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1. INTRODUCTION
Inflammation is a biological defense mechanism; however, persistent inflammation contributes to several chronic disorders. Conventional anti-inflammatory drugs provide symptomatic relief but often cause systemic side effects and require frequent dosing. This has driven the need for advanced formulation strategies that improve therapeutic efficiency and minimize adverse effects.
Natural compounds such as curcumin have demonstrated strong anti-inflammatory and antioxidant activity. However, limitations such as low aqueous solubility and poor bioavailability restrict their therapeutic application. Encapsulation into nanocarriers, particularly nanostructured lipid carriers (NLCs), has been widely explored to overcome these challenges.
NLCs are second-generation lipid nanoparticles composed of a mixture of solid and liquid lipids, forming a less ordered matrix that enhances drug loading, stability, and controlledrelease.
Curcumin-loaded NLC gels have shown improved skin retention, controlled release, and enhanced anti-inflammatory effects compared to conventional formulations.
Concept of Nanostructured Lipid Carriers (NLCs)
Nanostructured Lipid Carriers (NLCs) are an advanced type of lipid-based nanocarrier system developed to improve drug delivery, especially for poorly soluble drugs like curcumin. They are considered the second generation of lipid nanoparticles, designed to overcome the limitations of Solid Lipid Nanoparticles (SLNs).
Basic Concept
The core idea behind NLCs is the use of a blend of solid and liquid lipids instead of only solid lipids. This combination creates a less-ordered (imperfect) lipid matrix, which provides more space to accommodate drug molecules.
· Solid lipid → provides structure and stability
· Liquid lipid (oil) → creates imperfections in the matrix
· Result → higher drug loading and reduced drug expulsion
Advantages of NLC (Nanostructured Lipid Carriers)
1. Higher Drug Loading Capacity
NLCs contain a mixture of solid and liquid lipids, creating an imperfect crystal structure that allows more drug to be incorporated compared to SLNs (Solid Lipid Nanoparticles).
2. Improved Drug Stability
They protect sensitive drugs (like curcumin) from degradation (light, oxidation, hydrolysis).
3. Controlled and Sustained Release
NLCs provide prolonged drug release, reducing dosing frequency and improving patient compliance.
4. Enhanced Bioavailability
Due to their nano-size and lipid nature, they improve penetration through biological membranes, especially in topical and oral delivery.
5. Reduced Drug Leakage
Unlike SLNs, NLCs have less drug expulsion during storage because of their imperfect lipid matrix.
6. Biocompatibility and Low Toxicity
Made from physiological lipids → generally safe and non-toxic.
7. Suitable for Multiple Routes
Can be used for:
· Topical (gel, cream)
· Oral
· Parenteral
· Ophthalmic
8. Enhanced Skin Penetration (Topical Use)
Forms an occlusive film on skin → increases hydration and drug penetration
Disadvantages of NLC
1. Complex Formulation Process
Requires careful selection of:
· Lipids
· Surfactants
· Process conditions
Small changes can affect stability and performance.
2. Physical Instability Issues
Problems like
· Particle aggregation
· Gelation
· Phase separation can occur over time.
3. Limited Drug Solubility (for some drugs)
Not all drugs are suitable—especially highly hydrophilic drugs.
4. High Surfactant Concentration
Sometimes needed for stability → may cause:
· Skin irritation (topical use)
· Toxicity concerns
5. Cost of Production
Equipment like high-pressure homogenizers and quality lipids increase cost.
6. Difficulty in Sterilization
Sterilizing NLCs without affecting structure can be challenging.
7. Scale-Up Challenges
Though scalable, maintaining uniform particle size and consistency at industrial scale is difficult.
8. Stability During Storage
Changes in lipid crystallization can lead to:
· Drug expulsion
· Reduced efficacy over time.
NLC Design Types (Structural Models)
NLCs are classified based on how solid lipid + liquid lipid organize inside the nanoparticle:
1. Imperfect Crystal Type
· Concept: Mixing different lipids creates structural imperfections in the crystal lattice.
· Result: More space to accommodate drug.
Key Features
· High drug loading
· Reduced drug expulsion
· Most commonly used design
Example lipids
· Solid: Glyceryl monostearate, Stearic acid
· Liquid: Oleic acid, Medium-chain triglycerides Best for: General drug delivery (e.g., curcumin)
2. Amorphous Type
· Concept: Lipid matrix remains in non-crystalline (amorphous) form.
· Prevents drug expulsion during storage.
Key Features
· No crystal formation
· Improved long-term stability
· Lower risk of drug leakage
Example lipids
· Hydroxyoctacosanyl hydroxystearate
· Isopropyl myristate (as liquid lipid)
Best for: Drugs prone to expulsion or instability
3. Multiple Type (Oil-in-Fat-in-Water, O/F/W)
· Concept: Tiny oil nanocompartments are embedded within solid lipid matrix.
Key Features
· Suitable for high drug loading
· Acts like a drug reservoir system
· Controlled release Best for:
· Hydrophilic + lipophilic drug combinations
· High-dose formulations
Choice of Polymers (and Excipients) in NLC
Strictly speaking, NLCs are lipid-based, but polymers are often used in:
· Surface modification
· Gel formulation (topical delivery)
· Stability enhancement
1. Role of Polymers in NLC Systems
a. Stabilization
· Prevent aggregation of nanoparticles
· Improve shelf life
b. Controlled Release
· Polymer coating slows drug release
c. Mucoadhesion / Skin Adhesion
Helps drug stay longer at application site
d. Gel Formation (Topical NLC Gel)
· Converts dispersion → semi-solid formulation
2. Common Polymers Used
🔹 A. Natural Polymers
· Chitosan
· Mucoadhesive, biocompatible
· Enhances penetration
· Gelatin
· Biodegradable
· Used in coating
🔹 B. Semi-Synthetic Polymers
· HPMC (Hydroxypropyl Methylcellulose)
· Controls viscosity
· Sustained release
· Sodium CMC (Carboxymethyl cellulose)
· Thickening agent
· Improves spreadability
🔹 C. Synthetic Polymers
· Carbopol (Carbomer)
· ⭐ Most widely used in NLC gels
· Excellent gelling agent
· Provides good consistency and stability
· Poloxamer (Pluronic)
· Thermosensitive gel
· Also acts as surfactant
· PEG (Polyethylene glycol)
· Improves solubility
· Used in surface modification
3. Other Critical Components (Not Polymers but Important)
🔸 Lipids
· Solid lipids: Stearic acid, Compritol, Precirol
· Liquid lipids: Oleic acid, Castor oil
🔸 Surfactants
· Stabilize NLC system
· Examples:
· Tween 80
· Span 60
· Lecithin
Factors Affecting NLC (Nanostructured Lipid Carriers)
NLC performance (particle size, stability, drug loading, release, etc.) depends on
formulation variables + process parameters.
1. Lipid-Related Factors
a) Type of Solid Lipid
· Determines matrix structure and stability
· High melting point lipids → more stable NLCs
· Example: Glyceryl monostearate, Compritol
👉 Affects
✔ Particle size
✔ Drug loading
✔ Release rate
b) Type of Liquid Lipid (Oil)
· Creates imperfections → increases drug loading
· Too much oil → instability
👉 Affects:
✔ Drug solubility
✔ Encapsulation efficiency
c) Solid Lipid: Liquid Lipid Ratio
· Very critical parameter
· Low oil content → less drug loading
· High oil content → risk of phase separation
👉 Optimized ratio → best performance
2. Drug-Related Factors
a) Drug Solubility in Lipid
· Higher solubility → better incorporation
b) Drug Concentration
· High drug amount → may cause:
· Drug leakage
· Crystallization issues
👉 Affects:
✔ Entrapment efficiency
✔ Stability
3. Surfactant Factors
a) Type of Surfactant
· Determines stability and particle size
Common:
· Tween 80
· Span 60
· Lecithin
b) Surfactant Concentration
· Low → aggregation
· High → toxicity/irritation
👉 Affects:
✔ Particle size reduction
✔ Stability
4. Production / Process Parameters
a) Homogenization Pressure & Speed
· Higher pressure → smaller particles
· Too high → instability
b) Number of Homogenization CyclesMore cycles → uniform particles
· Excess → degradation risk
c) Temperature
· Must be above lipid melting point
· Cooling rate affects crystallization
👉 Affects:
✔ Particle formation
✔ Drug distribution
5. Particle Size & Zeta Potential
a) Particle Size
· Smaller size → better:
· Penetration
· Bioavailability
b) Zeta Potential
· Indicates stability
· Higher absolute value → more stable system
👉 Prevents aggregation
6. Type of NLC Structure
· Imperfect crystal
· Amorphous
· Multiple type
👉 Directly affects
✔ Drug loading
✔ Release behavior
7. Storage Conditions
a) Temperature
· High temp → lipid melting → instability
b) Light & Oxygen
· Causes oxidation (important for drugs like curcumin)
👉 Affects
✔ Shelf life
✔ Drug stability
Formulation Methods of NLC (Nanostructured Lipid Carriers)
NLCs are typically prepared by combining solid lipid + liquid lipid + surfactant + aqueous phase, using different techniques depending on drug and purpose.
1. High-Pressure Homogenization (HPH)
a) Hot Homogenization Method 🔥
Principle
Drug is dissolved in melted lipid → emulsified in hot aqueous surfactant → homogenized at high pressure.
Steps
1. Melt solid + liquid lipid above melting point
2. Dissolve drug in lipid phase
3. Prepare hot aqueous surfactant solution
4. Form pre-emulsion (stirring)
5. High-pressure homogenization
6. Cool → NLC formation
Advantages
✔ Suitable for lipophilic drugs (e.g., curcumin)
✔ Scalable for industry
Disadvantages
✖ Not suitable for heat-sensitive drugs
b) Cold Homogenization Method ❄
Principle
Avoids heat exposure → lipid is solidified before homogenization.
Steps
1. Melt lipid + drug
2. Rapid cooling (liquid nitrogen/dry ice)
3. Grind to microparticles
4. Disperse in cold surfactant solution
5. Homogenize at room temperature
Advantages
✔ Suitable for thermolabile drugs
✔ Reduces drug degradation
Disadvantages
✖ Larger particle size than hot method
2. Ultrasonication / High-Speed Homogenization Principle
Mechanical energy reduces particle size.
Steps
· Melt lipid + drug
· Add aqueous phase
· Apply probe sonication
Advantages
✔ Simple and low cost
✔ No need for complex equipment
Disadvantages
✖ Risk of metal contamination
✖ Broad particle size distribution
3. Microemulsion Technique Principle
Formation of microemulsion → dispersed in cold water → NLC formation.
Steps
1. Prepare hot microemulsion (lipid + surfactant + co-surfactant + water)
2. Disperse into cold water under stirring
3. Lipid solidifies → nanoparticles formed
Advantages
✔ Uniform particle size
✔ Thermodynamically stable system
Disadvantages
✖ High surfactant concentration required
4. Solvent Emulsification–Evaporation Method Principle:
Lipid dissolved in organic solvent → emulsified → solvent evaporated.
Steps
1. Dissolve lipid in organic solvent (e.g., chloroform)
2. Add into aqueous phase with surfactant
3. Form emulsion
4. Evaporate solvent → lipid precipitates as NLC
Advantages
✔ Suitable for heat-sensitive drugs
Disadvantages
✖ Use of organic solvents (toxicity concern)
Evaluation Methods of NLC (Nanostructured Lipid Carriers)
Evaluation ensures quality, stability, and performance of NLC formulations.
1. Particle Size & Size Distribution Method:
· Dynamic Light Scattering (Dynamic Light Scattering, DLS)
Importance
· Affects drug release, penetration, stability
Output
· Particle size (nm)
· Polydispersity Index (PDI) Ideal:
· Size: 50–300 nm
· PDI < 0.3 (uniform system)
2. Zeta Potential Method
· Zeta analyzer (based on electrophoretic mobility)
Importance
· Indicates stability of nanoparticles Interpretation:
· ±30 mV → stable system
· Low value → aggregation risk
3. Morphology (Shape & Surface) Methods
· Transmission Electron Microscopy (TEM)
· Scanning Electron Microscopy (SEM)
Importance
· Confirms spherical shape
· Detects aggregation
4. Entrapment Efficiency (EE%) & Drug Loading Method:
· Ultracentrifugation / filtration + analysis (UV/ HPLC)
Formula (concept)
· EE% = (Entrapped drug / Total drug) × 100
Importance
· Indicates how much drug is successfully incorporated
5. Drug Release Studies (In Vitro) Methods
· Dialysis bag method
· Franz diffusion cell
Importance
· Determines release profile (sustained/controlled) Especially important for topical NLC gel
6. Crystallinity & Polymorphism Methods:
· Differential Scanning Calorimetry (DSC)
· X-ray Diffraction
Importance
· Determines lipid crystal structure
· Confirms amorphous/imperfect nature
7. Surface Charge & Chemical Interaction Method
· Fourier Transform Infrared Spectroscopy (FTIR)
Importance
· Checks drug–lipid compatibility
· Detects chemical interactions
8. Stability Studies Conditions
· Different temperature (4°C, 25°C, 40°C)
· Time period (1–6 months)
Parameters monitored
· Particle size
· Zeta potential
· Drug content Ensures shelf life
9. pH Measurement Method
· Digital pH meter
Importance
· Important for topical formulations (skin compatibility)
10. Viscosity & Rheology (For NLC Gel) Method
· Viscometer / Rheometer
Importance
· Spreadability
· Patient acceptability
11. Spreadability Test (Topical Gel) Importance
· Determines ease of application on skin
12. Occlusion Study Importance
· Measures skin hydration effect
· Important for topical NLC
13. In Vitro Skin Permeation Study Method
· Franz diffusion cell (using animal/human skin)
Importance
· Measures drug penetration through skin
14. Drug Content Uniformity Method
· UV spectrophotometry / HPLC
Importance
· Ensures uniform drug distribution
DRUG PROFILE OF QUERCETIN
General Information Generic Name: Quercetin Category: Natural flavonoid
Therapeutic Class: Antioxidant, Anti-inflammatory, Antiallergic
Chemical Class: Flavonol (a subclass of flavonoids)
Molecular Formula: C₁₅H₁₀O₇
Molecular Weight: 302.24 g/mol
Solubility: Poorly soluble in water; soluble in alcohol and alkaline solutions Half-life: Approximately 3–4 hours (varies depending on formulation) Bioavailability: Low (due to poor water solubility and rapid metabolism) Protein Binding: High (binds strongly to plasma proteins, mainly albumin)
Quercetin is a naturally occurring flavonoid widely found in fruits and vegetables such as apples, onions, and berries, and is known for its potent antioxidant and anti-inflammatory properties.
Mechanism of Action
Quercetin exerts its pharmacological effects through multiple mechanisms:
· Inhibits inflammatory mediators such as histamine, cytokines, and prostaglandins
· Suppresses NF-κB (nuclear factor kappa B) signaling pathway
· Inhibits enzymes like COX and lipoxygenase
· Acts as a strong antioxidant by scavenging free radicals
Pharmacokinetic Properties Absorption
· Poorly absorbed in the gastrointestinal tract
Distribution
idely distributed in tissues but present in low plasma concentrations
Metabolism
· Extensively metabolized in liver (glucuronidation, sulfation, methylation)
Excretion
· Excreted mainly via urine and bile
CONCLUSION
Nanostructured Lipid Carriers (NLCs) represent a promising and advanced drug delivery system designed to overcome the limitations associated with conventional formulations, particularly for poorly soluble bioactive compounds such as Quercetin. Inflammation, being a key factor in many chronic diseases, requires efficient and targeted therapeutic strategies with minimal side effects, which traditional dosage forms often fail to achieve.
The incorporation of quercetin into NLCs significantly enhances its therapeutic potential by improving solubility, stability, and bioavailability. The unique structure of NLCs—comprising a blend of solid and liquid lipids—provides higher drug loading capacity, controlled drug release, and reduced drug expulsion. Additionally, when formulated into topical gels, NLCs offer improved skin retention, enhanced penetration, and prolonged anti-inflammatory action.
Various formulation methods, design types, and evaluation parameters play a crucial role in determining the performance and stability of NLC systems. Proper selection of lipids, surfactants, and polymers, along with optimized processing conditions, is essential for developing an effective formulation. Despite certain limitations such as formulation complexity and stability concerns, the advantages of NLCs outweigh these challenges.
Overall, quercetin-loaded NLCs present a novel and efficient approach for anti-inflammatory drug delivery, with significant potential in topical and systemic applications. Future research focusing on large-scale production, long-term stability, and clinical evaluation will further establish NLCs as a reliable platform in modern pharmaceutical development.
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ABSTRACT


Inflammation is a protective biological response; however, its persistence contributes to the progression of various chronic disorders. Conventional anti-inflammatory therapies provide symptomatic relief but are often associated with systemic side effects and limited therapeutic efficiency. This has led to growing interest in advanced drug delivery systems that can enhance efficacy while minimizing adverse effects. Natural bioactive compounds such as Quercetin exhibit potent anti-inflammatory and antioxidant properties, but their clinical application is restricted due to poor aqueous solubility, low bioavailability, and rapid metabolism. Nanostructured Lipid Carriers (NLCs), as second-generation lipid nanoparticles composed of a blend of solid and liquid lipids, have emerged as a promising approach to overcome these limitations. The imperfect lipid matrix of NLCs allows higher drug loading, improved stability, and controlled drug release. This review highlights the concept, design types, advantages, disadvantages, formulation methods, and evaluation parameters of NLCs, with a specific focus on quercetin-loaded systems. Furthermore, the incorporation of quercetin into NLC-based topical gels enhances skin penetration, retention, and sustained release, leading to improved therapeutic outcomes in inflammatory conditions. Overall, NLCs provide a versatile and efficient platform for the delivery of poorly soluble phytoconstituents. Future perspectives emphasize the need for optimization, large-scale production, and clinical validation to establish quercetin-loaded NLCs as a reliable and effective drug delivery strategy
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