) Vibrational frequency
1 3748 N-H stretching
2 3540 O-H stretching
3 3150 C-H stretching
4 2361 C=C stretching
5 1649 C=N stretching
6 1538 N-H bending

7 1453 C-H bending

8 1393 O-H bending

9 1134 C-N stretching
10 1060 C-C stretching
11 873 N-H rocking

12 673 C-H rocking

Table 6: FT-IR Interpretation of optimised scaffold (S4).
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o 123 4 5 &7 8 9 10142 1ma 15 ‘3'164

-100 —
3000 2000 1000 350
Wavenumber [cm-1]

No. Position  Intensity No. it Intensity
1 3877.18 99.1817 2 37989 08 984512 3 3748.94 06 BS04
4 364866  94.0011 5 354067 89.4663 6 323886 838337
7 315015 769819 8 236141 653033 e 16498 79,1496
10 153892  68.1668 11 1453 709217 12 139332 825528
13 11349 746167 14 106066  68.7666 15 873596 043244
16 673035  101.675 17 577.576  105.987 18 527436 966188
19 481153  117.676 20 447.404  116.055 21 417513 109.341
22 389.183 92.8261 23 378944 63.1396

Figure 4: FT-IR interpretation of scaffold-S4.

Surface analysis

Optical microscopy: Optical microscopy was carried out for the
surface morphology of scaffold using motic digital microscope. The
scaffold was viewed at 10X and 40X as shown in Figure 5.

Figure 5: Optical microscopy.

Scanning electron microscopy: Scanning electron microscopy was
also carried out to identify the surface morphology of the scaffold. The
scaffold was examined by SEM where SEM is a part of a dual beam
instrument ‘QUANTA FEG’. The images shown in Figure 6 were
taken with an acceleration voltage of 30 KV, with varying
magnification of 24000X, 12000X, 6000X and 3000X. The images
exhibited that the scaffold was found to have very porous structure
with smooth surface morphology.

= 2.157m

= 3.615m

Figure 6: Scanning electron microscopy.

Transmission electron microscopy: TEM studies were useful in
examining the morphological and crystalline arrangements of drug
(ofloxacin) and chitosan, cellulose, drug interaction. TEM report
analysis revealed the presence of internal morphology of chitin
nanosilver composite scaffold with size of 20 nm and 50 nm. The
internal morphology showed porous, spherical scaffold which were
shown in Figure 7.

20 nm

Figure 7: Transmission electron microscopy.
X-Ray diffraction analysis: XRD patterns of the chitosan drug

loaded composite, scaffold was shown in Figure 8. In XRD analysis,
the peaks were obtained at 20 level at positions 20.21, 21.24, 23.70,
27.22, 30.95, 31.37, 34.90, 43.14, 46.06, 57.80, 68.14, 79.71. Hence,
the formulated scaffold was found to exhibit crystalline structure of
scaffold.
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Figure 8: X-ray diffraction peak image.
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In vitro release studies: The scaffold S1 showed an initial burst
release followed by a sustained release driven by diffusion of drug
through the interior of the scaffolds and the release rate was found to
be 100% at the end of 12 hours, whereas scaffolds S2 showed 100%
release at the end of 10 hours and S3 showed release of 100% at the
end of 8 hours of study. The S4 (incorporated with HPMC and
chitosan) showed the release of 98% at the end of 24 hours. However,
S4 showed sustained release profile over an extended period of study
up to 24 hours. When compared with other polymers like SCMC/
CMC, the S4 formulation has been optimized for further
characterization studies. Table 7 and Figure 9 show the release profile
of the formulated scaffolds.

Time (hrs) S1 (%) S2 (%) S3 (%) S4 (%)
2 17 23 20 10
4 25 31 43 18
6 30 46 68 23
8 62 82 100 35
10 80 100 - 42
12 100 - - 81
24 - - - 98

Table 7: In vitro release studies.

MoE o ® 9o M
& o & o & &
®

PERCENTAGE DRUG RELEASE (%)
S}

—e—s1 (%) —e—S2 (%)

IN-VITRO RELEASE STUDIES

Ao

10 15 20 25 30

TIME IN HOURS
S3 (%)

Figure 9: In vitro drug release studies.

S4 (%)

In vitro antibacterial activity: Table 8 and Figures 10A and 10B
showed the results of antibacterial activity studies. Figure 10A showed
bactericidal efficiency of drug loaded scaffold against gram negative
S. typhi while Figure 10B showed activity against gram positive S.
aureus. It was found that zone of inhibition is higher in S. #yphi than S.
aureus indicating higher susceptibility of gram-negative bacteria to
drug loaded scaffold. Also as the concentration of drug loaded
scaffolds was increased, the zone of inhibition was also found to be
increased. These results showed that the antibacterial activity was due
to the presence of oflaxacin and chitosan in scaffolds. Hence, the
developed scaffolds exhibited good antibacterial activity.

Microorganisms Zone of Inhibition in mm
1000 ug 500 pg 250 pg Sterile distilled water Streptomycin 10 pug
Oflaxacin
S. typhi 26 25 24 - 20
S. aureus 28 26 24 - 19

Table 8: In vitro antibacterial activity.
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Figure 10: A) S. Typhi; B) S. aureus.

Conclusion

From this research, it was concluded that the drug loaded scaffold is
a viable alternative to existing conventional dosage forms which lead
to improved bioactivity and a promising biomaterial for corneal tissue
engineering applications in case of administration affords resulting in
better patient compliance and cost effective therapy in the field of
biomedical application.
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