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ABSTRACT
Background: This study is focused on developing film-forming systems that combine the ease of application of gels

with the protective function of traditional bandages. Conventional dressings often require frequent changes, which
can disrupt healing and increase infection risks. Film-forming gels address these limitations by transforming from a
topical gel into a flexible, adherent film upon contact with the wound epidermis, creating an optimal healing
microenvironment.
Objective: The primary objective was to create a wound dressing that effectively shields injuries from external
environmental contaminants while preventing microbial growth and infection. This gel-to-bandage system was
specifically designed to maintain an optimal healing environment by protecting the wound from spoilage factors and
pathogenic microorganisms. The formulation combines the advantages of easy topical application with the protective
durability of conventional dressings, offering enhanced wound management through its unique phase transition
properties. Key evaluation parameters included the formulation's ability to form a continuous protective film, its
antimicrobial efficacy, and its capacity to maintain a sterile wound environment conducive to healing.
Method: A film-forming gel was developed using chitosan, polyvinyl alcohol (PVA), and polyethylene glycol (PEG)
as key components. To optimize the formulation, chitosan concentration, PVA content, and PEG ratio were selected
as independent variables, while tensile strength, water vapor absorption capacity, and drying time were analyzed as
critical dependent response variables. The developed gel was systematically evaluated for essential physicochemical
characteristics, including drying time, viscosity, pH, and water vapor absorption properties, to ensure optimal
performance and functionality. The method which is adopted for the optimization of the formulation is 2° factorial
design on the Design expert software.
Discussion: The formulation's superior performance over conventional dressings stems from its quick-drying film
formation and moisture control, though future studies should validate its antimicrobial efficacy and in vivo healing
potential to confirm clinical applicability. The 2* factorial design effectively optimized critical parameters for wound
care applications.
Results: The optimized formulation demonstrated excellent mechanical and physicochemical characteristics, with a
tensile strength of 93 £ 0.01%, indicating robust structural integrity. The rapid drying time of 8 + 0.14 minutes
facilitates quick clinical application, while the optimal viscosity (10294 + 0.5 maP.s) ensures easy spreadability. The
formulation maintained skin-compatible pH (5.8 £ 0.5) and showed superior film-forming ability, forming a
continuous, flexible protective layer. These combined properties confirm the formulation's suitability as an effective
gel-to-bandage wound dressing system, meeting all critical performance criteria for wound protection and healing.
Conclusion: The optimized chitosan/ PVA/PEG film-forming gel demonstrated excellent mechanical strength
(98.34+0.01%), drying (9 +£0.14 min), and ideal viscosity (10294+0.5 maP.s), proving its effectiveness as a protective
wound dressing that combines easy application with durable barrier properties.
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Topical film-forming systems have become an important
INTRODUCTION area of research because they offer a simple and patient-
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friendly way to deliver therapeutic agents to the skin.
When applied, these formulations spread easily and form
a thin, flexible film that can remain on the skin surface
for an extended period. This helps improve the contact
time of the drug with the affected area and can lead to
better clinical outcomes. Chitosan, a naturally derived
polymer, is widely used in such formulations due to its
safety, biodegradability, and its ability to form clear,
strong films. Its antimicrobial and wound-protective
properties further increase its suitability for use in topical
preparations (Pereira et al., 2018).

Creating a film with consistent quality depends on
several formulation and process variables. Small
changes in the concentration of polymer, plasticizer, or
solvent can greatly affect drying time, mechanical
strength, flexibility, and overall performance of the film.
( Felton, 2013; Montgomery, 2017) Because of this, a
systematic method is needed to understand how each
factor influences the final product. Factorial design, a
part of the Design of Experiments (DoE) approach,
offers a structured way to study several variables at the
same time. A 2* factorial design makes it possible to
examine three independent factors at two levels each,
along with the interactions that may occur between them
(Beg et al., 2019).

The present work focuses on the development and
optimization of a chitosan-based film-forming system
using a 23 factorial design. This study aims to identify the
factors that significantly influence the quality attributes
of the film and to obtain a formulation with desirable
physical and functional characteristics. By applying a
statistical design, the study provides a clearer
understanding of formulation behavior and contributes to
the development of an effective chitosan film for topical
use (Montgomery, 2017; Beg et al., 2019)..

In the market there are many conventional topical
preparations available in the form of gels, ointments, or
creams available in the market. As these types of the drug
delivery system can’t provide the sufficient amount of
drug release over the side of action. To overcome all
these problems we have designed the film forming gel
for the drug delivery which will provide the
microenvironment to the site at which the drug has
delivered for showing the specific response over the site
of action. As a consequence, the wound may become
infected and fail to heal, ultimately resulting in mortality
(Pereira, et al., 2014). For infection prevention, various
wound-healing medications, including antibiotics, can
be employed (Rodeheaver and Pettry, 1976). Therefore,
by giving topical antibiotics as an adjuvant therapy to

systemic dosage and minimizing serious skin damage,
appropriate antibiotic therapy should be started as soon
as possible.

2. Material and Methods

The pure drug Caffeic Acid was obtained from Central
Drug House (P) Ltd — CDH, New Delhi. The Chitosan,
Polyvinyl Alcohol (PVA), Acetic Acid and polyethylene
glycol (PEG) were obtained from the chemoxy
international limited. All other reagents used were of
analytical grade.

3. Compatibility study
The physicochemical drug
substances with various polymers and excipients was

compatibility of the

assessed using Fourier-transform infrared spectroscopy
(FTIR) and differential scanning calorimetry (DSC).
3.1. Fourier transform infrared spectroscopy
Fourier-transform infrared spectrophotometer
(Shiumazu Spectrum — 400 - IR Spirit-X Series) was
used to obtain the infrared spectra of the drug, polymer,
and their physical mixtures. The objective was to identify
any potential interactions between the drug and polymer
components

3.2. Differential scanning calorimetry

Differential scanning calorimetry DSC was performed
using TGA: DSC TA Instruments Trios V5.4.0.300. The
loading puncture was used to load and seal the drug
sample into the DSC pan. The sample underwent
scanning within the temperature

4. Formulation of film-forming Gel bandage

To prepare the film-forming solution, begin by
dissolving chitosan in a 1-3% acetic acid solution,
stirring it continuously for 12 to 24 hours until a clear
solution is achieved. Simultaneously, prepare a separate
polyvinyl alcohol (PVA) solution by dissolving PVA in
distilled water with heat at approximately 90°C and
constant stirring, then allowing it to cool to room
temperature. Next, the active ingredient, caffeic acid, is
solubilized in a small volume of distilled water or
ethanol, with the addition of an antioxidant such as
ascorbic acid to enhance its stability. The two polymer
solutions are then combined, and the stabilized caffeic
acid solution is introduced slowly under continuous
stirring to ensure a homogeneous mixture. To impart
flexibility and reduce brittleness in the final film, a
plasticizer like polyethylene glycol is incorporated.
Finally, the pH of the entire mixture is carefully adjusted
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to a skin-compatible range of 5.5 to 6.5 using dilute
sodium hydroxide or hydrochloric acid.

5. Experimental design

Experimental design i.e 2° factorial Design which was
used to optimize the film forming gel formulation. In this
experimental design various independent & dependent
factor was taken that mention in table 1.

Independent Variable/ Factor Low (-1) High (+1) Unit
Chitosan concentration (X1 ) 1% 3% w/v (%)
PVA concentration (X; ) 4% 8% w/v (%)
PEG (Plasticizer) (X3 ) 1% 2% w/v (%)
Dependent variable Unit Goal

Drug Release (Y1) % Maximize
Drying Time (Y2) min Minimize
Viscosity (Y3) MPa Maximize

Table 1 List of independent and dependent variables for optimization by 23 Factorial Design

A:Chitosan B:PVA C:PEG
Formulation Code Concentration Concentration Concentration

% % o
FFG 1 3 4 1
FFG 2 1 8 1
FFG 3 1 4 )
FFG 4 1 4 1
FFG 5 3 8 1
FFG 6 1 8 2
FFG 7 3 4 5
FFG 8 3 8 2

Table 2 : 23 Factorial design for the drug-loaded Film forming Gel
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As per the experimental design over all 8 formulation are
generated and got optimized the selection of independent
variables was done based on their ability to affect a
formulation. The dependent variables highlighted (Table
1) were chosen as crucial parameters in determining
formulation. The above analysis employs 9 runs
(Table 2) keeping a center point per block 1 and the
equation created by the software is given as follows:

Y = Bo+B1A+BzB+B3C+B12AB+B13AC+[323BC+[311A2

+322B% +B33C2

In the above equation, the response of the dependent
variable is indicated by Y; o is the intercept, and B to
B33 indicates the regression coefficient. The
concentration of EC (A), DBS (B), and IPM (C) were
chosen as the independent variables to be involved in the
study while the dependent variables were Drug Release
(Y1), Drying Time (Y2), and Viscosity (Y3). Statistical
analysis using analysis of variance (ANOVA) was
conducted to interpret the outcome of the results. 3D
response graphs were also generated employing the
software design (Sharma, et al., 2022).

6.1. Characterization of film forming system

6.1.1. Physical Appearance, pH, and viscosity
Uniformity, integrity, color, and clarity were determined
by visual method. The pH measurements were carried
out by using a pre-calibrated room digital-type pH meter
at temperature by contacting the surface of the gel
bandage. The brookfield digital
employed to determine the viscosity of optimized

viscometer was

formulation using specific spindle L-4 (Suresh and
Abhishek, 2016).
6.1.2. Percent moisture uptake
To check the water resistance capacity of a film, an
approximately 100 pl sample was evenly sprayed onto
the glass plate and was left to dry at a temperature of 25
+ 2 oC. Subsequently, the dried film was weighed and
introduced into a water bath (HICON, New Delhi, India)
held at a constant temperature of 37° C. After a period of
24 h, the film was taken out, gently wiped with tissue
paper, and reweighed and examined (Aggarwal et al.,
2022 & Walendziak et al., 2021) using the formula:
Ww — Wd
% Moisture Content = x 100

Where,

Ww = Wet weight.

Wd = Dry weight.
6.2.3. Stickiness of Gel bandage

The assessment of outward stickiness was carried out by
applying cotton wool to the dry film under very slight
pressure (Siintar et al., 2013). The stickiness was
assessed as high (densely accumulated), medium (few
fibers), or low (no or occasional fibers) based on the
amount of fibers that adhere to the film (Lodhi et al.,
2016).
6.2.4 Tensile strength and drying time
The mechanical properties of the prepared films were
assessed using a tensile testing apparatus in accordance
with the ASTM D882-02 standard guidelines. As per
these guidelines, films with a thickness of less than 1 mm
are suitable for tensile strength determination. The test
was conducted using a constant rate-of-grip separation
method, which involves maintaining a uniform rate of
separation between the grips that hold the ends of the test
specimen. Film samples were cut into rectangular strips
and subjected to testing at a crosshead speed of 1
mm/min.
The tensile strength (N/mm?) of each sample was
calculated using the following equation:
Tensile Strength (N/mm2) = N break/A sample
The drying time of the Film forming gel formulation was
evaluated using the glass slide method. A measured
amount of the formulation was sprayed onto the inner
forearm of a volunteer, and a clean glass slide was gently
placed over the applied area after 5 minutes. The film
was considered dry if no liquid residue was observed on
the glass slide upon removal. If any liquid traces
remained, the test was repeated, extending the drying
duration to 7 minutes to ensure complete film formation
(Febriyenti et al., 2010).
6.2.5 Stickiness of film forming gel
The assessment of outward stickiness was carried out by
applying cotton wool to the dry film under very slight
pressure (Stintar et al.,, 2013). The stickiness was
assessed as high (densely accumulated), medium (few
fibers), or low (no or occasional fibers) based on the
amount of fibers that adhere to the film (Lodhi et al.,
2016).

6.2.6. In-vitro release studies
In-Vitro drug release investigations were carried out

utilizing a Franz diffusion cell. The films generated by
spraying at a consistent period were sliced into 1 cm2
and deposited on a pre-treated cellulose acetate
membrane to conduct the in-vitro drug release
investigations. The membrane was fixed to the diffusion
cell with the drug-discharging surface of the film facing
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the receptor compartment (Tas et al., 2003). The receptor
compartment was filled with phosphate buffer (PBS) of
pH 5.8 at a temperature of 37 £ 0.5 °C and stirred
magnetically at a speed of 100 rpm. A sample of the
dissolving media (2 ml) was extracted and replaced with
a new dissolution medium at each time interval. The
percent drug release from the withdrawn samples was
determined by Ultra Violet Spectrophotometer (UV).
The obtained data was subsequently subjected to fitting
against multiple mathematical models, including zero-
order, first-order, second-order, Higuchi, and
Korsmeyer-Peppas models. Among these models, the
formulation exhibiting the highest R2 wvalue was
determined to be the most suitable model for describing
drug release behavior.

7 Results
7.1.1.

(FTIR)
The FTIR spectrum of the Caffeic acid—Chitosan
complex showed a broad band at 3433-3237 cm™ ! due
to overlapping O—H and N-H stretching, indicating
hydrogen bonding. The peaks at 1647 cm™ ' (amide I)
and 1531 cm™ ! (amide II) confirm interaction between
caffeic acid and chitosan. Bands at 1599 cm™ ! and
14501374 cm™ ! correspond to aromatic C=C and O—H
vibrations of caffeic acid, while peaks at 1278-1120
cm” ! represent C— O and C-O-C stretching of the
chitosan backbone. These observations confirm
successful incorporation of caffeic acid into chitosan

through hydrogen bonding and possible amide linkage
formation.

Fourier transform infrared spectroscopy
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Fig 1. FTIR Spectrum show Physical Mixture
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Broad band indicating hydrogen-bonded
343325 O-H stretching / N-H | hydroxyl groups from caffeic acid and
) stretching amine groups of chitosan, suggesting
strong intermolecular interaction
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3237.17 N-H stretching | Confirms presence of chitosan primary
) (amide/amine) amine groups
3052.29 Aromatic C—H stretching aCClilzractenstlc of phenyl ring of caffeic
2832.08 Aliphatic C—H stretching Associated with chitosan backbone
Chitosan amide  group;  possible
1647.68 Amide I (C=O stretching) interaction with caffeic acid carboxyl
group
N-H bending / aromatic | Overlapping of chitosan amine bending
1599.55 L o
Cc=C and caffeic acid aromatic ring
1531.32 Amide II (N-H bending) Confirms chitosan structure
1450.16 CH, bending Polysaccharide backbone of chitosan
1374.02 O-H bending Phenolic hydroxyl groups of caffeic acid
1278.49 C-O stretching (phenolic) Confirms presence of caffeic acid

1216.72, 1167.35

C—O-C stretching

Glycosidic linkages of chitosan

1120.48 C—O stretching Polysaccharide skeleton
975.39 C—C stretching Chitosan structure

889.54, 849.69 B-glycosidic linkages Typical of chitosan

780.74, 736.93 Aromatic C—H bending Caffeic acid aromatic ring
646.43, 576.04 Skeletal vibrations Polymer matrix confirmation

359.13, 354.10

Low-frequency
modes

skeletal

Composite structure stabilization

7.1.2. Differential scanning calorimetry

Table 3 : FTIR Interpretation Chart of physical mixture

The DSC thermogram of the physical Mixture of sample chitosan with caffeic acid exhibits a prominent endothermic
peak at 145.91 °C with an enthalpy of 196.04 J/g and an endset at 215.98 °C, corresponding to the melting of a
crystalline component, while a broad exothermic peak at 297.56 °C with an enthalpy of 138.58 J/g and an endset at

429.82 °C indicates thermal decomposition of the material. The shift in melting point and variation in enthalpy
compared with the pure components suggest possible molecular interaction or complex formation between the drug

and excipient. Overall, the thermogram confirms good compatibility and thermal stability of the formulation up to

approximately 290 °C.

1JDDT, Volume 16 Issue 7s, 2026

Page: 500



Development and Optimization of Chitosan Based Film Forming Gel By 23 Factorial Design

i |

Pask tomperature 212 85 °C
Enthaipy [normakzed) 42 166
8
Endusi «

&4\— —t\ —_ —/-'-_"’——

] ——
.q ——— L}
Y \ T _‘w/
= \
E il Feah \emperaturs 322 74 "C
— | Enthailpy (mormahzed) 231 27
| g
Endeet « 400 84 °C
Ernthaipy (mormakesd) 110 00
Ehaest =
Pash wrperatary IIT 81 °C
5 o 100 00 300 400 =0
Bl Terpwsers T ("5
TA insmnreey Tres V4.0 300
a) Pure Drug
os
Peak temperature. 257 56 'C
Enthalpy (normalized) 138 58
¥g
Endsel x 42982 *C
0.0 | e
..\_ . P
=
S
2
£ 05
E
£
®
&
3
T
1.0
Enthalpy (normalzed) 196 04
| J.u'g
| Endsel x 21598 ‘C
L: Peak temperature: 14591 °C
15 T T T T
(1] 100 200 300 400 500
Balp Temperature T ("C)
b) Physical Mixture
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o, () .
Formulation Code Drugrelease ( %) D'rymg ) Velocity
Time (min) (mpa.s)
FFG1 94.42 11 7662.2
FFG2 92.62 7 5263.5
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FFG3 94.53 8 4753.4
FFG4 91.1 6 4753.6
FFGS 97.31 10 8726.1
FFG 6 95.61 7 9394.4
FFG7 97.88 11 10286
FFG 8 98.34 9 10294

Table 4 : Drug Release, Drying time, tensile strength, and Velocity value for Film forming Gel Formulations.

7.2. Characterization and fitting of data to the model

1. The three factor two level factorial design was
employed to study the impact of formulation on tensile
strength water evaporation value and drying time. St
series of multiple experimental runs were generated for
the application of response surface methodology and
response thus obtained were unlisted in table 3.

2. These models are including first order second order
quadratic models, were shifted to all response all three
observed response were found to be match most
accurately into the quadratic model based on the higher
are value and minimal expected residual error sum of
square (Prod>F value<0.0001). The highest standard
error value for coefficient signifier that the nature of the
relationship in quadric. ANOVA was performed to
investigate the significant difference among the
independent variable A,B, C.

The significance of the model parameters was confirmed
as the Prob > F values were found to be below 0.05. The

obtained F-values for the response variables Y1, Y2, and
Y3 were 22.55, 8.52, and 12.49, respectively, suggesting
that all the models were statistically significant. For Y1,
the influential model terms included A, B, C, AB, AC,
BC, A2 B? and C2 In the case of Y2, the significant
factors were A, B, and C, whereas Y3 was notably
affected by A, B, C, AB, AC, BC, A%, B?, and C~

The correlation between the independent and dependent
variables was described using polynomial equations,
analyzed with specialized statistical software (Stat-Ease
Inc., Minneapolis, USA). In these equations, positive
coefficients denoted synergistic or enhancing effects that
supported optimization, whereas negative coefficients
represented adverse effects on the responses. The three-
dimensional surface plots (Fig. 3) illustrate how
independent variables influence the
dependent responses. The polynomial equations (Eq. 1,
Eq. 2, and Eq. 3) along with the corresponding 3D plots
for Y1, Y2, and Y3 are presented below.

variations in
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Stat-Ease 3608 Software
Trial Version 3D Surface
Factor Coding: Actual
Response: Drying time (min)
Design Paints

@ Above Surface

@ Below Surface

o -

Actual Factor:
c=2

Drying time {min)

A: Chitosan (%)

Stat Ease 360% Software
Trial Version 3D Surface
Factor Coding: Actual

Vesocity (mPa.s)

A: Chitosan (%)

Stat Ease 3608 Software
Trial Version

Factor Coding: Actual
Respomse: Drug Relase (%)
Design Points:

@ Above Surface

© Below Surface

o1 [ o334

Actual Factor:
€=2

Drug Relase (%)

B: PVA (%)

(©
Fig 3-dimension plots showing impact of independent variables on dependent variables (A) effect of chitosan
and PA on drying time (B) effect of EC and PEG on water vapor evaporation value (C) effect of EC and DBS

on tensile strength.
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Fig 4 Contour Plots and Desirability Function for Optimization of Chitosan-Based Film Forming Gel Using
32 Factorial Design

For the response variable Y1, the positive coefficients of factors A and B in Equation (1) signify that the tensile
strength increases with a higher concentration of ethyl cellulose. Conversely, the negative coefficient of factor C
indicates that an increase in IPM concentration leads to a reduction in tensile strength. Regarding response Y2, water
vapor absorption decreased as the concentrations of A and B increased, whereas a positive effect was observed with
factor C. For response Y3, a decrease in drying time was noted with increasing concentrations of factors A and C,
while an opposite trend was observed with factor B.

120

100

[0]
o

Precent of Drug Relaese
B D
o o

N
o

0 2 4 6 8 10 12 14 16 18 20 22 24
Time (Hrs)

= Optimized formulation Marketed formulation

Fig. 5. Cumulative amount of drug release from Film forming Gel and Marketed Formulation

v/w, respectively. The optimized Film forming gel
The formulation designated as FFG 8 was identified as  exhibited a Drug release of 98.34 + 0.24, a Drying time
the optimized composition, containing Chitosan, PVA  value of 9 min, and a Viscosity of 10294 mpa.s.
and PEG at concentrations of 3% w/w, 8% w/w, and 2 %
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8. Evaluation of Physical Characteristics of the Film
forming gel

The developed formulation appeared clear, uniform, and
transparent, with no signs of external stickiness. Its
viscosity was determined to be 10294 mpa.s, which was
considered optimal for topical application as it allowed
the formulation to spread easily and adhere well to the
skin surface. The measured pH value was 5.8 + 0.5,
which lies within the slightly acidic to neutral range,
indicating that the formulation is skin-compatible and
unlikely to cause irritation.

8.1. In-vitro Drug Release Studies

The in vitro release profile demonstrated that the test
formulation exhibited a higher drug release rate
compared to the marketed product. Initially, the drug-
loaded film forming gel showed a rapid release phase,
followed by a sustained release over the remaining
duration of the study (Fig. 4).

The percentage cumulative drug release (% CDR) was
calculated using the following formula:

% Cumulative drug release (CDR)

Amt of the drug in the sample
100

"~ Amt of the drug in the donor compartment

After 6 hours of testing, the film forming gel formulation
released 73.82 % of the drug, whereas the marketed
formulation released 29.32 %. These findings indicate
that the prepared fil forming gel achieved significantly
enhanced drug release compared to the marketed
reference product (White and Turner, 2019).

9. Discussion

The present study focused on the development and
optimization of a film-forming Gel formulation
incorporating Caffeic acid as the active therapeutic
agent. The formulation aimed to combine the advantages
of a Gel application system with the protective and
healing benefits of a thin, flexible film. The prepared
formulation exhibited desirable physical and mechanical
properties, indicating successful optimization of the
polymeric matrix.

Chitosan, polyvinyl alcohol (PVA), and PEG were
selected as key formulation components due to their
ability to form an elastic, adhesive, and breathable film
on the skin. The positive coefficients of ethyl cellulose
and DBS in the model suggested their direct influence on
improving tensile strength, as higher polymer and
plasticizer concentrations enhanced film integrity and
flexibility. Conversely, the negative coefficient of IPM
indicated that excessive concentrations reduced tensile

strength, likely due to the increased film softness and
plasticizing effect.

The viscosity of the optimized formulation (10294
mPa.s) was found to be ideal for topical application,
ensuring smooth spreadability and adequate film
formation without surface stickiness. The pH value (5.8
+ 0.5) was within the physiological range of the skin,
confirming its compatibility and non-irritating nature.
These characteristics collectively demonstrated the
formulation’s suitability as a topical wound dressing
system.

The in vitro drug release profile revealed a biphasic
pattern—an initial burst release followed by a sustained
release phase. This release behavior is advantageous for
wound management, as it ensures rapid initial drug
availability to reduce microbial load, followed by
prolonged release for continued therapeutic effect. The
cumulative drug release from the optimized formulation
(73.82% after 6 hours) was significantly higher than that
of the (Fig 5) marketed formulation (29.32%), indicating
better diffusion characteristics and controlled drug
delivery from the polymeric film matrix.

Overall, the optimized Film forming gel formulation
exhibited excellent physical characteristics, stable pH,
appropriate viscosity, and favorable drug release
kinetics. These results suggest that the developed film-
forming system can serve as a promising alternative to
traditional wound dressings by offering improved
adhesion, controlled drug delivery, and enhanced patient
comfort

10. Conclusion

In this study, a film-forming gel was successfully
developed, optimized, and evaluated. Film forming gel
represent an advanced approach for topical application
on injured skin, as they not only form a protective and
moist environment conducive to healing but also
facilitate localized drug delivery Caffeic Acid, known for
its antioxidant activity, served as the active agent of
choice for promoting effective wound therapy. The
overall findings indicate that the formulated caffeic acid
based film forming gel exhibits strong potential as an
effective wound-healing system and may serve as a
promising alternative to conventional wound dressings.
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