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ABSTRACT
Nanotechnology, the study and development of materials at the nano-scale, is a rapidly growing scientific discipline due to its
potential for creating advanced materials. This study combines electro-spinning and Plastic Compressed (PC) collagen
techniques to address the fragility of PC collagen gels, making them unsuitable for clinical use. The solution involves using
electro-spun poly lactic-co-glycolic acid (PLGA) mats, known for their biocompatibility and mechanical properties, to create
sandwich-like hybrid constructs.

The research focuses on in-vitro ofloxacin release from electro-spun sandwich-structured polylactide-polyglycolide
(PLGA)/collagen nanofibrous membranes. PLGA/collagen and PLGA/OFL are dissolved separately in 1,1,1,3,3,3-
hexafluoro-2-propanol (HFIP) and electro-spun into sandwich structures, with PLGA/collagen forming the surface layers and
PLGA/OFL as the core layer.

Post-electro-spinning, various characterization studies, including SEM, X-ray, and in-vitro antibacterial activity, are
conducted. The experiments reveal that these biodegradable nanofibrous membranes release a high drug concentration.
Microbiological assessments against S. aureus and E. coli demonstrate the inhibitory effect of the freely released OFL on
bacterial growth.

In conclusion, this process does not compromise the drug's efficacy within the fibers. It holds potential as a biomaterial in
corneal tissue engineering, enabling the production of biodegradable bio-mimetic nano-fibrous extracellular membranes for
long-term drug delivery in various pharmaceutical applications. Nanotechnology's transformative capabilities are evident in
this innovative approach.
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INTRODUCTION tetracycline hydrochloride, ciprofloxacin, levofloxacin, and
Moxifloxacin [7]. Flouro-quinolones are a promising class
of antibiotics used to treat external ocular diseases topically.
Ofloxacin (OFL) is a flouro-quinolone antibiotic that is

Over the globe, about ten million individuals are affected by
corneal blindness due to corneal trauma and ulceration,
bacterial and viral infections, and heritable conditions [1,2].
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Copyright: ©2024 Nagalakshmi S, Shanmuganathan S, Anbarasan

S P . B, Priyadharseni R & Joshua Al. This is an open-access article
Antibiotics are the most Commonly used biocides in nano distributed under the terms of the Creative Commons Attribution

fibers to provide antibacterial CharaCteri_St_iCS_- Nano-fibers | icense, which permits unrestricted use, distribution, and reproduction
have been wused to encapsulate antibiotics such as in any medium, provided the original author and source are credited.

SciTech Central Inc.
J Pharm Drug Res (JPDR) 785



J Pharm Drug Res 7(1): 785-793

effective against Gram-positive and Gram-negative bacteria
[8]. Electro-spinning is a unique, simple, efficient and
versatile method to prepare polymeric fibers with diameter
in the range of nanometer to submicron size using
electrically charged jet of polymer solutions or melts [9-13].
High surface area that alters drug [13] pore size within the
nano scale [14] simple drug entrapment, [15] three-
dimensional structure [15]and short diffusion passage length
[16] are some of the functional properties of polymeric
nano-fibers produced by electro-spinning. Electro-spun
fibers are ideal candidates as drug delivery systems for
ophthalmic [17] periodontal [11] transdermal [18] topical (as
a wound dressing) [19] and colon targeted delivery [20] due
to their unique features. Electro-spun fibers can help
minimize the drug's lowest required dosage and undesired
side effects, resulting in less systemic absorption [21].
According to one of the patented studies, the fibers can be
put on the conjunctiva or sclera of the eye and will
progressively erode away, releasing the therapeutic
medicament for ocular administration [22].

Collagen is a natural extracellular matrix (ECM) component
of many tissues, such as skin, bone, tendon, ligament, and
other connective tissues. Among the isotypes of collagen,
type | is the principal structural and functional protein and is
composed of two a chains and one B chain. The underlying
chains that form these natural polymers are arranged into a
repeating pattern that forms a coiled structure. The specific
complement of subunits present within the fibril defines the
material properties of the natural polymer [23]. The
mechanical strength of electro-spun collagen nano-fibers can
be enhanced with the addition of PLGA materials [24].
Polylactide—polyglycolide (PLGA) is in the class of
synthesized biodegradable and biocompatible copolymers,
from which resorbable sutures, resorbable surgical clips, and
controlled release implants are made. PLGA also falls within
the class of copolymers that have been used for implantable
and injectable controlled-release, drug delivery systems [25].
These copolymers, with a history of safe use, have been
approved for human use. After being introduced into the
body, PLGA material induces only a minimal inflammatory
response and biodegrades through the hydrolysis of its ester
linkages to yield biocompatible lactic and glycolic acids
[26].

Antibiotic-loaded scaffolds [27] made out of biodegradable
polymeric membranes have advantages in several ways.
First, biodegradable membranes provide bactericidal
concentrations of antibiotics for the prolonged time needed
to completely treat the particular infection. Second, variable
biodegradability from weeks to months may allow many
types of infections to be treated. Third, the biodegradable
membranes dissolve, thus there is no need for removal; and
lastly, because the biodegradable membranes dissolve
slowly, the soft tissue or bone defect will slowly fill with
tissue, so there is no need for reconstruction.
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In the present study, a sandwich-structured nanofibrous
matrix was produced via electro-spinning to develop
biodegradable and biomimetic drug-eluting dressings. The
blended solutions were electro-spun into sandwich
structured membranes, with PLGA/collagen for the surface
layers and PLGA/OFL for the core layer.

MATERIALS AND METHODS
Materials

The poly (D, L)- lactic-co-glycolic acid (PLGA) used was
commercially available material and had a ratio of 50:50 and
an intrinsic viscosity of 0.4, collagen type 1, drug
commercial grade ofloxacin and 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) were purchased from Sigma—Aldrich (Saint
Louis, MO, USA).

Electrospinning

The electro-spinning setup utilized in this study consisted of
a syringe and needle (the internal diameter 0.42 mm), a
ground electrode, an aluminum sheet, and a high voltage
supply (Liu et al., 2010). The needle was connected to the
high voltage supply, which could generate positive DC
voltages and current up to 35 kV and 4.16 mA/125W,
respectively, PLGA/collagen (280 mg/140 mg, w/w) and
PLGA/ofloxacin (240 mg/35 mg w/w) were dissolved in 1
ml of HFIP each. For the electro-spinning of sandwich-
structured nano-fibers, a predetermined volume of
PLGA/collagen solution was delivered and electro-spun by a
syringe pump with a volumetric flow rate of 3.6 ml/h,
followed by the electro-spinning of PLGA/ofloxacin
solution with a volumetric flow rate of 1.2 ml/h as the core
layer, and finally by the spinning of another PLGA/collagen
layer. The distance between the needle tip and the ground
electrode was 9 cm, and the positive voltage applied to
polymer solutions was 17 kV. 1 ml of PLGA/collagen
solution, 4 ml of PLGA/OFL solution, and 1 ml of
PLGA/collagen solution produced a membrane of 0.107 mm
in thickness shown in Table 1, the experiment was carried
out at room temperature. After electro-spinning, the
specimen was placed in a vacuum oven at 40°C for 72 h for
the solvents to evaporate.

CHARACTERIZATION OF NANO-FIBERS
Fourier Transform-Infrared Analysis

The FT-IR is used to characterize and to know the chemical
interactions between ofloxacin, PLGA and other Excipients.
The spectra of ofloxacin, PLGA, collagen was recorded
using KBr pellet method in an FT-IR spectrophotometer
(JASCO 4100 type A) with the range of 4000cm-1 to
400cm-1.

Surface Analysis

The surface morphology of the Bio composite scaffold was
studied using Scanning Electron Microscopy (SEM).
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Table 1. Processing Parameters for Fabrication of Scaffolds.

Composition
PLGA/Collagen PLGA/Drugs PLGA/Collagen
) ) ) Membrane
Sample Solution Solution Solutions .
Thickness (Mm)
(MI)/Layer (Ml)/Layer (MI)/Layer

Thickness (Mm) Thickness (Mm) Thickness (Mm)

1-4-1 1/0.015 4/0.077 1/0.015 0.107

Scanning Electron Microscopy

The morphology of the fibers was evaluated using scanning
electron microscope (SEM). A Vega 3 Tescan was used to
characterize the fibrous morphology of the electro-spun
scaffolds. The samples imaged at an accelerating voltage of
20 kV. The fiber diameter distribution and angular deviation
of the fibers from the direction of collector rotation in
scaffolds were obtained by analyzing the SEM micrographs
by image-analysis software (Image-pro plus, Media
Cybernetics Co.).

X-Ray Diffraction Analysis

X-ray diffraction analysis (XRD) was performed with a
PAN analytical Xpert Pro X-Ray Diffractometer using Ni
filtered Cu Ka radiation. The sample for evaluation was
taken on the glass slide and placed on the X- Ray
Diffractometry. The scanning rate was continued over a 20
range of 10 to 90°.

In-Vitro Release Studies

Ofloxacin loaded fibers were cut in 1cm? (1xlcm) pieces.
The 1cm? fibers specimens were weighed by analytical
balance in order to obtain theoretical drug content, regarding
polymer to-drug ratio. Then lcm? fiber specimens were
immersed in release medium, 15 mL of buffer saline (pH
7.4) in glass flacons. The glass flacons were placed in a
thermo-stated horizontal shaker and the drug release studies
were performed at 50 rpm at 35+0.50 C. Samples of 1.0mL
were withdrawn and replaced with the equal volume of fresh
medium at predetermined time intervals. The amount of
OFL released was analyzed by a UV spectrophotometer at
the wavelength of 287 nm.

IN VITRO ANTIBACTERIAL ACTIVITY
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
24hrs at 37°C. The assay was performed by agar well
diffusion method.

Antibacterial Activity

Antibacterial activity of sample was determined by well
diffusion method on Muller Hinton agar (MHA) medium.
For optimized formulation 1 cm? (1x1cm) fiber mats were
cut and weighed. Average OFL content was calculated
considering polymer: drug ratio. Before each in vitro
antibacterial test, the bacterial strain was first grown
overnight on Muller-Hinton Agar medium (MHA) at 37°C.
After overnight culture at 37°C bacterial suspensions were
diluted 1/10 and inoculated onto an MHA plate. Then 1cm?
fiber samples were placed in contact with an agar plate
inoculated with bacteria and inhibition diameters,
corresponding to the bacteria-free zone, were measured (in
mm) after 24 h incubation at 35°C. All microbiological
studies were performed in an aseptic area in a laminar flow
hood.

IN-VITRO CYTOTOXICITY STUDY
Determination of Mitochondrial Synthesis by Mtt Assay

1. The cell culture was centrifuged, and the cell count was
adjusted to 1.0x10%cells/ml using DMEM medium
containing 10% FBS.

2. To each well of a 96 well flat bottom micro titer plate,
100ul of the diluted cell suspension (approximately-
10,000 cells/well) was added.

3. After 24 h, when the cell population was found
adequate, the cells were centrifuged, and the pellets
were suspended with 100pl of different test
sample concentrations prepared in maintenance media.
The plates were then incubated at 37°C for 48 h in
5%C02 atmosphere, and microscopic examination was
carried out and observations recorded every 24 h.

4. After 48 h, 20 pl of MTT (2mg/ml) in MEM-PR
(MEM without phenol red) was added.

5. The plates were gently shaken and incubated for 2 h at
37°C in 5% CO2 atmosphere.

6. The 100l of DMSO was added and the plates were
gently shaken to solubilize the formed formazan.

7. The absorbance was measured using a micro plate
reader at a wavelength of 540nm.

In Vitro Proliferation Assay
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Exponentially growing HaCaT cells were washed and
seeded at 17000 cells/well (in 200 pl of growth medium) in
96 well micro plates. After 24 h incubation, a partial
monolayer was formed then the media was removed and 200
pl of the medium containing sample were added (30, 15, 7.5,
and 3.75pg/ml) and re-incubated for 48 h. Then 100 pl of the
medium were aspirated and 15 pl of the MTT solution was
added to the remaining medium (100 pl) in each well. After
4 h of contact with the MTT solution, blue crystals were
formed. 100 pl of the stop solution was added and incubated
further for 1h. Reduced MTT was assayed at 550 nm using a
microplate reader.

In-Vitro Wound Scratch Assay

The study was conducted using a wound scratch assay,
which is a technique for studying cell migration. The wound
scratch assay was performed on HaCaT cell lines. The cells
were spaced by scraping directly onto the cell site to form an
incision across the center of the cell plate. The lesions were
then photographed at different time intervals (0 min, 12 h
and 24 h), and cell growth in the wound was observed.
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RESULTS AND DISCUSSION
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 400cm™ to 4000cm™ using KBR pellet
technique. FT-IR was carried out for drug and polymers. The
results of the analysis showed various stretching, bending
and rocking vibrations based on the groups present. The
strong absorption peaks at 1759, 1182, and 1132 cm
indicated the stretching vibration of the C=0 bond, the C-O-
C bond, and the C-O single bond, respectively in PLGA. The
spectra of collagen exhibit N-H Bending, C=0; C=0,
Stretching at 1650 and 1900cm™ respectively. The FTIR
spectrum of ofloxacin shows that the absorption peaks were
mainly located at 2750 (O-H & N-H Stretching, C-H
Stretching), 1500(C-H Bending, O-H Bending) and 1050cm"
! (C-H Bending, O-H Bending). The results exhibited that
there is no interaction between active ingredient and other
Excipients (Figure 1).
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Figure 1. FTIR spectra of PLGA, Collagen and ofloxacin.

Surface Analysis-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 Vega 3 Tescan. The images shown in Figure
were taken with an acceleration voltage of 20KV, with
varying magnification of 25000X and 50000X.The
fabrication of drug-eluting nanofibrous matrices via electro-
spinning is highly desirable because the core PLGA/drugs
nanofibrous membrane can provide sustainable release of

pharmaceuticals [28-30] while the surface PLGA/collagen
nano-fibers acts as a scaffold for cell growth and
proliferations [31,23] Collagen is a principal structural
component of the ECM matrix. In this study, continuous
PLGA and collagen nano-fibers were obtained by electro-
spinning. Figure 2 shows the SEM micrographs of
PLGA/drugs nano-fibers electro-spun under different
magnification. The diameters of the spun nano-fibers
PLGA/drugs ranged from 52 nm to 66 nm. The images
exhibited that the scaffold was found to have very porous
structure with smooth surface morphology.
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Figure 2. SEM of OFL loaded fibers.

X-Ray Diffraction Analysis

XRD patterns of the ofloxacin incorporated scaffold are
shown in Figure 3. 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.

Oflaxacin incorporated scaffold

2-Theta - Scale

T T T T
50 a0 0 a

ras Ty

*- Sap BN} *- Staptme 1 u- Terp 25T ook - Teme et 11 2 3 Trots 2000 = Tree

Figure 3. XRD image showing peaks at various points.

In-Vitro Release Studies

In vitro drug release studies were evaluated. Drug release
profiles of the OFL from nano-fibers were shown in Figure
4. Experiments were performed triplicate and error bars
indicates standard deviation (+ S.D). Sahoo et al. (2010)
implied that drug release from polymeric matrices was
usually affected by water penetration in the matrix,
hydration, and swelling, diffusion of the dissolved drug and
the erosion of gelatinous layer. The electro-spun fibers
usually show an initial burst release because most of the
drugs are mostly accumulate on the fiber surface during the

electro-spinning process. It is believed that at higher
concentration of OFL, the solved drug in the polymer
solution has more tendency to migrate to surface or near the
surface of fibers during the electro-spinning process. When
the drug amount is increased, drug molecules may aggregate
more on the fiber surface due to the high ionic strength of
the fiber. Since there are limited physical interactions
between the drug and polymer matrix which would led to an
even larger initial burst of drug as seen in fibers. Therefore,
the diffusion of OFL to the medium became higher leading
to a faster drug release rate.
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Figure 4. In-vitro drug release from scaffold.

In-Vitro Antibacterial Activity

The formulation exhibited good antibacterial activity. Well
defined zones of inhibition of the growth of bacterial cells
were recorded for drug loaded fibers. The 1 cm2 (1xlcm)
fiber mats containing OFL 44+2 mm inhibition diameter for
S. aureus and 46%+2 mm inhibition diameter for E. coli

(Figure 5). The results of this study clearly demonstrated
that drug loaded nanofiber mats freely released OFL and
thus inhibited the growth and multiplication of the tested
bacteria. In addition, released OFL from electro spun
scaffold was shown to retain its biological functions, and the
process of electro spinning had no adverse effect on the
activity of incorporated drug.

Figure 5. Antibacterial activity of the prepared scaffold.
A: 1000mg of scaffold; B: 500mg of scaffold; C: 250mg of scaffold; D: sterile distilled water (-ve control); E: streptomycin
(+ve control)

CELL LINE STUDIES

In-Vitro Cytotoxicity Study by Determination of
Mitochondrial Synthesis by Mtt Assay

Cell viability assay was performed using HaCaT cells, the
cytotoxic study result showed that 30.250 pg/ml, as
maximum concentration. From the result it was inferred that
beyond the concentration 30.250 pg/ml it exhibited
cytotoxic effect (Figure 6).
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Figure 6. MTT Assay.

In-Vitro Proliferation Assay

In-Vitro proliferation assay was performed by using HaCaT
cells. The maximum concentration obtained from MTT

assay was found to be 30pg/ml. The results showed that
greater viability was found to be 99.107%. From this it was
inferred that decrease in the concentration, decreases
viability (Figure 7).
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Figure 7. Proliferation assay.

In-Vitro Wound Scratch Assay

The wound scratch assay was performed on HaCaT cell
lines. The cells were spaced by scraping directly onto the
cell site to form an incision across the center of the cell
plate. The lesions were then photographed at different time
intervals (0 min, 12 h and 24 h) shown in the Figure 8a,b,c.

From the results it was inferred that the proliferation and
migration of either Kkeratinocytes or fibroblasts was seen
during 24th h, further it was confirmed that the formulated
scaffold has the potential to repair the injured tissues. So, it
could be an effective source for the treatment of corneal
wound healing.
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Figure 8. In-vitro wound scratch assay at 0,12,24 h (a,b,c).

CONCLUSION

In the current work, a sandwich-structured matrix produced
by the electro-spinning process was introduced for the
application of corneal damage. The in vitro release of
ofloxacin from electro-spuns and which structured
polylactide-polyglycolide  (PLGA)/collagen  nanofibrous
membranes was investigated. Ofloxacin possess high
activity as a wound healing accelerator. The compatible
properties of PLGA/collagen polymer with that of the skin
helps to formulate the drug into them and act as an effective
carrier. A nanofibrous scaffold was prepared using two
polymers as mentioned earlier with the advanced technique
called electro-spinning along with the drug incorporation in
polymeric solution. The prepared scaffolds were studied for
its characteristic properties such as, Scanning electron
microscopy, FT-IR, X-ray diffraction, in vitro release studies
and in vitro antimicrobial studies. Owing to the sufficient
porosity, improved antibacterial activity and extended drug
release, the drug loaded scaffold would be a promising
biomaterial for corneal tissue engineering applications. 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 nanofibrous
sandwiched scaffolds containing ofloxacin were well
sustained for the sustained release of ofloxacin and are
promising as the carrier for the drug delivery in corneal
tissue engineering due to their compliance with the corneal
epithelial cells. By adopting the electro-spinning technique,
we will be able to manufacture biodegradable biomimetic
nanofibrous extracellular membranes for long-term drug
delivery of various pharmaceuticals.
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