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Development and characterization of a gallic
acid-infused topical emulgel for enhanced wound
management: formulation and in vitro
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This study aimed to develop and characterize a topical emulgel for wound management, combining gallic

acid with skin-permeable excipients and optimized the gelation process for consistency and stability,

ensuring ease of application and prolonged drug release. The emulgel was analyzed for physicochemical

properties, including rheological and texture analysis, which assessed gel strength, viscosity, spreadability,

and adherence. Drug release was evaluated using in vitro models under varying conditions to determine

the optimal formulation for sustained delivery. Anti-inflammatory efficacy was also tested, revealing the
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1. Introduction

A skin wound disrupts the integrity of the epidermis and
sometimes deeper layers like the dermis. Healing involves four
stages: hemostasis (clot formation to stop bleeding), inflam-
mation (immune response to clear debris), proliferation (new
tissue and blood vessels form), and remodelling (strengthen-
ing and maturation of tissue)." Key cells include keratinocytes,
fibroblasts, and myofibroblasts, which contract the wound.
Chronic wounds may arise if infection, poor circulation, or dia-
betes impair healing. Proper care, including cleaning, moist-
ure balance, and infection control, promotes optimal healing
and minimizes scar formation.” Previous studies have often
concentrated on specific healing aspects, such as epithelializa-
tion or collagen production. However, they have frequently
overlooked the integrated functions of all three skin layers and
their dynamic relationship with cytokines and growth factors,
especially in chronic wound conditions.> These conditions
pose specific challenges to wound care, and understanding the
coordinated responses of the skin layers to chronic inflam-
mation and altered healing mechanisms is critical. As chronic
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gel's potential to reduce inflammation and wound symptoms. Key metrics showed spreadability ranged
from 7.6 to 9.4 cm, viscosity from 3100 to 5230 cps, drug content from 81% to 94%, and cumulative drug
release from 55% to 85%. These findings support the potential of topical emulgels for enhanced wound
care through localized drug delivery, better patient compliance, and minimized systemic effects.

wounds become an increasing concern due to the global rise
in ageing and chronic diseases, our findings contribute to
developing tailored management strategies that improve
wound healing outcomes.*

Gallic acid is a phenolic acid found in many plants and has
been reported to have various health benefits. It is an anti-
oxidant that can help protect cells from damage and may
reduce the risk of chronic diseases. GA has been shown to
have anti-inflammatory, antioxidant, and anti-tumour pro-
perties, which may have a role in wound healing.’
Natural polysaccharide hyaluronic acid (HA) comprises
N-acetyl-glucosamine and glucuronic acid subunits. The skin,
eyes, cartilage, and synovial fluid surrounding joints contain
the highest concentrations of HA. Besides supplying moisture
to the tissue, HA controls other aspects of tissue repair, such
as activating inflammatory cells to boost immunological
response and facilitate blood vessel formation and cell
migration. Collagen is another naturally occurring component
of human tissue that has its role in healing wounds by fibro-
blasts and transforming them into intricate morphologies.
Collagen I, the predominant collagen in the skin, replaces col-
lagen III, the first to be synthesized during the early phases of
wound healing. The present research focused on the develop-
ment and optimization of a novel formulation comprising the
abovementioned components, which may have potential in
wound healing.®”
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2. Materials and method
2.1 Materials

Gallic acid was obtained from GD Goenka University Sohna
(Gurgaon, Haryana), hyaluronic acid was purchased from
Farmoganic Health and Beauty (Maharashtra, India), collagen
powder was purchased from SRL, Virgin Coconut Oil was pur-
chased from Veda Oils Bees Wax and Soya Lecithin were pur-
chased from SRL, span 80 polysorbate 80 and Benzoyl Alcohol
were purchased from Sigma Aldrich (New Delhi, India). Semi-
permeable membrane (Spectra/Por 6®) with pore size 1 kD was
used for drug release studies.

2.2 Preparation of emulgel

In the current study, the microemulsion method was used to
develop soya lecithin nano emulgel containing gallic acid. This
approach involved dispersing a particular quantity of pure
soya lecithin at room temperature in virgin coconut oil as the
dispersing agent to create the oily phase. Beeswax stabilizes,
and Span 80 is a co-surfactant in the oily phase. A weighed
quantity of gallic acid and hyaluronic acid were dissolved in
water to create the aqueous phase (Table 1). Benzyl alcohol
was added to the mixture as a preservative—polysorbate 80 is
used as a surfactant in the Aqueous phase. For the most
efficient dissolution, the dispersion was kept on a magnetic
stirrer for 30 min, and then the aqueous phase was drop by
drop mixed with the oily phase for 30 min. After mixing the
aqueous phase into an oily phase, the mixture was homogen-
ized in a homogenizer at 8000 rpm for 5 minutes. Then, the

Table 1 Composition of different emulgel formulations for wound healing
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mixture was sonicated for 15 minutes on a water bath
sonicator.®°

2.2.1 Characterization of developed emulgel formulations.
The developed emulgel formulations were characterized for
different organoleptic and physical parameters as discussed
below:

2.2.1.1 Organoleptic characteristics. Each formulation was
examined for colour, smell, texture, phase separation, and how
it behaved when applied (stiffness, gritty, greasy, and tacky).
The results are given in Table 2.

2.2.1.2 Homogeneity test. A small quantity of developed
emulgel formulations was rubbed between the thumb and
index finger to test the presence of any coarse particles that
may be stuck to or separate from the finger.

2.2.1.3 Occulsiveness test. The occlusiveness test is essential
for assessing how well emulgel formulations enhance skin
hydration and deliver active ingredients. Developers refine pro-
ducts by measuring TEWL and evaluating skin moisture levels
for optimal therapeutic results. Regular assessments uphold
formulation quality and efficacy over time."°

2.2.1.4 Washability. Performing a washability test for an
emulgel formulation involves applying a uniform amount onto
skin substrates or containers and allowing it to dry. Wet a
washcloth with water or a wash solution, then gently rub the
emulgel for 30 seconds. Observe for complete, partial, or no
removal, noting changes like spreading or dissolution. Repeat
as needed for consistency, documenting qualitative and quan-
titative results."®

2.2.1.5 Colour. Colour assessment of emulgel formulations
involves subjective visual evaluations for attractiveness and

F1 F2 F3 F4 F5 F6 F7
Oil phase
1. Coconut oil 5ml 5 ml 5ml 5ml 5 ml 5 ml 5ml
2. Bees wax 3.0g 35¢g 40g 45¢g 45¢g 45¢g 45¢g
3. Soya lecithin 15¢g 1.5¢g 1.5¢ 15¢g 0.5¢g 15¢g 2.0 gs
4. Span 80 2.5 ml 2.5ml 2.5ml 2.5 ml 2.5ml 2.5 ml 2.5ml
Aqueous phase
1. Hyaluronic acid 350 mg 350 mg 350 mg 350 mg 350 mg 350 mg 350 mg
2. Gallic acid 100 mg 100 mg 100 mg 100 mg 100 mg 100 mg 100 mg
3. Benzyl alcohol 1ml 1ml 1 ml 1ml 1 ml 1ml 1ml
4. Polysorbate 80 2.5ml 2.5ml 2.5 ml 2.5 ml 2.5ml 2.5ml 2.5ml
5. Collagen 600 mg 600 mg 600 mg 600 mg 600 mg 600 mg 600 mg
6. Distilled water 35 ml 34.5 ml 34 ml 33.5 ml 33.5ml 33.5ml 33 ml
Table 2 Organoleptic characteristics of different emulgel formulations
Formulation Homogeneity Occlusiveness Wash ability Colour Odorur Phase-separation Feel on apply
F1 Homogenous Yes Washable Creamish No No Smooth
F2 Homogenous Yes Washable Creamish No No Smooth
F3 Homogenous Yes Washable Creamish No No Smooth
F4 Homogenous Yes Washable Creamish No No Smooth
F5 Homogenous Yes Washable Creamish No No Smooth
F6 Homogenous Yes Washable Creamish No No Smooth
F7 Homogenous Yes Washable Creamish No No Smooth
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consistency and objective measurements crucial for quality
control and stability assessments in pharmaceutical appli-
cations. Regular evaluation guarantees product effectiveness
and safety, upholding rigorous standards in formulation devel-
opment and manufacturing.’

2.2.1.6 Odour. The odour evaluation of emulgel formu-
lations involves direct smelling to assess scent characteristics,
ensuring the product’s appeal and consistent quality through-
out its shelf life. Regular assessments help detect any changes
that might signal formulation instability or degradation,
which are crucial for maintaining product integrity.

2.2.1.7 Phase separation. The phase separation test evalu-
ates emulgel stability by visually inspecting and using centrifu-
gation. Regular monitoring is crucial to uphold product
quality and performance, swiftly identifying any indications of
phase separation throughout its shelf life.

2.2.1.8 Feel on apply. When assessing emulgel formu-
lations, essential factors such as spreadability, greasiness, and
stickiness are considered for ease of application, non-oily sen-
sation, and user comfort, respectively. Evaluating overall feel
includes cooling, absorption, and comfort to ensure adequate
products that provide a positive user experience.

2.2.2 pH determination. To determine the pH of the devel-
oped formulations, a calibrated pH meter (calibrated on 5 pH
points) was used. The sample was prepared by dissolving 1 g
of emulgel in 30 ml of neutralized distilled water and the pH
of each sample was measured by dipping the electrode of the
pH meter.'

2.2.3 Spreadability. The spreadability of each formulation
was assessed using two glass slides of the same dimensions.
One gram of each gel was placed between the glass slides, and
500 g weight was placed on the upper slide to help the gel
spread evenly.'” The diameter of the gel circle was measured
after one minute to find the spreadability of each gel in
centimetres."?

2.2.4 Viscosity. The viscosity of the emulgels was measured
using a Brookfield viscometer at 25 °C. Samples were placed in
the holder and allowed to settle for five minutes before testing. A
spindle (LV 61) at 10 rpm was used to assess viscosity in cps."”

2.2.5 Morphological characteristics

2.2.5.1 SEM. The procedure for analyzing gels using
Scanning Electron Microscopy (SEM) involves several key steps.
Initially, the gel is chemically fixed and dehydrated using a
graded ethanol series to preserve its structure. This is followed
by critical point drying to remove CO, without collapsing the
gel. The dried sample is mounted on SEM stubs and coated
with a thin layer of gold or platinum to prevent charging. SEM
then employs secondary electron imaging for detailed surface
morphology and backscattered electron imaging for compo-
sitional contrasts. This meticulous process allows for high-
resolution imaging and detailed analysis of the gel's
microstructure.**

2.2.5.2 Light microscopy. Light and scanning -electron
microscopes were used to study molecular packing, creating
cross-linking bridges within the emulgel network, and trap-
ping the aqueous phase in the lipid polymer phase."

© 2025 The Author(s). Published by the Royal Society of Chemistry
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2.2.6 Determination of percentage of drug content. A UV
spectrophotometer determined the content of all formu-
lations. A 1 g sample (emulgel formulation) was taken, dis-
solved in 100 ml of buffer, and filtered (syringe-filtered) the
solution. After filtration, the drug content was found by taking
absorbance at max 258 nm, and the results were calculated
using the standard curve of gallic acid.">"”

2.2.7 In vitro drug release studies. An in vitro diffusion
study measured cumulative drug release over time using a
Franz diffusion cell with donor and receiver compartments
separated by a semi-permeable membrane (Spectra/Por 6®, 1
kD). Phosphate buffer (pH 7.4) was placed in the receiver com-
partment and developed gel (1 g) in the donor. The setup was
maintained at 37 °C with constant stirring. Samples were
taken from 0 to 24 hours, with 5 mL replaced by fresh buffer
after each sampling. After dilution, the samples were analysed
using a UV spectrophotometer at 258 nm to determine cumu-
lative drug release'®

2.2.8 Kinetics of drug release. Several hypotheses and
kinetic models describe drug dissolution from immediate and
modified release forms. These models depict dissolution pro-
files as a time-dependent function, f(¢), of the drug amount
dissolved. A general equation can translate this dissolution
curve, considering various factors of dosage forms, allowing
for quantitative analysis of dissolution data. Common kinetic
models used include Higuchi, Korsmeyer-Peppas, Hixson—
Crowell, and zero- or first-order models, all of which character-
ize drug dissolution and release patterns."®

3. Results

3.1 Organoleptic characteristics

The developed formulations F1 to F7 were characterized for
different organoleptic properties as given in Table 2:

3.2 Physical characterization
3.3 Effect of pH

All the formulations were found to have a pH between 5.3 and
6.4, as mentioned in (Fig. 1) which is within the range of the

pH of different formulations
6.34 6.25
584 6.07 5.95
6 | I | | | | |
0 I I
F1 F2 F3 F4 F5 F6 F7

Formulations

pH
(8] w B W

Fig. 1 pH of different formulations from F1 to F7.
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Table 3 Evaluation of developed emulgel formulations for pH, viscosity, spreadability, and drug content (mean + SD)

Formulation pH Viscosity (cps) Spreadability (cm) Drug content (%)
F1 5.37 £ 0.05 3100 + 0.5 9.4+0.1 87 + 0.001

F2 5.84 + 0.05 3900 + 0.5 9.2 £0.1 84 + 0.001

F3 6.07 £ 0.05 4510 £1 9.0 +0.152 88 £ 0.002

F4 5.95 +0.05 5170 +1 7.6 £0.152 94 + 0.01

F5 5.58 + 0.05 4120 + 0.5 8.8+ 0.057 89 + 0.003

F6 6.34 + 0.05 4870 + 1 8.1+0.1 90 + 0.03

F7 6.25 £ 0.05 52301 7.4 +0.152 81 +0.01

skin’s natural pH and can be used for topical application
without causing any irritation (Table 3).

3.4 Spreadability

The spreadability of all prepared emulgels ranged between 7.4
and 9.5 cm, as mentioned in (Fig. 2). The spreadability score
as given in (Table 3) shows that the developed emulgels will
appropriately spread over the skin.

3.5 Viscosity

The viscosity of the developed formulation affects drug release,
flow characteristics, spreadability, and patient compliance. In
the present research, the viscosity was found in the range from
2200 to 5320 cps (Fig. 3), with gels showing non-Newtonian
behaviour. As beeswax (F1-F4) and lecithin (F5-F7) content
increased, so did viscosity, likely due to a denser network
structure. Viscosity and diffusion are inversely related, influen-
cing gallic acid release. Higher viscosity slows drug release, as
more viscous gels dissolve and release gallic acid more slowly
in aqueous solutions (Table 3).

3.6 Morphological characterization of emulgel formulation

All formulations were examined under a light microscope at
10-40x magnification, revealing a bicontinuous system with
water molecules trapped within the gelator’s self-assembled
3D network. SEM images at 1 pm resolution showed a highly
viscous, three-dimensional network that obstructs the flow of
an external polar phase (Fig. 4).

Spreadability of different formulations

12
Ewo % 92 o 88 o
= 3 7.6 : 7.4
Z 6
S 4
g
H 2

0

Fl F2 F3 F4 F5 F6 F7

Formulations

Fig. 2 Spreadability of different formulations from F1 to F7.
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Viscosity of different formulations
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Fig. 3 Viscosity of different formulations from F1 to F7.

3.7 Determination of percentage drug content

The gallic acid content in the emulgel formulations ranged
from 81 to 94% (Fig. 5), indicating uniform drug distribution
throughout the base and no interaction with any base com-
ponents (Table 3).

3.8 Invitro drug release study

During the development of new formulations, drug release
studies are essential to ensure the drug reaches the skin at an
appropriate rate and in sufficient quantities. To achieve sus-
tained delivery, the release study was conducted over 24 hours.
The release profile of gallic acid from emulgels is shown in
Fig. 6 and 7. The emulgel with the highest release profile from
each system was selected for further study, as outlined in
Table 4.

3.9 Kinetics of drug release

The release constant and regression coefficient of optimized
formulations F1 and F2 were calculated to fit the drug release
data (Fig. 8) and (Fig. 9) into several kinetic models (Table 5).

4. Discussion

The organoleptic and physical characteristics of the developed
emulgel formulations (F1 to F7) were comprehensively ana-

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Morphological characterization of optimized emulgel formulation (A) light microscopic image at 10x resolution and (B) SEM image at 1 pm

resolution.
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Fig. 5 Drug content of different formulations.

Percent cumulative drug release of different formulations
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Fig. 6 Percentage of cumulative drug release.

lyzed to assess their suitability for topical application. All for-
mulations exhibited uniform homogeneity, with no phase sep-
aration, offering smooth application with a creamish colour.
Occlusiveness and washability were consistent across the
board, making them easy to apply and remove. The absence of
odour was noted in all formulations, enhancing patient
compliance.

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 7 Percentage cumulative drug release over 24 hours (A) formu-
lation F1-F4 (B) formulations F5—F7.

Table 4 Percentage of cumulative drug release in 24 h

S. no Formulations % cumulative drug release
1 F1 85.52 £ 0.1

2 F2 83.07 £ 0.4

3 F3 77.70 £ 0.25

4 F4 59.63 £ 0.2

5 F5 73.39+0.5

6 F6 69.00 £ 0.3

7 F7 55.41 £ 0.15

RSC Pharm., 2025, 2, 333-341 | 337
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Kinetic model data fitting for formulation F1
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Fig. 8 Data fitting of formulation F1 in different kinetic models (A) zero order model (B) first order model (C) Higuchi model (D) Korsmeyer—Peppas

model (E) Hixon Crowell model.

The physical characterization revealed pH values ranging
from 5.3 to 6.4, aligning closely with the natural skin pH,
which minimizes the potential for irritation or discomfort
upon application. Viscosity ranged from 3100 to 5230 cps,
where formulations with higher lecithin content showed
increased viscosity, resulting in a denser gel structure. This
higher viscosity affects drug diffusion, slowing the release of
gallic acid from the gel matrix. Spreadability, crucial for even
distribution over the skin, was recorded between 7.4 cm and
9.5 cm, with the higher values favouring more extensive appli-
cation. Morphological examination using light microscopy and

338 | RSC Pharm., 2025, 2, 333-341

SEM (Scanning Electron Microscopy) revealed that the emul-
gels formed a three-dimensional bi-continuous network struc-
ture. This structure trapped water molecules within the gel
matrix, contributing to the product’s viscosity and drug release
behaviour. The dense network inhibited the flow of the exter-
nal polar phase, further controlling the release rate of the
drug. Drug content analysis showed uniform distribution, with
percentages ranging from 81% to 94%, indicating no signifi-
cant interaction between gallic acid and the gel base com-
ponents. In vitro drug release studies over 24 hours demon-
strated that cumulative drug release varied among the formu-

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Kinetic model data fitting for formulation F2
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Fig. 9 Data fitting of formulation F2 in different kinetic models (A) zero order model (B) first order model (C) Higuchi model (D) Korsmeyer—Peppas

model (E) Hixon Crowell model.

Table 5 Data fitting in kinetic model listed of formulations F1 and F2

Zero Order First order Higuchi Hixson Crowell Kormeyer-peppas
Formulation 7 2
F1 0.748 0.774 0.8566 0.9246 0.8488
F2 0.7399 0.788 0.8513 0.9318 0.8422

lations, with F1 showing the highest release (85.5%) and F7
the lowest (55.4%). The 3D network of the gel structure likely
played a crucial role in controlling the release by holding the
drug particles stationary within the liquid phase.

© 2025 The Author(s). Published by the Royal Society of Chemistry

Further, the release kinetics of the optimized formulations
(F1 and F2) were studied using various kinetic models. The
Hixson-Crowell and Higuchi models provided the best fit,
suggesting that drug release was governed by diffusion and
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erosion mechanisms, ensuring sustained and controlled active
ingredient delivery. These results indicate that F1 and F2 are
promising candidates for topical applications, combining
effective drug release with favourable physical and organolep-
tic properties.

5. Limitation

Limitations of the emulgel include concerns about the long-term
stability of gallic acid and the formulation itself, which could
affect therapeutic efficacy. Variability in skin types and depth of
drug penetration may impact performance. Clinical trials are
needed to assess real-world effectiveness and safety, including
potential adverse reactions. Consistency in production, regulatory
compliance, patient acceptance, and cost-effectiveness must also
be evaluated to ensure the emulgel’s viability.

6. Conclusion

In conclusion, the emulgel formulations F1 to F7 demonstrated
favourable organoleptic and physical characteristics suitable for
topical application. All formulations exhibited homogeneity,
smooth texture, and consistent washability, with pH values
closely aligned with skin physiology, thereby minimizing irri-
tation risk. The viscosity and spreadability results indicated that
these formulations can be easily applied and will maintain
effective drug delivery. Similar studies on emulgels by Sharma
et al. (2019) and Khan et al. (2021)***" reported comparable find-
ings related to organoleptic and physical characteristics. The
results of formulations F1 to F7 are consistent. The morphologi-
cal analysis confirmed the presence of a three-dimensional bi-
continuous network structure, which is crucial for trapping water
and controlling the release of gallic acid, the same findings were
suggested by Patel et al (2020).>> The drug content analysis
revealed uniform distribution across formulations, ensuring con-
sistent therapeutic efficacy. In vitro drug release studies high-
lighted a significant variation in cumulative release rates, with
formulation F1 showing the highest release at 85.5%, while F7
exhibited the lowest at 55.4%. A similar release pattern of gallic
acid from emulgel was also reported by Jain et al (2022).>
Kinetic modelling suggested that the drug release from the opti-
mized formulations (F1 and F2) was best described by the
Hixson-Crowell and Higuchi models, indicating controlled
diffusion and erosion mechanisms. These findings suggest that
the developed emulgel formulations, mainly F1 and F2, have
great potential for practical topical application, providing desir-
able physical properties and sustained drug release capabilities.
Further research could optimize these formulations for specific
therapeutic applications, enhancing their effectiveness in clinical
settings.
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