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COSMECEUTICALS: BIOACTIVE INGREDIENTS, MECHANISMS OF 

ACTION, FORMULATION TECHNOLOGIES, SAFETY, REGULATORY 

CHALLENGES AND FUTURE PERSPECTIVES-A COMPREHENSIVE 

REVIEW 

 
Kushal Saini, Anil Kumar, Neha Bandil, Pawan Kumar Basniwal 

ABSTRACT 

                    Cosmeceuticals represent a rapidly developing interdisciplinary field positioned at the interface of 

cosmetic science, pharmaceutical technology, dermatology, biotechnology, and personal care. The term generally 

describes cosmetic preparations containing biologically active ingredients intended to provide benefits beyond 

conventional cleansing, beautification, or temporary modification of appearance. Although the term 

“cosmeceutical” is extensively used in scientific literature and the cosmetic industry, it does not constitute a 

universally recognized independent regulatory category. Product classification is therefore frequently determined 

by composition, intended use, and the claims made by the manufacturer. The increasing demand for healthy-

looking skin, preventive skin care, anti-aging products, photoprotection, skin brightening, and naturally derived 

formulations has stimulated substantial development in cosmeceutical research. Contemporary products 

incorporate a broad range of bioactive ingredients, including vitamins, antioxidants, hydroxy acids, peptides, 

retinoid-related compounds, ceramides, hyaluronic acid, botanical extracts, and ultraviolet filters. Their proposed 

activities include enhancement of skin hydration, maintenance of the skin barrier, reduction of oxidative stress, 

modulation of epidermal turnover, improvement of skin texture and pigmentation, and protection against 

environmental stressors. However, the efficacy of a cosmeceutical product cannot be determined solely from the 

presence of an active ingredient. Concentration, chemical form, physicochemical properties, stability, formulation, 

release characteristics, skin penetration, packaging, duration of use, and clinical evidence can substantially 

influence performance. Advanced delivery systems such as liposomes, nanoemulsions, microemulsions, solid lipid 

nanoparticles, nanostructured lipid carriers, and other encapsulation systems have consequently become important 

approaches for improving the stability and delivery of sensitive or poorly soluble ingredients. This review provides 

a comprehensive discussion of the evolution and classification of cosmeceuticals, skin structure and barrier 

function, major active ingredients and their mechanisms, moisturizing, anti-aging, antioxidant, photoprotective, 

exfoliating, skin-brightening, anti-acne, herbal, and hair-care applications, advanced delivery systems, formulation 

considerations, safety and quality-control requirements, scientific evidence, and regulatory challenges. Particular 

emphasis is placed on the need for evidence-based product development, standardization of natural ingredients, 

robust clinical evaluation, long-term safety assessment, and scientifically justified cosmetic claims. Future 

development of cosmeceuticals is expected to increasingly emphasize targeted delivery, formulation stability, 

personalized products, biotechnology-derived ingredients, and evidence-based efficacy while maintaining 

consumer safety and regulatory compliance potential. 

 

Key words: Cosmeceuticals; bioactive ingredients; skin care; anti-aging; antioxidants; peptides; retinoids; 

hyaluronic acid; herbal cosmetics; nanocarriers; topical delivery; formulation; regulatory science. 

 

1 INTRODUCTION   

                    The skin is the largest organ of the human body and represents a critical interface between 

the internal environment and the external surroundings. In addition to providing physical, chemical, 

and biological protection, the skin contributes to thermoregulation, sensation, and immune defense.  
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                    Continuous exposure to ultraviolet (UV) radiation, 

environmental pollutants, temperature fluctuations, oxidative stress, 

and lifestyle-related factors can influence the structure, function, 

and visible appearance of the skin. Consequently, maintaining 

healthy skin has become an increasingly important component of 

modern personal care. 

                    Within this context, cosmeceuticals have emerged as an 

important category of products combining concepts derived from 

cosmetics and pharmaceutical science. 

                    The term “cosmeceutical” combines “cosmetic” and 

“pharmaceutical” and is generally applied to products containing 

biologically active substances that are intended to provide benefits 

beyond basic cleansing and beautification. Such products may be 

designed to improve skin hydration, support the skin barrier, reduce 

the appearance of wrinkles, improve skin texture and tone, reduce 

visible pigmentation, and provide protection against environmental 

stress. 

                    The concept of cosmeceuticals is generally attributed to 

Albert M. Kligman, who used the term to describe topical products 

occupying an intermediate conceptual position between 

conventional cosmetics and pharmaceutical preparations. The 

development of the field subsequently accelerated with advances in 

dermatological research, pharmaceutical formulation, 

biotechnology, natural-product chemistry, and delivery 

technologies. 

                    Unlike conventional cosmetics, which are primarily 

associated with cleansing, beautification, fragrance, and 

modification of appearance, cosmeceuticals emphasize the 

incorporation of active ingredients intended to produce biological or 

physiological effects in the skin. 

                    Nevertheless, the distinction is not simply based on the 

ingredient list. Intended use and product claims can have major 

implications for regulatory classification. 

                    The contemporary cosmeceutical market encompasses 

a wide range of products, including moisturizers, antioxidant 

formulations, anti-aging products, sunscreens, exfoliating 

preparations, skin-brightening products, anti-acne preparations, 

herbal products, hair-care formulations, and advanced topical 

delivery systems. 

                    The objective of this review is to provide an integrated 

analysis of cosmeceuticals, with particular emphasis on active 

ingredients, biological mechanisms, formulation considerations, 

delivery technologies, safety, quality control, scientific evidence, 

regulatory challenges, and future research opportunities. 

2. HISTORICAL DEVELOPMENT OF COSMECEUTICALS 

                    The development of cosmeceuticals represents a 

gradual transition from traditional cosmetic preparations toward 

scientifically designed formulations containing functional and 

bioactive ingredients. Historically, natural materials such as plant 

oils, herbs, clays, milk derivatives, waxes, and aromatic substances 

were used for skin and hair care. Traditional knowledge concerning 

medicinal plants and natural substances subsequently contributed to 

the development of personal-care preparations. 

                    The twentieth century introduced major advances in 

chemistry, pharmaceutical sciences, dermatology, and biological 

research. Investigations into vitamins, antioxidants, hormones, 

acids, and other biologically active substances provided a scientific 

basis for the development of functional topical formulations. The 

introduction and subsequent widespread use of the term 

“cosmeceutical” further encouraged discussion of products 

positioned conceptually between cosmetics and pharmaceuticals. 

                    Modern cosmeceutical development has increasingly 

shifted from the simple identification of potentially beneficial 

ingredients toward understanding their mechanisms, 

physicochemical properties, formulation stability, skin penetration, 

delivery, and clinical performance. This transition is important 

because the biological activity of an ingredient does not necessarily 

translate into efficacy when incorporated into a topical product. 

3. DEFINITION AND CONCEPT OF COSMECEUTICALS 

                    There is no universally accepted legal definition of a 

cosmeceutical. Scientifically, the term is commonly used for 

cosmetic preparations containing biologically active substances 

intended to provide benefits beyond temporary cosmetic 

enhancement. A practical definition is: 

                    Cosmeceuticals are cosmetic preparations containing 

biologically active ingredients intended to improve the appearance 

and functional condition of skin or other external tissues through 

physiological or biochemical effects. 

                    The term should not automatically be interpreted to 

mean that a product is a pharmaceutical medicine. Regulatory 

authorities may instead classify products according to their intended 

use, composition, and claims. A product intended simply to cleanse 

or beautify may remain a cosmetic, whereas a product intended to 

treat or prevent disease or modify body structure or function may 

fall within drug regulations. 

                    This distinction is particularly important because 

similar ingredients may occur in products with substantially 

different regulatory status. For example, a cosmetic preparation 

designed to improve the appearance of skin may be treated 

differently from a product making therapeutic claims regarding a 

dermatological disorder. 

4. COSMETICS VERSUS COSMECEUTICALS 

                    Conventional cosmetics primarily focus on cleansing, 

beautification, fragrance, conditioning, and modification of external 

appearance. Examples include cleansers, perfumes, makeup 

products, shampoos, hair colors, and deodorants. Cosmeceuticals 

generally emphasize biologically active ingredients and their 

potential physiological or functional benefits. 

                    Importantly, the distinction is not determined solely by 

whether a particular active ingredient is present. Product claims and 

intended use can significantly influence regulatory classification. 
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Feature 
Conventional 

Cosmetics 
Cosmeceuticals 

Primary 

objective 

Cleansing and 

beautification 

Cosmetic improvement 

with functional/biological 

benefits 

Active 

ingredients 
May be present Usually emphasized 

Physiologic

al effects 

Generally 

limited 
Intended or claimed 

Examples 

Makeup, 

perfume, 

cleanser 

Antioxidant serum, 

peptide cream 

Scientific 

evidence 
Variable 

Often promoted using 

scientific evidence 

Main 

applications 

Appearance 

and hygiene 

Skin health, conditioning, 

appearance and 

maintenance 

Regulatory 

status 

Country 

dependent 

No universally recognized 

separate category 

 

5. SKIN STRUCTURE AND ITS RELEVANCE TO 

COSMECEUTICALS 

                    Understanding skin anatomy and physiology is 

essential for designing effective topical formulations. 

5.1 Epidermis 

                    The epidermis is the outermost skin layer and contains 

keratinocytes as its major cell type. The outermost region, the 

stratum corneum, consists largely of flattened corneocytes 

embedded within an intercellular lipid matrix. 

                    This layer represents a major barrier against penetration 

of external substances. Consequently, the physicochemical 

characteristics of a cosmeceutical ingredient—including molecular 

characteristics, solubility, partitioning behavior, and formulation 

environment—can strongly influence its ability to reach the desired 

site. 

5.2 Dermis 

                    The dermis contains collagen, elastin, blood vessels, 

nerves, hair follicles, sweat glands, and sebaceous glands. Collagen 

and elastin are particularly relevant to skin firmness and elasticity. 

Alterations in these structural components are associated with 

visible changes during skin aging. 

5.3 Subcutaneous Tissue 

                    The subcutaneous layer contains adipose tissue and 

contributes to mechanical cushioning, thermal insulation, and 

energy storage. 

                    Although many cosmeceutical formulations primarily 

target the epidermis and superficial skin, ingredient penetration can 

vary according to the active substance and delivery system. 

6. SKIN BARRIER AND TOPICAL DELIVERY 

                    The stratum corneum is a critical barrier regulating 

water loss and penetration of external substances. The commonly 

used “brick-and-mortar” model describes corneocytes as bricks 

surrounded by intercellular lipids functioning as mortar. 

                    Major intercellular lipids include ceramides, 

cholesterol, and free fatty acids. A healthy barrier contributes to 

hydration and protection against environmental stressors. 

Consequently, cosmeceuticals can be designed not only to deliver 

active ingredients but also to support barrier integrity. 

                    The effectiveness of a topical product therefore 

depends on several interconnected factors: 

1. Chemical identity of the active ingredient. 

2. Concentration. 

3. Chemical form. 

4. Physicochemical properties. 

5. Formulation characteristics. 

6. Stability. 

7. Release behavior. 

8. Skin penetration. 

9. Site of action. 

10. Duration of exposure. 

11. Packaging. 

12. Clinical evidence. 

                    Thus, formulation science is central to cosmeceutical 

development rather than being merely a final manufacturing 

consideration. 

7. CLASSIFICATION OF COSMECEUTICALS 

                    Cosmeceuticals can be classified according to 

application, active ingredient, or formulation technology. 

7.1 Classification according to application 

                        Major categories include: 

1. Skin-care products 

2. Moisturizers 

3. Anti-aging products 

4. Antioxidant products 

5. Sunscreens and photoprotective products 

6. Skin-brightening products 

7. Exfoliating products 

8. Anti-acne products 

9. Hair-care products 

10. Scalp-care products 

11. Lip-care products 

12. Nail-care products 

13. Herbal and natural cosmeceuticals 
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7.2 Classification according to active ingredients 

Category Representative ingredients 

Vitamins Vitamins A, C, E and B3 

Antioxidants Vitamins C/E, polyphenols, CoQ10 

Hydroxy acids Glycolic, lactic and salicylic acids 

Peptides Palmitoyl peptides, copper peptides 

Moisturizers Glycerin, hyaluronic acid, urea 

Barrier-support 

agents 
Ceramides, fatty acids, cholesterol 

Botanicals Aloe vera, green tea, turmeric, licorice 

Brightening 

agents 

Niacinamide, vitamin C, licorice-

derived compounds 

Retinoid-related 

agents 
Retinol and derivatives 

Photoprotective 

agents 
UV filters 

 

8. MOISTURIZING COSMECEUTICALS 

                    Moisturizers are among the most widely used topical 

products. Their principal purpose is to increase or maintain water 

content in the stratum corneum and improve the feel and appearance 

of dry skin. Moisturizing systems can broadly be divided into three 

functional classes. 

8.1 Humectants 

                    Humectants attract and retain water. Representative 

ingredients include: 

1. Glycerin 

2. Sorbitol 

3. Propylene glycol 

4. Hyaluronic acid 

5. Urea 

8.2 Occlusives 

                    Occlusive substances form a protective layer that 

reduces transepidermal water loss. Examples include: 

1. Petrolatum 

2. Mineral oils 

3. Waxes 

4. Dimethicone 

8.3 Emollients 

                    Emollients improve skin smoothness by filling spaces 

between corneocytes. Examples include fatty acids, fatty alcohols, 

plant oils, and esters. Modern moisturizers commonly combine 

these three approaches to obtain complementary effects. 

9. HYALURONIC ACID 

                    Hyaluronic acid is a naturally occurring 

glycosaminoglycan associated with connective tissue and 

extracellular matrices. Its high water-binding capacity has made it 

an important ingredient in moisturizers, serums, gels, facial 

formulations, and anti-aging products. Its topical application is 

particularly associated with hydration and improvement in the 

appearance of dehydrated skin. Molecular weight and formulation 

characteristics influence its behavior and potential penetration. An 

important formulation consideration is therefore that “hyaluronic 

acid” should not be considered a single-function ingredient; its 

performance can depend on molecular characteristics and 

formulation architecture. 

10. ANTI-AGING COSMECEUTICALS 

                    Anti-aging products represent one of the major areas of 

cosmeceutical development. Skin aging is influenced by both 

intrinsic biological processes and extrinsic factors such as UV 

radiation, pollution, smoking, lifestyle, and environmental stress. 

Common visible manifestations include: 

1. Fine lines 

2. Wrinkles 

3. Dryness 

4. Uneven pigmentation 

5. Reduced elasticity 

6. Rough texture 

7. Reduced firmness 

                    Contemporary anti-aging formulations may target 

hydration, oxidative stress, epidermal turnover, pigmentation, and 

collagen-associated processes. The major active ingredients 

discussed in this context include retinoid-related compounds, 

vitamins C and E, niacinamide, peptides, hydroxy acids, hyaluronic 

acid, and photoprotective agents. 

11. RETINOIDS AND RETINOL 

                    Retinoids are vitamin-A-related compounds and are 

among the extensively investigated substances in dermatology and 

cosmetic skin care. Retinoid-related ingredients have been studied 

for: 

1. Improvement of skin texture 

2. Reduction in the appearance of fine lines 

3. Reduction in the appearance of wrinkles 

4. Improvement in pigmentation 

5. Modulation of epidermal turnover 

                    Retinol is widely incorporated into cosmetic 

formulations, whereas compounds such as tretinoin have 

pharmaceutical status and should not automatically be treated as 

equivalent cosmetic ingredients. Retinoid compounds can influence 

cellular processes through nuclear retinoid receptors and related 

signaling pathways. These effects can influence epidermal 

differentiation and extracellular-matrix-associated processes. 

However, retinoid-related formulations may cause dryness, 

irritation, redness, peeling, and increased sensitivity. Therefore, 

concentration, formulation, stability, and appropriate use are 

important. 
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12. VITAMIN C IN COSMECEUTICALS 

                    Vitamin C, particularly L-ascorbic acid, is an important 

antioxidant investigated for topical applications. Potential 

applications include: 

● Antioxidant protection 

● Support of collagen synthesis 

● Improvement of uneven skin appearance 

● Photodamage-related skin care 

                    A major limitation is chemical instability. Vitamin C 

can be affected by light, oxygen, heat, and pH. Consequently, 

formulation stability is a major challenge. Different derivatives have 

been developed to improve stability and formulation characteristics. 

This example illustrates a fundamental principle of cosmeceutical 

science: biological activity alone does not ensure product 

efficacy; the active ingredient must remain chemically and 

physically suitable throughout formulation, storage, and use. 

13. VITAMIN E 

                    Vitamin E, particularly tocopherols and tocopheryl 

derivatives, is frequently incorporated into cosmetic and 

cosmeceutical formulations because of its antioxidant and skin-

conditioning properties. Its lipid-soluble nature facilitates 

incorporation into creams, lotions, serums, sunscreen products, and 

hair-care preparations. Vitamin E is also frequently combined with 

vitamin C because the two antioxidant systems can interact. 

14. NIACINAMIDE 

                    Niacinamide, or nicotinamide, is a form of vitamin B3 

and has become a widely used multifunctional cosmeceutical 

ingredient. 

Potential cosmetic applications include: 

● Skin-barrier support 

● Improved hydration 

● Improvement of uneven skin appearance 

● Reduction in the appearance of pigmentation 

● Improvement in the appearance of fine lines 

                     It is used in moisturizers, serums, cleansers, anti-aging 

formulations, and skin-brightening products. Its versatility and 

relatively good tolerability contribute to its widespread use. 

15. HYDROXY ACIDS 

                    Hydroxy acids are important ingredients in exfoliating 

and skin-conditioning products. 

15.1 Alpha-Hydroxy Acids 

                    Common AHAs include: 

● Glycolic acid 

● Lactic acid 

● Citric acid 

● Mandelic acid 

                    AHAs may help remove superficial dead cells and 

improve: 

● Skin texture 

● Skin smoothness 

● Appearance of fine lines 

● Uneven pigmentation 

                    Their activity is strongly influenced by concentration 

and formulation pH. 

Glycolic Acid 

                    Glycolic acid is one of the most widely used AHAs. Its 

relatively small molecular size contributes to its interaction with 

superficial skin layers. Applications include: 

● Chemical exfoliation 

● Rough-skin improvement 

● Texture improvement 

● Pigmentation-related cosmetic applications 

● Anti-aging formulations 

                    Excessive exposure may produce irritation, burning, 

redness, dryness, and increased sensitivity. 

Lactic Acid 

                    Lactic acid combines exfoliating activity with 

humectant properties and is used in creams, lotions, peels, and body-

care formulations. 

15.2 Beta-Hydroxy Acids 

                    Salicylic acid is the most widely recognized BHA in 

cosmetic skin care. It is particularly associated with oily and acne-

prone skin. Its relevant properties include: 

● Keratolytic activity 

● Exfoliation 

● Oil-soluble character 

                    It is incorporated into cleansers, gels, creams, toners, 

and spot-treatment products. 

16. ANTIOXIDANT COSMECEUTICALS 

                    Oxidative stress has been associated with 

environmental skin damage and processes involved in skin aging. 

Consequently, antioxidants represent an important class of 

cosmeceutical ingredients. Important antioxidant substances 

include: 

● Vitamin C 

● Vitamin E 

● Coenzyme Q10 

● Green tea polyphenols 

● Resveratrol 

● Flavonoids 

● Carotenoids 

● Other botanical polyphenols 

                    However, topical antioxidant efficacy is highly 

formulation-dependent. Stability, concentration, chemical form, 

packaging, and delivery system can determine whether an 

antioxidant reaches the skin in a biologically useful form. 
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17. COENZYME Q10 

                    Coenzyme Q10 is a naturally occurring lipid-soluble 

compound involved in cellular energy metabolism and antioxidant 

processes. It has been incorporated into anti-aging formulations 

because oxidative stress is associated with skin aging. CoQ10 

formulations include creams, serums, lotions, and eye-care 

products. Because CoQ10 is poorly water-soluble, formulation 

technology is particularly important for developing stable 

preparations with suitable delivery characteristics. 

18. PEPTIDES IN COSMECEUTICALS 

                    Peptides are short chains of amino acids that have 

received substantial attention in cosmetic science. Cosmetic 

peptides have been investigated for potential effects on: 

● Skin firmness 

● Collagen-related processes 

● Fine lines 

● Skin conditioning 

                    Examples include: 

● Palmitoyl pentapeptide 

● Palmitoyl tripeptide 

● Copper peptides 

● Signal peptides 

                      The performance of peptide formulations depends on 

peptide identity, concentration, stability, formulation, and ability to 

reach the intended site. The growing interest in peptides illustrates 

the movement of cosmeceutical development toward more targeted 

bioactive molecules. 

19. CERAMIDES AND SKIN BARRIER SUPPORT 

                    Ceramides constitute important components of the 

intercellular lipid matrix of the stratum corneum. They contribute 

to: 

● Skin-barrier function 

● Water retention 

● Reduction of transepidermal water loss 

                    Topical ceramides are therefore frequently 

incorporated into formulations intended for dry or barrier-impaired 

skin. They may be combined with cholesterol, fatty acids, 

humectants, and occlusive ingredients to reproduce important 

components of the physiological barrier. This approach represents a 

shift from merely adding moisture to the skin toward supporting 

the structural function of the skin barrier. 

20. SUNSCREENS AND PHOTOPROTECTIVE 

COSMECEUTICALS 

                    Photoprotection represents a central component of 

modern skin care. UV radiation is associated with photoaging, 

pigmentation changes, oxidative stress, collagen degradation, and 

DNA damage. UV filters can broadly be categorized into: 

Organic UV filters:- These primarily absorb UV radiation. 

Inorganic/mineral filters:- Representative materials include: 

● Zinc oxide 

● Titanium dioxide 

                    Photoprotection is particularly important within anti-

aging strategies because reducing cumulative environmental 

damage may contribute to maintenance of healthy-looking skin. 

21. SKIN-BRIGHTENING COSMECEUTICALS 

                    Uneven pigmentation is a common cosmetic concern. 

Skin-brightening products are generally designed to improve 

uniformity of appearance by influencing processes associated with 

melanin production or transfer. Commonly discussed ingredients 

include: 

● Vitamin C 

● Niacinamide 

● Licorice-derived compounds 

● Certain hydroxy acids 

● Kojic acid 

                    The distinction between cosmetic brightening and 

therapeutic treatment of pigmentation disorders is important 

because therapeutic claims can trigger additional regulatory 

requirements. 

22. KOJIC ACID 

                    Kojic acid is produced by certain microorganisms and 

has been investigated for cosmetic skin-brightening applications. It 

is associated with inhibition of tyrosinase, an enzyme involved in 

melanin synthesis. It may therefore be incorporated into products 

intended to improve the appearance of hyperpigmented areas. 

However, stability and potential irritation require attention during 

formulation. 

23. HERBAL AND NATURAL COSMECEUTICALS 

                    Consumer interest in naturally derived ingredients has 

stimulated substantial development of herbal cosmetics. Important 

botanical examples include: 

                    Aloe vera Associated with moisturizing, soothing, and 

skin-conditioning applications. 

                    Green tea contains polyphenolic compounds 

investigated for antioxidant properties. 

                    Turmeric Contains curcuminoids investigated for 

antioxidant and anti-inflammatory properties. 

                    Licorice Contains compounds investigated for skin-

brightening and soothing applications. 

                    Chamomile Traditionally associated with soothing and 

skin-conditioning uses. 

                    Rosemary Contains antioxidant compounds and is 

incorporated into certain cosmetic formulations. 

                    However, the term “natural” should not be equated 

automatically with “safe.” Botanical materials may produce 

irritation, allergy, photosensitivity, or other adverse effects. 
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                    Furthermore, plant-derived materials may vary 

according to: 

● Species 

● Geographic origin 

● Cultivation 

● Harvesting 

● Extraction procedure 

● Storage conditions 

                    Consequently, standardization and quality control are 

critical for herbal cosmeceutical development. 

24. Anti-Acne Cosmeceuticals 

                    Acne-prone skin represents another important 

application area. Cosmetic formulations may incorporate: 

● Salicylic acid 

● Niacinamide 

● Zinc compounds 

● Botanical ingredients 

● Mild exfoliating agents 

                    Such products may support the appearance and 

condition of acne-prone skin. However, a product intended to treat 

acne as a disease may have a different regulatory status from an 

ordinary cosmetic product. 

                    This distinction demonstrates the broader regulatory 

principle that claims and intended use can be as important as 

composition. 

25. Hair-Care Cosmeceuticals 

                    The cosmeceutical concept extends beyond facial skin 

to hair and scalp care. Important categories include: 

● Anti-dandruff products 

● Hair-conditioning products 

● Hair-strengthening products 

● Scalp-care products 

● Hair-growth-related products 

● Products for damaged hair 

                    Functional ingredients may include proteins, amino 

acids, panthenol, botanical extracts, conditioning polymers, oils, 

and silicones. The structure of the hair shaft and condition of the 

scalp influence formulation performance. 

26. ANTI-DANDRUFF PRODUCTS 

                    Anti-dandruff formulations may contain ingredients 

such as: 

● Zinc pyrithione where permitted 

● Ketoconazole in regulated medicinal formulations 

● Salicylic acid 

● Selenium sulfide 

● Botanical ingredients 

                    The regulatory status can differ depending on the 

ingredient and the claims made. A product intended for cleansing or 

conditioning may have a different classification from one claiming 

to treat a scalp disease. 

27. ADVANCED DELIVERY SYSTEMS FOR 

COSMECEUTICALS 

                    One of the most important developments in modern 

cosmeceutical formulation is the introduction of advanced delivery 

technologies. Important systems include: 

● Liposomes 

● Niosomes 

● Nanoemulsions 

● Microemulsions 

● Solid lipid nanoparticles 

● Nanostructured lipid carriers 

● Vesicular systems 

● Encapsulation systems 

                    These systems can potentially address several 

limitations of conventional formulations: 

1. Poor aqueous solubility. 

2. Chemical instability. 

3. Premature degradation. 

4. Inadequate release. 

5. Limited bioavailability at the intended site. 

6. Unfavorable sensory characteristics. 

                    However, increasing formulation complexity also 

increases the need for appropriate safety, physicochemical, 

microbiological, and stability evaluation. 

28. LIPOSOMAL DELIVERY 

                    Liposomes are vesicular systems composed primarily 

of phospholipid bilayers. Depending on their structural 

characteristics, they can accommodate both hydrophilic and 

lipophilic substances. Potential cosmetic applications include 

delivery of: 

● Vitamins 

● Antioxidants 

● Botanical compounds 

● Moisturizing ingredients 

                    Liposomal encapsulation may protect sensitive 

ingredients against degradation and modify their release 

characteristics. The broader significance of liposomal systems is 

that they allow formulation scientists to consider how an ingredient 

is delivered, rather than focusing only on which ingredient is 

selected. 

29. SCIENTIFIC EVIDENCE AND EFFICACY 

                    One of the major challenges in the cosmeceutical field 

is the variable level of scientific evidence supporting different 
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ingredients and products. Some ingredients have been investigated 

through experimental and clinical studies, whereas others may be 

supported primarily by laboratory research, traditional use, 

preliminary studies, or manufacturer claims. Therefore, evidence-

based assessment should consider: 

● Ingredient identity 

● Mechanism of action 

● Concentration 

● Chemical form 

● Formulation 

● Stability 

● Skin penetration 

● Clinical efficacy 

● Safety 

● Duration of use 

                    A major research gap is the translation of promising 

laboratory activity into reproducible clinical benefit. 

30. FORMULATION CHALLENGES 

                    The formulation of cosmeceuticals presents several 

interconnected challenges. 

30.1 Stability 

                    Many bioactive substances are sensitive to light, 

oxygen, heat, pH, or moisture. Vitamin C is particularly sensitive to 

environmental conditions, while CoQ10 presents solubility-related 

formulation challenges. 

30.2 Skin Penetration 

                    The stratum corneum represents a major barrier to 

penetration. An ingredient with excellent biological activity may 

provide limited practical benefit if it cannot reach the intended site 

in an adequate concentration. 

30.3 Sensory Characteristics 

                    A formulation must not only be effective but also 

acceptable to consumers with respect to texture, spreadability, feel, 

odor, and appearance. 

30.4 Compatibility 

                    Active ingredients must remain chemically and 

physically compatible with other formulation components. 

30.5 Packaging 

                    Packaging can influence stability by determining 

exposure to light, oxygen, moisture, and temperature. 

  

31 CONCLUSIONS 

                    Cosmeceuticals have evolved into an important 

interdisciplinary field connecting cosmetic science, pharmaceutical 

technology, dermatology, biotechnology, and natural-product 

research. Their development has been driven by increasing 

consumer interest in healthy-looking skin, preventive skin care, anti-

aging strategies, photoprotection, targeted cosmetic applications, 

and naturally derived ingredients. The contemporary cosmeceutical 

landscape includes vitamins, antioxidants, retinoid-related 

compounds, peptides, hydroxy acids, hyaluronic acid, ceramides, 

botanical extracts, and UV filters. These ingredients may contribute 

to hydration, barrier support, exfoliation, antioxidant protection, 

improvement of skin texture and pigmentation, and reduction in the 

visible signs associated with aging. However, the presence of an 

active ingredient alone does not establish product efficacy. Its 

concentration, chemical form, stability, formulation, delivery, 

penetration, duration of use, and clinical evidence are equally 

important. Advanced delivery systems such as liposomes, 

nanoemulsions, solid lipid nanoparticles, nanostructured lipid 

carriers, and encapsulation technologies offer opportunities to 

overcome problems related to solubility, instability, and delivery. At 

the same time, increasing technological complexity creates 

additional requirements for safety and quality evaluation. Herbal 

cosmeceuticals offer significant opportunities because plants 

provide diverse bioactive compounds, but botanical origin does not 

guarantee safety or consistency. Standardization, quality control, 

authentication, stability testing, and safety assessment are therefore 

essential. 

                    Regulation remains another critical challenge because 

the term “cosmeceutical” does not have a universally accepted legal 

definition. Product classification can depend strongly on intended 

use, composition, and claims. Manufacturers must therefore ensure 

appropriate labeling, safety assessment, manufacturing quality, and 

regulatory compliance. The future of cosmetics should therefore not 

be based solely on discovering new ingredients. Greater emphasis 

should be placed on scientifically justified ingredient selection, 

optimized formulation, targeted delivery, rigorous stability 

assessment, standardized clinical evaluation, long-term safety, 

quality control, and evidence-based claims. Integration of 

pharmaceutical technology, dermatology, biotechnology, 

nanotechnology, and natural-product science is likely to produce 

increasingly targeted, stable, personalized, and evidence-based 

cosmeceutical products. 
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