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Abstract 

The skin acts as a primary defensive barrier protecting the human body against environmental 

aggressors, microbial invasion, and chemical exposure. The integrity of the skin barrier, particularly 

the stratum corneum, plays a crucial role in regulating the permeation of substances applied topically. 

Cosmeceuticals, a hybrid category between cosmetics and pharmaceuticals, are designed to deliver 

biologically active ingredients into the skin to exert therapeutic or beneficial effects. However, the 

condition of the skin barrier significantly influences their absorption, efficacy, and safety. Skin barrier 

damage may arise due to intrinsic factors, such as aging and genetic predisposition, as well as extrinsic 

factors including UV radiation, pollution, harsh chemicals, and excessive use of skincare products. 

Disruption of the barrier leads to increased transepidermal water loss (TEWL), altered lipid 

composition, and compromised structural organization, which in turn affects percutaneous absorption 

pathways. While mild barrier impairment may enhance penetration of active ingredients, severe 

damage can lead to uncontrolled absorption, irritation, inflammation, and systemic exposure risks. This 

review comprehensively explores the relationship between skin barrier damage and the absorption 

dynamics of cosmeceuticals. It discusses the structural and functional aspects of the skin barrier, 

mechanisms of its disruption, and fundamental principles of transdermal drug delivery. Additionally, 

the article highlights how formulation strategies can be optimized for compromised skin conditions, 

ensuring both efficacy and safety. Current research trends, clinical implications, and regulatory 

considerations are also addressed to provide a holistic understanding of this critical area. 
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INTRODUCTION 

Basics of Skin Structure & Barrier Function 

The skin is the largest organ of the human body, 

accounting for approximately 15% of total body 

weight. It serves as a multifunctional interface 

between the body and the external environment, 

performing protective, regulatory, sensory, and 

immunological functions. From a pharmaceutical 

and cosmeceutical perspective, the skin is both a 

barrier and a potential route for drug delivery [1]. 

 

Layers of the Skin 

The skin is structurally divided into three major 

layers: 

• Epidermis. 

• Dermis. 

• Hypodermis (Subcutaneous tissue) (Figure 1). 
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Figure 1. Structure of human skin. 
 
Epidermis 

The epidermis is the outermost layer and is primarily responsible for barrier function. It consists of 
stratified squamous epithelium and is composed of five sublayers: 

• Stratum basale. 

• Stratum spinosum.  

• Stratum granulosum.  

• Stratum lucidum (in thick skin).  

• Stratum corneum (most critical barrier layer).  
 

Among these, the stratum corneum (SC) plays a dominant role in controlling the penetration of 
substances [2]. 
 
Dermis 

The dermis lies beneath the epidermis and provides structural support. It contains: 

• Collagen and elastin fibers.  

• Blood vessels.  

• Nerve endings.  

• Hair follicles and sebaceous glands.  
 

While the dermis does not significantly contribute to barrier resistance, it plays a role in systemic 
absorption once substances penetrate the epidermis [3]. 
 
Hypodermis 

The hypodermis consists mainly of adipose tissue and acts as: 

• A cushioning layer.  

• Thermal insulation.  

• Energy storage.  
 
It has minimal involvement in barrier function but can serve as a depot for lipophilic compounds [4]. 
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The Stratum Corneum: The Primary Barrier 

The stratum corneum is often described using the “brick and mortar model”, where: 

• Corneocytes (dead keratinized cells) = Bricks.  

• Intercellular lipids (ceramides, cholesterol, fatty acids) = Mortar.  

 

Composition of the Skin Barrier 

The effectiveness of the barrier depends on its biochemical composition (Table 1): 

 

Table 1. Major components of the stratum corneum. 
Component Function 

Ceramides Maintain lipid organization and barrier integrity. 

Cholesterol Stabilizes lipid bilayers. 

Free fatty acids Contribute to acidity and antimicrobial defense. 

Keratin Provides structural strength. 

Natural Moisturizing Factors (NMF) Maintain hydration and flexibility. 

 

Functions of the Skin Barrier 

The skin barrier performs several essential functions: 

• Protection Against External Agents  

o Microorganisms.  

o Chemicals.  

o UV radiation. 

• Prevention of Water Loss  

 Regulates transepidermal water loss (TEWL). 

• Regulation of Substance Penetration  

o Controls entry of drugs and cosmeceuticals.  

• Immunological Defense  

o Langerhans cells initiate immune responses. 

 

Importance in Cosmeceutical Science 

From a cosmeceutical perspective, the skin barrier is a double-edged sword: 

• It limits penetration of active ingredients.  

• It protects against toxicity and irritation. 

 

Therefore, understanding its structure and function is essential for designing effective topical 

formulations [5]. 

 

Barrier Homeostasis 

The skin barrier is dynamic and continuously undergoes: 

• Desquamation (shedding of corneocytes).  

• Lipid synthesis.  

• Repair mechanisms.  

 

Disruption of this homeostasis leads to impaired barrier function, which directly impacts the 

absorption and action of cosmeceuticals [6]. 

 

MECHANISMS OF SKIN BARRIER DAMAGE 
Skin barrier damage is a multifactorial process involving biochemical, physical, and environmental 

insults that disrupt the structural and functional integrity of the stratum corneum. Understanding these 
mechanisms is essential for predicting changes in percutaneous absorption and optimizing 
cosmeceutical formulations for compromised skin. 
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Overview of Barrier Disruption Mechanisms 

Barrier damage occurs when the homeostasis between lipid synthesis, corneocyte cohesion, and 

hydration balance is disturbed. This disruption can be initiated by: 

• External aggressors. 

• Internal physiological changes. 

• Pathological conditions. 

 

Lipid Depletion and Disorganization 

The intercellular lipids (ceramides, cholesterol, and fatty acids) are essential for maintaining the barrier 

function. Damage to this lipid matrix is one of the primary mechanisms of barrier impairment [7–9]. 

 

Causes of Lipid Depletion 

• Excessive washing with surfactants. 

• Organic solvents (e.g., alcohols). 

• UV radiation. 

• Aging-related lipid reduction. 

 

Mechanism 

• Surfactants solubilize and extract lipids. 

• UV radiation oxidizes lipid components. 

• Enzymatic imbalance reduces lipid synthesis (Table 2). 

 

Table 2. Effects of lipid depletion. 

Parameter Effect of lipid loss 

Barrier Integrity Reduced. 

TEWL Increased. 

Skin Hydration Decreased. 

Permeability Increased. 

 

Protein Denaturation and Corneocyte Damage 

Proteins, such as keratin and structural proteins within corneocytes, play a vital role in maintaining 

mechanical strength. 

 

Mechanism of Protein Damage 

• Exposure to harsh chemicals (detergents, acids, alkalis).  

• Denaturation of keratin proteins.  

• Loss of corneocyte cohesion.  

 

Consequences 

• Increased desquamation.  

• Rough and flaky skin.  

• Reduced barrier resistance. 

 

Disruption of Intercellular Junctions 

Tight junctions and corneodesmosomes are responsible for maintaining cohesion between cells [10]. 

 

Mechanism 

• Enzymatic degradation of corneodesmosomes.  

• Altered calcium gradients.  

• Increased protease activity.  
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Outcome 

• Premature shedding of corneocytes. 

• Increased permeability pathways. 

• Reduced structural integrity. 
 

Oxidative Stress and Free Radical Damage 

Oxidative stress is a major contributor to skin barrier damage, particularly due to environmental exposure. 
 
Sources of Oxidative Stress 

• UV radiation. 

• Pollution (particulate matter, ozone).  

• Smoking.  
 

Mechanism 

• Generation of reactive oxygen species (ROS).  

• Lipid peroxidation.  

• Protein oxidation.  

• DNA damage. 
 

Inflammatory Responses 

Barrier disruption often triggers an inflammatory response, which further exacerbates damage [11]. 
 
Key Mediators 

• Cytokines (IL-1, IL-6, TNF-α). 

• Prostaglandins. 

• Histamine. 
 

Mechanism 

• Barrier damage activates keratinocytes. 

• Release of inflammatory mediators. 

• Recruitment of immune cells. 
 

Consequences 

• Redness and irritation. 

• Increased sensitivity. 

• Further barrier weakening. 
 

Alteration in Skin Microbiome 

The skin microbiome plays a protective role by preventing colonization by pathogenic organisms [12]. 
 

Mechanism of Disruption 

• Use of antimicrobial products. 

• pH imbalance. 

• Environmental stress. 
 

Outcome 

• Overgrowth of pathogenic bacteria.  

• Increased susceptibility to infections.  

• Aggravation of inflammatory skin conditions.  

 

Age-Related Barrier Damage 

Aging leads to gradual deterioration of the skin barrier. 
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Mechanism 

• Reduced lipid synthesis.  

• Decreased NMF levels.  

• Slower cell turnover.  
 
Consequences 

• Dryness and fragility.  

• Increased permeability.  

• Reduced repair capacity.  
 
Summary of Mechanisms 

Skin barrier damage is a complex interplay of multiple pathways, including: 

• Lipid disruption. 

• Protein denaturation. 

• Oxidative stress. 

• Inflammation. 

• Microbiome imbalance. 
 

These mechanisms collectively lead to increased permeability and altered absorption behavior, which 
is critical in cosmeceutical science [13, 14]. 
 
PRINCIPLES OF PERCUTANEOUS ABSORPTION 

Percutaneous absorption refers to the process by which substances applied to the skin surface penetrate through 
its layers and reach systemic circulation or exert local effects. This process is fundamental in dermatopharmaceutics 
and cosmeceutical science, as it determines the efficacy, safety, and bioavailability of active ingredients [15]. 
 
Definition and Importance 

Percutaneous absorption can be defined as: 
 

“The movement of a substance from the external surface of the skin into the deeper layers and 
potentially into systemic circulation.” 
 

In cosmeceuticals, controlled penetration is desirable to: 

• Achieve targeted action (e.g., anti-aging, depigmentation). 

• Minimize systemic exposure. 

• Reduce irritation. 
 

However, barrier damage significantly alters this balance. 
 

Structure-Based Resistance to Absorption 
Among all skin layers, the stratum corneum (SC) provides approximately 90% of the resistance to 

permeation. 
 

Pathways of Drug Penetration 
Substances can penetrate the skin via three primary pathways: 

 
Intercellular Route (Paracellular Pathway) 

• Movement between corneocytes through lipid matrix. 

• Dominant pathway for most lipophilic drugs. 
 

Transcellular Route (Intracellular Pathway) 

• Direct passage through corneocytes.  

• Requires partitioning between hydrophilic and lipophilic domains.  
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Appendageal Route (Shunt Pathway) 

• Through hair follicles and sweat glands.  

• Minor pathway but important for ions and large molecules (Table 3). 
 
Table 3. Comparison of skin penetration pathways. 
Pathway Characteristics Suitability 

Intercellular Lipid-mediated diffusion Lipophilic compounds. 

Transcellular Alternating hydrophilic/lipophilic Small molecules. 

Appendageal Via follicles/glands Large or ionic molecules. 

 
Factors Affecting Percutaneous Absorption 

Percutaneous absorption depends on multiple factors categorized into: 
 
Physicochemical Properties of the Drug 

• Molecular weight (<500 Da preferred). 

• Lipophilicity (optimal log P ~ 1–3). 

• Solubility. 

• Degree of ionization. 
 

Physiological Factors 

• Skin hydration.  

• Thickness of stratum corneum.  

• Skin temperature.  

• Age and anatomical site.  
 
Formulation Factors 

• Vehicle type (cream, gel, ointment).  

• Presence of penetration enhancers.  

• pH of formulation.  

• Drug concentration. 
 
Fick’s Law of Diffusion 

The permeation of substances through the skin is governed by diffusion principles, primarily 
described by Fick’s law. 

 

𝐽 =
𝐷 ⋅ 𝐾 ⋅ 𝐶

ℎ
  

 
where: 

• J = Flux (rate of permeation).  

• D = Diffusion coefficient. 

• K = Partition coefficient.  

• C = Concentration of drug.  

• h = Thickness of the barrier.  
 

Role of Skin Hydration 
Hydration significantly influences absorption: 

• Hydrated skin → Swelling of stratum corneum → Increased permeability.  

• Occlusive formulations enhance hydration. 
 
Role of Penetration Enhancers 

Penetration enhancers are substances that temporarily disrupt the skin barrier to increase drug 
delivery [16, 17]. 
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Mechanisms 

• Lipid fluidization. 

• Protein modification.  

• Increased drug solubility.  
 

Examples 

• Alcohols (ethanol).  

• Surfactants.  

• Fatty acids.  

• Terpenes.  
 

Clinical Relevance 

Altered absorption due to barrier damage can lead to: 

• Enhanced therapeutic effect (in some cases). 

• Increased risk of irritation. 

• Potential systemic toxicity. 

• Variability in treatment outcomes. 
 
COSMECEUTICALS – CONCEPT & CLASSIFICATION 

Cosmeceuticals represent a rapidly expanding segment of the skincare and pharmaceutical industries, 
bridging the gap between cosmetics and therapeutic agents. These products are formulated with 
biologically active ingredients intended to provide medical or drug-like benefits while being marketed 
as cosmetics [18, 19]. 
 
Definition of Cosmeceuticals 

The term cosmeceutical was first popularized by Dr. Albert Kligman, a renowned dermatologist, to 
describe products that: 
 

“Possess both cosmetic and therapeutic (pharmaceutical) properties.” 
 

Unlike conventional cosmetics, which primarily enhance appearance, cosmeceuticals: 

• Influence skin function at a cellular or molecular level.  

• Deliver active ingredients with measurable biological effects.  

• Provide preventive and corrective benefits [20]. 
 

Characteristics of Cosmeceuticals 

Cosmeceuticals possess distinct features that differentiate them from traditional cosmetics and 
pharmaceuticals (Table 4). 

 
Table 4. Characteristics of cosmeceuticals. 
Feature Description 

Active Ingredients Biologically active compounds. 

Target Site Epidermis and dermis. 

Mechanism Biochemical or cellular modulation. 

Regulation Often less stringent than drugs. 

Usage Daily or long-term application. 

 
Classification of Cosmeceuticals 

Cosmeceuticals can be classified based on their function, active ingredients, or target condition 
(Table 5). 
 
Based on Function 
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Table 5. Functional classification of cosmeceuticals. 
Category Function Examples 

Moisturizers Hydration, barrier repair Emollients, humectants. 

Anti-aging agents Reduce wrinkles, improve elasticity Retinoids, peptides. 

Skin lightening agents Reduce pigmentation Hydroquinone, kojic acid. 

Sunscreens UV protection Zinc oxide, avobenzone. 

Anti-acne agents Reduce sebum, inflammation Salicylic acid, benzoyl peroxide. 

Antioxidants Neutralize free radicals Vitamin C, Vitamin E. 

 
Based on Active Ingredients (Table 6) 
 

Table 6. Classification based on active components. 
Class Examples Mechanism of action 

Vitamins Vitamin A, C, E Antioxidant, cell renewal. 

Peptides Matrixyl, copper peptides Collagen stimulation. 

Botanicals Aloe vera, green tea Anti-inflammatory, antioxidant. 

Acids AHAs, BHAs Exfoliation, cell turnover. 

Lipids Ceramides Barrier repair. 

 
Commonly Used Active Ingredients  
Retinoids 

• Promote cell turnover.  

• Stimulate collagen synthesis.  

• Improve skin texture.  
 
Alpha Hydroxy Acids (AHAs) 

• Exfoliate stratum corneum. 

• Enhance skin renewal. 

• Increase permeability. 
 
Antioxidants 

• Neutralize free radicals. 

• Prevent oxidative damage. 

• Improve skin health. 
 
Ceramides 

• Restore lipid barrier. 

• Reduce TEWL. 

• Improve hydration. 
 

Challenges in Cosmeceuticals 

• Limited regulatory control.  

• Variability in efficacy.  

• Stability issues.  

• Risk of irritation (especially on damaged skin). 
 
EFFECT OF SKIN BARRIER DAMAGE ON ABSORPTION AND ACTION OF  
COSMECEUTICALS 

This section represents the core focus of the review, integrating knowledge of skin structure, barrier 
function, and percutaneous absorption to understand how barrier disruption influences the performance 
of cosmeceuticals. Skin barrier damage significantly alters the kinetics of absorption, distribution within 
skin layers, pharmacodynamic response, and safety profile of topically applied agents [21]. 
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Overview of Barrier Damage Impact 
Under normal conditions, the stratum corneum regulates the entry of substances through a controlled 

and selective process. However, when the barrier is compromised: 

• Resistance to diffusion decreases. 

• Lipid pathways become disorganized.  

• Hydration increases.  

• Permeability pathways widen. 
 
Alteration in Percutaneous Absorption 

Barrier damage leads to significant changes in diffusion dynamics. 
 
Increased Drug Flux 

As per diffusion principles: 

• Reduction in barrier thickness.  

• Increased hydration.  

• Lipid disruption.  
 

These collectively result in increased flux (J) of active ingredients. 
 
Impact on Different Classes of Cosmeceuticals 

The extent of absorption enhancement varies depending on the type of active ingredient. 
 
Hydrophilic Compounds 

• Normally limited penetration.  

• Barrier damage increases aqueous pathways.  
 

Result: Significant increase in absorption 
 
Lipophilic Compounds 

• Prefer lipid pathways. 

• Lipid disruption may either enhance or destabilize penetration.  
 

Result: Variable absorption behavior. 
 
High Molecular Weight Compounds 

• Limited penetration under normal conditions.  

• Barrier damage opens appendageal pathways. 
 

Result: Improved penetration (especially via follicles). 
 
Influence on Pharmacodynamic Action 

Barrier damage not only affects absorption but also modifies the biological response of cosmeceuticals [22]. 
 
Enhanced Therapeutic Effect 

• Increased penetration leads to higher concentration at target site.  

• Example: Anti-aging peptides show faster results.  
 
Risk of Overactivity 

• Excessive absorption may lead to exaggerated effects.  

• Example: Retinoids causing peeling and irritation. 
 
Increased Risk of Irritation and Sensitization 

Barrier damage increases susceptibility to adverse effects. 
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Mechanisms 

• Easier penetration of irritants.  

• Activation of inflammatory pathways.  

• Reduced tolerance threshold.  
 
Common Reactions 

• Erythema (redness).  

• Burning sensation.  

• Contact dermatitis. 
 

Systemic Absorption and Toxicity Risks 

Severely damaged skin may allow systemic entry of active ingredients. 
 

Implications 

• Increased bioavailability.  

• Potential toxicity.  

• Drug interactions.  
 

Example 

• Excessive use of salicylic acid → Risk of salicylate toxicity.  

• Steroid-containing products → Systemic side effects.  
 

Effect on Specific Cosmeceutical Categories 

Moisturizers and Barrier Repair Agents 

• More effective due to increased penetration.  

• Help restore lipid matrix.  
 

Beneficial in Damaged Skin 
Exfoliants (AHAs/BHAs) 

• Further disrupt barrier. 

• Increase TEWL. 
 
Potentially Harmful if Overused 
Anti-aging Agents (Retinoids, Peptides) 

• Enhanced efficacy.  

• Increased irritation risk.  
 

Sunscreens 

• Barrier damage may reduce uniform film formation. 

• Increased sensitivity to UV. 
 
FORMULATION STRATEGIES FOR DAMAGED SKIN 

The altered physiology of barrier-compromised skin necessitates specialized formulation approaches 
to ensure controlled delivery, enhanced efficacy, and minimized irritation. Unlike normal skin, damaged 
skin exhibits increased permeability, higher TEWL, reduced lipid content, and heightened sensitivity. 
Therefore, cosmeceutical formulations must be carefully engineered to restore barrier function while 
delivering active ingredients safely [23, 24]. 
 
Objectives of Formulation for Damaged Skin 

The primary goals of designing formulations for compromised skin include: 

• Restoration of barrier integrity.  

• Reduction of TEWL.  
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• Controlled drug release.  

• Minimization of irritation and sensitization.  

• Maintenance of optimal hydration.  

 

Barrier Repair-Oriented Formulation Approach 

A key strategy is to rebuild the lipid matrix of the stratum corneum. 

 

Use of Physiological Lipids 

Incorporation of skin-identical lipids helps restore the natural barrier. 

 

Selection of Suitable Vehicles 

The choice of vehicle plays a critical role in formulation performance. 

 

Emulsions 

• Oil-in-Water (O/W): Suitable for mild damage.  

• Water-in-Oil (W/O): Better for severe dryness.  

 

Ointments 

• Highly occlusive.  

• Reduce TEWL significantly.  

• Suitable for severely damaged skin.  

 

Gels 

• Non-greasy.  

• Less suitable for highly compromised barrier. 

 

Use of Humectants and Emollients 

Humectants 

• Attract water into the stratum corneum.  

 

Examples 

• Glycerine.  

• Urea.  

• Hyaluronic acid.  

 

Emollients 

• Smooth and soften skin.  

• Fill intercellular gaps.  

 

Examples 

• Mineral oil.  

• Lanolin.  

• Plant oils. 

 

Use of Occlusive Agents 

Occlusives form a protective film over the skin surface. 

 

Mechanism 

• Prevent evaporation of water.  

• Enhance hydration.  

• Promote barrier repair.  
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Examples 

• Petrolatum.  

• Dimethicone.  

• Waxes.  
 

Controlled Release Systems 

To avoid excessive penetration in damaged skin, controlled delivery systems are essential. 
 

Advantages 

• Prevent burst release.  

• Maintain steady drug levels.  

• Reduce irritation.  
 

Examples of Systems 

• Liposomes.  

• Niosomes.  

• Solid lipid nanoparticles (SLNs).  

• Nanostructured lipid carriers (NLCs). 
 

Avoidance of Irritants 

Formulations for damaged skin must exclude or minimize: 

• Alcohols.  

• Strong surfactants.  

• Artificial fragrances.  

• Harsh preservatives.  
 

Use of Anti-inflammatory Agents 

Incorporation of soothing agents helps reduce inflammation. 
 

Examples 

• Aloe vera.  

• Allantoin.  

• Panthenol.  

• Niacinamide.  
 

Mechanism 

• Reduce cytokine release. 

• Promote healing. 

• Improve skin comfort.  
 

pH Optimization 

Maintaining formulation pH close to skin pH (4.5–5.5) is critical. 
 

Benefits 

• Supports enzyme activity.  

• Maintains microbiome balance.  

• Prevents irritation.  
 

Personalized Formulation Approach 

Modern cosmeceutical development emphasizes personalized skincare, considering: 

• Skin type.  

• Severity of barrier damage.  
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• Environmental exposure.  

• Individual sensitivity.  
 
SAFETY, EFFICACY & REGULATORY ASPECTS OF COSMECEUTICALS IN 
DAMAGED SKIN 

The use of cosmeceuticals on compromised skin presents unique challenges related to safety, 
therapeutic efficacy, and regulatory oversight. Unlike pharmaceutical products, cosmeceuticals often 
operate in a regulatory gray zone, which becomes particularly critical when applied to barrier-damaged 
skin due to altered absorption and increased risk of adverse effects [25, 26]. 
 
Safety Considerations in Damaged Skin 

Barrier disruption significantly increases the risk of local and systemic adverse effects. 
 
Increased Skin Sensitivity 

Damaged skin exhibits: 

• Lower tolerance threshold.  

• Increased nerve exposure.  

• Heightened inflammatory response.  
 
Common Symptoms 

• Burning sensation.  

• Stinging.  

• Erythema.  

• Pruritus (itching).  
 
Risk of Irritation and Allergic Reactions 

Due to enhanced permeability: 

• Allergens penetrate more easily.  

• Immune responses are amplified (Table 7). 
 
Types of Reactions 
 
Table 7. Skin reactions in damaged skin. 
Reaction type Mechanism Example 

Irritant dermatitis Direct chemical damage AHA overuse. 

Allergic dermatitis Immune-mediated response Fragrance sensitivity. 

Photoallergic reactions UV + chemical interaction Sunscreen agents. 

 
Systemic Toxicity Concerns 

Barrier-compromised skin may allow systemic absorption of ingredients that are otherwise safe when 
applied topically [27]. 

 
Examples 

• Salicylic acid → Salicylism. 

• Retinoids → Teratogenic risks (if systemic absorption occurs).  

• Steroid-like ingredients → Hormonal effects. 
 
Efficacy Considerations 

Barrier damage can both enhance and compromise the efficacy of cosmeceuticals. 
 
Enhanced Drug Delivery 

• Increased permeability leads to improved penetration.  

• Faster onset of action.  
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Reduced Functional Efficiency 

However, excessive damage may: 

• Disrupt drug retention in target layers. 

• Cause rapid diffusion beyond target site.  

• Reduce sustained activity. 

 

Therapeutic Index Considerations 

The therapeutic index (TI) of cosmeceuticals becomes narrower in damaged skin. 

• Increased absorption → Increased risk.  

• Lower safety margin.  

 

Implication 

Formulations must be carefully optimized to avoid overdose-like effects. 

 

Clinical Evaluation and Testing 

Cosmeceuticals intended for compromised skin should undergo rigorous evaluation. 

 

In Vitro Studies 

• Skin permeation studies.  

• TEWL measurement.  

• Barrier recovery assays. 

 

In Vivo Studies 

• Patch testing.  

• Irritation and sensitization studies.  

• Clinical efficacy trials.  

 

Instrumental Methods 

• Corneometry (hydration measurement).  

• Tewametry (TEWL measurement).  

• Confocal microscopy.  

 

Labelling and Consumer Awareness 

Proper labelling is crucial, especially for products intended for damaged or sensitive skin. 

 

Important Label Information 

• Active ingredients and concentration.  

• Usage instructions.  

• Warnings (e.g., “for sensitive skin”).  

• Patch test recommendation.  

 

Ethical and Safety Considerations 

Manufacturers must ensure: 

• Transparency in claims.  

• Evidence-based formulation.  

• Safety testing for compromised skin.  

 

Concerns 

• Misleading claims.  

• Overuse of active ingredients.  

• Lack of consumer education.  
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RESEARCH TRENDS & CASE STUDIES 

Recent advancements in dermatopharmaceutics and cosmeceutical science have significantly 

improved our understanding of how skin barrier damage influences topical delivery systems. Emerging 

technologies, innovative formulations, and clinical investigations are shaping the development of safer 

and more effective cosmeceuticals, particularly for compromised skin conditions [28]. 

 

Emerging Research Trends 

Nanotechnology-Based Delivery Systems 

Nanotechnology has revolutionized cosmeceutical formulations by enhancing penetration, stability, 

and targeted delivery. 

 

Types of Nanocarriers 

• Liposomes.  

• Solid lipid nanoparticles (SLNs).  

• Nanostructured lipid carriers (NLCs).  

• Nanoemulsions.  

 

Advantages in Damaged Skin 

• Controlled release of active ingredients.  

• Reduced irritation potential.  

• Improved skin retention. 

 

Microbiome-Friendly Formulations 

Recent studies highlight the importance of maintaining a healthy skin microbiome. 

 

Approaches 

• Use of prebiotics and probiotics.  

• Avoidance of harsh antimicrobials.  

• pH-balanced formulations.  

 

Benefits 

• Improved barrier function.  

• Reduced inflammation.  

• Enhanced skin resilience.  

 

Biomimetic Lipid Formulations 

These formulations mimic the natural lipid composition of the skin. 

 

Components 

• Ceramides.  

• Cholesterol.  

• Free fatty acids.  

 

Advantages 

• Faster barrier repair.  

• Reduced TEWL.  

• Improved hydration. 

 

Smart and Responsive Delivery Systems 

Advanced systems respond to skin conditions such as pH, temperature, or hydration. 
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Examples 

• pH-sensitive gels.  

• Temperature-responsive emulsions.  

• Controlled-release nanoparticles.  
 
CLINICAL CASE STUDIES 
Case Study 1: Atopic Dermatitis and Moisturizer Use 

Background 
Atopic dermatitis is characterized by severe barrier dysfunction and increased TEWL. 

 
Study Findings 

• Use of ceramide-based moisturizers significantly improved barrier function. 

• Reduction in TEWL and inflammation.  

• Improved patient comfort.  
 
Conclusion 

Barrier repair formulations are essential in managing damaged skin conditions. 
 
Case Study 2: Retinoid Use in Compromised Skin 
Observation 

Patients using retinoid-based cosmeceuticals experienced: 

• Increased irritation in damaged skin.  

• Enhanced efficacy but reduced tolerance.  
 
Outcome 

• Gradual dosing and formulation modification reduced adverse effects.  
 
Case Study 3: Nanoemulsion-Based Vitamin C Delivery 
Objective 

To improve stability and penetration of Vitamin C. 
 
Results 

• Nanoemulsion enhanced skin penetration.  

• Reduced oxidation of active ingredient.  

• Improved clinical outcomes in hyperpigmentation.  
 

Case Study 4: Chemical Peeling and Post-Treatment Care 
Scenario 

Skin barrier is temporarily damaged after chemical peeling. 
 
Findings 

• Use of gentle, barrier-repair cosmeceuticals improved recovery.  

• Avoidance of active irritants prevented complications. 
 
Future Perspectives 

Future research is expected to focus on: 

• Personalized skincare solutions.  

• AI-driven formulation design.  

• Advanced delivery systems.  

• Integration of dermatology and biotechnology.  
 
Challenges in Current Research 

• Limited long-term clinical data.  



 

 

Effect of Skin Barrier Damage on Absorption and Action of Cosmeceuticals                                             Sen et al. 

 

 

© STM Journals 2026. All Rights Reserved 18  
 

• Variability in individual skin response.  

• Lack of standardized testing protocols.  

• Regulatory ambiguities.  

 

Summary 

• Nanotechnology and biomimetic formulations are leading innovations.  

• Clinical studies confirm the importance of barrier repair.  

• Personalized and smart delivery systems represent the future.  

• Continued research is required for standardization and safety. 

 

CONCLUSION 

The skin barrier, primarily governed by the structural and functional integrity of the stratum corneum, 

plays a decisive role in regulating the absorption and action of cosmeceuticals. This review highlights 

that skin barrier damage is not merely a superficial concern but a critical determinant influencing drug 

permeation, therapeutic efficacy, and safety outcomes. 

 

Barrier disruption – whether caused by environmental stressors, chemical exposure, pathological 

conditions, or aging – results in lipid depletion, increased transepidermal water loss (TEWL), and 

altered protein architecture. These changes significantly reduce diffusion resistance, leading to 

enhanced and often uncontrolled percutaneous absorption. While such increased permeability may 

improve the delivery of certain active ingredients, it simultaneously raises the risk of irritation, 

sensitization, and systemic toxicity. 

 

The interaction between cosmeceuticals and damaged skin is highly complex and context-dependent. 

For instance, barrier repair agents, such as ceramides and moisturizers, demonstrate beneficial effects, 

whereas exfoliating agents and potent actives, like retinoids, may exacerbate barrier dysfunction when 

improperly used. This dual nature underscores the importance of rational formulation design and 

appropriate product selection based on skin condition. 

 

Advanced formulation strategies, including the use of physiological lipids, controlled release 

systems, nanocarriers, and microbiome-friendly ingredients, have shown promising results in 

improving both efficacy and safety. Furthermore, emerging trends, such as personalized skincare and 

smart delivery systems, are expected to revolutionize the field by tailoring treatments according to 

individual skin barrier status. 

 

From a regulatory perspective, the lack of a unified framework for cosmeceuticals poses challenges 

in ensuring product safety and efficacy, particularly for compromised skin. Therefore, rigorous clinical 

evaluation, transparent labeling, and consumer education are essential to minimize risks. 

 

In conclusion, the condition of the skin barrier must be considered a central factor in cosmeceutical 

science. A deeper understanding of barrier dynamics, coupled with innovative formulation approaches, 

will enable the development of safer, more effective, and targeted cosmeceutical products. Future 

research should focus on long-term clinical validation, mechanistic insights, and standardized evaluation 

methods to bridge existing gaps in this evolving domain. 

 

REFERENCES 

1. Elias PM. The skin barrier as an innate immune element. In: Semin Immunopathol. 2007 

Apr;29(1):3–14. Berlin/Heidelberg: Springer-Verlag.  

2. Bouwstra JA, Ponec M. The skin barrier in healthy and diseased state. Biochim Biophys Acta 

Biomembr. 2006 Dec 1;1758(12):2080–95.  

3. Proksch E, Brandner JM, Jensen JM. The skin: An indispensable barrier. Exp Dermatol. 2008 

Dec;17(12):1063–72.  



 

Recent Trends in Cosmetics 

Volume 3, Issue 2 

ISSN: 3048-8532 

 

© STM Journals 2026. All Rights Reserved 19  
 

4. KC M. Barrier function of the skin: “la raison d’etre” of the epidermis. J Invest Dermatol. 2003; 

121:231–41.  

5. Wiechers JW. The barrier function of the skin in relation to percutaneous absorption of drugs. 

Pharm Weekbl Sci. 1989 Dec;11(6):185–98.  

6. Förster M, Bolzinger MA, Fessi H, Briançon S. Topical delivery of cosmetics and drugs. Molecular 

aspects of percutaneous absorption and delivery. Eur J Dermatol. 2009 Jul-Aug;19(4):309–23.  

7. Millikan LE. Cosmetology, cosmetics, cosmeceuticals: Definitions and regulations. Clin Dermatol. 

2001 Jul-Aug;19(4):371–4.  

8. Williams AC, Barry BW. Penetration enhancers. Adv Drug Deliv Rev. 2012 Dec 1;64:128–37.  

9. Rawlings AV, Harding CR. Moisturization and skin barrier function. Dermatol Ther. 2004 

Feb;17:43–8.  

10. Lodén M. Role of topical emollients and moisturizers. Am J Clin Dermatol. 2003;4:771–788.  

11. Flynn GL, Stewart B. Percutaneous drug penetration: Choosing candidates for transdermal development. 

Drug Dev Res. 1988;13(2–3):169–85.  

12. Benson HA. Transdermal drug delivery: Penetration enhancement techniques. Curr Drug Deliv. 

2005 Jan 1;2(1):23–33.  

13. Biju S, Talegaonkar S, Mishra P, Khar R. Vesicular systems: An overview. Indian J Pharm Sci. 

2006 Mar 1;68(2):NA.  

14. Prausnitz MR, Langer R. Transdermal drug delivery. Nat Biotechnol. 2008 Nov;26(11):1261–8.  

15. Menon GK. New insights into skin structure: Scratching the surface. Adv Drug Deliv Rev. 2002 

Nov 1;54:S3–17.  

16. Draelos ZD. Cosmeceuticals: Undefined, unclassified, and unregulated. Clin Dermatol. 2009 Sep 

1;27(5):431–4.  

17. Mukherjee S, Date A, Patravale V, Korting HC, Roeder A, Weindl G. Retinoids in the treatment of 

skin aging: an overview of clinical efficacy and safety. Clin Interv Aging. 2006 Jan 1;1(4):327–48.  

18. Tanghetti EA. The role of inflammation in the pathology of acne. J Clin Aesthet Dermatol. 2013 

Sep;6(9):27.  

19. Thiele JJ, Dreher F, Packer L. Antioxidant defense systems in skin. J Toxicol Cutan Ocul Toxicol. 

2002 Jan 1;21(1–2):119–60.  

20. Korting HC, Schäfer-Korting M. Carriers in the topical treatment of skin disease. Drug Deliv. 2009 

Nov 19:435–68.  

21. Puglia C, Bonina F. Lipid nanoparticles as novel delivery systems for cosmetics and dermal 

pharmaceuticals. Expert Opin Drug Deliv. 2012 Apr 1;9(4):429–41.  

22. Bissett DL. Common cosmeceuticals. Clin Dermatol. 2009 Sep 1;27(5):435–45.  

23. Rawlings AV. The stratum corneum and aging. In: Textbook of aging skin. 2010:55–75.  

24. Grice EA, Segre JA. The skin microbiome. Nat Rev Microbiol. 2011 Apr;9(4):244–53.  

25. Elias PM, Wakefield JS, Man MQ. Moisturizers versus current and next-generation barrier repair 

therapy for the management of atopic dermatitis. Skin Pharmacol Physiol. 2018 Dec 14;32(1):1–7.  

26. Barry BW. Reflections on transdermal drug delivery. Pharm Sci Technol Today. 1999 Feb;2(2):41–3.  

27. Pradal J, Vallet CM, Frappin G, Bariguian F, Lombardi MS. Importance of the formulation in the 

skin delivery of topical diclofenac: Not all topical diclofenac formulations are the same. J Pain Res. 

2019;12:1149–54.  

28. Gupta D. Colloidal carriers in ophthalmic drug delivery. In: Nano-Biomaterials for Ophthalmic 

Drug Delivery. Cham: Springer International Publishing; 2016 Nov 13. p.321–349. 


