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ABSTRACT

Burn injuries present significant challenges in wound care, often leading to complications such as infections, pus
accumulation, and delayed healing. To address these issues, this study focused on developing and evaluating a
curcumin-loaded film-forming gel designed to create a durable protective barrier over burn wounds, adhere securely
to the skin, and gradually release therapeutic agents. The gel was formulated using varying concentrations of HPMC
grades such as K100LV and K100M and Eudragit RL 100, with aloe vera mucilage and PEG 400 added to enhance
bioadhesion and penetration. Thin Layer Chromatography confirmed curcumin's purity, while anti-inflammatory
studies revealed its dose-dependent inhibition in protein denaturation assay, demonstrating anti-inflammatory
potential. Ten batches of curcumin-loaded film-forming gels were prepared, optimized, and assessed for physical
characteristics, pH, spreadability, drying time, film-forming capability, and folding endurance. Batch ], containing
1.25% HPMC K100M and 1.5% Eudragit RL100, was identified as the optimal formulation, exhibiting a rapid drying
time of 2 minutes and 30 seconds, good spreadability, excellent film-forming properties, and depicted comfortable
movement of the applied area. The film-forming gel produced a durable and flexible film, providing a protective barrier
over the wound and promoting the healing process. The gradual release of curcumin, coupled with its anti-
inflammatory effects, is expected to accelerate wound healing, reduce the risk of infection, and improve patient
outcomes. This innovative film-forming gel represents a promising solution for burn wound care, effectively
combining the therapeutic benefits of curcumin with advanced formulation techniques.
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INTRODUCTION

Burn injuries are among the most severe types of
trauma that the skin can endure, leading to complex
challenges in wound care. The nature of burn wounds
is characterized by extensive tissue damage and a
disrupted skin barrier that makes them particularly
susceptible to complications such as infections, pus
accumulation, and delayed healingl. Effective
treatment is essential to minimize these risks and
promote faster recovery. Understanding the
pathophysiology of burn wounds is crucial for
developing effective treatment strategies. Burn
injuries are classified based on the depth and extent of
skinand underlying tissue damage, which influence the

healing process and treatment approach.

Burn wounds are classified into four categories based
on depth of the burn. The first-degree burns
(superficial) affects only the epidermis, these burns
cause redness, pain, and minor swelling without
blistering. Typically, they heal within 3-6 days without
scarring. The second-degree burns (partial-thickness)
affect the epidermis and the upper dermis, causing
redness, pain, swelling, and blisters. Healing occurs
within 7-21 days, often with minimal scarring. The
deep partial-thickness burns penetrate deeper into the
dermis, appearing red or white with significant pain
and swelling. Healing takes over 21 days, frequently
resulting in scarring. The third-degree burns (full-
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thickness) extends through the entire dermis and
affecting underlying tissues, these burns exhibit a
white, charred, or leathery appearance and are
typically numb due to nerve damage. They do not heal
on their own and require surgical intervention and the
fourth-degree burns extend beyond the skin into
underlying fat, muscle, and bone, characterized by
black or charred skin and severe functional
impairment™?.

The burn injuries are characterized by three distinct
zones including zone of coagulation, it is the central
area of maximum damage where tissue is irreversibly
damaged, zone of Stasis surrounding the zone of
coagulation, characterized by decreased perfusion and
the potential for further damage and zone of
hyperemia, the outermost area with increased blood
flow due to the inflammatory response, generally
viable with proper care'.

The pathophysiological processes of burn wounds
include initial injury and cellular damage,
inflammatory responses, immune responses, and
healing and repair. Inmediate heat exposure damages
skin cells and proteins, leading to necrosis. The
inflammatory response involves vasodilation and
increased permeability, resulting in edema and the
release of inflammatory mediators. The immune
response recruits neutrophils and macrophages to
clear necrotic tissue and combat infection. Healing
involves fibroblast proliferation, collagen production,
angiogenesis, re-epithelialization, and collagen
remodeling”.

Curcumin, a bioactive compound found in turmeric
(Curcumalonga), has garnered significant attention for
its potential in burn wound healing due to its anti-
inflammatory, antioxidant, antimicrobial, and wound-
healing properties. Curcumin reduces inflammation by
inhibiting the production of pro-inflammatory
cytokines and enzymes like COX-2 and TNF-a, which
are often elevated in burn injuries. This helps in
reducing swelling, pain, and the overall inflammatory
response at the wound site . The burns generate
reactive oxygen species (ROS), which can cause further
tissue damage. Curcumin's antioxidant properties help
neutralize these ROS, thereby minimizing oxidative
stress and promoting faster healing”’. Curcumin
exhibits antimicrobial activity against a range of
pathogens, including bacteria, viruses, and fungi. This
is particularly beneficial in preventing infections in
burn wounds, which can complicate and delay the
healing process . Curcumin enhances collagen
production, which is crucial for wound healing.
Collagen provides structural integrity to the skin and
helpsin the formation of new tissue at the wound site .
Curcumin promotes angiogenesis, the formation of
new blood vessels, which is essential for supplying
oxygen and nutrients to the healing tissue. By
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modulating the expression of growth factors and
matrix metalloproteinases, curcumin may help reduce
excessive scar formation, leading to better cosmetic
outcomes in burn wound healing "’

Aloe vera mucilage, derived from the inner gel of the
Aloe vera plant, is widely recognized for its soothing
and healing properties, especially in treating burn
wounds. Aloe vera mucilage reduces pain and
promotes faster healing of burn wounds. Aloe vera
contains compounds like bradykinase, which help
reduce inflammation. The mucilage also inhibits the
production of pro-inflammatory cytokines, thereby
decreasing swelling and redness associated with burns
" Aloe vera mucilage exhibits antimicrobial effects
against various bacteria, fungi, and viruses, which
helps prevent infections in burn wounds. The presence
of compounds like anthraquinones and saponins
contributes to this antimicrobial activity "*. Aloe vera
stimulates fibroblast activity, which is crucial for
collagen synthesis and wound contraction. The
mucilage also accelerates epithelialization, helping in
the rapid closure of burn wounds"*'". Regular
application of Aloe vera mucilage can help reduce scar
formation by promoting balanced collagen synthesis
and reducing excessive tissue buildup "*. Aloe vera also
contains enzymes like amylase and lipase, which may
assist in breaking down the mucilage matrix and
facilitating the penetration of active compounds
through the skin ",

The aim of this research is to prepare and evaluate a
Curcumin based film-forming gel that will provide a
robust protective barrier over burn wounds, adheres
securely to the skin, releases therapeutic agents
gradually, and integrates bioactive compounds to
expedite the healing process. The present study
involves incorporating antimicrobial and anti-
inflammatory substances to expedite healing, create a
protective barrier that shields the wound from
contaminants, reduces infection risk, and maintains a
moist environment conducive to healing, secure
adhesion to skin using bioadhesive gelling agents,
design the gel to gradually release therapeutic active
ingredients for consistent wound healing.

MATERIALS

Curcumin was procured from Yucca enterprise,
Mumbai, India. Grades of HPMC, Eudragit RL 100 were
generously provided by Colorcon Asia Pvt. Ltd.,
Mumbai, India, and Evonik, Mumbai, India,
respectively. All other solvents and reagents used were
of analytical grade and purchased from S.D.Fine,
Mumbai, India.

2. EXPERIMENTAL

2.1.Thin Layer Chromatography (TLC) of Curcumin
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TLC is a widely utilized analytical technique in the
study of plant extracts. This method is highly valued for
its simplicity, cost-effectiveness, and efficiency in
separating and identifying compounds within complex
mixtures. Plant extracts, which often contain a diverse
array of bioactive constituents such as alkaloids,
flavonoids, terpenes, and phenolic acids, can be
effectively analyzed using TLC. TLC helps in identifying
individual compounds within plant extracts by
comparing their Rf values and visual characteristics to
those of known standards "”. The technique can assess
the purity of plant extracts by revealing the presence of
any impurities or secondary metabolites. In the herbal
medicine industry, TLC is employed for quality control
to ensure the consistency and authenticity of plant-
based products .

1 mg of curcumin was dissolved in 10 ml of 95%
ethanol to prepare the curcumin solution. The mobile
system consisting of chloroform, ethanol, and glacial
acetic acid in a 9.4:0.5:0.1 ratio "” was prepared and
poured into the developing chamber, which was then
sealed with a glass Petri plate to allow the chamber to
become saturated with solvent vapor. The precoated
silica gel 60 F254 plate was cut to the desired size.
Simultaneously, the spotting was marked about 1 cm
from the bottom of the plate and solvent front with a
pencil. Using a capillary tube, the curcumin solution
was spotted onto the marked baseline of the TLC plate.
The spotted TLC plate was placed into the saturated
developing chamber and allowed the solvent to ascend
the plate by capillary action. Once the solvent front
reached an appropriate height (usually about 1 cm
from the top), the plate was carefully removed from the
chamber, air-dried, and the spots were visualized
under a UV light chamber at 254 nm, 366 nm, and white
light. (Figure 1). The distance traveled by the curcumin
spot relative to the solvent front (Rf value) was
calculated.

2.2.In Silico Analysis of Anti-inflammatory
Properties of Curcumin

Inflammation is a complex biological response to
harmful stimuli such as injury, infection, or tissue
destruction. It is characterized by heat, redness, pain,
swelling, and altered bodily functions, a protective
mechanism aimed at removing harmful agents and
initiating tissue repair. To evaluate the anti-
inflammatory properties of compounds, the protein

denaturation assay is a commonly used in vitro method
(20}

Curcumin solution was prepared in varying
concentrations (50, 100, 150 pg/ml) dissolved in a
dimethyl sulfoxide (DMSO). The reaction mixture
included 0.2 ml of egg albumin (as the protein source),
2.8 ml of PBS pH 6.4 and curcumin extract. A control
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was maintained, where double-distilled water
replaced the curcumin solution to provide a baseline
for comparison. The reaction mixtures were incubated
at37 + 2°Cfor 15 minutes to allow interaction between
the curcumin solution and the egg albumin. Following
incubation, the mixtures were heated at 70°C for 5
minutes to induce protein denaturation. After cooling
the mixtures, the absorbance of each sample was
measured at 660 nm using a UV-visible
spectrophotometer (Figure 2). The absorbance
readings indicated the extent of protein denaturation,
with lower absorbance values suggesting higher anti-
inflammatory activity due to inhibition of protein

denaturation "

The percentage inhibition of protein denaturation was
calculated using the formula:

Percentage Inhibition= (Absorbance Control - Absorbance Sample) x100
Absorbance Control

2.3. Preparation and optimization of Curcumin
loaded film forming gels

The preparation of curcumin-loaded gel formulations
involved the use of varying concentrations of HPMC
grades and Eudragit RL 100 to identify the best batch. A
total of ten batches were formulated, with the first four
using a low viscosity grade of HPMC and the remaining
six using a high viscosity grade to optimize the gel's
rheology. The required amount of HPMC and Aloe vera
mucilage was weighed, dissolved in water and
transferred them into a labeled beaker (Beaker 1).The
beaker was placed on a magnetic stirrer and stirred
vigorously at a speed between 450 and 600 rpm until
HPMC was completely dissolved. PEG 400 was
gradually added to the mixture while maintaining
continuous stirring for at least 10 minutes to ensure
complete dissolution and homogeneity. In another
beaker (Beaker 2) Eudragit RL 100 was weighed and
curcumin previously dissolved in 95% ethanol was
added. The mixture was stirred ata speed between 600
and 650 rpm for 15 minutes to ensure complete
dissolution of the polymer. To ensure complete
dissolution of polymers in both the beakers, both
solutions are mixed under a magnetic stirrer until a
translucent yellow gel forms, indicating a homogenous
mixture. The final gel formulation is then carefully
filled into aluminum tubes for further testing and
evaluation.

2.4. Evaluation of Curcumin loaded film forming
gels

Ten batches from A to ] of curcumin loaded film forming
gels were prepared and evaluated for following
parameters:

1. Physical Evaluation and Homogeneity: The
physical evaluation of the gel formulations involved a
detailed assessment of their appearance, homogeneity,
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color, and odor. Ideal gels were characterized by a
uniform color and texture, and a neutral odor. The gels
were thoroughly checked for consistency and the
absence of particulate matter. A smooth, uniform
texture was considered essential for effective
application, ensuring that the gel could be evenly
spread on the skin without causing any discomfort or
irregularities.

2. pH Value: The pH of each gel formulation was
measured using a digital pH meter. For gels intended
for oral-topical use, maintaining a pH value between
5.5 and 7.4 was crucial. This pH range is compatible
with the skin's natural acidity, which helps prevent
irritation and ensures the gel is safe and comfortable

for application **.

3. Spreadability: The spreadability of the gel was
evaluated using a simple but effective method. A 1g
sample of the gel was placed between two glass plates,
and a specific weight was added to the top plate to
assess how well the gel spreads under pressure. The
diameter of the spread gel was measured to determine
its spreadability. This parameter is important because
it indicates how easily the gel can be applied over a
surface, which is critical for user comfort and

effectiveness **.

4. Film Forming Ability: The gel's ability to form a
removable film was another key aspect of the
evaluation. To test this, a sample of the gel was applied
to a petri dish and allowed to dry. Observing the
formation of a protective film upon drying helped
ensure that the gel could create a lasting barrier for the
active ingredients. This property is important for
maintaining the gel's therapeutic effects over an
extended period **,

5. Drying Time: The drying time of the gel was
measured to determine how quickly it could form a film
after application. A shorter drying time is generally
preferred as it allows the user to resume normal
activities without a lengthy waiting period. The drying
time also impacts the overall user experience, as a
quick-drying gel is more convenient and practical for

everyday use .

6. Film Folding Endurance: Film folding endurance
refers to the gel's ability to withstand repeated folding
without breaking. This test involved applying a layer of
the gel to a surface, allowing it to dry, and then
repeatedly folding the formed film. The number of folds
the film could endure before breaking was recorded.
High film folding endurance indicates good flexibility
and strength, which are desirable qualities for a gel

intended to provide a protective barrier on the skin **.
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3.RESULTS AND DISCUSSION

3.1.Thin Layer Chromatography of Curcumin

TLC is an indispensable tool in the analysis of plant
extracts, offering a straightforward yet powerful
means to separate, identify, and analyze the myriad of
chemical constituents presentin plants. TLC is a widely
used laboratory technique for separating and
analyzing compounds within a mixture. It is commonly
employed for compound identification, purity
assessment, and reaction monitoring.

The TLC analysis of curcumin demonstrated effective
separation and identification of the compound. The
observations under UV light at 254 nm and 366 nm, as
well as under white light, confirmed the presence one
spot signifying the purity of curcumin in the sample.
The Rf value of 0.745 aligns with reported literature
range of 0.6-0.79, validating the accuracy and
reliability of the TLC method used in this experiment
7 This consistency in result indicates that the
experimental conditions were appropriate, and the
TLC method effectively separated and identified
curcumin.

Figure 1: TLC plate image of Curcumin under
white light

3.2.In Silico Analysis of Anti-inflammatory
Properties of Curcumin

The study demonstrated a dose-dependent reduction
in protein denaturation with increasing concentrations
of curcumin. 50 pg/ml curcumin exhibited a moderate
reduction in protein denaturation compared to the
control, indicating initial anti-inflammatory activity,
100 pg/ml curcumin showed a significant decrease in
protein denaturation, with absorbance readings
markedly lower than the control, demonstrating
enhanced protein stabilization and 150 pg/ml
curcumin achieved the highest inhibition of protein
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denaturation, reflected in the lowest absorbance
values, underscoring its potent anti-inflammatory
effect. The calculated percentage inhibition values
confirmed the effectiveness of curcumin at all tested
concentrations, with higher concentrations yielding
greater inhibition. This suggests that curcumin's anti-
inflammatory properties are both potent and dose-
dependent.
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Figure 2: Anti inflammatory potential of curcumin
depicted in graph plot of Concentration of
curcumin Vs Absorbance

3.3. Preparation and optimization of curcumin film
forming gels

Curcumin, a bioactive compound derived from
turmeric, has gained attention due to its anti-
inflammatory, antioxidant, and anticancer properties
! However, its poor water solubility and low
bioavailability pose challenges in topical drug delivery.
To address these issues, curcumin can be incorporated
into a film-forming gel, enhancing its stability and
facilitating controlled release upon application.

10 batches of curcumin film-forming gel were
formulated using HPMC K100LV and K100M as
bioadhesive gelling agents “” with Eudragit RL 100
serving as the film-forming agent ®”. PEG 400 was
incorporated as a plasticizer, and 95% ethanol was
used as a solvent for both Eudragit RL 100 and
curcumin. Aloe vera mucilage was included as a
penetration enhancer in the formulation.

3.4 Evaluation of Curcumin loaded film forming gels

Initially, four batches (A-D) were prepared using
varying concentrations of HPMC K100LV and Eudragit
RL 100 as gelling and film-forming agents. The
curcumin content was fixed at 1%, PEG 400 at 3%, and
aloe vera mucilage at 1%. The ethanol and water ratios
were adjusted to achieve quick drying and non-sticky
films. The formulations were then evaluated for
various parameters, including appearance, pH, drying
time, and spreadability. All the batches were uniformly
dispersed and had a translucent yellow color,
indicating good dispersion of curcumin in the
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formulations. The pH values of the formulations ranged
between 4.62 and 6.02, which is within the acceptable
range for topical applications, ensuring skin
compatibility. It was observed that the drying time
increased with the amount of water added to the
formulation. This suggests that water content plays a
crucial role in the drying properties of the film. The
spreadability of the formulations was relatively low,
indicating that the consistency of the gel was not ideal.
This was a concern as it could affect patient compliance
and the effectiveness of the formulation.

Table 4: Composition and Observations of
prepared batches with HPMC K100 LV

Ingredient Batch A | Batch B | Batch C | Batch D
Curcumin (Active) [ 0.01 0.01 0.01 0.01
HPMC K100 LV 0.012 0.015 0.012 0.018
PEG 400 0.03 0.03 0.03 0.03
Aloevera Muilage 0.01 0.01 0.01 0.01
Eudragit RL 100 0.008 0.01 0.008 0.01

Ethanol (95% v/v) 0.3 0.4 0.65 0.65
Distilled Water 0.642 | 0.5356 0.3 0.3
Observation
pH 4.62 5.3 6.02 5.67
Drying Time 15min | 13 min | 8min 8 min

Spreadability 42cm | 41cm | 45cm | 39cm

To address the issues with consistency and improve
patient compliance, the formulation was further
optimized by using HPMC K100M, a different grade of
HPMC that offers better gelling properties. Six
additional batches (E-]) were prepared, following the
same criteria of achieving a gel-like consistency and
quick-drying film. The new formulations (Batches E-])
exhibited improved gel-like consistency, with
spreadability values ranging between 1.7 and 2.8 cm.
This indicated a better balance between the gel
structure and its ability to spread evenly on the skin.
Among the six batches, Batch ] emerged as the ideal
formulation. It demonstrated the lowest drying time of
2 minutes and 20 seconds, striking a balance between
quick drying and adequate spreadability. This
formulation formed a durable, flexible film that
adhered well to the skin, which is crucial for providing
protection and supporting the healing process.

Table 5: Composition and Observations of
prepared batches with HPMC K100 M

Ingredient Batch E Batch F_[ Batch G| Batch H| Batchl Batch J
Curcumin (Active) 0.01 0.01 0.01 0.01 0.01 0.01
HPMCK100 M 0.004 0.008 0.012 0.02 0.004 0.0125
PEG 400 0.03 0.03 0.03 0.03 0.03 0.03
Aloevera Mucilage 0.01 0.01 0.01 0.01 0.01 0.01
Eudragit RL 100 0.008 0.008 0.008 0.01 0.0125 0.015
Ethanol (95% v/v) 0.64 0.63 0.63 0.65 0.635 0.6225
Distilled water 0.3 0.3 0.3 0.3 0.3 0.3
Observations
Drying Time 3 min 15 sec| 4min 30 sec| 4 min 3min | 5 min 30 sec| 2 min 30 sec|
pH 5.4 5.14 6.8 5.28 5.34 5.87
Spreadability 2.7cm 2.7cm 29cm| 25cm 2.8cm 2cm

The study successfully optimized a topical formulation
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incorporating curcumin, PEG 400, and aloe vera
mucilage. The final formulation (Batch ]) met the
desired criteria, offering a gel-like consistency, quick
drying time, and adequate spreadability, making it
suitable for topical application. The formulation's
ability to form a durable, flexible film that adheres well
to the skin suggests its potential effectiveness in
providing protection and aiding in the healing process

4. CONCLUSION

The film-forming gel for wound healing is successfully
developed using Curcumin as an active ingredient and
Eudragit RL100 as a film-forming agent. The film-
forming gel will provide a durable and effective barrier
against external contaminants, significantly reducing
the risk of infection. Formulation Batch ] containing
1.25% HPMC K100 M, 1.5% Eudragit RL100, 1%
Curcumin, 1% Aloe Vera, 62.25% Ethanol (95% v/v),
3% PEG 400, and 30% water was selected as an
optimum formula due to acceptable physical
properties and drying time. The bioadhesive
properties and soothing effects of the gel will enhance
patient comfort, encouraging compliance with the
treatment regimen. The anti-inflammatory activity of
curcumin was performed which signified that it
reduces inflammation on the skin and thereby healing
the burn wound. With the gradual release of
therapeutic actives, the gel is expected to accelerate the
healing process, reducing recovery times and
improving patient outcomes. The development of this
innovative gel formulation will represent a significant
advancement in burn wound management,
contributing to the broader field of wound care
research and technology. Burn wound management
requires innovative solutions to overcome the
challenges of infection and delayed healing. This
project seeks to develop a specialized film-forming gel
that not only protects the wound but also promotes
faster and more effective healing. By leveraging
advanced materials and bioactive compounds, the
formulation aims to improve patient care outcomes
and set new standards in burn wound treatment. The
successful development and implementation of this gel
could revolutionize burn wound management, offering
a potent tool for healthcare providers and significantly
enhancing the quality of life for patients suffering from
burninjuries.
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