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Abstract 
Topical drug delivery represents the most direct and effective therapeutic approach for 
dermatological disorders, offering localized drug action, reduced systemic exposure, 
and enhanced patient compliance. However, conventional topical formulations face 
significant limitations including poor skin penetration, inadequate drug retention, and 
suboptimal therapeutic outcomes. The stratum corneum barrier restricts drug 
permeation, necessitating innovative delivery strategies. Advanced nanocarrier 
systems including liposomes, niosomes, solid lipid nanoparticles, nanostructured lipid 
carriers, polymeric nanoparticles, and nanogels have emerged as promising platforms 
for enhanced dermatological therapeutics. These nanosystems improve drug stability, 
facilitate controlled release, enhance skin penetration through various mechanisms, 
and enable targeted delivery to specific skin layers. Physical enhancement techniques 
such as microneedles, iontophoresis, and sonophoresis further augment drug 
permeation. Clinical applications span inflammatory conditions including psoriasis 
and atopic dermatitis, infectious diseases, skin cancers, and pigmentation disorders. 
This review comprehensively examines conventional and novel topical formulations, 
nanocarrier platforms, penetration enhancement mechanisms, therapeutic applications 
across dermatological conditions, and safety and regulatory considerations. Despite 
promising preclinical results, clinical translation remains challenging due to scalability 
concerns, regulatory requirements, and cost-effectiveness considerations. Future 
directions include stimuli-responsive systems, personalized formulations, and 
integration of diagnostic and therapeutic functions for precision dermatology. 
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1. Introduction 

Dermatological disorders affect a substantial portion of the global population, with conditions ranging from inflammatory 

diseases and infections to malignancies and aesthetic concerns [1]. The skin represents an ideal target organ for localized drug 

delivery due to its accessibility, large surface area, and direct visualization enabling treatment monitoring [2]. Topical drug 

delivery offers distinct advantages over systemic administration including targeted therapeutic action at disease sites, minimized 

systemic side effects, avoidance of first-pass metabolism, and improved patient adherence [3]. 

Despite these advantages, conventional topical formulations including creams, ointments, lotions, and gels face significant 

limitations. The stratum corneum, the outermost layer of the epidermis, functions as a formidable barrier restricting drug 

penetration [4]. This highly organized structure composed of corneocytes hydrophilic, high molecular weight, and charged
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molecules [5]. Consequently, many topically applied drugs 

achieve insufficient concentrations in target skin layers, 

resulting in suboptimal therapeutic efficacy [6]. 

Additional challenges include poor drug stability in 

conventional vehicles, uncontrolled release kinetics leading 

to concentration fluctuations, inadequate retention time, and 

potential skin irritation from high drug concentrations or 

vehicle components [7]. These limitations have driven 

extensive research into advanced delivery systems capable of 

overcoming the stratum corneum barrier while maintaining 

drug stability and enabling controlled release [8]. 

Nanotechnology-based delivery systems have emerged as 

transformative platforms for dermatological therapeutics [9]. 

Nanocarriers including liposomes, niosomes, solid lipid 

nanoparticles, nanostructured lipid carriers, polymeric 

nanoparticles, dendrimers, and nanogels offer multiple 

advantages including enhanced drug loading capacity, 

protection from degradation, controlled and sustained 

release, improved skin penetration, and targeted delivery to 

specific compartments [10]. These systems can be engineered 

to optimize size, surface characteristics, deformability, and 

stimuli-responsiveness for specific therapeutic applications 
[11]. 

This comprehensive review examines recent advances in 

topical drug delivery for dermatological disorders, 

emphasizing nanocarrier-based systems and their clinical 

applications. We analyze conventional and novel formulation 

strategies, mechanisms of enhanced skin penetration, 

therapeutic applications across major dermatological 

conditions, safety and regulatory considerations, and future 

directions in this rapidly evolving field. 

 

2. Overview of Topical Drug Delivery Systems 

2.1. Conventional Topical Formulations 

Traditional topical dosage forms have been the mainstay of 

dermatological therapy for decades [12]. Ointments, composed 

primarily of hydrophobic bases such as petrolatum or mineral 

oil, provide excellent occlusion and are suitable for dry, 

scaling lesions but may be cosmetically unacceptable due to 

greasiness [13]. Creams represent oil-in-water or water-in-oil 

emulsions offering balanced characteristics of spreadability, 

absorption, and patient acceptance, though they require 

preservatives and may cause irritation [14]. Gels, comprising 

drugs dissolved or suspended in aqueous or hydroalcoholic 

bases with gelling agents, provide cooling effects and non-

greasy application but may be drying [15]. 

Lotions and solutions offer lower viscosity for application to 

hair-bearing areas but provide minimal occlusion and drug 

retention [16]. Pastes containing high powder concentrations 

offer protective and absorptive properties for exudative 

lesions [17]. While these conventional formulations remain 

clinically relevant, their limitations in drug delivery 

efficiency have prompted development of more sophisticated 

systems [18]. 

 

2.2. Modern Innovations in Topical Formulations 

Advanced formulation approaches have been developed to 

address limitations of traditional vehicles [19]. 

Microemulsions, thermodynamically stable dispersions of oil 

and water stabilized by surfactant and cosurfactant systems, 

demonstrate enhanced drug solubilization and skin 

penetration due to small droplet size and interfacial properties 
[20]. These transparent, low-viscosity systems facilitate drug 

partitioning into the stratum corneum [21]. 

Emulgels combine emulsion and gel characteristics, 

providing dual release control mechanisms and improved 

stability compared to simple emulsions or gels [22]. 

Organogels based on non-aqueous liquid lipids immobilized 

by three-dimensional networks offer biocompatibility and 

sustained release properties [23]. Hydrogels comprising 

hydrophilic polymers capable of absorbing substantial water 

maintain drug stability while providing controlled release and 

favorable sensory attributes [24]. 

Foam formulations enable application to large surface areas 

and hair-bearing regions with minimal residue [25]. 

Transdermal patches provide controlled systemic delivery for 

appropriate drugs but remain limited by stratum corneum 

barrier properties [26]. These modern formulations represent 

incremental improvements but still face fundamental 

penetration limitations addressed more effectively by 

nanotechnology-based approaches [27]. 

 

2.3. Nanocarrier Platforms for Dermatology 

Nanocarrier systems exploit nanoscale dimensions to 

enhance dermatological drug delivery through multiple 

mechanisms [28]. Particle sizes typically ranging from 10 to 

500 nanometers enable interaction with skin structures, 

penetration through hair follicles and sweat glands, and 

enhanced surface area for drug release [29]. Different 

nanocarrier classes offer distinct advantages based on 

composition, structure, and physicochemical properties [30]. 

Lipid-based nanocarriers including liposomes, niosomes, 

solid lipid nanoparticles, and nanostructured lipid carriers 

demonstrate excellent biocompatibility, occlusive effects 

enhancing hydration, and ability to carry both hydrophilic 

and lipophilic drugs [31]. Polymer-based systems including 

nanoparticles, dendrimers, and nanogels offer tunable 

degradation kinetics, surface functionalization capabilities, 

and controlled release properties [32]. Inorganic nanocarriers 

such as mesoporous silica, gold nanoparticles, and quantum 

dots provide unique optical or thermal properties enabling 

stimuli-responsive release and theranostic applications [33]. 

Selection of appropriate nanocarrier platforms depends on 

drug physicochemical properties, target skin layer, disease 

characteristics, and desired release kinetics [34]. Rational 

design considering these parameters enables optimization of 

therapeutic outcomes while minimizing adverse effects [35]. 

 

3. Nanocarrier-Based Topical Delivery Systems 

3.1. Liposomes and Niosomes 

Liposomes, spherical vesicles composed of phospholipid 

bilayers enclosing aqueous compartments, represent the most 

extensively studied nanocarriers for dermatological 

applications [36]. Their structural similarity to biological 

membranes facilitates interaction with skin lipids, promoting 

drug penetration [37]. Liposomes accommodate both 

hydrophilic drugs in aqueous cores and lipophilic drugs 

within bilayers, offering versatile loading capabilities [38]. 

Surface modifications including polyethylene glycol 

conjugation enhance stability and circulation time [39]. 

Specialized liposomal variants demonstrate enhanced 

dermatological performance [40]. Transfersomes, ultra-

deformable liposomes containing edge activators, squeeze 

through intercellular spaces in the stratum corneum, 

achieving deeper skin penetration [41]. Ethosomes containing 

high ethanol concentrations disrupt lipid organization, 

facilitating enhanced permeation particularly for 

hydrophobic drugs [42]. These deformable vesicles have 
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shown superior delivery of corticosteroids, retinoids, and 

other dermatological agents compared to conventional 

liposomes [43]. 

Niosomes, structurally similar to liposomes but composed of 

non-ionic surfactants rather than phospholipids, offer 

advantages including lower cost, greater chemical stability, 

and reduced susceptibility to oxidation [44]. Niosomes 

demonstrate comparable or superior skin penetration to 

liposomes for various drugs [45]. Both liposomal and niosomal 

systems enable controlled release through modulation of lipid 

composition, size, lamellarity, and surface characteristics [46]. 

 

3.2. Solid Lipid Nanoparticles and Nanostructured Lipid 

Carriers 

Solid lipid nanoparticles (SLNs) comprise solid lipid 

matrices stabilized by surfactants, combining advantages of 

polymeric nanoparticles, emulsions, and liposomes [47]. The 

solid lipid core protects labile drugs from degradation, 

controls release through matrix erosion and diffusion, and 

enhances skin hydration through occlusive effects [48]. SLNs 

demonstrate excellent tolerability, scalability of production, 

and long-term stability [49]. 

However, SLNs face limitations including relatively low 

drug loading capacity due to crystalline lipid structure and 

potential drug expulsion during storage resulting from 

polymorphic transitions [50]. Nanostructured lipid carriers 

(NLCs), second-generation lipid nanoparticles containing 

mixtures of solid and liquid lipids, address these limitations 

through formation of imperfect crystal structures with 

increased drug accommodation space [51]. NLCs demonstrate 

enhanced loading capacity, reduced drug leakage, and 

improved stability compared to SLNs [52]. 

Both SLNs and NLCs accumulate in hair follicles, serving as 

drug reservoirs for sustained release [53]. Surface 

modifications with penetration enhancers or targeting ligands 

further improve dermatological performance [54]. These lipid 

nanoparticles have successfully delivered retinoids, 

corticosteroids, antimicrobials, and chemotherapeutic agents 

for various dermatological conditions. 

 

3.3. Polymeric Nanoparticles and Nanogels 

Polymeric nanoparticles prepared from natural or synthetic 

polymers offer tunable properties for dermatological drug 

delivery. Biodegradable polymers including poly(lactic-co-

glycolic acid), polylactic acid, and polycaprolactone provide 

controlled degradation and drug release. Chitosan-based 

nanoparticles demonstrate mucoadhesive properties, 

antimicrobial activity, and enhanced permeation through 

interaction with negatively charged skin components. 

Albumin nanoparticles offer excellent biocompatibility and 

can be surface-modified for targeted delivery. Dendrimers, 

highly branched polymeric structures with defined molecular 

weights and multiple surface groups, enable precise drug 

loading and surface functionalization. Their ability to disrupt 

lipid bilayers facilitates enhanced skin penetration, though 

cytotoxicity concerns at higher concentrations require careful 

optimization. 

Nanogels, crosslinked hydrophilic polymer networks of 

nanoscale dimensions, combine advantages of hydrogels and 

nanoparticles. They demonstrate high drug loading capacity, 

responsiveness to environmental stimuli including pH and 

temperature, and ability to swell in aqueous environments 

facilitating controlled release. Nanogels can be designed for 

responsive release triggered by inflammatory 

microenvironments in diseased skin. 

 

3.4. Emerging Hybrid Nanocarriers 

Advanced hybrid systems combine multiple nanocarrier 

platforms to leverage complementary advantages. Lipid-

polymer hybrid nanoparticles feature polymer cores 

encapsulated by lipid shells, offering controlled release from 

polymer matrices with enhanced biocompatibility and skin 

interaction from lipid components. Cubosomes, bicontinuous 

cubic liquid crystalline nanoparticles, provide high interfacial 

area and sustained release properties. 

Metallic nanoparticles including gold and silver demonstrate 

antimicrobial properties valuable for infected dermatological 

conditions, while also enabling photothermal therapy for 

certain malignancies. Mesoporous silica nanoparticles offer 

high surface area, tunable pore sizes for controlled loading 

and release, and excellent biocompatibility. Quantum dots 

enable theranostic applications combining drug delivery with 

fluorescence imaging for treatment monitoring. 

Carbon-based nanomaterials including graphene oxide and 

carbon nanotubes demonstrate potential for enhanced drug 

loading and penetration, though safety concerns regarding 

long-term biodistribution require resolution before clinical 

translation. Rational selection and design of hybrid systems 

based on specific therapeutic requirements represents an 

emerging frontier in dermatological nanotechnology. 

 

4. Mechanisms of Enhanced Skin Penetration 

4.1. Passive and Active Penetration Enhancement 

Drug penetration through skin occurs via three primary 

routes: transcellular through corneocytes, intercellular 

through lipid lamellae, and appendageal through hair follicles 

and sweat ducts. Nanocarriers enhance penetration through 

multiple mechanisms including disruption of stratum 

corneum lipid organization, increased hydration, facilitated 

partitioning, and reservoir formation in follicular structures. 

Chemical penetration enhancers incorporated into 

formulations temporarily modify barrier properties. These 

include alcohols disrupting lipid packing, surfactants 

extracting lipids and denaturing proteins, fatty acids 

fluidizing intercellular lipids, and solvents like dimethyl 

sulfoxide promoting drug partitioning. Penetration enhancers 

must be carefully selected to maximize efficacy while 

minimizing irritation and maintaining barrier recovery. 

Nanocarrier surface properties critically influence skin 

interaction and penetration. Particle size affects depth of 

penetration, with smaller particles achieving deeper layer 

access while larger particles remain in superficial layers. 

Surface charge influences electrostatic interaction with skin 

components, with cationic particles demonstrating enhanced 

mucoadhesion and penetration. Deformability enables 

passage through intercellular spaces, as demonstrated by 

transfersomes and elastic niosomes. 

 

4.2. Physical Penetration Enhancement Techniques 

Physical enhancement methods employ external energy or 

mechanical disruption to facilitate drug delivery. 

Microneedle arrays create transient micropores in the stratum 

corneum, enabling drug delivery into viable epidermis and 

dermis. Solid microneedles pierce skin followed by 

formulation application, while dissolving microneedles 

fabricated from biocompatible materials encapsulate drugs  
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for controlled release as they dissolve. Coated microneedles 

deliver drugs from surface coatings upon insertion. 

Microneedles provide painless, minimally invasive delivery 

with potential for self-administration. 

Iontophoresis utilizes low-intensity electric current to drive 

charged molecules across skin through electrorepulsion and 

electroosmosis. This technique enables delivery of 

hydrophilic, charged drugs including peptides and proteins 

that poorly penetrate passively. Combination of 

iontophoresis with nanocarrier systems demonstrates 

synergistic enhancement. 

Sonophoresis employs ultrasound to enhance permeation 

through cavitation, thermal effects, and mechanical stress 

disrupting stratum corneum organization. Low-frequency 

ultrasound demonstrates greater enhancement than high-

frequency applications. Electroporation applies short high-

voltage pulses creating transient aqueous pores in lipid 

bilayers, facilitating macromolecule delivery. Combination 

approaches employing multiple enhancement strategies 

demonstrate additive or synergistic effects. 

 

4.3. Controlled and Sustained Topical Release 

Controlled release systems maintain therapeutic drug 

concentrations over extended periods, reducing application 

frequency and improving compliance. Release kinetics are 

governed by drug diffusion from matrices, polymer 

degradation or erosion, and swelling of hydrophilic polymers. 

Mathematical modeling enables prediction and optimization 

of release profiles for specific therapeutic requirements. 

Reservoir systems feature drug cores surrounded by rate-

controlling membranes, providing zero-order release 

kinetics. Matrix systems disperse drugs throughout polymer 

matrices, exhibiting first-order or anomalous release 

depending on drug-polymer interactions and matrix 

properties. Responsive systems incorporate stimuli-sensitive 

components enabling triggered release in response to pH, 

temperature, enzymes, or light. 

For chronic inflammatory conditions, sustained release 

formulations reduce application frequency while maintaining 

therapeutic efficacy. Drug-in-adhesive transdermal systems 

provide multi-day delivery for appropriate drugs. Depot 

formation in hair follicles by nanocarriers creates reservoirs 

enabling prolonged drug release. 

 

5. Therapeutic Applications in Dermatology 

5.1. Acne, Psoriasis, and Eczema 

Acne vulgaris, characterized by follicular 

hyperkeratinization, sebum overproduction, and 

Propionibacterium acnes colonization, represents one of the 

most common dermatological conditions. Topical treatments 

including retinoids, benzoyl peroxide, and antibiotics face 

limitations from instability, irritation, and poor penetration. 

Nanocarrier systems improve delivery of these agents to 

pilosebaceous units while reducing irritation. Tretinoin-

loaded SLNs demonstrate enhanced stability and controlled 

release with reduced erythema compared to conventional 

formulations. Benzoyl peroxide nanoparticles show sustained 

antimicrobial activity with decreased irritancy. 

Psoriasis, a chronic inflammatory condition characterized by 

hyperproliferation of keratinocytes and immune 

dysregulation, requires prolonged therapy with 

corticosteroids, vitamin D analogs, retinoids, or biologics. 

Topical delivery challenges include thick plaques impeding  

penetration and need for frequent application. Liposomal and 

niosomal formulations of corticosteroids demonstrate 

enhanced anti-inflammatory efficacy with reduced systemic 

absorption. Methotrexate-loaded nanoparticles enable 

targeted delivery to hyperproliferative epidermis. 

Atopic dermatitis (eczema) involves barrier dysfunction, 

inflammation, and pruritus requiring emollients and anti-

inflammatory agents. Nanocarrier systems loaded with 

corticosteroids, calcineurin inhibitors, or barrier repair lipids 

demonstrate improved therapeutic outcomes. Ceramide-

loaded NLCs restore barrier function while delivering anti-

inflammatory drugs. 

 

5.2. Skin Infections 

Bacterial skin infections including impetigo, folliculitis, and 

cellulitis traditionally require systemic antibiotics, though 

topical therapy offers advantages for localized infections. 

Antibiotic resistance necessitates enhanced delivery 

strategies maximizing local concentrations while minimizing 

systemic exposure. Silver nanoparticles demonstrate broad-

spectrum antimicrobial activity through multiple 

mechanisms reducing resistance development. Mupirocin-

loaded nanoparticles achieve sustained release and enhanced 

penetration to deep skin layers. 

Fungal infections including dermatophytosis and candidiasis 

require prolonged treatment courses. Antifungal agents face 

challenges of poor water solubility and limited skin 

penetration. Lipid nanocarriers enhance delivery of azole 

antifungals, terbinafine, and amphotericin B to infected 

tissues. Fluconazole-loaded nanoemulsions demonstrate 

superior efficacy compared to commercial preparations. 

Viral skin infections including herpes simplex and human 

papillomavirus benefit from enhanced delivery of antiviral 

agents. Acyclovir-loaded nanocarriers achieve higher skin 

concentrations and prolonged activity compared to 

conventional formulations. Imiquimod, an immune response 

modifier for viral warts and skin cancers, demonstrates 

enhanced efficacy with reduced irritation when delivered via 

nanocarriers. 

 

5.3. Skin Cancers and Precancerous Lesions 

Non-melanoma skin cancers including basal cell carcinoma 

and squamous cell carcinoma represent the most common 

human malignancies. Topical therapy with 5-fluorouracil or 

imiquimod offers non-invasive alternatives for superficial 

tumors and actinic keratoses. However, conventional 

formulations cause significant local reactions limiting 

compliance. 

Nanocarrier delivery systems improve chemotherapeutic 

agent penetration to malignant cells while reducing healthy 

tissue exposure. 5-Fluorouracil-loaded SLNs demonstrate 

enhanced tumor accumulation with decreased systemic side 

effects. Photodynamic therapy employing photosensitizers 

activated by light shows promise for skin cancers, with 

nanocarrier systems improving photosensitizer delivery and 

retention. 

Targeted nanocarriers conjugated with antibodies or ligands 

recognizing tumor-specific markers enable selective delivery 

to malignant cells. Gold nanoparticles enable photothermal 

therapy, converting absorbed light to heat destroying cancer 

cells. Combination approaches incorporating multiple 

therapeutic agents in single nanocarrier systems demonstrate 

synergistic antitumor effects. 
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5.4. Pigmentation Disorders 

Hyperpigmentation disorders including melasma, post-

inflammatory hyperpigmentation, and solar lentigines result 

from excess melanin production or distribution. Topical 

depigmenting agents including hydroquinone, kojic acid, 

arbutin, and retinoids face challenges of instability, irritation, 

and uneven skin lightening. Nanocarrier systems protect 

labile compounds from oxidation while enabling controlled 

release and targeted delivery to melanocytes. 

Liposomal hydroquinone demonstrates enhanced stability 

and efficacy with reduced irritation compared to conventional 

formulations. Tyrosinase inhibitors delivered via niosomes 

show improved melanocyte targeting. Combination 

formulations incorporating multiple depigmenting agents 

with antioxidants demonstrate superior efficacy through 

complementary mechanisms. 

 

6. Safety, Regulatory, and Clinical Considerations 

Nanocarrier-based topical formulations must demonstrate 

safety profiles comparable to or superior to conventional 

formulations. Potential concerns include nanoparticle 

accumulation in skin, penetration into systemic circulation, 

and immunological or inflammatory responses. 

Comprehensive toxicological evaluation including in vitro 

cytotoxicity, skin irritation and sensitization testing, and 

long-term dermal toxicity studies are required. 

Most studies indicate that topically applied nanocarriers 

remain localized in superficial skin layers with minimal 

systemic absorption for appropriately sized particles. 

However, damaged or diseased skin with compromised 

barrier function may permit enhanced penetration requiring 

careful safety assessment. Biocompatible, biodegradable 

materials are preferred for nanocarrier fabrication to 

minimize accumulation and toxicity risks. 

Clinical translation of nanocarrier formulations faces 

regulatory challenges due to complexity of characterization 

and manufacturing control requirements. Regulatory 

agencies require comprehensive physicochemical 

characterization including size distribution, surface 

properties, drug loading, release kinetics, and stability. 

Manufacturing processes must demonstrate reproducibility, 

scalability, and appropriate quality control. 

Clinical trial design for topical nanocarrier formulations 

requires demonstration of superiority over existing 

treatments in efficacy, safety, or patient-reported outcomes. 

Challenges include objective assessment of dermatological 

responses, appropriate comparator selection, and adequate 

trial duration capturing chronic condition outcomes. Several 

nanocarrier-based dermatological products have achieved 

regulatory approval and commercial success, validating the 

therapeutic potential of these systems. 

 

7. Future Directions 

Next-generation nanocarrier systems will incorporate 

intelligent features enabling responsive, personalized 

dermatological therapy. Stimuli-responsive nanocarriers 

designed to release drugs in response to specific disease 

microenvironment cues including pH, temperature, enzymes, 

or inflammatory mediators will enable triggered, on-demand 

delivery. Such systems could automatically modulate drug 

release based on disease severity, optimizing therapeutic 

outcomes while minimizing adverse effects. 

Smart nanocarriers incorporating biosensors could monitor 

disease biomarkers providing real-time feedback on 

treatment efficacy. Integration of therapeutic and diagnostic 

functions (theranostics) enables simultaneous treatment and 

monitoring through imaging modalities including 

fluorescence, photoacoustic, or photothermal techniques. 

Gene therapy approaches employing nanocarriers to deliver 

nucleic acids for modulating disease pathways represent 

emerging frontiers in dermatology. 

Personalized formulations optimized for individual patient 

characteristics including genetic factors, disease phenotype, 

and barrier properties will enhance therapeutic precision. 

Three-dimensional bioprinting technologies could enable 

fabrication of customized topical systems tailored to specific 

lesion characteristics. Combination products incorporating 

multiple therapeutic agents with synergistic or 

complementary mechanisms in single nanocarrier systems 

will address complex, multifactorial dermatological 

conditions. 

Translation of these innovations requires continued 

collaboration between researchers, clinicians, regulatory 

agencies, and industry stakeholders. Standardization of 

characterization methods, safety assessment protocols, and 

clinical trial designs will facilitate efficient development 

pathways. Cost-effectiveness analyses demonstrating value 

propositions for advanced delivery systems compared to 

conventional therapies will support adoption and 

reimbursement decisions. 

 

8. Conclusion 

Topical drug delivery for dermatological disorders has 

evolved substantially through development of sophisticated 

nanocarrier systems offering solutions to fundamental 

challenges in cutaneous therapeutics. Conventional 

formulations, while clinically relevant, face inherent 

limitations in penetrating the stratum corneum barrier and 

achieving controlled drug delivery. Advanced nanocarrier 

platforms including liposomes, niosomes, solid lipid 

nanoparticles, nanostructured lipid carriers, polymeric 

nanoparticles, and nanogels enable enhanced drug stability, 

improved skin penetration through multiple mechanisms, 

controlled and sustained release, and targeted delivery to 

specific compartments. 

Integration of physical enhancement techniques including 

microneedles, iontophoresis, and sonophoresis with 

nanocarrier systems provides synergistic improvements in 

drug delivery. Clinical applications across inflammatory 

conditions, infections, malignancies, and pigmentation 

disorders demonstrate therapeutic benefits including 

enhanced efficacy, reduced side effects, and improved patient 

compliance. Safety profiles generally support clinical 

translation, though comprehensive characterization and long-

term studies remain necessary. 

Regulatory frameworks are evolving to accommodate these 

complex formulations while maintaining rigorous safety and 

efficacy standards. The growing pipeline of nanocarrier-

based dermatological products reflects increasing clinical 

adoption. Future directions incorporating stimuli-responsive 

release, theranostic capabilities, personalized formulations, 

and gene therapy approaches promise to further transform 

dermatological therapeutics. Continued innovation in 

nanocarrier design, manufacturing, and translation will 

enhance treatment outcomes for patients with diverse 

dermatological conditions, establishing these advanced 

delivery systems as essential components of modern 

dermatological practice. 

http://www.pharmainsightjournal.com/


International Journal of Pharma Insight Studies www.PharmaInsightJournal.com  

 
    59 | P a g e  

 

9. Figures 

 
Fig 1: Overview of topical drug delivery systems and nanocarriers 

 

 
 

Fig 2: Mechanisms of enhanced skin penetration for controlled and targeted delivery 
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10. Tables 
 

Table 1: Major nanocarrier systems used in topical dermatology 
 

Nanocarrier Type Composition 
Size Range 

(nm) 
Drug Loading Key Advantages Dermatological Applications 

Liposomes Phospholipid bilayers 50-500 
Hydrophilic & 

lipophilic 

Biocompatibility; controlled 

release; skin hydration 

Corticosteroids; retinoids; 

antifungals 

Transfersomes 
Phospholipids + edge 

activators 
50-300 

Hydrophilic & 

lipophilic 

Ultra-deformable; deep 

penetration 
Psoriasis; transdermal delivery 

Ethosomes 
Phospholipids + high 

ethanol 
30-200 Lipophilic drugs 

Enhanced permeation; soft 

vesicles 

Anti-inflammatory agents; local 

anesthetics 

Niosomes Non-ionic surfactants 50-500 
Hydrophilic & 

lipophilic 

Chemical stability; low cost; 

sustained release 

Antibacterials; antifungals; 

depigmenting agents 

Solid lipid 

nanoparticles 

Solid lipids + 

surfactants 
50-1000 Lipophilic drugs 

Controlled release; stability; 

occlusion 

Retinoids; UV filters; acne 

therapy 

Nanostructured lipid 

carriers 
Solid + liquid lipids 50-1000 Increased loading 

Higher loading than SLNs; 

reduced expulsion 
Corticosteroids; photosensitizers 

Polymeric 

nanoparticles 

PLGA, chitosan, 

albumin 
10-500 Drug-dependent 

Tunable release; biodegradable; 

functionalization 

Chemotherapeutics; 

antimicrobials; vaccines 

Nanogels Crosslinked polymers 20-200 High capacity 
Stimuli-responsive; high 

loading; swelling 

Anti-inflammatory; wound 

healing 

Dendrimers Branched polymers 5-100 Surface loading 
Penetration enhancement; 

multivalency 
Drug delivery; gene therapy 

 

Table 2: Advantages and limitations of various topical formulations 
 

Formulation Type Major Advantages Key Limitations Ideal Applications Patient Acceptability 

Ointments 
Occlusive; stable; simple 

formulation; long contact time 

Greasy; poor cosmesis; staining; 

reduced spreadability 

Dry, scaling lesions; 

chronic conditions; 

barrier repair 

Low to moderate 

Creams 
Balanced properties; good 

spreadability; washable; versatile 

Require preservatives; potential 

irritation; less occlusive than 

ointments 

Wide range of conditions; 

facial application 
High 

Gels 
Non-greasy; cooling effect; 

transparent; good for hairy areas 

Drying; alcohol content may 

irritate; limited drug solubility 

Acne; oily skin; scalp 

conditions 
High 

Lotions 
Low viscosity; easy application to 

large areas; cooling 

Minimal occlusion; limited 

retention time; may require 

frequent application 

Body application; hairy 

areas; acute conditions 
High 

Microemulsions 

Enhanced solubilization; 

improved penetration; 

thermodynamically stable 

Complex formulation; high 

surfactant content; potential 

irritation 

Lipophilic drugs; 

enhanced delivery 
Moderate to high 

Liposomes 

Biocompatible; controlled release; 

bilayer structure mimics skin; 

protect labile drugs 

Cost; stability concerns; scale-up 

challenges 

Anti-inflammatory; 

retinoids; vaccines 
High 

Solid lipid 

nanoparticles 

Sustained release; stability; 

scalable production; occlusion; 

protect drugs 

Limited loading capacity; potential 

drug expulsion; crystalline 

structure 

Controlled release 

applications; 

photosensitive drugs 

High 

Polymeric 

nanoparticles 

Tunable properties; sustained 

release; targeting capability 

Potential toxicity; complex 

manufacturing; regulatory 

challenges 

Antimicrobials; 

chemotherapeutics; 

chronic diseases 

Moderate to high 

Microneedles 
Painless; self-administration; 

bypasses stratum corneum 

Manufacturing complexity; sterility 

requirements; patient training 

Vaccines; 

macromolecules; 

enhanced delivery 

Moderate to high 
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Table 3: Examples of dermatological disorders treated using nanocarrier systems 
 

Dermatological 

Disorder 
Drug/Active Agent Nanocarrier System Key Outcomes Clinical Status 

Acne vulgaris Tretinoin Solid lipid nanoparticles 
Enhanced stability; reduced irritation; 

sustained release 
Clinical trials 

Acne vulgaris Benzoyl peroxide Polymeric nanoparticles 
Sustained antimicrobial activity; decreased 

irritancy 
Preclinical/Clinical 

Psoriasis Methotrexate PLGA nanoparticles 
Targeted epidermal delivery; enhanced 

efficacy; reduced systemic exposure 
Clinical trials 

Psoriasis Betamethasone Liposomes/niosomes 
Improved anti-inflammatory effect; reduced 

systemic absorption 
Marketed products 

Atopic dermatitis Tacrolimus Lipid nanocarriers 
Enhanced penetration; reduced systemic 

effects; barrier restoration 
Clinical trials 

Atopic dermatitis 
Ceramides + 

corticosteroids 

Nanostructured lipid 

carriers 

Dual action: barrier repair and anti-

inflammation 
Preclinical 

Bacterial infections Mupirocin Nanoparticles 
Enhanced penetration to deep layers; 

sustained release 
Preclinical 

Bacterial infections Silver Silver nanoparticles 
Broad-spectrum antimicrobial; reduced 

resistance 
Marketed products 

Fungal infections Fluconazole Nanoemulsions 
Superior efficacy vs commercial products; 

improved penetration 
Clinical trials 

Fungal infections Terbinafine Solid lipid nanoparticles 
Enhanced skin accumulation; prolonged 

activity 
Preclinical/Clinical 

Herpes simplex virus Acyclovir Liposomes/niosomes 
Higher skin concentrations; prolonged 

activity; reduced frequency 
Clinical trials 

Genital warts Imiquimod Lipid nanocarriers Enhanced efficacy; reduced local reactions 
Clinical 

development 

Basal cell carcinoma 5-Fluorouracil Solid lipid nanoparticles 
Enhanced tumor penetration; reduced 

systemic effects 
Clinical trials 

Actinic keratosis Photosensitizers Liposomes Improved PDT efficacy; enhanced retention Clinical trials 

Melanoma 
Targeted 

chemotherapeutics 

Antibody-conjugated 

nanoparticles 
Selective tumor delivery; reduced toxicity Preclinical 

Melasma Hydroquinone Liposomes 
Enhanced stability; reduced irritation; 

improved efficacy 
Marketed products 

Hyperpigmentation Tyrosinase inhibitors Niosomes 
Targeted melanocyte delivery; enhanced 

depigmentation 
Preclinical/Clinical 

 

Table 4: Clinical trials and translational studies of topical drug delivery systems 
 

Product/System Nanocarrier Type Active Ingredient Indication Trial Phase/Status Key Findings 

Psoraxine® Liposomes Calcipotriol Psoriasis Marketed (EU) 
Improved efficacy; reduced irritation vs 

conventional 

Atopiclair® Lipid nanocarriers Barrier lipids Atopic dermatitis Marketed (US) 
Enhanced barrier restoration; steroid-

sparing 

Multiple 

formulations 

Solid lipid 

nanoparticles 
Tretinoin Acne Phase II/III 

Enhanced stability; reduced erythema; 

improved compliance 

Experimental Transfersomes Corticosteroids Psoriasis Phase II 
Enhanced penetration; deeper skin 

deposition 

Multiple studies Niosomes Antifungals Dermatophytosis Preclinical/Phase I 
Superior efficacy; sustained activity vs 

conventional 

Research 

formulations 
Nanoemulsions Retinoids Photoaging Phase II 

Improved stability; reduced irritation; 

enhanced efficacy 

Experimental PLGA nanoparticles Methotrexate Psoriasis Phase I/II 
Targeted epidermal delivery; favorable 

safety profile 

Research studies 
Chitosan 

nanoparticles 
Antimicrobials Wound infections Preclinical 

Enhanced antimicrobial activity; biofilm 

penetration 

Developmental 
Polymeric 

microneedles 
Biologics/vaccines Multiple Phase I/II 

Painless delivery; enhanced 

immunogenicity 

Multiple products Silver nanoparticles Silver 
Wound 

care/burns 
Marketed globally 

Broad antimicrobial spectrum; 

accelerated healing 
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