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Abstract 

Effective treatment of skin diseases requires drug delivery to specific skin compartments, such as the viable 

epidermis, dermis, and hair follicles. However, delivering drugs into and across the skin remains a significant 

challenge due to the complex barrier properties of the skin. A deeper understanding of skin barrier physiology 

is essential for optimizing drug penetration and permeation. To achieve this, it is crucial to thoroughly 

investigate the various skin barriers and develop reliable methods to assess their functionality, including the 

movement of molecules from the external environment into the skin (outside-in) and from within the skin to 

the outside (inside-out). This review provides a comprehensive overview of the mechanical barriers, such as 

the stratum corneum and tight junctions, within the interfollicular epidermis, hair follicles, and associated 

glands. It also explores the barrier roles of the basement membrane and dermal blood vessels. Alterations in 

skin barrier function, particularly in individuals with atopic dermatitis, are discussed in detail. Lastly, we 

critically evaluate current physical, biochemical, and microscopic techniques—such as transepidermal water 

loss measurement, impedance spectroscopy, Raman spectroscopy, immunohistochemical staining, optical 

coherence microscopy, and multiphoton microscopy—for their effectiveness in analyzing these barriers and 

assessing drug permeation both in vitro and in vivo. 

 Keywords:Transdermal drug delivery,Skin barrie ,Stratum corneum,Tight junctions, Hair 

follicles,Basement membrane,Dermal blood vessels,Atopic dermatitis,Drug permeation,Skin 

physiology,Transepidermal water loss (TEWL), Impedance spectroscopy, Raman spectroscopy, 
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Introduction 

The skin acts as the body’s first line of defense, shielding it from physical, chemical, and microbial threats 

while preventing excessive water loss. Central to this protective function is the skin barrier, primarily located 

within the stratum corneum, which comprises corneocytes embedded in a lipid matrix of ceramides, 

cholesterol, and free fatty acids. Disruption of this complex structure is associated with several skin disorders, 

including atopic dermatitis, psoriasis, and ichthyosis, and can also result from environmental aggressors such 

as UV radiation, pollution, harsh cleansers, or aging (Elias, 2005; Proksch et al., 2008). 

A compromised skin barrier not only impairs the skin’s ability to retain moisture but also increases 

susceptibility to allergens, irritants, and pathogens. Thus, restoration and maintenance of barrier integrity have 

become central goals in both dermatological therapy and cosmetic skin care. Pharmaceutical interventions 

typically involve the use of corticosteroids, calcineurin inhibitors, lipid-replenishing agents (e.g., ceramide-

based creams), and anti-inflammatory molecules that target both symptoms and the underlying 

pathophysiology of barrier dysfunction (Lodén, 2003; Cork et al., 2009). These treatments aim to reduce 

inflammation, normalize keratinocyte function, and restore the lipid composition of the stratum corneum. 

Cosmetic approaches, on the other hand, emphasize daily skin maintenance and prevention. Formulations 

containing humectants (e.g., glycerin, hyaluronic acid), emollients (e.g., squalene, shea butter), and occlusives 

(e.g., petrolatum) are widely used to hydrate the skin and reinforce barrier function. Additionally, bioactive 

compounds such as niacinamide, panthenol, and antioxidants (e.g., vitamin E, coenzyme Q10) are often 

incorporated to enhance skin resilience and promote repair (Draelos, 2012; Rawlings & Harding, 2004). 

Recent advancements have introduced innovative delivery systems—such as liposomes, nanoparticles, and 

microemulsions—to improve the penetration and efficacy of active ingredients. Furthermore, biomimetic 

formulations that replicate the skin’s natural lipid organization have shown promising results in accelerating 

barrier recovery (Fluhr et al., 2006). The convergence of pharmaceutical and cosmetic strategies is evident in 

the development of cosmeceuticals, which combine aesthetic benefits with therapeutic efficacy. 

This review aims to provide a comprehensive overview of current pharmaceutical and cosmetic approaches 

to skin barrier repair, examining their mechanisms of action, key ingredients, and clinical outcomes. A deeper 

understanding of these strategies will contribute to more effective prevention and management of barrier-

related skin conditions. 
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Figure.1: Pharmaceutical and cosmetic approach to skin barrier repair 

 

1. Understanding the skin barrier 

The human skin serves as a multifunctional organ, acting as the body's outermost defense against physical, 

chemical, microbial, and environmental insults. Among its various functions, the skin barrier is one of the 

most vital, preventing excessive water loss, minimizing the entry of harmful agents, and maintaining internal 

homeostasis. An intact skin barrier is essential not only for dermal health but also for the overall physiological 

stability of the human body (Elias, 2005; Proksch et al., 2008). 

1.1 Anatomical and Structural Components 

The skin is organized into three principal layers: the epidermis, dermis, and hypodermis (subcutaneous tissue). 

The epidermis, the outermost layer, is most directly responsible for the barrier function. Within the epidermis, 

the stratum corneum—the superficial layer—plays a central role in barrier integrity. This layer is composed 

of flattened, dead keratinocytes known as corneocytes, which are embedded in an extracellular matrix of 

lipids. These lipids, predominantly ceramides, cholesterol, and free fatty acids, are arranged in lamellar 

structures that contribute to the mechanical resilience and semi-permeability of the barrier (Menon et al., 

2012; Bouwstra et al., 2003). 

The "brick-and-mortar" model is often used to describe the stratum corneum, where the corneocytes represent 

the "bricks" and the lipid matrix serves as the "mortar." Additionally, tight junctions located in the stratum 

granulosum, along with desmosomes and the basement membrane, provide further regulation of trans-

epidermal and intercellular transport. These components work together to modulate the permeability and 

cohesion of the skin barrier (Brandner et al., 2015). 
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1.2 Key Functional Roles of the Skin Barrier 

The primary functions of the skin barrier extend across several domains: 

● Water Retention and Hydration Control: The barrier prevents excessive transepidermal water loss 

(TEWL), preserving skin hydration and elasticity, which are critical for the prevention of xerosis and 

scaling (Rawlings & Harding, 2004). 

● Protection Against Environmental Hazards: The barrier defends against microbial invasion, allergens, 

irritants, and pollutants, reducing the risk of infection and inflammation (Proksch et al., 2008). 

● pH Regulation: The surface of the skin maintains a slightly acidic pH (~4.5–5.5), creating an "acid 

mantle" that supports enzymatic activity essential for lipid synthesis and offers antimicrobial 

protection (Schmid-Wendtner & Korting, 2006). 

● Immunological Surveillance: Specialized cells such as Langerhans cells and keratinocytes contribute 

to the skin’s immunological defense by recognizing and responding to antigens (Nestle et al., 2009). 

● Wound Healing and Regeneration: A functional skin barrier supports rapid repair in response to injury 

through coordinated keratinocyte migration and reformation of the lipid barrier. 

1.3 Disruption and Dysregulation of Barrier Function 

Multiple intrinsic and extrinsic factors can compromise the structure and function of the skin barrier. These 

include: 

● Environmental stressors such as ultraviolet (UV) radiation, temperature extremes, and air pollutants. 

● Genetic abnormalities, for example, loss-of-function mutations in the filaggrin gene (FLG), are closely 

associated with atopic dermatitis and reduced barrier resilience (Palmer et al., 2006). 

● Inflammatory skin diseases such as psoriasis, eczema, and rosacea frequently present with impaired 

barrier repair mechanisms and altered lipid composition (Cork et al., 2009). 

● Aging, which naturally reduces sebaceous gland activity and lipid production, slows the recovery of 

barrier function following injury (Zouboulis & Makrantonaki, 2011). 

● Frequent use of surfactants and detergents, which strip the skin of natural oils and compromise lipid 

layers, leading to increased TEWL and sensitivity (Lodén, 2003). 

Understanding the intricate structure and multifaceted roles of the skin barrier is fundamental for the 

development of therapeutic and cosmetic interventions aimed at maintaining or restoring barrier integrity. 

Ongoing research into molecular mechanisms of barrier formation and disruption continues to inform 

innovative approaches in dermatology and cosmetology. 
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Figure.2: Understanding the skin barrier 

2. Pharmaceutical approaches to skin barrier repair 

The pharmaceutical management of impaired skin barrier function represents a fundamental aspect of 

dermatologic therapy. A compromised skin barrier is a hallmark of several skin disorders, including atopic 

dermatitis, psoriasis, contact dermatitis, and xerosis. These conditions often present with increased 

transepidermal water loss (TEWL), altered lipid composition, microbial colonization, and inflammation. As 

such, pharmaceutical interventions aim not only to alleviate symptoms but also to restore the integrity, 

function, and resilience of the skin barrier. 

2.1 Topical Corticosteroids: Anti-inflammatory Cornerstones 

Topical corticosteroids are the first-line agents in treating inflammatory skin diseases due to their broad 

immunosuppressive effects. They function by diffusing into the cytoplasm of keratinocytes and other immune 

cells, binding to glucocorticoid receptors, and modulating the transcription of anti-inflammatory and pro-

inflammatory genes. This leads to a reduction in cytokine expression (e.g., IL-1, IL-6, TNF-α), inhibition of 

arachidonic acid metabolism, and decreased migration of inflammatory cells to affected sites. 

While effective, prolonged or inappropriate use of corticosteroids can lead to skin atrophy, delayed wound 

healing, barrier thinning, and stratum corneum lipid depletion. Hence, their use should be carefully titrated, 

especially in children and on sensitive body regions (Hengge et al., 2006). 

2.2 Calcineurin Inhibitors: Non-Steroidal Immunomodulators 

Tacrolimus and pimecrolimus are calcineurin inhibitors that offer a steroid-sparing alternative for long-term 

treatment. These agents inhibit T-cell activation by blocking the calcineurin–NFAT (nuclear factor of 

activated T-cells) signaling pathway, thereby reducing IL-2 production and other pro-inflammatory cytokines. 

Unlike corticosteroids, they do not induce skin atrophy or interfere with collagen synthesis, making them 

particularly suitable for sensitive areas such as the face and neck. 

Several studies have shown that calcineurin inhibitors help normalize the expression of filaggrin and 

involucrin, proteins critical to epidermal differentiation and barrier repair (Leung et al., 2004). They are 

particularly effective in managing atopic dermatitis, where immune dysregulation and barrier disruption 

coexist. 
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2.3 Barrier Lipid-Replacement Therapies 

The barrier function of the stratum corneum depends heavily on the presence of intercellular lipids—mainly 

ceramides (∼50%), cholesterol (∼25%), and free fatty acids (∼15%)—arranged in multilamellar bilayers. In 

diseased skin, these lipids are often deficient or imbalanced. Pharmaceutical formulations that replenish or 

mimic the natural lipid composition of the stratum corneum have shown considerable success in accelerating 

barrier recovery. 

Lipid-based creams and ointments containing physiologic lipid ratios (typically 3:1:1 

ceramide:cholesterol:FFA) can restore lamellar structures and improve cohesion among corneocytes (Man et 

al., 1996). Some formulations also include pseudoceramides and synthetic analogues that penetrate more 

efficiently and have longer-lasting effects. 

2.4 Humectants, Occlusives, and Emollients 

Pharmaceutical moisturizers are categorized based on their mechanism of action: 

● Humectants such as glycerin, urea, and hyaluronic acid attract water from the dermis and environment 

to hydrate the stratum corneum. 

● Occlusives like petrolatum, lanolin, and dimethicone form a hydrophobic layer that prevents TEWL. 

● Emollients, including fatty acids and natural oils, fill the intercellular spaces between desquamating 

skin cells, enhancing smoothness and flexibility. 

These agents are often combined in barrier creams to synergize their effects. Notably, urea in concentrations 

of 5–10% not only hydrates but also exhibits keratolytic and antimicrobial properties, making it ideal for 

hyperkeratotic conditions (Lodén, 2003). 

2.5 Antimicrobial and Anti-inflammatory Adjuvants 

In barrier-compromised skin, secondary bacterial or fungal colonization (especially by Staphylococcus 

aureus) exacerbates inflammation. Pharmaceutical interventions often combine barrier repair with topical 

antimicrobials (e.g., mupirocin, fusidic acid) or antiseptics (e.g., chlorhexidine, silver sulfadiazine) to 

minimize microbial burden. 

Another category includes anti-inflammatory cosmeceutical agents like niacinamide (vitamin B3), which 

enhances ceramide synthesis, improves microcirculation, and reduces erythema and irritation (Gehring, 2004). 

Panthenol (pro-vitamin B5) is also known for its moisturizing and anti-inflammatory benefits. 

2.6 Nanotechnology-Based Delivery Systems 

Conventional topical therapies often face the challenge of poor skin penetration due to the formidable barrier 

properties of the stratum corneum. To overcome this, nanocarriers have emerged as promising drug delivery 

systems. These include: 

● Liposomes and niosomes: phospholipid vesicles that encapsulate both hydrophilic and lipophilic 

drugs. 

● Solid lipid nanoparticles (SLNs) and nanostructured lipid carriers (NLCs): ideal for lipophilic drug 

delivery with enhanced skin retention. 

● Polymeric nanoparticles and micelles: suitable for sustained and targeted delivery. 

These nanosystems improve bioavailability, penetration depth, and controlled release, enhancing therapeutic 

efficacy while minimizing systemic absorption (Prow et al., 2011). 
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2.7 Systemic and Biologic Therapies 

In moderate-to-severe inflammatory skin diseases where topical treatments are inadequate, systemic drugs or 

biologic agents may be warranted. These include: 

● Immunosuppressants: such as cyclosporine, methotrexate, or azathioprine, which modulate immune 

responses but require close monitoring. 

● Biologics: monoclonal antibodies targeting specific cytokines or receptors, e.g., dupilumab (IL-4Rα 

antagonist), adalimumab (TNF-α blocker), and ustekinumab (IL-12/23 inhibitor). 

Biologics not only reduce systemic inflammation but also facilitate barrier protein normalization and 

keratinocyte homeostasis, resulting in secondary improvements in barrier function (Simpson et al., 2016). 

 

Figure.3: Pharmaceutical Approaches to Skin Barrier Repair 

3. Cosmetic approaches to skin barrier repair 

Cosmetic approaches to skin barrier repair are increasingly recognized not only for aesthetic benefits but also 

for their prophylactic and therapeutic potential in maintaining epidermal health. Unlike pharmaceutical agents 
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that treat specific pathological conditions, cosmetic products are designed for daily application, focusing on 

hydration, protection, and enhancement of the skin’s natural barrier functions. These products are particularly 

important in modern lifestyles, where frequent exposure to pollutants, ultraviolet radiation, and chemical 

irritants can lead to chronic low-grade damage to the epidermis. 

Recent advances in cosmetic science have integrated dermatological, biochemical, and microbiological 

principles to formulate products that interact with the skin barrier at multiple levels — from lipid 

reconstitution and pH regulation to microbiome support and anti-inflammatory actions. 

3.1 Emollients and Moisturizing Systems 

The core function of many cosmetic products is moisturization, which supports skin elasticity, comfort, and 

barrier integrity. Moisturizers are complex formulations that generally contain humectants, occlusives, and 

emollients — each contributing to different aspects of hydration and skin barrier maintenance. 

● Humectants (e.g., glycerol, hyaluronic acid, urea) draw water from the environment and the deeper 

layers of the skin to the stratum corneum. They maintain hydration but require an occlusive layer to 

prevent evaporation. 

● Occlusives (e.g., petrolatum, dimethicone, lanolin) form a hydrophobic film on the skin surface, 

reducing transepidermal water loss (TEWL) and preventing desiccation. 

● Emollients (e.g., fatty acids, triglycerides, plant oils) fill the gaps between desquamating corneocytes, 

smoothing skin texture and enhancing lipid bilayer function. 

Modern moisturizers are often multifunctional, combining these components with active ingredients such as 

antioxidants, vitamins, and peptides. 

Example: CeraVe Moisturizing Cream combines ceramides, cholesterol, hyaluronic acid, and petrolatum, 

supporting both hydration and barrier lipid replenishment. 

3.2 Ceramide-Based Formulations and Lipid Replenishment 

Ceramides are sphingolipids essential to the structure and function of the stratum corneum’s lipid matrix. A 

deficiency or imbalance in ceramide levels is closely associated with barrier dysfunction in conditions such 

as atopic dermatitis, aging skin, and xerosis. Modern cosmetic science has enabled the development of 

synthetic or plant-derived ceramides that mimic natural skin lipids. 

● These formulations are often combined in optimal ratios with cholesterol and free fatty acids, which 

are also key components of the skin barrier. 

● Advanced emulsification techniques, such as multi-lamellar emulsions, help deliver these lipids deeper 

into the epidermis, facilitating reorganization of lipid bilayers. 

Clinical data suggests that ceramide-based creams improve hydration and accelerate skin recovery following 

barrier disruption (Rawlings & Harding, 2004). 

3.3 Antioxidants and Anti-Pollution Skincare 

Oxidative stress is a major contributor to skin barrier damage, especially under conditions of urban pollution 

and UV radiation. Exposure to reactive oxygen species (ROS) leads to lipid peroxidation, protein degradation, 

and inflammation, all of which weaken the epidermal barrier. 

To counter this, cosmetic formulations are now heavily enriched with antioxidants: 

● Vitamin C (L-ascorbic acid): neutralizes free radicals, stimulates collagen, and inhibits melanogenesis. 
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● Vitamin E (tocopherol): stabilizes cell membranes and acts synergistically with vitamin C. 

● Polyphenols: such as green tea extract (EGCG), resveratrol, and ferulic acid provide broad-spectrum 

protection against oxidative and inflammatory damage. 

Example: SkinCeuticals CE Ferulic combines vitamins C and E with ferulic acid, offering enhanced 

antioxidant stability and skin protection. 

3.4 Bioactive Compounds and Cosmeceuticals 

The line between pharmaceuticals and cosmetics is increasingly blurred, giving rise to cosmeceuticals — 

products that contain bioactive ingredients influencing skin biology at a cellular or molecular level. 

Some common bioactives include: 

● Niacinamide (Vitamin B3): Reduces inflammation, enhances barrier lipid synthesis, decreases 

hyperpigmentation, and boosts hydration. 

● Panthenol (Pro-vitamin B5): Accelerates wound healing, improves skin softness, and exhibits anti-

inflammatory effects. 

● Peptides (e.g., Matrixyl, Argireline): Stimulate collagen synthesis, reduce wrinkles, and support 

barrier repair. 

These compounds are often incorporated into serums, essences, and booster treatments that penetrate more 

deeply than traditional moisturizers. 

3.5 pH-Balanced and Skin Microbiome-Friendly Products 

The skin’s natural pH (∼4.5–5.5) is critical for enzymatic activity, lipid processing, and microbiome stability. 

Cosmetic products that maintain or restore this pH are vital for barrier preservation. 

● Alkaline cleansers (>7.0 pH) disrupt lipid layers and encourage pathogenic microbial growth. 

● pH-balanced moisturizers and cleansers support acid mantle integrity and enhance the activity of 

enzymes like β-glucocerebrosidase, which are involved in ceramide synthesis. 

Additionally, the skin hosts a complex microbiome that influences immune responses and barrier function. 

Cosmetic formulations are increasingly incorporating: 

● Prebiotics (e.g., xylitol, inulin) that nourish beneficial microbes. 

● Probiotic lysates (e.g., Lactobacillus ferment) that modulate inflammation and strengthen barrier 

defenses. 

● Postbiotics that deliver microbial metabolites with soothing and protective effects. 

Example: La Roche-Posay Toleriane line includes prebiotic thermal water to support microbiome balance and 

reduce sensitivity. 

3.6 Sunscreens: Daily Barrier Defense 

UV radiation not only causes photoaging and pigmentation but also directly damages the skin barrier by 

degrading lipids and denaturing proteins. Daily use of sunscreen is therefore a non-negotiable cosmetic 

intervention for long-term skin health. 

● Physical blockers (zinc oxide, titanium dioxide) reflect and scatter UV light. 

● Chemical filters (avobenzone, octocrylene) absorb UV rays and convert them into harmless heat. 

http://www.ijcrt.org/


www.ijcrt.org                                                                © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882 

 

IJCRT2504182 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org b511 
 

Modern sunscreens also integrate antioxidants, DNA repair enzymes, and hydrating agents, making them 

multifunctional barrier-protective solutions. 

Tip: Choose broad-spectrum SPF 30+ sunscreens with water resistance and reapply every 2 hours when 

outdoors. 

3.7 Innovations in Cosmetic Delivery Systems 

To enhance penetration and efficacy, many modern cosmetics use advanced delivery systems, including: 

● Liposomes: vesicles that improve skin absorption of hydrophilic and lipophilic compounds. 

● Nanoemulsions and microemulsions: provide greater surface area and deeper delivery with minimal 

irritation. 

● Encapsulation technologies: stabilize sensitive ingredients (e.g., retinol, vitamin C) and ensure 

sustained release. 

These delivery systems have revolutionized the way active ingredients interact with the skin barrier, 

improving both bioavailability and safety. 

 

Figure.4: Cosmetic Approaches to Skin Barrier Repair 

 

4. Key ingredients and mechanisms in skin barrier repair 

Skin barrier integrity is maintained by a sophisticated system involving lipids, proteins, enzymes, and 

signaling molecules that form a dynamic protective interface. To reinforce or restore this barrier, both 
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pharmaceutical and cosmetic products incorporate key bioactive ingredients that target specific structural or 

functional components of the skin. 

These ingredients act through well-characterized mechanisms such as lipid replenishment, anti-inflammatory 

modulation, hydration enhancement, stimulation of epidermal renewal, and microbiome regulation. 

Understanding these mechanisms provides a scientific basis for effective therapeutic and cosmetic 

formulation. 

 

 

4.1 Ceramides 

Ceramides are the most abundant lipids in the stratum corneum, constituting approximately 50% of total 

intercellular lipids by weight. They play a central role in barrier formation, water retention, and skin resilience. 

● Mechanism: Ceramides integrate into the lipid bilayers of the stratum corneum, enhancing the lamellar 

structure and reducing TEWL. 

● Types: Commonly used in formulations are ceramide NP, AP, EOP, and phytosphingosine-based 

ceramides. 

● Application: Used in moisturizers, barrier creams, and dermatological emulsions targeting atopic 

dermatitis, xerosis, and aged skin. 

Mechanistic Insight: Ceramides also influence keratinocyte differentiation and modulate immune signaling, 

such as reducing pro-inflammatory cytokines. 

4.2 Hyaluronic Acid (HA) 

Hyaluronic acid is a naturally occurring glycosaminoglycan found in the dermis and epidermis, known for its 

exceptional water-binding capacity. 

● Mechanism: HA attracts and retains moisture, increasing hydration and enhancing skin elasticity. It 

also participates in wound healing and extracellular matrix remodeling. 

● Molecular Weight Variants: 

o High MW HA (>1,000 kDa): Forms a surface film and reduces TEWL. 

o Low MW HA (<50 kDa): Penetrates deeper layers, stimulates fibroblast activity and collagen 

production. 

Product Use: HA serums, sheet masks, injectables (dermal fillers), and microneedling adjuvants. 

4.3 Niacinamide (Vitamin B3) 

Niacinamide is a water-soluble vitamin with multifunctional benefits for skin health. 

● Mechanism: Enhances ceramide synthesis, reduces inflammation, and improves barrier lipid 

production. It also inhibits melanogenesis and supports collagen production. 

● Benefits: Reduces TEWL, soothes irritation, and lightens hyperpigmentation. 

Concentration in Cosmetics: Typically used at 2–5% for barrier repair and anti-aging effects. 
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4.4 Fatty Acids and Natural Oils 

Essential fatty acids (EFAs), particularly linoleic acid, are crucial for maintaining the lipid matrix of the 

stratum corneum. 

● Sources: Evening primrose oil, sunflower seed oil, rosehip oil, argan oil. 

● Mechanism: Replenish barrier lipids, modulate inflammation, and support skin repair. 

● Occlusive & Emollient Actions: Oils create a semi-occlusive layer that limits water loss while 

restoring lipid balance. 

Special Note: Sunflower seed oil has been shown to preserve stratum corneum integrity better than olive oil, 

which may impair it (López-Villarrubia et al., 2012). 

4.5 Panthenol (Pro-vitamin B5) 

Panthenol is a humectant and skin protectant commonly found in moisturizers and wound healing products. 

● Mechanism: Penetrates the stratum corneum and is converted to pantothenic acid (vitamin B5), 

essential for coenzyme A synthesis. Promotes epithelial regeneration, reduces irritation, and enhances 

hydration. 

4.6 Urea 

Urea is a naturally occurring component of the skin's natural moisturizing factor (NMF). 

● Mechanism: Acts as a humectant, attracting water, and as a keratolytic, softening thickened or rough 

skin. 

● Concentration: 

o 2–10%: Hydrating effect. 

o >10%: Exfoliating effect, suitable for calluses and ichthyosis. 

4.7 Peptides 

Bioactive peptides are short chains of amino acids that act as signaling molecules. 

● Mechanism: 

o Signal peptides (e.g., Matrixyl) stimulate collagen, elastin, and glycosaminoglycan production. 

o Carrier peptides (e.g., copper peptides) promote wound healing and tissue repair. 

o Neurotransmitter-inhibiting peptides (e.g., Argireline) reduce dynamic wrinkles. 

Peptides are used in high-end anti-aging serums and reparative moisturizers for skin remodeling and barrier 

recovery. 

4.8 Prebiotics and Probiotics 

The skin microbiota plays a key role in barrier function and immune defense. Cosmetic and dermatological 

formulations now include prebiotic and probiotic agents to maintain microbial balance. 
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● Prebiotics: Feed beneficial bacteria (e.g., inulin, xylitol). 

● Probiotic lysates: Stimulate skin immunity and reinforce barrier function (e.g., Lactobacillus ferment). 

● Postbiotics: Deliver beneficial metabolites that soothe inflammation and boost barrier protein 

expression. 

4.9 Antioxidants 

Oxidative stress is a major factor in skin barrier breakdown. Antioxidants neutralize ROS and help maintain 

lipid and protein integrity. 

● Key Ingredients: Vitamin C, vitamin E, ferulic acid, resveratrol, green tea polyphenols. 

● Mechanism: Protect structural proteins (collagen, elastin), lipids, and DNA from oxidative damage, 

while supporting enzymatic antioxidant systems (e.g., glutathione peroxidase). 

 

Figure.5: Key Ingredients and Mechanisms in Skin Barrier Repair 

 

Conclusion 

The skin barrier is a critical component of human health, acting as a dynamic shield against environmental 

aggressors, microbial invasion, and transepidermal water loss (TEWL). Its complex structure—comprising 

the stratum corneum, intercellular lipids, tight junctions, and associated cellular and molecular components—

requires targeted and science-backed interventions for effective repair and maintenance. 
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Pharmaceutical approaches focus on restoring barrier integrity in clinical contexts, often utilizing ceramides, 

fatty acids, and anti-inflammatory agents supported by dermatological research. These therapies aim to 

manage chronic skin conditions such as atopic dermatitis, psoriasis, and ichthyosis, where barrier dysfunction 

is a hallmark. 

In contrast, cosmetic approaches emphasize enhancement of skin appearance and function through hydration, 

reinforcement of the lipid matrix, antioxidant delivery, and microbiome balance. Active ingredients like 

hyaluronic acid, niacinamide, peptides, and botanical oils play pivotal roles in strengthening the barrier while 

improving skin texture and radiance. 

Both approaches are increasingly converging through advances in dermocosmetics, which blend therapeutic 

efficacy with cosmetic elegance. Additionally, modern delivery systems, including liposomes, nanoparticles, 

and biomimetic formulations, are revolutionizing ingredient penetration and targeted action. 

Ultimately, a comprehensive understanding of skin barrier physiology and its dysfunctions, combined with 

ingredient-specific mechanisms, is essential to designing effective strategies for barrier repair. Continued 

interdisciplinary research bridging dermatology, pharmaceutics, and cosmetic science will pave the way for 

personalized, efficient, and sustainable skin barrier therapies. 
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