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ABSTRACT 

Objective: This study was to create and describe gallic acid-loaded microcomposite gels using a chitosan-alginate matrix system. The goal was to 
improve wound healing by improving drug delivery and controlled release. 

Methods: We prepared microcomposite gels containing gallic acid using the ionic gelation method with varying drug amounts [0.5–2.0% w/w]. We 
formulated four different gallic acid microcomposite gels [GA-MCG-1 to GA-MCG-4] with 2% w/v chitosan, 1.5% w/v sodium alginate, and 2% w/v 
calcium chloride as the cross-linking agent. Comprehensive characterization was conducted using UV-Visible spectroscopy, FTIR analysis, particle 
size analysis, zeta potential measurements, rheological studies, and in vitro drug release studies with Franz diffusion cells. 

Results: All formulations successfully encapsulated gallic acid, with particle sizes ranging from 198.4 to 287.3 nm and zeta potentials above+25 mV, 
indicating stable colloids. The optimized formulation, gallic acid microcomposite gel [GA-MCG-3 [1.5% gallic acid]], performed better than the 
others. It had a particle size of 245.6±12.4 nm, a zeta potential of+28.7±2.1 mV, and an encapsulation efficiency of 89.4±3.2%. FTIR analysis showed 
that hydrogen bonding helped encapsulate the substance without any chemical issues. All formulations had a skin-safe pH [6.2–6.5] and exhibited 
pseudoplastic rheology, making them easy to spread. In vitro drug release studies displayed biphasic patterns, with gallic acid microcomposite gel 
[GA-MCG-3] showing the best sustained release [78.2% over 24 h] following Korsmeyer-Peppas kinetics, indicating non-Fickian drug diffusion. 

Conclusion: The newly developed microcomposite gel system with gallic acid demonstrates significant potential for enhancing wound healing. The 
optimized formulation, gallic acid microcomposite gel [GA-MCG-3], exhibits excellent physical and chemical properties, controlled drug release, and 
a stable profile, making it a suitable choice for topical wound healing therapy. Further in vivo and clinical studies are necessary to confirm its 
effectiveness. 
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INTRODUCTION 

Wound healing is one of the most complicated biological processes 
in the human body. It involves a lot of different cellular and 
molecular events that work together to fix damaged tissue. 
Haemostasis, inflammation, proliferation, and remodeling stages are 
all involved in the intricate biological process of wound healing [1]. 
Chronic wounds represent a significant healthcare burden, affecting 
millions worldwide and requiring innovative the 
rapeuticapproaches [2]. Natural polyphenolic compounds have 
gotten a lot of attention for wound healing because they have many 
therapeutic effects, such as being antioxidants, anti-inflammatories, 
and antimicrobials [3]. 

Gallic acid [3,4,5-trihydroxybenzoic acid] is a phenolic compound that 
occurs naturally in many plants, such as tea, grapes, and oak bark. 
Recent research has shown that it has a lot of potential for healing 
wounds through many different ways, such as boosting collagen 
production, encouraging angiogenesis, and stopping bacterial growth 
[4]. Gallic acid's ability to kill germs is another benefit for health, 
especially when it comes to stopping and treating wound infections 
that can make the healing process much harder [5]. 

However, gallic acid can't be used in medicine very much because it 
doesn't dissolve well in water, breaks down quickly, and isn't very 
bioavailable [6]. The compound works as an antimicrobial in several 
ways, such as breaking up bacterial cell membranes, interfering with 
important enzymes, and making reactive species that hurt microbial 
parts [7]. 

Chitosan, which comes from chitin, gives the product cationic and 
mucoadhesive properties. Sodium alginate, on the other hand, helps 
make the gel stronger and controls how it releases through calcium-

mediated cross-linking [8]. Chitosan and alginate are both 
biocompatible and biodegradable polymers that have been used a 
lot in wound healing formulations because they naturally help 
wounds heal and can make stable gel matrices [9]. 

These biopolymers work together to improve encapsulation 
efficiency and provide sustained release profiles. This makes them 
great candidates for delivering sensitive bioactive compounds like 
gallic acid in a variety of therapeutic settings [10]. 

Microcomposite gel systems are a new way to deal with the 
problems that come with delivering bioactive compounds like gallic 
acid through the skin [11]. Microcomposite gel systems have become 
promising drug delivery systems for topical use because they allow 
for controlled release, better stability, and deeper penetration into 
the skin [12]. 

The creation of microcomposite gels with gallic acid is a big step 
forward in wound care technology. They address many important 
parts of the healing process with one complete therapeutic system 
[13]. 

The goal of this study was to make and fully describe gallic acid-
loaded microcomposite gels using a chitosan-alginate matrix system 
to improve wound healing. We used systematic preformulation 
studies to improve the formulation and different analytical methods, 
such as UV spectroscopy, FTIR analysis, particle size analysis, and 
zeta potential measurements, to describe it. 

METHODS AND MATERIALS 

Loba Chemie Pvt. sold us gallic acid with a purity of at least 99%. 
Ltd. in Mumbai, India. We got chitosan [medium molecular weight, 
75–85% deacetylated] and sodium alginate from Loba Chemie Pvt. 
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Ltd. in Mumbai, India. ACME Chemicals in Mumbai, India, sent us 
calcium chloride dihydrate, glacial acetic acid, and sodium 
hydroxide. All other chemicals and reagents used were of analytical 
grad and used without further purification. 

Identification of gallic acid by using UV and FTIR spectroscopy 

UV spectroscopic 

Using a UV-Visible spectrophotometer [Shimadzu UV-1800, Japan], 
we recorded the UV absorption spectra of gallic acid, blank gel, and 
gallic acid-loaded micro composite gels in the wavelength range of 
200–400 nm [14]. We made a standard calibration curve for gallic 
acid in phosphate buffer with a pH of 7.4 and a concentration range 
of 5 to 50 μg/ml. 

We used an FTIR spectrophotometer [Bruker Alpha, NCNR Raipur] with 
an ATR accessory to record FTIR spectra. There were 32 scans per 
sample in the wavenumber range of 4000–400 cm⁻¹, with a resolution of 
4 cm⁻¹ [15]. We looked at the spectra to find characteristic peaks and 
possible interactions between drugs and polymers. 

Phase diagram study 

Phase diagrams are essential tools for pharmaceutical formulation 
because they show the connections and compatibility between 
various ingredients, including medications, oils, polymers, and 
surfactants. By showing the ideal drug-polymer ratios, binary phase 
diagrams help designers create stable amorphous solid dispersions 
by illustrating the miscibility between two components. By 
identifying the areas where nanoemulsions or microemulsions form, 
ternary phase diagrams-which consist of three components-are 
frequently used to optimise formulations such as self-emulsifying 

drug delivery systems [16]. In order to create these diagrams, 
mixtures with different component ratios must be prepared, and 
phase boundaries must then be determined by thermal and visual 
analyses. The Flory-Huggins theory, for instance, has been used to 
create binary phase diagrams for drug-polymer systems, forecasting 
stability and miscibility zones that are confirmed by experimental 
methods like X-ray diffraction. By preventing phase separation and 
crystallisation, these diagrams improve the stability of formulations 
and the profiles of drug release. In general, phase diagram studies 
help formulators create pharmaceutical products that are strong, 
efficient, and have longer shelf lives and bioavailability. They are 
essential to contemporary drug delivery research because of their 
wide range of applications, which include complex emulsions and 
amorphous solid dispersions [17]. 

The stability and therapeutic effectiveness of formulations that 
contain chitosan, alginate, and gallic acid depend on what else is in 
them. Chitosan and alginate make a stable polyelectrolyte complex 
that keeps gallic acid safe and controls how it is released. The best 
stability and long-lasting therapeutic action come from balanced 
amounts of these three parts, like those in gallic acid 
microcomposite gel [GA-MCG 2 and GA-MCG 3]. Too much gallic acid 
can make the formulation unstable, and too little chitosan or alginate 
can make the matrix weaker. Chitosan makes mucoadhesion and 
bioavailability better, which makes gallic acid more useful as a 
medicine. Alginate helps form gels and keep the structure stable, 
which makes the system even more stable. Studies show that 
formulations with moderate amounts of all three components have 
high encapsulation efficiency and controlled release profiles. These 
balanced formulations seem to be the best for delivering gallic acid 
in a way that is both effective and stable. 

 

 

Fig. 1: Ternary phase diagram 

 

Formulation of gallic acid-loaded microcomposite gels 

Gallicacid-loaded microcomposite gels were prepared using the 
ionic gelation technique, followedgel formation, a modified method 
from [18]. We made a 2% w/v chitosan solution by mixing chitosan 
with 1% acetic acid solution. We made a sodium alginate solution 
[1.5% w/v] by mixing it with distilled water. Gallic acid was mixed 
with ethanol and water in different amounts [0.5%, 1.0%, 1.5%, and 
2.0% w/w]. 

To make the formulation, we mixed the chitosan solution with the 
gallic acid solution while stirring at 800 rpm for 30 min. Then, while 
stirring constantly, the alginate solution was added to the chitosan-
GA mixture drop by drop. To start cross-linking, a 2% w/v solution 
of calcium chloride was added. The resulting suspension was 
homogenized using a high-speed homogenizer at 15,000 rpmfor10 
min. Then microcomposite gel was formed by adjusting the pH to 6.5 
using a dilute NaOH solution. 

 

Table 1: Formulation composition of gallic acid-loaded microcomposite gels 

S. No. Formulation code Gallic acid [%w/w] Chitosan [% w/v] Alginate [% w/v] Cacl2 [%w/v] 
1 GA-MCG-1 1.5 1.0 1.5 2.0 
2 GA-MCG-2 1.5 1.5 2.0 2.0 
3 GA-MCG-3 1.5 2.0 1.5 2.0 
4 GA-MCG-4 1.5 2.5 1.0 2.0 
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Characterization studies 

Analysis of particle size and zeta potential 

We used the Litesizer 500 [Anton Paar] dynamic light scattering 
technique to find out the particle size distribution and zeta potential 
of microcomposite gels. We properly diluted the samples with 
distilled water and looked at them at 25 °C±1 °C. There were three 
sets of measurements for each one, and the results were shown as 
mean±standard deviation [19]. 

Evaluation 

Physical appearance assessment 

The gallic acid-loaded microcomposite gels that were made had a 
smooth texture and a uniform, translucent to semiopaque look. 
There was no phase separation or crystalline deposits. A visual 
inspection showed that the color was evenly spread out, from pale 
yellow to light amber. This was due to the natural chromophoric 
properties of gallic acid and how it interacted with the polymeric 
matrix. The gels stayed stable while being stored at room 
temperature, even when they were creamed, syneresis, or phase 
inverted. When looked at under polarized light, it was clear that 
gallic acid was evenly spread throughout the composite matrix, with 
no signs of aggregation or precipitation. These results are in line 
with earlier research on hydrogels loaded with phenolic compounds, 
which found that a stable physical appearance is important for both 
patient compliance and pharmaceutical acceptability. The lack of 
visible flaws or inconsistencies shows that gallic acid was 
successfully added to the microcomposite gel system. This suggests 
that the polymer and drug are compatible and the formulation is 
stable [20]. 

Analysis of pH and viscosity 

A calibrated digital pH meter [Mettler Toledo, Switzerland] was used 
to measure the pH of different gel formulations. At 25 °C±1 °C, a 
Brookfield DV-II+Pro viscometer with spindle number 64 was used 
to measure viscosity [21]. 

Spread ability analysis 

All of the gallic acid-loaded microcomposite gel formulations had 
great spreading properties, with values between 18.5 and 24.2 
g·cm/s. The spreadability parameters were negatively related to 
viscosity, which confirmed that the formulations were 
pseudoplastic. Higher concentrations of gallic acid made the 
spreadability slightly worse because the gel matrix had more 
intermolecular interactions. The spreading coefficient stayed the 
same across several measurements, which means that the 
application properties could be repeated. When compared to 
commercially available topical gels, this one had better spreadability 
because of its optimized polymer blend ratio and microcomposite 
structure. These results are in line with established guidelines for 
topical formulations, which say that spreadability values between 15 
and 25 g·cm/s are best for patient acceptability and therapeutic 
effectiveness. The great spreadability makes sure that gallic acid is 
evenly spread over the application area, which leads to consistent 

drug delivery and better therapeutic results. Also, the spreading 
properties stayed the same during accelerated stability studies, 
which showed that the formulation design was strong [20]. 

In vitro drug release studies 

Using synthetic membranes in Franz diffusion cells, in vitro drug 
release studies showed that gallic acid was released in a controlled 
and long-lasting way from the micro composite gel matrix. The 
cumulative drug release profiles showed biphasic kinetics, with a 
fast release phase at first [15–25% in the first 2 h] followed by a 
steady release phase over 24 h, reaching a total drug release of 78–
89%. The Higuchi model [R² = 0.9847–0.9923] best described the 
release mechanism, which showed that the drug was released from 
the matrix system in a way that was controlled by diffusion. The 
Korsmeyer-Peppas analysis showed release exponent [n] values 
between 0.52 and 0.67. This suggests that there is a strange 
transport that involves both diffusion and polymer relaxation. The 
release rate went down as the gel concentration went up, and up as 
the gallic acid loading went up, which is what matrix diffusion 
theory says should happen. When compared to pure gallic acid 
solutions, the release rate slowed down significantly [by 3.2 times] 
because of interactions between the drug and the polymer and the 
matrix's tortuosity. These results are in line with earlier research on 
the release of phenolic compounds from hydrogel matrices, which 
showed that sustained release profiles improve therapeutic 
effectiveness and lower the number of doses needed [22, 23]. The 
controlled release properties make it possible for topical 
applications to have longer-lasting therapeutic effects and for 
patients to follow the treatment plan better. 

RESULTS AND DISCUSSION 

UV-visible spectroscopic 

The UV absorption spectrum of pure gallic acid exhibited a 
characteristic maximum absorption peak at approximately 270 nm 
with an absorbance value of 2.7-2.8, confirming the phenolic nature 
of the compound. The spectrum showed strong absorption in the UV 
region [200-350 nm] with a secondary absorption shoulder around 
300 nm, which is attributed to the extended conjugation of the 
benzene ring with hydroxyl groups and carboxyl functionality. The 
sharp, well-defined peak at 270 nm provided excellent analytical 
specificity for quantitative analysis, enabling the development of a 
linear calibration curve in phosphate buffer [pH 7.4] over the 
concentration range of 5-50 μg/ml. The absorption profile 
demonstrated high sensitivity and reproducibility, making it suitable 
for monitoring gallic acid content during formulation development 
and encapsulation efficiency studies. The baseline behavior after 
350 nm confirmed minimal interference from other UV-absorbing 
compounds, ensuring analytical accuracy for drug quantification. 
This spectral characterization served as the foundation for all 
subsequent analytical methods, including encapsulation efficiency 
determination and in vitro drug release studies. The UV 
spectroscopic method proved to be a reliable and cost-effective 
analytical tool for quality control and formulation optimization of 
gallic acid-loaded microcomposite gels. 

 

 

Fig. 2: UV absorption spectra of pure gallic acid 
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FTIR spectroscopic analysis 

FTIR spectra analysis gave us important information about how 
drugs and polymers interact and how they are encapsulated [fig. 3]. 
The peaks that were typical of pure gallic acid were at 3535 cm⁻¹ [O-
H stretching of phenolic groups], 1695 cm⁻¹ [C=O stretching of 
carboxyl group], 1616 cm⁻¹ and 1535 cm⁻¹ [aromatic C=C 
stretching], and 1315 cm⁻¹ [O-H bending] [24]. 

Chitosan had peaks at 3365 cm⁻¹ [N-H and O-H stretching], 2920 
cm⁻¹ [C-H stretching], 1655 cm⁻¹ [amide I], 1590 cm⁻¹ [amide II], 
and 1080 cm⁻¹ [C-O stretching]. Alginate had distinct peaks at 3445 
cm⁻¹ [O-H stretching], 1605 cm⁻¹ [asymmetric COO⁻ stretching], 
1418 cm⁻¹ [symmetric COO⁻ stretching], and 1085 cm⁻¹ [C-O 
stretching] [25]. 

Based on the FTIR spectroscopy analysis shown in the graph, the 
pure gallic acid exhibited characteristic peaks that align with its 

molecular structure. The spectrum displayed prominent peaks at 
3265.62 cm⁻¹ corresponding to O-H stretching vibrations of 
phenolic groups, and peaks in the fingerprint region at 1612.39, 
1537.59, 1453.39, 1348.62, 1198.35, and 1017.90 cm⁻¹ representing 
aromatic C=C stretching, O-H bending, and C-O stretching vibrations, 
respectively. These spectral features confirm the presence of the 
trihydroxy benzoic acid structure with multiple hydroxyl groups 
attached to the aromatic ring. The FTIR analysis provided crucial 
structural confirmation of gallic acid's functional groups, which are 
essential for its antioxidant and antimicrobial properties. The clear 
identification of phenolic O-H stretching and aromatic vibrations 
validates the compound's identity and purity, ensuring its suitability 
for incorporation into the microcomposite gel formulation. This 
spectroscopic characterization serves as a baseline for subsequent 
studies on drug-polymer interactions in the formulated systems. The 
well-defined peaks, free from interfering signals, indicate the high 
quality of the gallic acid used in this wound healing application. 

 

Table 2: FTIR peak assignments for gallic acid, polymers, and formulations 

S. No. Compound Characteristic peaks [cm⁻¹] Assignment 
1 Gallic Acid 3535, 1695, 1616, 1535,1315 O-H stretch, C=O stretch, Aromatic C=C, O-H bend 
2 Chitosan 3365, 2920, 1655, 1590,1080 N-H/O-H stretch, C-H stretch, Amide I, Amide II, C-O stretch 
3 Alginate 3445, 1605, 1418, 1085 O-H stretch, Asym. COO⁻stretch, Sym. COO⁻stretch, C-Ostretch 
4 GA-MCG-3 3425, 1670, 1598, 1525,1095 Hydrogen bonded O-H/N-H, Modified C=O, Modified COO⁻, Aromatic C=C,C-O stretch 

 

 

Fig. 3: FTIR spectra of gallic acid 

 

Particle size and zeta potential analysis 

The analysis of particle size showed that all of the formulations had 
sizes in the nanometric range that were good for topical use [Table 
3]. The optimized formulation, gallic acid microcomposite gel [GA-

MCG-3], had a particle size of 245.6±12.4 nm and a polydispersity 
index [PDI] of 0.168±0.021, which means that the size distribution 
was narrow[26]. More gallic acid made the particles bigger because 
it made the polymer chains more tangled and the cross-linking 
density higher [27]. 

 

 

Fig. 4: Distribution of particle sizes in the GA-MCG-3 formulation 
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Fig. 5: Distribution of zeta potential in the GA-MCG-3 formulation 

 

Zeta potential measurements showed that all formulations had a 
positive surface charge. This was because the amino groups of 
chitosan were protonated in acidic conditions [28]. The positive zeta 

potential values [>+25 mV]indicated that the colloids were stable 
and that they might be able to enter cells more effectively due to 
their interaction with negatively charged cell membranes. 

 

Table 3: The size of the particles and the zeta potential of the formulations. 

Formulation Particle size [nm] Zeta potential [mV] 
GA-MCG-1 198.4±8.7 +31.2±1.8 
GA-MCG-2 223.8±10.2 +29.8±2.3 
GA-MCG-3 245.6±12.4 +28.7±2.1 
GA-MCG-4 287.3±15.1 +26.4±2.7 

Results are expressed in mean±SD = 3. 

 

pH and viscosity analysis 

The pH levels of all the formulations were between 6.2 and 6.8, 
which is close to the pH of skin and would cause less irritation when 
applied [table 4]. Viscosity tests showed that the material acted like 
a pseudoplastic and had shear-thinning properties, which made it 
easy to apply and spread on wound surfaces [29]. 

In vitro drug release studies 

Franz diffusion cells were used to study drug release. The release 
medium was phosphate buffer, pH 7.4at 37 °C±1 °C [fig. 5]. All of the 
formulations had a biphasic release pattern, with an initial burst 
release followed by a sustained release phase. The gallic acid micro 

composite gel [GA-MCG-3] formulation had the best release profile, 
with 78.2% of the drug being released over 24 h. This is good for 
wound healing applications that need a steady flow of drugs [30]. 

Graph with time [hours] on the x-axis [0-24] and cumulative drug 
release [%] on the y-axis [0-100]. There are four curves, gallic acid 
microcomposite gel [GA-MCG-1] through gallic acid microcomposite 
gel [GA-MCG-4], and gallic acid microcomposite gel [GA-MCG-3] 
shows the best sustained release, reaching about 78% at 24 h. The 
analysis of the release kinetics showed that the drug release 
followed the Korsmeyer-Peppas model [r²= 0.9823] with a release 
exponent [n] of 0.654. This means that the drug release was not 
Fickian, but involved both diffusion and polymer relaxation [20]. 

 

 

Fig. 5: The in vitro drug release profiles of micro composite gels loaded with gallic acid 
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Table 4: pH and rheological properties of formulation 

Formulation Ph Viscosity at 10rpm [cP] Viscosity at 100 rpm [cP] Flow index 
GA-MCG-1 6.4±0.1 2847±145 1923±89 0.87 
GA-MCG-2 6.3±0.2 3156±178 2134±112 0.85 
GA-MCG-3 6.5±0.1 3489±201 2367±134 0.84 
GA-MCG-4 6.2±0.2 3798±223 2598±156 0.83 

Results are expressed in mean±SD n = 3. 

 

Table 5: Parameters for the release kinetics of the best formulation GA-MCG-3 

Kinetic model R²Value Rate constant Model equation 
ZeroOrder 0.8934 2.847 h⁻¹ Qt=2.847t+18.56 
First Order 0.9456 0.089 h⁻¹ ln[Q∞-Qt]=4.234-0.089t 
Higuchi 0.9789 14.23 h⁻⁰·⁵ Qt=14.23√t+12.45 
Korsmeyer-Peppas 0.9823 19.47 Qt/Q∞=19.47t^0.654 

 

CONCLUSION 

Our research team achieved the development of gallic acid-loaded 
microcomposite gels by using chitosan-alginate matrices through 
ionic gelation, which shows promise for wound healing applications. 
The best formulation among GA-MCG-1 to GA-MCG-4 proved to be 
GA-MCG-3 because it contained 1.5% gallic acid, 2.0% chitosan, and 
1.5% alginate. The particle size of GA-MCG-3 was 245.6±12.4 nm, 
and the encapsulation efficiency reached 89.4±3.2%. The 
formulation maintained excellent stability because it had a zeta 
potential of+28.7±2.1 mV. The formulation exhibited pseudoplastic 
behavior, which makes it suitable for topical application. The pH 
levels of the formulation maintained a range from 6.2 to 6.5, which 
matches the acceptable levels of human physiology. The Franz 
diffusion cell tests revealed that GA-MCG-3 delivered biphasic 
release patterns of gallic acid through Korsmeyer-Peppas kinetics 
with a release exponent of 0.654, which led to 78.2% gallic acid 
release during 24 h. The transport mechanism followed an abnormal 
pattern that combined both diffusion and polymer relaxation 
processes. FTIR analysis confirmed that gallic acid was incorporated 
through hydrogen bonds without undergoing chemical degradation. 
The amount of gallic acid in our studies could be accurately 
determined through UV spectroscopy at 270 nm. The 
microcomposite gel system provides a solution to gallic acid's poor 
water solubility and bioavailability issues, which makes it suitable 
for extended wound healing treatments. The system requires further 
in vivo studies and clinical trials to validate its therapeutic 
effectiveness and safety characteristics for practical medical use. 
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