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This study aimed to fabricate a titanium dioxide nanowires and reduced graphene oxide
(TiO:NWs+RGO) nanocomposite coated with gellan gum film (TiO.NWs+RGO@GG) for
drug delivery to enhance wound healing applications. First, the TiO.NWs+RGO
nanocomposite was synthesised using a single-step hydrothermal method. Subsequently, a
comprehensive physicochemical characterization was performed using Fourier transform
infrared spectroscopy (FTIR), X-ray diffraction (XRD), scanning electron microscopy
(SEM), and thermogravimetry analysis (TGA). The characteristic peak for Ti—O-Ti bonds
was observed in the FTIR spectrum between 500 and 850 cm™. XRD analysis confirmed
the presence of reduced graphene oxide (RGO) through the characteristic of aromatic RGO
at 2theta of ~25°. Notably, the intensity of the RGO peak was reduced in the
TiO.NWs@RGO composite, indicating successful oxygen functional group reduction. SEM
analysis revealed an average diameter of approximately 12.26 + 1.83 nm for the TiO»
nanowires within the composite. Antioxidant activity of the synthesised TiO.NWs+RGO
(1:0.5) nanocomposite shows the highest antioxidant activity by DPPH scavenging testing.
It was observed that TiO,NWs+RGO@GG film exhibited good drug release properties, with
ibuprofen being released over a duration of 24 hours. The in vitro scratch assays
demonstrated that the TiO,.NWs+RGO@GG promotes cell proliferation and migration,
facilitating wound closure within 24 hours. Collectively, these findings suggest that the
TiO.NWs+RGO@GG film possess promising properties for wound healing applications.
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1. Introduction

Chronic wounds, often arising from diabetes, cardiovascular disease, obesity, and burns,
affect millions of individuals globally [1]. Burns alone contribute to over 290,000 fatalities annually,
as reported by the World Health Organization (WHO) [2]. Impaired blood flow, excessive water
loss (evaporation rate of 2000-2500 m per day), and abnormal extracellular matrix deposition can
significantly delay wound healing [3]. Maintaining a moist wound environment is crucial during the
initial healing phase to protect against external contaminants and bolster the immune response [3,
4]. Prompt and effective treatment is essential to minimize patient exposure to external toxins and
promote immunological activity. Consequently, the development of novel wound dressing materials
with antibacterial properties, enhanced cell proliferation, and efficient drug delivery is of paramount
importance.
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Nanofibers, nanorods, hydrogels, and hydrocolloids are examples of graphene-based
nanomaterials that have attracted a lot of interest in wound healing applications because of
graphene's advantageous qualities, which include high water vapour transmission rate,
hydrophilicity, cytocompatibility, and exceptional mechanical strength [5]. Graphene oxide (GO)
exhibits promising differential adhesive and bioactive properties, including the ability to inhibit
microbial adhesion [6]. However, the potential cytotoxicity of GO and pure graphene limits their
biomedical applications [7]. Reduced graphene oxide (RGO), with its reduced oxygen functional
groups, offers a compelling alternative due to its diminished cytotoxicity [8]. Research has shown
that RGO stimulates angiogenesis by regulating reactive oxygen species (ROS) levels and promoting
good cell adhesion and proliferation [9]. Additionally, RGO has been shown to enhance both
collagen synthesis and vascularization, processes vital for wound healing [8, 10]. Chronic wounds
pose a significant global health concern, and their management often involves combating bacterial
growth. While inorganic nanoparticles exhibit promising antibacterial properties [11], their potential
cytotoxicity necessitates careful consideration. Notably, TiO» nanoparticles, despite their well-
documented biomolecule adsorption capabilities, are generally regarded as inert within biological
systems [12]. Seisenbaeva et al. demonstrated that TiO, nanoparticle dispersion on burn wounds
significantly enhances blood coagulation, a critical step in wound healing [13]. Their study showed
a reduction in blood clotting time from 1 minute (untreated serum) to 30 seconds (serum with 1
mg/mL TiO, nanoparticles) [13]. Additionally, TiO, nanoparticles have been shown by Eldebany et
al. to enhance wound healing through the upregulation of vascular endothelial growth factor (VEGF)
and transforming growth factor-beta 1 (TGF-B1) signalling pathways [14].

Graphene-based nanocomposites have shown great promise in wound healing applications
in recent years because of their improved antibacterial and biocompatible qualities. For example,
using cellular acetate, Prakash et al. created GO/TiO»/curcumin nanofibers, which showed a wound
closure rate of 96 & 2.23% in just one day [15]. Similarly, studies by Sarayan et al. and Khamrai et
al. explored the toxicity of ceramic oxide/ZnO/GO nanocomposites and cellulose/RGO/Ag
nanoparticle patches, respectively, demonstrating good cell viability at non-cytotoxic concentrations
[16, 17]. Additionally, Shanmugam et al. reported significant wound closure (around 90%) within
72 hours using an RGO/aloe vera gel nanocomposite, highlighting the potential of low-concentration
RGO-based materials for wound healing with minimal cytotoxicity [18]. RGO and TiO»
nanoparticles work together to produce reactive oxygen species (ROS) like OH™ and O,", which
further enhances the antibacterial activity of these nanocomposites [19-21].

The use of TiO, and RGO nanocomposite films in drug delivery systems holds significant
promise for promoting skin regeneration [22]. This approach capitalizes on the unique properties of
both materials. The high surface area, mechanical strength, and electrical conductivity of RGO
improve the overall performance of the nanocomposite, while the photocatalytic activity and
biocompatibility of TiO, make it an appropriate drug carrier. [23]. The TiO, and RGO
nanocomposites can be designed to load various therapeutic agents for wound healing and infection
prevention [24]. A critical aspect of this system is the controlled release of drugs and a deeper
understanding of drug loading and release mechanisms is crucial for further development. This
allows for targeted and sustained delivery, minimizing systemic side effects and maximizing local
therapeutic effects [25-27]. Thus, the ultimate goal is to create a robust, effective, and safe drug
delivery system that significantly improves skin regeneration and patient outcomes. This study
focuses on fabricating TiO, nanowires and reduced graphene oxide nanocomposite coated with a
gellan gum biopolymers film for efficient drug delivery and enhanced wound healing. Prior to
coating, the TiO,NWs/RGO nanocomposite was synthesized and characterized to investigate its
physiochemical properties.

2. Materials and methods

2.1. Materials

Titanium dioxide, sodium hydroxide, sulphuric acid, graphite, sodium nitrate, potassium
permanganate, hydrogen peroxide, phosphate buffer, commercial gellan gum were purchased from
Sigma-Aldrich. Materials were analytical grade and used exactly as it was delivered.
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2.2. Preparation of TiO; nanowires

One gram of TiO, was added to 100 mL of 10M NaOH aqueous solution. The mixture was
then agitated for thirty minutes using a magnetic stirrer. The suspension solution that was produced
was then put into Teflon-lined autoclave reactor and heated at 160°C in the furnace for 10 hours.
After the reaction was finished, the white precipitate was cleaned with 0.1M HCI and then deionised
water. Deionised water and ethanol were used for further washing. The white precipitate was then
filtered and dried for 24 hours at 80°C in oven. Finally, the synthesised TiO, was annealed for 2
hours at 500°C.

2.3. Synthesis of reduced graphene oxide

A modified version of Hummer's approach was used to prepare GO. In a standard synthesis,
23 ml of H,SO4 was mixed quickly while 1.5 g of NaNOs and 3 g of graphite powder were added.
After half an hour, 4 g of KMnO4 was progressively added to the mixture. Don't let the solution get
above 10 oC. The combination solution was then put in a water bath set at 35+5°C and agitated
constantly for half an hour. The combination solution was then diluted and heated to 98°C by adding
46 millilitres of deionised water. After diluting the combined solution once more with 140 mL of
deionised water, it was agitated for half an hour. In order to halt the reaction, 10 mL of H,O, were
added to the mixed solution. The mixed solution was then centrifuged again using deionised water
after being cleaned with 5% HCI. Overnight, the product was dried in an oven at 60 °C. As a GO, a
dark brown precipitate is formed, and it is then heated to 500 °C for two hours in a furnace to produce
reduced graphene oxide (RGO) film.

2.4. Synthesize of TiO:NWs and RGO nanocomposites

1.0 gram of TiO; nanowires (TiO,NWs) was dispersed in 50 mL of deionized water using
ultrasonication for 30 minutes. The dispersed TiONWs were then drop-cast onto a separate
dispersion containing 0.05 g of RGO in 50 mL of deionized water. The combined mixture was
subsequently sonicated for 3 hours to facilitate interaction between the components. The resulting
suspension was centrifuged at 4000 rpm for 30 minutes to collect the precipitate. After repeatedly
washing the collected precipitate with deionised water to get rid of any remaining contaminants, it
was dried for 12 hours at 50 °C. Similar procedures were repeated to prepare different
nanocomposite by increasing the mass of RGO to 0.5, 1, and 1,5 g, respectively.

2.5. Preparation of TiO;NWs/RGO@GG nanocomposites film

A100 mL of distilled water containing 0.5 g of glycerol as a plasticiser were mixed with 1g
of gellan gum (GG). The mixture was agitated at 1000 rpm for an hour in order to prevent local
gelation. After that, the mixture was mixed and heated to 70 °C. The mixture was then crosslinked
by adding 5 ml of a 0.5% w/w CaCl, solution dropwise at a rate of 1 mL/min. The mixture was
agitated for another half hour after the CaCl, solution was added. Subsequently, 0.1 g of the
homogeneously dispersed synthetic TiO,NWs/RGO composite were added to the GG polymer
matrix. The blend was thereafter placed onto 9 cm-diameter petri dishes and dried at 40 °C for a full
day to produce a film. The TiO;NWs/RGO@GG film was washed and allowed to air dry for at least
24 hours at room temperature.

2.6. Sample characterization

The sample was distributed in potassium bromide (KBr) before FTIR spectra were taken
using a Niconet 5700 FTIR spectrometer. Analysis was conducted between 400 and 4000 cm™’
wavenumbers. A Bruker D8 Advance X-ray diffractometer (Bruker AXS, Germany) was used to
scan at a speed of 0.2°/s from 10 to 90° of 20 in order to obtain XRD patterns, which were used to
study the crystal structure. Using JEOL JSM 6360LA scanning electron microscopy (SEM)
operating at 10 kV, the surface morphology of the catalyst was ascertained. The Mettler Toledo
thermal analysis equipment TGA/DSC 1 was used to conduct thermogravimetric analyses (TGA)
with heating temperatures ranging from 20 °C to 700 °C in order to investigate the weight loss (%)
and thermal stability.
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2.7. Antioxidant activity of TiO.NWs+RGO@GG nanocomposites

DPPH at a concentration of 200 uM was dissolved in anhydrous ethanol. After adding 500
mg of TiIO,NWs/RGO nanocomposites to 3 ml of DPPH solution, the mixture was incubated at 37
°C for an hour. The absorbance of the reaction solution was then measured at 517 nm using a UV-
vis spectrophotometer. The effectiveness of free radical scavenging was determined using Equation
l:

DPPH scavenging = Ag- A; x 100 % )
Ay

where Ay represents the blank's (DPPH solution) absorption and At represents the sample's (DPPH
solution + nanocomposite) absorption. Experiment was repeated using TiO.NWs/RGO
nanocomposites at different weight ratio.

2.8. Drug loading efficiency and capacity of TiO:.NWs+RGO@GG nanocomposite film

The study's drug model, 10 mg/ml ibuprofen solution, was made using a DMSO and ethanol
combination. Subsequently, the ibuprofen solution was mixed with TiO,NWs/RGO(1:0.5)@GG
film, and the combination was allowed to settle for 24 hours at room temperature in an incubator
shaker set at 100 rpm. Following that, the film encapsulating ibuprofen was separated, and the
amount of leftover medication in the supernatant was measured using a spectrophotometer set at 275
nm [28, 29]. Previously, the absorbance (A) at 275 nm was measured to create a standard curve by
diluting ibuprofen solutions at 2.0, 4.0, 6.0, 8.0, and 10.0 mg/ml. UV-vis spectroscopy of solutions
was performed using a spectrophotometer (Varian, Cary 50) with a wavelength range of 200-800
nm, a data interval of 5 nm, and a scan speed of 24,000 nm/min. A 10 mL quartz cells were
employed. Every measurement was made three times. Equations 2 and 3 were used to compute the
loading efficiency and loading capacity (drug content), respectively;

Loading efficiency (%) = Initial Ibuprofen — Ibuprofen loss x 100 2)
Initial Ibuprofen

Loading capacity (%) = W(drug loaded) x 100 3)
W(Ti0O.NWs/RGO@GG)

where, W(drug loaded) is the weight of ibuprofen loaded, and W(TiO:NWs/RGO(1:0.5)@GG is the
weight of TIO;NWs+RGO(1:0.5)@GG.

2.9. In vitro drug release

After being submerged in 10 ml of aliquots of 0.1 M phosphate buffer (pH 7.4), the drug-
encapsulated TiO;NWs/RGO(1:0.5)@GG film was incubated for 24 hours at 37 °C. 3 mL aliquots
of the specimen were removed after a predetermined amount of time, and new medium was
introduced right away. A UV—-vis spectrophotometer set at 275 nm was used to quantitatively assess
the amount of drug in each aliquot. The medication release was calculated using equation 4:

Drug release % = Amount of drug released at time x 100 4
Initial amount of drug encapsulated in the sample

2.10. In vitro wound healing studies using a scratch wound assay

3T3 fibroblast cells were cultured for 24 hours in a 24-well plate to produce an 80%—90%
confluent cell monolayer. In order to prevent cell growth, the cells were additionally exposed to a
serum-free medium containing mitomycin C (5 g/mL) for 12 hours before being thrown out and
cleaned. Subsequently, the monolayers were scraped with a micropipette tip to form linear wounds
featuring a zone free of cells. After scratching, the wells were thoroughly cleaned in PBS three times
in order to eliminate any floating or disintegrating cells. Following the addition of the sterile
TiO.NWs/RGO(1:0.5)@GG film to each well, the mixture was incubated with 5% CO, at 37 °C.
The untreated monolayer of scratched cells covering the entire media made constituted the control
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group. The wound closure rate was monitored and photographed using an inverted microscope one
day after the scratching.

3. Results and discussions

The FTIR spectra of pure TiO,NWs, RGO and TiO,NWs/RGO nanocomposites at different
weight ratios are shown in Fig. 1. A single, broad band with a maximum intensity at 498 cm™ can
be seen in the spectrum of pure TIO2NWs (Fig. 1a) below 1000 cm™. This band corresponds to the
O-Ti-O stretching vibration of the metal-oxygen bond [30]. In Fig. 1b, pure RGO shows a low-
intensity peak around 1600 cm™ attributed to the C=C aromatic stretching vibration in the RGO
molecule structure [31]. Additionally, peaks within the 1250-1050 cm™ range indicate the presence
of C-O stretching modes, further supporting RGO formation. The C=0 carbonyl group of carboxylic
acids on the surfaces of the RGO nanosheets is represented by the peak at 1719 cm™, suggesting
partial deoxidation of graphene oxide during RGO synthesis [32]. The C-OH and C-O symmetric
stretching vibrations are attributed to the stretching bands at 1385 cm™ and 1049 cm™, respectively
[33]. The peak at 1226 cm™ arises from epoxy C-O vibrations. The absence of prominent peaks
related to carbon-oxygen functional groups suggests a high degree of GO reduction. A broad peak
observed at 3423 cm™ in both pure RGO and TiO.NWs/RGO nanocomposite samples (Fig. 1c-1f)
corresponds to the O-H stretching vibration of hydroxyl groups likely originating from adsorbed
water molecules or ambient moisture. The C=0 carbonyl group is attributed to the peak at 1730
cm', whereas the unoxidized graphitic domains' C=C stretching vibrations are linked to the single
peak at 1630 cm™! [34, 35]. Due to its higher intensity, the C=C peak is readily observed in all
hybrid ratios, indicating effective hybridization between TiO,NWs and RGO [34]. The peak at 1400
cm' corresponds to the wagging vibration of CH» and the bending vibration of O-H. The peaks
around 1080 cm™ are assigned to C-O-C stretching vibrations [36]. The stretching vibration of the
Ti-O and Ti-C bonds is responsible for the wide band seen in the 400-500 cm™ region. The
successful grafting of TiO; onto the RGO surface is confirmed by the attenuation of these peaks in
hybrid samples, which points to a chemical interaction between TiO; and RGO.

TiO2NWs
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Fig. 1. FTIR spectra of pure TiO:NWs, RGO and TiO;NWs/RGO nanocomposites at different weight ratio.

Fig. 2a displays the XRD pattern of the synthesised TiO,NWs. According to earlier reports
[37], the conspicuous peaks at 25.3°, 37.8°, 48.0°, 53.9°, 55.1°, 62.7°, 68.8°, 70.3°, and 75.0° can
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be indexed to the tetragonal anatase TiO, crystal planes (101), (004), (200), (105), (211), (204),
(116), (220), and (215). In contrast, the pure RGO sample exhibits a broad and low-intensity
reflection peak at approximately 24.1° and 43.9°, corresponding to the (002) and (101) planes of the
graphite hexagonal lattice, respectively. These d-spacing values translate to 0.37 nm and 0.28 nm.
The observed 20 values for the RGO sample align well with reported values [38]. The XRD patterns
of TiO.NWs/RGO nanocomposite prepared with varying weight ratios of RGO exhibit differences.
Nonetheless, the majority of the diffraction peaks in the hybrid samples correspond to the typical
tetragonal anatase TiO, XRD pattern (JCPDS No. 71-1187). This implies that the final product's
crystal phase is not greatly impacted by the amount of RGO. More precisely, the crystal planes of
anatase TiO, are displayed by the TiO.NWs/RGO (1:0.05) hybrid photocatalyst. Similar XRD
patterns were obtained for the TiO;NWs/RGO (1:0.5) sample. The absence of RGO-specific peaks
in these two samples is likely due to the low concentration of RGO compared to TiO.NWs. Notably,
no diffraction peaks corresponding to aromatic RGO were observed in the TiO;NWs/RGO (1:1) and
TiO:NWs/RGO (1:1.5) nanocomposite samples, even at higher RGO concentrations. This
phenomenon is likely due to the overlap of the main RGO peak with the (101) peak of anatase TiO».
Consequently, only one peaks was observed in these samples at 25.5°.
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Fig. 2. XRD pattern of pure TiO-NWs, RGO and TiO:NWs/RGO nanocomposites at different weight ratio.

Fig. 3 presents the SEM images of pure TiO.NWs, RGO, and TiO.NWs/RGO
nanocomposites at various weight ratios. Fig. 3a shows the presence of agglomerated TiO,NWs.
This phenomenon is likely due to the calcination process during their preparation, as high
temperatures promote particle agglomeration and nanowire bundling [39]. The bundled structure
hinders accurate diameter and length measurements. Nevertheless, the synthesized TiO.NWs were
estimated to be around 80 nm in diameter and 200-300 nm length. In contrast, the pristine RGO
sample (Fig. 3b) exhibits a sheet-like structure with a smooth surface. These exfoliated sheets are
stacked upon each other, forming a layered structure with a thickness less than 100 nm, classifying
it as a nanostructured material. The observed sheet-like morphology aligns well with previous
reports [40]. This two-dimensional (2D) nanostructure consists of layers with a typical thickness of
1-10 A and lateral dimensions of tens of microns [41]. Fig. 3¢ and 3d show that agglomerated
TiO,NWs are attached onto the RGO sheets in the nanocomposite samples, indicating successful
loading of TiO>NWs onto RGO. Well-distributed and decorated TIO.NWs are observed on the RGO
sheets in Figures 3e and 3f, respectively. Enhanced distribution is likely due to the increased layered
structure of RGO in the TiO.NWs/RGO (1:1) and (1:5) samples. Furthermore, increasing the RGO
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content promotes the distribution of TiO,NWs on the RGO sheets, leading to more homogeneous

TiO.NWs/RGO nanocomposites. These findings are consistent with previous reports by other
researchers [42,43].

(a) TiO2NWs

Fig. 3. SEM images of pure TiO:NWs, RGO and TiO>NWs/RGO nanocomposite at different weight ratio.

Fig. 4 displays the TGA curves of pure TiO.NWs, RGO, and TiO,NWs/RGO
nanocomposites at various weight ratios. The pure TiO,NWs exhibit a single weight loss event
around 22% from room temperature to 100 °C, attributed solely to the removal of adsorbed water.
As a hydrophilic material, TiO; readily undergo hydrolysis and condensation during preparation
[44]. In contrast, the TGA curves of RGO and TiO,NWs/RGO nanocomposites reveal three distinct
decomposition stages with corresponding weight losses. The first stage, observed within the range
of room temperature to 100 °C, corresponds to the removal of surface-adsorbed water from the
samples. The observed weight loss ranges from 4% to 10% for RGO and all studied TiO:NWs/RGO
nanocomposite samples. Notably, the TIO.NWs/RGO (1:0.05) nanocomposite exhibits the highest
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initial weight loss due to the presence of a higher amount of hydrophilic TiO,NWs. Therefore, this
nanocomposite sample possessed high thermal stability. The strong interaction between RGO and
TiO:NWs in the TiO,NWs/RGO (1:0.05) sample is likely responsible for its enhanced thermal
stability. Additionally, the low concentration of oxygen groups in the reduced graphene oxide (due
to its preparation process) contributes to its resistance to burning and weight loss [45]. The second
stage, occurring between 100-600 °C, represents the decomposition of remaining water molecules
and functional groups like epoxy and hydroxyl groups within the TiO,NWs/RGO nanocomposites
and pure RGO. The maximum weight loss observed in this stage is approximately 18%. The third
and major weight loss stage occurs between 600-850 °C and is attributed to the breakdown of
unstable carbon residues within the RGO structure and the pyrolysis of oxygen functionalities
leading to the release of carbon dioxide (CO,) [46]. The weight loss in this stage increases
proportionally with the increasing RGO content in the nanocomposites: 10%, 20%, 60%, and 72%
for TiO,NWs/RGO (1:0.05), (1:0.5), (1:1), and (1:1.5), respectively. This trend is consistent with
the expectation that a higher RGO content translates to increased CO, generation and decreased
thermal stability of the hybrid sample. As expected, pure RGO exhibits the highest weight loss
(95%), signifying its low thermal stability as a pure carbon structure.
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Fig. 4. TGA curves of pure TiO:NWs, RGO and TiO-NWs/RGO nanocomposite at different weight ratio.

Fig. 5 illustrates the antioxidant activity of pure TiO:NWs, RGO, and TiO.NWs/RGO
nanocomposites across different weight ratios. Pure TiO.NWs exhibited an antioxidant activity of
53.44%. When combined with RGO at weight ratios of 0.1 and 0.5, this activity increased to 81.22%
and 92.45%, respectively. This trend demonstrates that higher RGO content significantly enhances
the antioxidant properties of the nanocomposites, underscoring the pivotal role of RGO in this
enhancement. The underlying mechanism is likely due to the interaction between surface electrons
in carbon-TiO; pairs and the lone electron pairs on hydroxyl radicals [47]. Prior research has
established that the efficacy of antioxidants is closely tied to their electron-donating capabilities
[48]. As RGO content rises in the nanocomposites, more surface free electrons are activated, leading
to a stronger free radical scavenging effect. However, when the RGO content is increased to 1 and
1.5, the antioxidant activity decreases to 72.84% and 42.82%, respectively. This reduction is
attributed to the RGO concentration becoming equal to or exceeding that of TiO,NWs, resulting in
a diminished number of oxygen-containing functional groups available to interact with free radicals
[49]. The reduction in these functional groups impairs the material's ability to neutralize free
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radicals. A similar phenomenon was observed with pure RGO, where antioxidant activity is the

lowest with 33.23%.
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Fig. 5. Antioxidant activity of pure TiO>:NWs, RGO and TiO-NWs/RGO nanocomposites
at different weight ratio.

Based on the antioxidant activity, the TiO.NWs/RGO (1:0.5) nanocomposite was selected
to be loaded with ibuprofen and coated with GG film for drug encapsulation to enhance the wound
healing. The encapsulation efficiencies and ibuprofen drug loading  within
Ti0O.NWs/RGO(1:0.05)@GG nanocomposite film was found to be 95.48+0.84% and 78.75+0.75%,
respectively. The release profile of ibuprofen was monitored over a period of 24 hours, as depicted
in Fig. 6. The release profile of TIO.NWs/RGO@GG nanocomposite film system exhibited a slow
and controlled rate of drug release. About 60% of drug release is shown for the first 3 hours and
after 24 hours, the percentage of drug release reached >90%. The release behaviour of drug can be
characterized by a two-step process: an initial fast release (burst release) within the first few hours,
followed by a relatively slow subsequent release. The application of GG as nanocomposite matrix
coating, designed to control and sustain drug release, appears to exhibit a controlled-release profile,
suggesting a deliberate design choice for prolonged therapeutic effects. The composition and
structure of the GG, along with the physicochemical properties of the drug, play crucial roles in
determining release profile [50]. It's plausible that the GG matrix material, with its inherent
characteristics, governs the diffusion or degradation processes affecting drug release. Understanding
these intricate details is pivotal for tailoring drug delivery systems to achieve desired therapeutic
outcomes with precision and efficacy.
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Fig. 6. Drug release profile of ibuprofen by TiO.NWs/RGO(1:0.5)@GG nanocomposite film.
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The in vitro wound healing model via scratch assay was utilized, which is a preferred
method for assessing the potential of wound dressing application materials. The finding indicated
that the number of cells population that migrated in the TIO.NWs/RGO(1:0.5)@GG was relatively
faster as compared to the control (Fig. 7). It can be observed that the TiO,NWs/RGO(1:0.5)@GG
exhibited a better wound closure function after 24 h, when compared to the control. The
TiO.NWs/RGO (1:0.5)@GG supported a significantly increased cell population, thus demonstrating
a pronounced impact on fibroblast migration and wound healing in vitro.

)

Fig. 7. lllustrations of fibroblast cells moving into a scratch area at 0 and 24 hours (a) control sample and
in the presence of (b) TiO-NWs/RGO@GG@ film.

4. Conclusion

In this study, a novel nanocomposite film composed of TiIO.NWs and RGO coated with a
gellan gum (GG) matrix, was successfully synthesized and characterized. The
TiO:NWs/RGO(1:0.5) nanocomposite demonstrated excellent antioxidant activity, while
TiO.NWs/RGO(1:0.5)@GG film showed effective drug loading capacity, and controlled drug
release properties. The film's ability to facilitate cell proliferation and migration, as evidenced by in
vitro scratch assays, indicates its potential to significantly enhance wound healing and skin
regeneration. The addition of RGO increased its biocompatibility and thermal stability, making it a
viable option for cutting-edge wound care applications.

These findings suggest that the TIO:NWs/RGO@GG nanocomposite film could offer a
robust and efficient platform for drug delivery in biomedical applications, particularly in promoting
faster and more effective wound healing. Future work should focus on in vivo studies to further
validate the efficacy and safety of this nanocomposite film for clinical applications.
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