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ABSTRACT  

Lipid nanoparticles have emerged as a promising solution in the field 

of wound healing, offering innovative approaches to enhance 

therapeutic efficacy and patient outcomes. These nanoparticles 

improve drug bioavailability by enhancing the solubility and stability 

of therapeutic agents, while their targeted delivery systems minimize 

systemic side effects. Their controlled release mechanisms ensure 

prolonged drug retention at the wound site, and their ability to form 

protective barriers contributes to increased patient compliance and 

comfort. This review explores the advantages of lipid nanoparticles, 

including their role in addressing the challenges of conventional 

wound care therapies. It also highlights future perspectives, including 

next-generation formulations with advanced targeting capabilities, 

innovations for chronic wound management, and the integration of 

lipid nanoparticles with other therapeutic modalities such as 

phototherapy and hydrogels. By addressing current limitations and 

embracing new technological advancements, lipid nanoparticles hold the potential to 

revolutionize wound healing treatments and improve overall patient care. 
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1. INTRODUCTION 

Wound healing is a complex and dynamic biological process that occurs in response to tissue 

injury. It involves the coordination of various cellular and molecular mechanisms aimed at 

restoring the integrity of the damaged tissue. The process can be broadly divided into four 

overlapping phases: hemostasis, inflammation, proliferation, and remodeling.
[1]

 

 

 
Fig. 1.1: Wound healing process. 

 

The hemostasis phase begins immediately after an injury. Blood vessels constrict to reduce 

bleeding, and platelets aggregate at the wound site to form a clot. This clot serves as a 

temporary matrix for cell migration and provides important signaling molecules that trigger 

subsequent phases of healing.
[2]

 

 

The inflammatory phase follows hemostasis, where immune cells such as neutrophils and 

macrophages are recruited to the wound site. These cells work to clear debris, bacteria, and 

dead tissue through phagocytosis. Inflammatory cytokines like interleukins (IL-1, IL-6) and 

tumor necrosis factor-alpha (TNF-α) are released, promoting the recruitment of additional 

immune cells and facilitating tissue repair. Although inflammation is essential for wound 

healing, chronic inflammation can impair healing and lead to complications.
[3]

 

 

The proliferative phase is characterized by the formation of new tissue. Fibroblasts migrate 

into the wound area, producing collagen, which is essential for providing structural support to 

the new tissue. At the same time, angiogenesis occurs, with the formation of new blood 
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vessels to supply nutrients and oxygen to the healing tissue. Re-epithelialization, the 

regeneration of the outer layer of the skin, also occurs during this phase.
[4-5]

 

 

Finally, the remodeling phase involves the maturation of the new tissue. Collagen fibers are 

reorganized, and the wound continues to contract as the tissue regains strength and flexibility. 

This phase can last for several months to years, depending on the severity of the wound. The 

goal of remodeling is to restore the skin’s barrier function, although the tissue may never 

regain its original strength.
[6]

 

 

Challenges in current wound care therapies 

Wound care remains a significant clinical challenge, especially for chronic wounds such as 

diabetic ulcers, pressure ulcers, and venous leg ulcers. Despite advancements in wound care 

technologies, several obstacles hinder the effectiveness of current therapies. One of the major 

challenges is the management of infection. Open wounds are highly susceptible to microbial 

invasion, which can lead to infection and delayed healing. Standard antimicrobial treatments, 

such as topical antibiotics, often fail to penetrate biofilms, a protective barrier formed by 

bacterial colonies, making infections persistent and difficult to eradicate.
[7-8]

 

 

Another significant challenge is inflammation control. While the inflammatory phase is 

essential for clearing debris and initiating healing, prolonged or excessive inflammation can 

be detrimental. In chronic wounds, inflammation often becomes dysregulated, leading to 

tissue damage and further delaying healing. This is particularly problematic in patients with 

underlying conditions like diabetes, where inflammatory responses are often exacerbated.
[9]

 

 

Poor vascularization is also a common barrier to wound healing. Chronic wounds are often 

associated with reduced blood flow, which impairs the delivery of essential nutrients and 

oxygen to the wound site. This issue is particularly prevalent in patients with vascular 

diseases, such as peripheral artery disease, and results in slower healing or non-healing 

wounds.
[10]

 

 

Scar formation poses another challenge, especially in cases where the wound healing process 

is not optimal. Inadequate tissue regeneration can lead to excessive collagen deposition, 

resulting in hypertrophic scars or keloids, which may cause functional impairment or 

aesthetic concerns. Currently, there is limited success in reducing scar formation in routine 

wound care.
[11]
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Furthermore, cost and accessibility of advanced wound care treatments present significant 

challenges. Advanced therapies, such as bioengineered skin substitutes, growth factor 

treatments, and negative pressure wound therapy, are effective but often expensive and 

inaccessible to patients in resource-limited settings. The complexity of these treatments also 

requires specialized healthcare professionals, which further limits their widespread use.
[12]

 

 

Nanotechnology and Wound healing 

Nanotechnology has emerged as a promising approach to overcome the limitations of 

conventional wound care therapies. It involves the use of nanomaterials, typically ranging in 

size from 1 to 100 nanometers, that can interact with biological systems at the molecular 

level. These materials offer unique properties, such as high surface area, enhanced 

bioavailability, and the ability to target specific tissues, making them ideal candidates for 

wound healing applications.
[13-14]

 

 

One of the key advantages of nanotechnology in wound healing is its ability to deliver 

therapeutic agents directly to the wound site with high precision. Nanoparticles, such as 

liposomes, dendrimers, and polymeric nanoparticles, can encapsulate antibiotics, anti-

inflammatory agents, and growth factors, providing sustained and controlled release. This 

targeted delivery enhances drug efficacy while minimizing systemic side effects. For 

example, nanocarriers loaded with growth factors like vascular endothelial growth factor 

(VEGF) have shown significant potential in promoting angiogenesis and tissue regeneration 

in chronic wounds.
[15]

  

 

Nanotechnology also plays a crucial role in antimicrobial wound care. Nanoparticles, 

especially metallic ones like silver, zinc oxide, and gold, exhibit broad-spectrum 

antimicrobial activity due to their ability to disrupt bacterial cell membranes, generate 

reactive oxygen species (ROS), and interfere with microbial DNA. Silver nanoparticles 

(AgNPs), in particular, have been extensively studied for their potent antimicrobial 

properties, and they have been incorporated into wound dressings to prevent infection and 

accelerate healing. Additionally, nanofibers made from biocompatible polymers, such as 

chitosan or collagen, can serve as scaffolds for cell migration and tissue repair, mimicking the 

extracellular matrix (ECM) and enhancing wound closure.
[16-17]

 

 

Nanotechnology also offers innovations in the diagnosis and monitoring of wound healing. 

Nanobiosensors can detect biomarkers indicative of infection or inflammation in the wound 
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microenvironment, providing real-time feedback on the healing process. This can help 

clinicians adjust treatment strategies promptly, leading to more efficient wound 

management.
[19-20]

 

 

Lipid nanoparticles: An overview 

Lipid nanoparticles (LNPs) have gained significant attention in the field of drug delivery due 

to their unique properties, including biocompatibility, the ability to encapsulate both 

hydrophilic and hydrophobic drugs, and their suitability for controlled release. These 

nanoparticles are made from lipids that are generally recognized as safe (GRAS), making 

them suitable for a wide range of biomedical applications, including wound healing.
[21]

 

 

Lipid nanoparticles can be classified into two main types: solid lipid nanoparticles (SLNs) 

and nanostructured lipid carriers (NLCs). SLNs consist of a solid lipid core at room 

temperature, which is stabilized by surfactants. This solid core enables controlled drug 

release, providing a prolonged therapeutic effect. On the other hand, NLCs are composed of a 

blend of solid and liquid lipids, allowing for greater drug loading capacity and improved 

release profiles compared to SLNs. These carriers are capable of enhancing the 

bioavailability of poorly soluble drugs, making them a versatile tool in drug delivery.
[22]

 

 

The advantages of lipid nanoparticles in wound healing include their ability to enhance drug 

penetration through the skin. The lipid components of these nanoparticles can merge with the 

lipid bilayers of the skin’s stratum corneum, facilitating deeper drug delivery into the wound 

site. This is particularly important for chronic wounds that require long-term treatment with 

growth factors, anti-inflammatory agents, or antimicrobial compounds. Furthermore, LNPs 

offer protection of encapsulated drugs from degradation caused by enzymes or external 

environmental factors such as light and heat.
[23]

 

 

Another key feature of lipid nanoparticles is their potential for targeted drug delivery. By 

modifying the surface of LNPs with specific ligands or antibodies, it is possible to direct the 

nanoparticles to specific cells or tissues, enhancing the therapeutic effect while minimizing 

systemic toxicity. This targeted delivery is particularly beneficial in wound healing, where 

precision is necessary to promote tissue regeneration without affecting healthy tissue.
[24-25]

 

 

Lipid nanoparticles also exhibit low cytotoxicity and good biocompatibility, which are crucial 

in wound healing applications where sensitive tissues are involved. Their ability to deliver a 
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variety of therapeutic agents, including growth factors, antibiotics, and anti-inflammatory 

drugs, makes them a promising option for enhancing the wound healing process.
[26]

 

 

Types of lipid nanoparticles 

Solid Lipid Nanoparticles (SLNs) 

Solid Lipid Nanoparticles (SLNs) are composed of solid lipids at room temperature, which 

provides them with high physical stability and the ability to offer controlled and sustained 

drug release. SLNs are stabilized by surfactants and are advantageous for their ability to 

protect encapsulated drugs from degradation. They are particularly useful in topical 

applications, including wound healing, due to their enhanced drug penetration and prolonged 

release capabilities. The solid lipid matrix of SLNs allows for effective delivery of drugs 

through the skin and minimizes the risk of systemic side effects.
[27-28]

 

 

Nanostructured Lipid Carriers (NLCs) 

Nanostructured Lipid Carriers (NLCs) are an advanced type of lipid nanoparticle that 

combines solid and liquid lipids. This blend creates an imperfect lipid matrix that allows for 

higher drug loading capacities and improved stability compared to SLNs. The structure of 

NLCs facilitates a better release profile for therapeutic agents, making them suitable for 

sustained and controlled drug delivery. NLCs are particularly useful in topical formulations 

for wound healing due to their ability to enhance drug delivery and improve therapeutic 

outcomes.
[29-30]

 

 

Liposomes 

Liposomes are spherical vesicles composed of phospholipids and cholesterol that can 

encapsulate both hydrophilic and hydrophobic drugs. They mimic biological membranes, 

which makes them highly biocompatible and effective for targeted drug delivery. Liposomes 

enhance drug penetration, protect drugs from degradation, and reduce systemic toxicity. Due 

to these properties, liposomes are widely used in topical formulations for wound healing, 

improving the delivery and efficacy of therapeutic agents applied to the skin.
[31-32]

 

 

Composition and Structure of lipid nanoparticles 

Lipid nanoparticles (LNPs) are sophisticated drug delivery systems that rely on their unique 

composition and structure to achieve effective therapeutic outcomes. The fundamental 

elements of LNPs include lipids, surfactants, and sometimes additional stabilizers or active 
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compounds. Each type of lipid nanoparticle has its own specific composition and structural 

characteristics that influence its performance. 

 

Solid Lipid Nanoparticles (SLNs) 

Composition: Solid Lipid Nanoparticles (SLNs) are primarily composed of a solid lipid core 

that is solid at both room and body temperatures. The solid lipid is usually a triglyceride or a 

mixture of triglycerides, which provides a stable matrix for drug incorporation. Common 

lipids used in SLNs include stearic acid, palmitic acid, and glycerides. SLNs are stabilized by 

surfactants or emulsifiers, such as polysorbates, lecithins, or phospholipids, which prevent the 

particles from aggregating and maintain their dispersion in the formulation.
[29]

 

 

The structure of SLNs consists of a core of solid lipid that is surrounded by a stabilizing 

surfactant layer. The solid lipid core provides a matrix for drug entrapment, while the 

surfactants stabilize the particles and prevent them from coalescing. The solid core helps in 

controlling the release of the drug over an extended period, making SLNs suitable for 

sustained-release applications. The typical size range for SLNs is from 50 to 1000 

nanometers.
[30]

 

 

Table: Comparison of Lipid Nanoparticle Types and Their Wound Healing 

Applications. 

Lipid 

Nanoparticle 

Type 

Key Features 
Advantages for 

Wound Healing 
Challenges Applications 

Solid Lipid 

Nanoparticles 

(SLNs) 

Solid lipid core, 

high drug 

loading 

capacity 

Improved drug 

stability, controlled 

release 

Potential for 

drug 

expulsion 

Targeted delivery 

of antibiotics and 

anti-inflammatory 

agents 

Nanostructured 

Lipid Carriers 

(NLCs) 

Blend of solid 

and liquid 

lipids, high 

flexibility 

Enhanced drug 

solubility, improved 

skin penetration 

Complex 

preparation, 

stability 

issues 

Delivery of 

growth factors and 

hydrophobic drugs 

Liposomes 

Phospholipid 

bilayer, 

versatile drug 

encapsulation 

Excellent 

biocompatibility, 

ability to encapsulate 

both hydrophilic and 

lipophilic drugs 

Rapid drug 

release, cost 

of production 

Delivery of 

therapeutic agents 

with high 

biocompatibility 

 

Nanostructured Lipid Carriers (NLCs) 

Nanostructured Lipid Carriers (NLCs) are composed of a combination of solid and liquid 

lipids. The solid lipid provides a stable matrix, while the liquid lipid (usually an oil) allows 
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for higher drug loading and improved release profiles. Common solid lipids include cetyl 

palmitate and stearic acid, while liquid lipids can be various oils such as triglycerides or 

medium-chain fatty acids. Surfactants and stabilizers are used to maintain the dispersion of 

NLCs and to stabilize their structure.
[33]

 

 

The structure of NLCs features a core that consists of a mixture of solid and liquid lipids. 

This creates an imperfect matrix that improves drug loading capacity and release 

characteristics compared to SLNs. The incorporation of liquid lipids within the solid lipid 

matrix allows for a more flexible structure, which can accommodate higher drug amounts and 

provide controlled release. NLCs are typically in the size range of 50 to 1000 nanometers, 

similar to SLNs.
[34]

 

 

Liposomes 

Liposomes are composed of phospholipids and cholesterol. Phospholipids, such as 

phosphatidylcholine or phosphatidylserine, form the lipid bilayer, while cholesterol is 

incorporated to enhance membrane stability and fluidity. The aqueous core of liposomes can 

encapsulate hydrophilic drugs, while the lipid bilayer can encapsulate hydrophobic drugs. 

The choice of phospholipids and the amount of cholesterol can be tailored to achieve desired 

properties for specific applications.
[35]

 

 

The structure of liposomes consists of one or more concentric lipid bilayers surrounding an 

aqueous core. The bilayer is composed of phospholipids arranged in a bilayer configuration 

with hydrophobic tails facing inward and hydrophilic heads facing outward. This 

arrangement allows liposomes to encapsulate both hydrophilic and hydrophobic substances, 

making them versatile carriers for various therapeutic agents. Liposomes vary in size from 20 

nanometers to several micrometers, depending on the preparation method and intended 

application.
[36]

 

 

Mechanism of drug delivery via lipid nanoparticles 

Lipid nanoparticles (LNPs) offer a sophisticated mechanism for drug delivery, leveraging 

their unique structure and composition to enhance therapeutic efficacy and targeting. The 

mechanisms of drug delivery via LNPs can be understood through several key processes: 

encapsulation, cellular uptake, drug release, and targeted delivery. 
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Encapsulation 

Lipid nanoparticles encapsulate therapeutic agents within their lipid matrix, which can be 

either a solid or a combination of solid and liquid lipids. The encapsulation process allows for 

the inclusion of both hydrophilic and hydrophobic drugs, depending on the type of lipid 

nanoparticle. For solid lipid nanoparticles (SLNs), drugs are dissolved or dispersed in the 

solid lipid matrix, providing stability and controlled release. In the case of nanostructured 

lipid carriers (NLCs), a blend of solid and liquid lipids creates a more flexible structure that 

can accommodate higher drug loads and improve drug release profiles. Liposomes 

encapsulate drugs within their aqueous core or lipid bilayer, allowing for the delivery of a 

wide range of compounds. Encapsulation helps to protect drugs from degradation, thereby 

increasing their stability and prolonging their activity.
[37-38]

 

 

Cellular uptake 

The cellular uptake of lipid nanoparticles involves interactions with the cell membrane and 

subsequent internalization into the cell. SLNs and NLCs can penetrate the skin or mucosal 

barriers due to their lipid composition, which interacts favorably with biological membranes. 

Liposomes, with their phospholipid bilayers, can fuse with cellular membranes, allowing for 

the release of encapsulated drugs directly into the cytoplasm. Cellular uptake can occur via 

various mechanisms, including endocytosis (such as phagocytosis or pinocytosis) or direct 

fusion with the cell membrane. The choice of surfactants and surface modifications on LNPs 

can enhance or alter their uptake efficiency and target specific cells or tissues.
[39-40]

 

 

Drug release 

The release of drugs from lipid nanoparticles is governed by the lipid matrix's properties and 

the interaction between the lipid matrix and the biological environment. In SLNs, drug 

release occurs through diffusion from the solid lipid core and is controlled by the lipid's 

melting point and the formulation's stability. In NLCs, the drug release is influenced by the 

presence of liquid lipids that create a less ordered structure, allowing for more flexible and 

controlled drug release. Liposomes release drugs either through gradual diffusion from the 

lipid bilayer or upon fusion with cellular membranes. The rate and extent of drug release can 

be modulated by altering the lipid composition, surfactant concentration, and the presence of 

additional stabilizers.
[41-42] 
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Targeted delivery 

Lipid nanoparticles can be engineered to achieve targeted delivery of therapeutic agents to 

specific cells or tissues. Surface modifications, such as the attachment of targeting ligands, 

antibodies, or peptides, enable LNPs to bind selectively to receptors on target cells. This 

specificity enhances the therapeutic efficacy while minimizing off-target effects and systemic 

toxicity. For instance, liposomes can be modified with ligands that recognize and bind to 

specific receptors overexpressed on tumor cells or inflamed tissues, allowing for precise 

delivery of drugs to these areas. This targeted approach is particularly valuable in wound 

healing, where localized drug delivery can significantly improve treatment outcomes.
[43-44]

 

 

Role of lipid nanoparticles in wound healing 

Lipid nanoparticles (LNPs) have emerged as promising tools in wound healing due to their 

unique properties that enhance therapeutic efficacy. Their role in wound healing is 

multifaceted, encompassing improved drug delivery, controlled release, and additional 

therapeutic benefits such as antimicrobial and anti-inflammatory effects. 

 

Enhanced skin penetration 

Lipid nanoparticles improve the penetration of therapeutic agents through the skin by 

leveraging their lipid-based composition. The lipid matrix of SLNs and NLCs allows them to 

interact favorably with the skin's lipid layers, enhancing their ability to traverse the stratum 

corneum, the outermost layer of the skin. This interaction facilitates deeper drug delivery into 

the dermis and epidermis, where it can act more effectively on the wound site. Additionally, 

liposomes can fuse with cellular membranes, facilitating the delivery of encapsulated drugs 

directly into the cells. Enhanced skin penetration is particularly beneficial for topical wound 

healing applications, allowing for more effective treatment of wounds and localized 

conditions.
[45]

 

 

Controlled drug release 

Lipid nanoparticles offer controlled and sustained drug release, which is crucial for effective 

wound healing. SLNs provide a stable matrix that allows for a slow and steady release of the 

drug, minimizing fluctuations in drug concentration and prolonging its therapeutic effects. 

NLCs, with their mixed lipid matrix, offer even greater control over drug release, allowing 

for the incorporation of both hydrophilic and hydrophobic drugs and a more adjustable 

release profile. Liposomes can also be engineered to release their contents over time, 

providing prolonged therapeutic action. Controlled release ensures that the drug remains 



www.wjpr.net      │     Vol 13, Issue 20, 2024.      │     ISO 9001: 2015 Certified Journal      │ 

 

 

 

Pal et al.                                                                               World Journal of Pharmaceutical Research 

107 

effective at the wound site for an extended period, enhancing healing and reducing the need 

for frequent reapplication.
[46-47]

 

 

Protection and Stabilization of active compounds 

Lipid nanoparticles provide an effective means of protecting and stabilizing active 

compounds that may be sensitive to environmental factors such as light, oxygen, or 

temperature. The lipid matrix acts as a barrier, shielding the encapsulated drug from 

degradation and ensuring its stability throughout the storage and application periods. This 

protection is particularly important for bioactive compounds used in wound healing, which 

may otherwise lose their efficacy. By maintaining the stability of these compounds, LNPs 

enhance their effectiveness and ensure that they deliver therapeutic benefits as intended.
[48-49]

 

 

Antimicrobial and Anti-inflammatory effects 

Lipid nanoparticles can exert antimicrobial and anti-inflammatory effects, which are 

advantageous for wound healing. The incorporation of antimicrobial agents into LNPs can 

enhance their efficacy against pathogens by providing a sustained release of the active 

compound at the wound site. Additionally, the lipid matrix itself may possess inherent 

antimicrobial properties. The anti-inflammatory effects of LNPs are attributed to the potential 

of certain lipid formulations to modulate inflammatory responses and promote healing. By 

reducing inflammation and preventing infection, lipid nanoparticles support a more favorable 

wound healing environment.
[50]

  

 

Formulation strategies for topical lipid nanoparticles 

Formulating lipid nanoparticles (LNPs) for topical applications involves several critical 

strategies, including the selection of lipids and the incorporation of therapeutic agents. These 

strategies are essential for optimizing the performance and efficacy of LNP-based 

formulations in wound healing. 

 

Selection of lipids 

The choice of lipids is fundamental in the formulation of lipid nanoparticles. The lipids 

selected impact the stability, release profile, and penetration properties of the nanoparticles. 

Solid lipid nanoparticles (SLNs) typically use solid lipids like stearic acid or cetyl alcohol, 

which provide a stable matrix for drug incorporation and controlled release. Nanostructured 

lipid carriers (NLCs) employ a mixture of solid and liquid lipids, such as glyceryl 

monostearate and medium-chain triglycerides, to improve drug loading capacity and modify 
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the release kinetics. Liposomes utilize phospholipids like phosphatidylcholine or 

phosphatidylserine to form bilayers that encapsulate drugs in an aqueous core or lipid bilayer. 

The selection of lipids is based on their biocompatibility, ability to form stable nanoparticles, 

and their interaction with the drug and skin.
[51-52]

 

 

Incorporation of therapeutic agents 

Antimicrobial agents 

Incorporating antimicrobial agents into lipid nanoparticles is a common strategy to enhance 

wound healing by preventing infection. Antimicrobial agents such as silver nanoparticles, 

antibiotics (e.g., gentamicin, ciprofloxacin), and essential oils (e.g., tea tree oil) can be 

encapsulated within LNPs. This incorporation allows for localized and sustained release of 

the antimicrobial agent, reducing the risk of bacterial resistance and promoting a sterile 

environment conducive to healing. The lipid matrix also protects these agents from 

degradation, ensuring their efficacy over extended periods.
[53-54]

 

 

Anti-inflammatory agents 

Incorporating anti-inflammatory agents into LNPs can help modulate inflammatory responses 

and promote faster wound healing. Agents such as corticosteroids (e.g., hydrocortisone), non-

steroidal anti-inflammatory drugs (NSAIDs, e.g., indomethacin), and plant-derived 

compounds (e.g., curcumin) can be delivered through lipid nanoparticles. These agents 

reduce inflammation at the wound site, minimizing pain and swelling, and creating a more 

favorable environment for tissue repair. Controlled release from LNPs ensures prolonged 

activity of anti-inflammatory agents and reduces the need for frequent applications.
[55-56]

 

 

Growth Factors and Healing agents 

The incorporation of growth factors and healing agents into lipid nanoparticles aims to 

accelerate the wound healing process. Growth factors such as epidermal growth factor (EGF), 

platelet-derived growth factor (PDGF), and fibroblast growth factor (FGF) can be 

encapsulated within LNPs to stimulate cell proliferation, angiogenesis, and tissue 

regeneration. Additionally, healing agents like hyaluronic acid and collagen peptides can be 

included to support extracellular matrix formation and tissue repair. The use of LNPs for 

these agents allows for localized delivery and sustained release, enhancing their effectiveness 

and minimizing systemic side effects.
[57-58]
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Methods of preparation 

The preparation of lipid nanoparticles involves various formulation techniques, each 

influencing the size, stability, and drug release properties of the final product. Here are some 

of the commonly used methods: 

High-pressure homogenization 

High-pressure homogenization is a widely used method for producing lipid nanoparticles, 

particularly solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs). This 

technique involves the dispersion of lipids and drug components under high pressure, forcing 

the mixture through a narrow orifice or valve. The intense shear forces and turbulence created 

during this process result in the formation of nanoparticles with a size range typically 

between 100 and 1000 nm. High-pressure homogenization provides precise control over 

particle size and distribution, and it can be used to prepare both lipophilic and hydrophilic 

drug formulations.
[59-60]

 

 

Solvent emulsification 

Solvent emulsification involves the use of solvents to dissolve lipids and active 

pharmaceutical ingredients, which are then emulsified into an aqueous phase to form 

nanoparticles. This method typically includes dissolving the lipids in an organic solvent and 

then mixing this solution with an aqueous phase under vigorous stirring or ultrasonication. 

The solvent is then evaporated, leaving behind nanoparticles suspended in the aqueous phase. 

Solvent emulsification is advantageous for its simplicity and ability to produce nanoparticles 

with controlled size and narrow size distribution. This method is often used to prepare 

liposomes and other lipid-based nanoparticle systems.
[61-62]

 

 

Microemulsion-based methods 

Microemulsion-based methods involve the formation of nanoparticles through the use of 

microemulsions, which are thermodynamically stable, isotropic mixtures of oil, water, and 

surfactants. This method utilizes the self-assembly of surfactant molecules to form 

nanodroplets in which lipids and drugs are dissolved. When the microemulsion is dispersed 

into an aqueous phase, the lipid components self-assemble into nanoparticles. This approach 

allows for the preparation of nanoparticles with very small sizes and a narrow size 

distribution. It is particularly useful for creating liposomes and other lipid nanoparticles that 

require precise control over size and surface properties.
[63-64]
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Benefits of lipid nanoparticles for wound healing applications 

The Lipid nanoparticles offer several advantages in the formulation of topical treatments for 

wound healing. Their unique properties enhance the effectiveness of therapeutic agents and 

improve overall treatment outcomes. Here’s an overview of the key benefits: 

Improved drug bioavailability 

Lipid nanoparticles enhance the bioavailability of therapeutic agents by improving their 

solubility and stability. The lipid matrix of nanoparticles can encapsulate both hydrophilic 

and lipophilic drugs, thereby increasing their solubility in the aqueous environment of the 

wound. This improved solubility leads to higher drug concentrations at the site of action. 

Additionally, lipid nanoparticles protect the encapsulated drugs from degradation due to 

environmental factors such as light, oxygen, and temperature. This protection ensures that a 

higher proportion of the drug reaches the wound site in an active form, enhancing its 

therapeutic efficacy.
[65-66]

 

 

Reduced side effects 

The use of lipid nanoparticles can significantly reduce the side effects associated with 

systemic drug administration. By localizing drug delivery to the wound site, lipid 

nanoparticles minimize systemic exposure and thereby reduce the risk of adverse effects. 

Additionally, the controlled release properties of lipid nanoparticles ensure that drugs are 

delivered at optimal concentrations over an extended period, further reducing the likelihood 

of side effects. This targeted approach is particularly beneficial for drugs with a narrow 

therapeutic window or those prone to causing systemic toxicity.
[67-68]

 

 

Prolonged drug retention at the wound site 

Lipid nanoparticles enhance the retention of therapeutic agents at the wound site due to their 

unique delivery mechanisms. The lipid matrix of nanoparticles adheres to the skin and 

releases drugs gradually, leading to prolonged contact with the wound. This sustained release 

profile ensures that therapeutic levels of the drug are maintained over an extended period, 

promoting more effective wound healing. Furthermore, the lipid nanoparticles can form a 

protective barrier over the wound, preventing contamination and reducing the frequency of 

dressing changes.
[69-70]

  

 

Enhanced patient compliance 

Lipid nanoparticles contribute to enhanced patient compliance by offering several practical 

benefits. The controlled release and targeted delivery of drugs reduce the need for frequent 
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application or dosing, making treatment regimens simpler and more convenient for patients. 

Additionally, the reduced irritation and improved stability of the drug formulation provided 

by lipid nanoparticles can enhance patient comfort and satisfaction. This improved patient 

experience can lead to better adherence to prescribed treatments and ultimately more 

effective wound management.
[71-72]

 

 

Future Perspectives and Innovations 

The future of lipid nanoparticles in wound healing is poised for transformative advancements 

with next-generation formulations aimed at enhanced targeting, drug loading, and stability. 

Innovations include developing nanoparticles with specific targeting capabilities to address 

complex wound environments and chronic wounds, where prolonged inflammation and 

infection are challenges. Additionally, combining lipid nanoparticles with complementary 

therapies such as phototherapy and hydrogels promises to further enhance therapeutic 

efficacy. These combined approaches aim to improve drug delivery precision, prolong drug 

release, and integrate multifunctional treatments, ultimately offering more effective and 

tailored solutions for wound care and management. 

 

CONCLUSION 

Lipid nanoparticles have demonstrated significant potential in enhancing wound healing 

therapies by offering several advantages. They improve drug bioavailability, allowing for 

better solubility and stability of therapeutic agents at the wound site. These nanoparticles 

reduce side effects by targeting drug delivery to the specific site of action, thus minimizing 

systemic exposure. Their controlled release properties prolong the therapeutic effect and 

retention of drugs at the wound, while their ability to form protective barriers enhances 

patient comfort and compliance. Overall, lipid nanoparticles provide a versatile and effective 

approach to optimize wound healing and address limitations in conventional treatments. 

 

Future Directions in Research and Development 

Future research and development in lipid nanoparticles for wound healing are expected to 

focus on several key areas. Innovations will likely include the development of next-

generation nanoparticles with enhanced targeting and controlled release capabilities. 

Research will continue to address the specific needs of chronic wounds by integrating 

bioactive compounds and growth factors into nanoparticle formulations. Furthermore, 

exploring the combination of lipid nanoparticles with other therapeutic modalities, such as 

phototherapy and hydrogels, will be critical in advancing wound care. These efforts aim to 
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refine drug delivery systems, improve therapeutic outcomes, and ultimately provide more 

personalized and effective treatments for wound management. 
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