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Abstract
The biological process of wound healing is intricate and necessitates the use of precise pharmaceutical
interventions to support tissue regeneration and infection control. Topical formulations are essential
for wound care because they minimize systemic side effects while delivering therapeutic ingredients
straight to the site of injury. Because they improve medication retention, bioavailability, and controlled
release, advanced nanotechnology-based carriers such as liposomes, solid lipid nanoparticles (SLNs),
and hydrogels are gradually replacing conventional ointments, creams, and gels. The mechanisms of
action, preclinical and clinical results, and current topical formulations for wound healing are
examined in this review in order to optimize medication distribution and enhance wound care.
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Introduction
An important physiological process that includes hemostasis, inflammation, proliferation, and
remodeling is wound healing [1]. Although systemic antibiotics and anti-inflammatory medications are
useful, topical formulations offer a focused strategy that improves patient compliance and therapeutic
efficacy [2]. The kind of wound, its severity, and any underlying infections all influence the topical drug
delivery system selection. Ointments, creams, and hydrocolloid dressings are examples of traditional
topical treatments that have been used extensively. However, recent developments in nanomedicine
have produced hydrogels, lipid nanoparticles, and polymeric nanocarriers, which provide better drug
penetration, moisture retention, and antibacterial properties [3].
Methodology for Topical Formulation Development
2.1. Selection of Active Ingredients
The process of creating topical wound healing formulations entails choosing bioactive substances that
promote tissue regeneration, antibacterial activity, and anti-inflammatory actions [4]. Typical active
pharmaceutical ingredients (APIs) include the following:

« Silver sulfadiazine (antimicrobial)

+  Povidone-iodine (broad-spectrum antiseptic)
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+  Curcumin (anti-inflammatory)

+  Chitosan (biopolymer with wound-healing properties)

2.2. Choice of Base and Excipients
A suitable base is required for effective drug release and absorption. Common bases include:
«  Hydrophobic bases (petrolatum, lanolin)
»  Hydrophilic gels (Carbopol, hydroxypropyl methylcellulose)
« Liposome-based carriers (phospholipids for controlled drug release) [5].
2.3. Preparation Techniques
Different preparation techniques are used based on the formulation type:
+  Ointments & Creams: Mixing of API with oil or water phase using high-speed homogenization.
+  Hydrogels: Dissolution of polymeric gelling agents in aqueous solutions.
+ Nanoparticles (SLNs, nanoemulsions): High-pressure homogenization or solvent diffusion to
achieve nanoscale particle sizes [6].
Animal Studies for Evaluating Topical Formulations
3.1. Animal Models Used in Wound Healing Studies
Preclinical studies are performed using animal models such as:
+ Rodents (mice, rats): Commonly used for excisional and burn wound models.
«  Pigs: Have skin structure similar to humans, used for chronic wound healing studies [7].
3.2. In Vivo Evaluation Parameters
» Wound contraction percentage measured at intervals (3, 7, 14 days).
« Histological analysis of re-epithelialization, granulation tissue formation, and inflammatory response.
» Microbial load testing to assess antibacterial efficacy [8].
3.3. Key Findings from Recent Animal Studies
+ SLN-based curcumin gels showed 30% faster wound closure compared to traditional ointments [9].
+ Povidone-iodine nanoemulsions exhibited prolonged antimicrobial effects against Staphylococcus
aureus and Pseudomonas aeruginosa [10].
+ Chitosan-based hydrogels enhanced collagen deposition and fibroblast proliferation in diabetic wound
models [11].
Results and Discussion
4.1. Efficacy of Different Topical Formulations
Recent research suggests that nanoparticle-based formulations outperform conventional topical
treatments in terms of:

+ Faster wound closure rates (observed in hydrogel and SLN-treated wounds).
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+ Reduced bacterial load in infected wounds due to controlled drug release.
+ Better hydration and reduced scarring with polymeric and lipid-based nanocarriers [12].
4.2. Mechanism of Action
+ Ointments and Creams: Provide moisture retention but may hinder drug penetration in deeper
wounds.
« Hydrogels and Films: Maintain optimal hydration levels, allowing better cell migration.
» Nanoparticles and Liposomes: Enhance skin penetration, prolong drug retention, and reduce
systemic toxicity [13].
4.3. Limitations and Challenges
Despite advancements, topical wound formulations face challenges, including:
+ Instability of bioactive compounds in aqueous formulations.
+  Variability in drug release and penetration in different skin types.
«  High manufacturing costs of nanocarrier-based systems [14].
Conclusion
Topical formulations play a vital role in wound healing by delivering therapeutic agents directly to the
affected site while minimizing systemic side effects. Traditional ointments, gels, and creams are still
widely used, but nano-based formulations, such as solid lipid nanoparticles, liposomes, and hydrogels,
offer improved drug penetration, prolonged action, and enhanced wound healing outcomes. Future
research should focus on enhancing formulation stability, optimizing controlled release mechanisms,
and conducting large-scale clinical trials to validate the efficacy of advanced drug delivery systems in
wound management.
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