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In this study, a gelatin- and xanthan-gum-based biomaterial enhanced with barbaloin was developed and evaluated for its
potential application in wound healing. The scaffold was designed to leverage the biocompatibility of  gelatin, the structural
stability provided by xanthan gum, and the therapeutic properties of  barbaloin. Physicochemical characterization was conducted
using FTIR, XRD, and SEM. XRD patterns indicated an amorphous structure, favorable for enhanced swelling and controlled
drug release, whereas FTIR confirmed effective molecular interactions among the components. SEM imaging revealed a
porous and interconnected architecture that is essential for cell migration and nutrient exchange. Swelling and porosity
assessments demonstrated the ability of  the scaffold to efficiently absorb wound exudates and maintain a moist environment
conducive to tissue regeneration. Biocompatibility, evaluated via the MTT assay, showed high fibroblast viability, confirming
the non-toxic nature of  the material. Furthermore, molecular docking studies revealed strong binding affinities between
barbaloin and wound healing-related proteins, suggesting its role in modulating inflammation and promoting tissue repair.
Overall, the Gelatin/Xanthan Gum/Barbaloin scaffold exhibited excellent physicochemical characteristics, cytocompatibility,
and therapeutic potential, making it a promising candidate for advanced wound dressing applications.
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Introduction

In recent years, wound-healing research has shown significant advance-
ments, focusing on improving the speed and quality of  the healing pro-
cess. Wound healing is divided into four phases: hemostasis, inflamma-
tion, proliferation, and remodelling [1]. Each phase is essential for the
effective tissue and restoration of  skin functionality [2]. The mecha-
nism of  wound healing is essential for developing advanced treatments,
such as bioactive dressings, hydrogels, and tissue-engineered scaffolds,
to support and accelerate the healing process [3]. Scaffolding is an es-
sential component of tissue engineering [4]. Biomaterial scaffolds are
engineered three-dimensional structures designed to mimic the natural
Extracellular Matrix (ECM), which plays a crucial role in supporting
proliferation, cell attachment, and differentiation during tissue regen-
eration. A perfect scaffold should be biocompatible, biodegradable, and
bioactive [5].

Biomaterials are used to evaluate, treat, enhance, repair, and re-
place body tissues or organs [6]. The combination of  Gelatin, Xanthan

Gum, and Barbaloin holds great promise for enhancing wound healing
and regenerative medicine. Gelatin derived from collagen contains nu-
merous functional groups and may be used in tissue scaffolds [7]. The
high cell survival and lack of  antigenicity of  gelatin make it useful in
medicines, wound dressings, and clinical adhesives. Selectivity and mass-
producibility can be facilitated by form availability and cost-effective-
ness [8]. Xanthan Gum (XG) is a microbial-derived high-molecular-
weight heteropolysaccharide that is employed in the medical and tissue
engineering fields because of  its biocompatibility and gelling proper-
ties [9]. It is widely used in the pharmaceutical field as a thickener,
suspender, and emulsifier as well as in the manufacture of  biodegrad-
able hydrogels for skin scaffolds [10].

Barbaloin is a phytocompound obtained from the leaves of  Aloe
vera plants. It enhances skin regeneration by promoting migration and
cell proliferation, which are essential processes in wound healing [11].
It plays a crucial role in wound healing and is used as a skin repair
material in tissue engineering. Therefore, the aim of  this study was to
fabricate a Gelatin/Xanthan Gum-based scaffold incorporating bar-
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baloin and to evaluate its physicochemical and biocompatibility proper-
ties. Furthermore, this study aimed to investigate its potential effective-
ness as a wound-healing biomaterial.

Materials and Methods

Gelatin and Xanthan gum used for fabrication were purchased from
SRL Chemicals (Sisco Research Laboratories). Barbaloin was procured
from the Yucca Enterprises. The MTT and DMSO used for the cell
proliferation study were obtained from SRL Chemicals.

In silico analysis

Network pharmacology

In network pharmacology, the PubChem database is a crucial resource
used to access chemical structures (molecular formula, molecular weight,
and canonical smiles), which were converted to the SDF format. Swiss
ADME (http://www.swissadme.ch/ )was used to predict and evaluate the
pharmacokinetic properties (absorption, distribution, metabolism and
excretion [ADME] of  barbaloin. The canonical smiles are entered in the
database and the violation (max 2 only) and bioavailability score (less
than 1or1). Retrieving the data and downloading it in CSV format. The
SuperPred web server links chemical similarities among drug-like com-
pounds to molecular targets (https://prediction.charite.de/) [12]. It has been
used to predict the target genes of  the phytocompound (barbaloin).
Gene cards (https://www.genecards.org/) are comprehensive online data-
bases that provide detailed information on human genes, their func-
tions, and related diseases. Potential therapeutic targets for barbaloin
against wound healing were identified using an interactive Venn dia-
gram. HUB genes were copied from the STRING Database (https://
string-db.org/). The STRING database systematically collects and inte-
grates protein-protein interactions, physical interactions, and functional
associations [13]. The STRING interaction appears and downloads it in
PNG format. The top 10 hub genes were identified to have a high de-
gree of  connectivity. Thus, these hub genes are potential therapeutic
targets for wound healing.

Molecular docking

A molecular docking approach identifies amino acid interactions be-
tween the selected proteins and ligands that exhibit lower conforma-
tional energy. The top 10 drugs identified by virtual screening were sub-
jected to molecular docking with AutoDock 4.2. The ligands were stored
in a separate folder containing four major types of  files. The folder
should contain Autodock, Autogrid, two DAT files, the target protein in
PDB format, and ligands in PDB format [14]. The prepared protein was
docked with drugs obtained from virtual screening. The latest version
of  autodocking i.e. autodock 4 steps, involves the addition of  non-polar
hydrogen bonds. Kollman charge was added to the target proteins. Here,
the ligand was subjected to flexible torsion, whereas the target protein
was set to rigid. The docking process was based on the Lamarckian
genetic algorithm. A grid box with the assigned parameters was gener-
ated by targeting the active sites of  the target protein. After molecular
docking was completed, the results were viewed using a DLG file. The
files obtained from molecular docking interactions were stored for fu-
ture purposes. The docked protein ligand complex was visualized using
a BIOVIA Discovery Studio. They clearly depicted the amino acid resi-
dues of  the target protein bound to the ligands. They provided both 2D
and 3D struts of  our complex in PNG format [15]. The interactions of
all top 10 drugs were viewed using this approach.

Fabrication of  biomaterials

Biomaterial fabrication was performed using a lyophilization technique.
Gelatin (Gel, 5% w/v) was prepared in distilled water at 37°C, followed
by the incorporation of  0.5% (w/v) XG under continuous stirring. The
Gel/XG combination served as the control group, whereas the test
groups were supplemented with 1 mM Barbaloin (Gel/XG/1 mM Bar-
baloin) and 10 mM Barbaloin (Gel/XG/10 mM Barbaloin). The pre-
pared biomaterial suspensions were transferred to a 24-well plate and
then frozen at -80°C for 72 h. Furthermore, they were freeze-dried to

obtain porous scaffolds [16,17]. Group I – Gel/XG; Group II – Gel/
XG/1mM Barbaloin (lowest concentration of  barbaloin); Group III –
Gel/XG/10mM Barbaloin (highest concentration of  barbaloin)

Physiochemical characterization

Fourier transform infrared spectroscopy (FTIR)

FTIR is an analytical technique that provides information about the func-
tional groups present in the biomaterials. Approximately 50 mg of
biomaterials from each group was weighed and analysed at wavelengths
ranging from 4000 cm-1 to 400 cm-1 to determine the functional groups
of the polymers blended into the biomaterial suspension [18].

X–ray diffraction (XRD)

XRD analysis is used to analyse the phase composition of  biomaterials.
Approximately 50 mg of  the biomaterials from each group was placed
onto the sample holder, which interacted with the X-rays, and Cu K
radiation ( = 1.5406 Å) was usually generated and focused onto the
sample. A detector records the intensity of  diffracted X-rays between
20° and 90° (2), generating diffraction patterns [19].

Scanning electron microscopy (SEM)

SEM is a microscopic technique that provides topographical and el-
emental compositional information about a biomaterial at the surface
level. The porous structures of  the biomaterials were analyzed at differ-
ent magnifications from 1ìm to 400m [20].

Biochemical characterization

Porosity analysis

The porosity analysis of  the composite scaffolds was performed using
the liquid displacement method. This is the most commonly used tech-
nique for measuring the total porosity of  porous biomaterials. Ethanol
was used as the displacement liquid. The initial volume of  liquid (etha-
nol) was recorded (V

initial
). Equal weights of  the biomaterials from each

group were weighed and immersed in ethanol (n=3), and the total in-
crease in liquid volume (V

total
) was recorded. Following overnight incu-

bation, the biomaterials were removed from the liquid, and the volume
of  the remaining liquid was recorded (V

final
) [21]. The experiments were

done in triplicates and the results were expressed as mean ± standard
deviation. The porosity percentage (%) of  the biomaterials was calcu-
lated using the following formula:

Swelling analysis

The biomaterials in each group were noted for their dry weight (W
o
)

(n=3). The scaffolds were immersed in 1x PBS solution at 37°C. The
wet weights (W

t
) of  the scaffolds were recorded at 1, 2, and 3 h [22].

The experiments were done in triplicate, and the results were expressed
as mean ± standard deviation. The swelling ratios of  the biomaterials
were calculated using the following formula:

In vitro degradation analysis

The dry weight of  the scaffolds was recorded as W
i
, followed by immer-

sion in a 0.001% Lysozyme solution prepared in 1x PBS. The scaffolds
were removed after the predetermined time intervals (7 days and 14
days) and freeze-dried to measure the dry weight of  the degraded scaf-
folds (W

f
). The experiments were done in triplicate, and the results were

expressed as mean ± standard deviation. The degree of  degradation (%)
over weeks was determined using the following formula:

Cell proliferation assessment

The MTT assay was performed to assess the proliferation rate of  NIH-

𝑃𝑜𝑟𝑜𝑠𝑖𝑡𝑦 (%) =
𝑉𝑖𝑛𝑖𝑡𝑖𝑎𝑙 − 𝑉𝑓𝑖𝑛𝑎𝑙

𝑉𝑡𝑜𝑡𝑎𝑙 − 𝑉𝑓𝑖𝑛𝑎𝑙
 × 100 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 =
𝑊𝑡 − 𝑊𝑜

𝑊𝑜
 

𝐷𝑒𝑔𝑟𝑒𝑒 𝑜𝑓 𝑑𝑒𝑔𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 (%) =
𝑊𝑖 − 𝑊𝑓

𝑊𝑖
 × 100 
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3T3 fibroblasts. The conditioned media was prepared by treating the
biomaterials with DMEM. The cells were grown in the 96 wells well-
plate, treated with 125 μg/ml – 1000μg/ml concentration of  conditioned
media at 37°C with 5% CO

2
 for 24 h (n=3). Following incubation, the

medium was discarded, and MTT (5 mg/ml w/v) was added and incu-
bated for 2 h 30 min (37°C, 5% CO

2
). 50 μl of  DMSO was added to

each well, and the wells were incubated in the dark for 15 min, followed
by absorbance measurement at 570 nm [23]. The experiments were done
in triplicate, and the results were expressed as mean ± standard devia-
tion.

Results and Discussion

Network pharmacology analysis

The pharmacokinetic properties of  the phytocompound were assessed
using Swiss ADME. Barbaloin has passed Lipinski’s rule of  5, and its
bioavailability score is 0.55, indicating it is suitable for absorption into
the systemic circulation. In Network pharmacology, the Venn diagram
shows the intersection between barbaloin’s molecular targets and wound-
healing-related genes. Among the 105 known barbaloin targets, 72 over-
lapped with 6838 wound-healing genes. This overlap indicates that bar-
baloin can act through these 72 common targets to exert its therapeutic
action on wound healing. A Venn diagram (figure 1A) revealed 72 over-
lapping genes shared between the barbaloin-predicted target and the
wound healing-associated gene set. A Protein- Protein interaction (PPI)
network was constructed using string database (figure 1B). The top 10

Figure 1: Barbaloin – Wound healing gene target 1A) Venn
diagram of  the Hub genes 1B) Network of  protein-protein
interaction 1C) The top 10 hub genes are analyzed through
the STRING database 1D) The top 10 hub genes were ranked
using the Cytoscape software

Figure 2: 3-Dimensional and 2-Dimensional map of  the binding site between the target receptor and ligand (barbaloin); [1]
APEX1 (-11.97 kcal/mol); [2] TLR4 (-9.23 kcal/mol); [3] SLC2A1 (-9.05 kcal/mol); [4] ZAP70 (-8.76 kcal/mol); [5] TOP2A
(-8.54 kcal/mol); [6] CDC25C (-8.34kcal/mol); [7] CDK5 (-8.07 kcal/mol); [8] MAPK1 (-6.68 kcal/mol); [9] NFKB1 (-6.43kcal/
mol); [10] HSP90AA1 (-5.96 kcal/mol)
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hub genes were analyzed using the STRING database (figure 1C). The
top 10 hub genes were ranked using Cytoscape software (figure 1D).
The top10 genes were APEX1, TLR4, SLC2A1, ZAP70, TOP2A,
CDC25C, CDK5, MAPK1, NFKB1, and HSP90AA1. These genes are
involved in various cellular processes, such as modulation of  inflamma-
tion and tissue regeneration, which are essential components of  wound
healing.

APEX1 aids in repairing oxidative DNA lesions, thereby enabling
cell proliferation and survival. It tends to activate transcription factors
such as HIF-1, which play a major role in tissue regeneration [24].
TLR4, along with S100A9, upregulates the expression of Interleukin-1
and TNF-. Activation of  TLR4 may contribute to the initial inflam-
matory response in pathological conditions involving wound repair [25].
SLC2A1, also known as GLUT1, enables the efficient uptake of  glucose
for various cellular activities, such as proliferation and migration, that
occur during tissue repair [26].

Molecular docking analysis

Molecular docking was performed to analyse the binding interaction
between barbaloin and the major target protein related to wound heal-
ing (figure 2). Of  the top 10 receptors, APEX1 had the strongest bind-
ing energy with Barbaloin (-11.97 kcal/mol), as shown in table 1. This
indicates that the binding is highly favourable and stable. TLR4 and

SLC2A1 Shown notable interaction with binding energies of  -9.23 and -
9.05 Kcal/mol respectively. CDC25C (-8.34 kcal/mol), ZAP70 (-8.76
kcal/mol), TOP2A (-8.54 kcal/mol) and CDK5 (-8.07 kcal/mol), which
are essential for Cell regulation and tissue repair. MAPK1(-6.68 kcal/
mol), NFKB1 (-6.43 kcal/mol), and HSP90AA1 (-5.96 kcal/mol), indi-
cating the role of  barbaloin in the inflammatory signalling pathway.

APEX1, with a binding energy of  -11.97 kcal/mol, plays an impor-
tant role in the wound-healing process and is primarily involved in DNA
repair, redox regulation, and inflammatory modulation. APEX1 is a
biomarker for wound-healing disorders [27]. TLR4, with a binding en-
ergy -9.23 kcal/mol, plays an important role in the early inflammatory
response in wound healing and managing chronic wounds. TLR4 can
trigger the NFKB and MAPK signaling pathways, which lead to the
production of  pro-inflammatory cytokines [28]. SLC2A1, also known
as GLUT1, is a glucose transporter protein with a binding energy -9.05
kcal/mol, and plays an essential role in wound healing by transporting
glucose into cells. SLC2A1 facilitates cell proliferation, migration, and
collagen production [29]. ZAP70, with a binding energy -8.76 kcal/mol,
plays an important role in T cell receptor signaling. It may also help in
wound healing, which coordinates tissue regeneration and inflamma-
tion [30]. TOP2A, with a binding energy -8.54 kcal/mol, plays a key role
in the wound healing process by DNA segregation and DNA replica-
tion. It facilitates rapid cell turnover at the mid-stage of  wound healing
and serves as a biomarker for effective wound healing [31]. CDC25C
and binding energy -8.34 kcal/mol, plays a major role in tissue regenera-
tion, particularly in cell proliferation and migration [32]. This supports
the proliferative stage of  wound repair by stimulating cell division. CDK5
and its binding energy -8.07 kcal/mol play essential roles in the wound
healing process by influencing cell migration and inflammatory signal-
ing [33]. The CDK5 gene is present in skin cells such as fibroblasts and
keratinocytes, where it supports key repair mechanisms. MAPK1, bind-
ing energy -6.68 kcal/mol, plays a significant role in wound healing. It
activates the ERK signaling pathway and promotes keratinocyte migra-
tion and fibroblast proliferation to fill wounds [34]. Nuclear Factor Kappa
B Subunit 1 NFKB1, with a binding energy -6.43 kcal/mol, encodes a
protein that plays a major role in the wound healing process [35]. In
addition, it supports fibroblast activation and wound contraction through
the TGF- pathway. HSP90AA1 and its binding energy -5.96 kcal/mol
play an essential role in the wound healing process. It supports the acti-
vation of  signaling molecules, such as ERK and AKT, which are essen-
tial for supporting cell proliferation in the wounded region [36].

Fabrication of  the biomaterials

The biomaterial suspension was prepared and frozen at -80°C for 72 h,
followed by lyophilization to obtain porous biomaterial groups as shown
in figure 3: Gel/XG, Gel/XG/1mM Barbaloin and Gel/XG/10mM
Barbaloin.

Ligand Receptor PDB ID 
Binding Affinity 

(kcal/mol) 

Barbaloin 

APEX1 – Apurinic/apyrimidinic endodeoxyribonuclease 1 5DFH -11.97 

TLR4 – Toll-Like Receptor 4 2Z62 -9.23 

SLC2A1 – Solute Carrier Family 2-member 1 5EQI -9.05 

ZAP70 – Zeta chain-associated Protein Kinase 70 5O76 -8.76 

TOP2A – Topoisomerase 2 alpha 1ZXM -8.54 

CDC25C – Cell division cycle 25C 3OP3 -8.34 

CDK5 – Cycling dependent kinase 5 1UNL -8.07 

MAPK1 – Mitogen-Activated Protein Kinase 1 6SLG -6.68 

NFKB1 – Nuclear Factor Kappa B Subunit 1 1U36 -6.43 

HSP90AA1 – Heat Shock Protein 90 Alpha Family Class A 
Member 1 

5NJX -5.96 

Table 1: The binding affinities obtained as a result of  molecular docking analysis
conducted for barbaloin and the top 10 hub genes

Figure 3: Top view and gross view of  the fabricated scaffolds
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Fourier transform infrared spectroscopy

The Gel/XG group exhibited an absorption band with a broad peak
between 3300-3400 cm-1 which indicates O-H stretching of  the hydroxyl
group, and a peak at ~1650 cm-1 corresponding to C=O stretching of
the gelatin [37]. More peaks in the range of  1000-1200 cm-1 corresponds
to the C-O and C-O-C stretching vibrations of  Xanthan Gum [38]. Upon
the addition of  1 mM barbaloin (Gel/XG/1 mM barbaloin), there were
marginal shifts and increased peak intensities in the O–H and amide I
regions, indicating moderate hydrogen bond formation between bar-
baloin and the polymeric matrix. The spectrum obtained from this hy-
drogel still reflected the characteristic bands of  the base hydrogel, con-
firming that the matrix structure persisted. In the case of  the 10 mM
Barbaloin group (Gel/XG/10 mM Barbaloin), there were much more
pronounced shifts observed in the O–H ~3300 cm-¹ and amide I ~1650
cm-¹surfaces and additional alterations were noted between the range of
~1000–1500 cm-¹. These findings indicate the successful incorporation
of  the polymers and alterations in the peaks created by the addition of
barbaloin, as shown in figure 4.

X-ray diffraction analysis

The XRD patterns of  all three formulations, Gel/XG, Gel/XG/1 mM
Barbaloin and Gel/XG/10 mM Barbaloin exhibited broad diffuse halos
without any sharp crystalline peaks, confirming their predominantly
amorphous nature (figure 5A). The Gel/XG group showed a character-
istic broad hump, indicating partial structural disorder due to intermo-
lecular interactions between the gelatin and xanthan gum. Upon incor-
poration of  barbaloin, the intensity of  the amorphous halo further de-
creased with increasing concentration, demonstrating that barbaloin dis-
rupted polymer chain packing and enhanced the amorphous character-
istics of  the biomaterial. The absence of  distinct crystalline peaks of
barbaloin confirmed its successful molecular dispersion within the poly-
mer network [39]. This enhanced amorphous structure is advantageous
for improving swelling behavior, biodegradability and sustained bioactive
release in biomedical applications.

Scanning electron microscopy

In the SEM micrograph, the Gel/XG [(figure 5B – (i)] scaffold surface

was smoother and denser, with visible pores. The scaffold was slightly
rough, indicating incomplete pore formation. Cell infiltration and nutri-
ent distribution, which are essential for wound healing applications, may
be limited by this heavy structure. Meanwhile Gel/XG/1mM Barbaloin
[(figure 5B – (ii)] and Gel/XG/10mM Barbaloin [(figure 5B – (iii)] groups
showed a more porous and connected structure in the SEM image. This
porous nature is beneficial because it may improve proliferation, cell
adhesion and tissue integration, indicating that the scaffold was influ-
enced by the addition of  barbaloin, supporting the formation of  open
structures that are excellent for wound healing applications.

Biochemical characterizations

Porosity analysis

The porosity graph (figure 6A) indicated that the Gel/XG formulation
exhibited the highest porosity, demonstrating an interconnected and open
structure that is favorable for facilitating cell attachment, nutrient diffu-
sion, and tissue ingrowth [22]. With the incorporation of  barbaloin,
there was a gradual decline in porosity, with the Gel/XG/10mM Bar-
baloin group showing the lowest porosity among the other groups. This
decrease can be attributed to the interaction of the barbaloin molecules
with the polymer chains, leading to a denser and more compact net-
work. While slightly reducing porosity, the incorporation of  barbaloin
may contribute to the improved mechanical integrity and controlled deg-
radation properties of  the scaffold.

Swelling analysis

Swelling analysis demonstrated that the Gel/XG group exhibited the
highest swelling ratio across all time points, reflecting its hydrophilic
nature and loosely crosslinked network capable of  absorbing high
amounts of  fluid [40]. In contrast, the swelling capacity decreased in a
concentration-dependent manner with the addition of  barbaloin, par-
ticularly in the Gel/XG/10mM Barbaloin group (figure 6B). This re-
duction in swelling may suggest a higher crosslinking density and re-
duced free volume within the polymer matrix owing to stronger inter-
molecular interactions between barbaloin and the scaffold components.
Controlled swelling is advantageous for maintaining scaffold stability

Figure 4: FTIR analysis of  Gel/XG,Gel/XG/1mM Barbaloin and Gel/XG/10mM Barbaloin
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Figure 5 A) XRD spectrum of  the biomaterials plotted using Origin software B) The microscopic images demonstrating the
porous architecture of  the biomaterials

Figure 6: A) Porosity assessment of  the biomaterial 7B) Swelling studies 7C) In-vitro degradation profile [Data are presented
as mean ± SD (n = 3). Statistical significance is indicated by *p < 0.05].
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and ensuring sustained release of  bioactive molecules in biomedical ap-
plications.

In vitro degradation analysis

The in vitro degradation behavior of  the scaffolds was evaluated over 7
and 14 days (figure 6C). All groups exhibited a gradual increase in deg-
radation with increasing incubation time, indicating a time-dependent
degradation pattern. On day 7, the Gel/XG/1 mM barbaloin and Gel/
XG/10 mM barbaloin groups showed slightly higher degradation com-
pared to the Gel/XG group. By day 14, all scaffold groups demonstrated
a further increase in degradation. However, the differences among the
groups were minimal, indicating a comparable degradation trend at the
later stage. Overall, the scaffolds exhibited a controlled and progressive
degradation profile, which is desirable for wound healing applications,
as gradual scaffold degradation can facilitate fibroblast infiltration and
extracellular matrix deposition by NIH3T3 cells, while maintaining struc-
tural support during the early stages of  tissue repair [41].

In vitro cell-proliferation assessment

The MTT assay results demonstrated that all three biomaterial groups,
Gel/XG, Gel/XG/1mM Barbaloin and Gel/XG/10mM Barbaloin ex-
hibited excellent cytocompatibility with NIH3T3 fibroblast cells after
24 h of  incubation (figure 7). At lower concentrations (125 and 250 μg/
mL), the barbaloin-loaded scaffolds showed slightly higher cell viability
than the pure Gel/XG group, indicating that the presence of  barbaloin
enhanced cell proliferation due to its bioactive and antioxidant proper-
ties. Even at higher concentrations (500 and 1000 μg/mL), all the groups
had maintained cell viability above 70%, confirming the non-toxic and
biocompatible nature of  the scaffolds. Notably, the Gel/XG/1mM Bar-
baloin group consistently promoted greater cell proliferation, suggest-
ing that this concentration may provide the optimal microenvironment
for fibroblast attachment and metabolic activity. Overall, the results con-
firm the suitability of  the developed biomaterials for wound healing
applications because of  their ability to support NIH3T3 cell growth.

Conclusion

The present study successfully fabricated a Gelatin/Xanthan Gum-based
scaffold incorporated with barbaloin and demonstrated its suitability
for wound healing applications through systematic in-silico, physicochemi-
cal, biochemical and biological evaluations. In-silico network pharmacol-
ogy and molecular docking confirmed that barbaloin strongly interacts
with key wound-healing-related target proteins such as APEX1, TLR4
and SLC2A1, indicating its therapeutic role in modulating inflammation
and promoting tissue regeneration at the molecular level. FTIR con-
firmed strong intermolecular interactions between the polymers and
barbaloin, while XRD revealed an amorphous structure favorable for
controlled bioactive release and enhanced swelling. SEM analysis showed
a well-defined porous and interconnected morphology in the barbaloin-
loaded scaffolds, supporting cell infiltration and nutrient diffusion. Po-
rosity and swelling studies demonstrated that the incorporation of  bar-
baloin slightly reduced porosity and swelling compared to the control,
which is indicative of  improved structural stability and sustained-release
behaviour. The MTT assay results confirmed excellent cytocompatibility
with enhanced fibroblast viability, particularly at lower concentrations
of barbaloin, highlighting its role in promoting cell proliferation and
tissue regeneration. Overall, these findings confirm that the developed
scaffold not only provides a structural matrix but also actively contrib-
utes to biological healing through its bioactive components.

However, the study has certain limitations. Antioxidant validation
of  the scaffold and fibroblast migration assays was not performed and
molecular confirmation of  the proposed redox-regulatory mechanism
(APEX1 gene expression) requires further investigation. Future perspec-
tives include optimizing the barbaloin dosage for clinical efficacy, vali-
dating in vivo wound closure rates, assessing long-term biodegradation
behavior, expanding its application to chronic wound models and devel-
oping its translational potential for commercial wound care therapies.

Figure 7: Cell proliferation analysis using MTT assay. The percentage of  cell viability was determined to evaluate the
cytocompatibility and proliferative potential of  the scaffold-conditioned media [Data are presented as mean ± SD (n = 3).
Statistical significance is indicated by *p < 0.05]
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