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Abstract 

Nanotechnology has transformed the cosmetic industry of the cosmeceuticals by allowing the production 

of sophisticated delivery systems that improve the stability, penetration, bioavailability, and therapeutic 

efficacy of active ingredients in cosmetics. The present review identifies the value of nanotechnology-

based cosmeceuticals in anti-aging and skin regeneration, with special focus on the recent developments 

in nanocarrier technologies and their use in dermatology. Many nanocarriers have exhibited great 

potentials in enhancing delivery of antioxidants, vitamins, peptides, growth factors, and botanical extracts 

to deeper skin layers which include liposomes, niosomes, solid–lipid nanoparticles, nanostructured lipid 

carriers, polymeric nanoparticles and nanoemulsions. These systems have demonstrated to offer control 

release, improved skin permeation, and safeguard of delicate bioactive compounds against degradation, 

which improves anti-aging activity and regenerative results. Formulations based on nanotechnology have 

been demonstrated to induce collagen production, decrease oxidative stress, promote wound healing, 

tissue healing, and enhance skin wellbeing. Recent clinical research and commercial trends suggest that 

nano-enabled cosmeceuticals have a better performance than conventional formulations in wrinkle 

reduction, skin hydration, skin elasticity, and photoprotection. Future developments in skin care include 

the emergence of novel innovations that are likely to change the landscape of the skin care, including the 

use of personalized nano-cosmeceuticals, artificial intelligence-based formulation design, smart 

nanocarriers, and targeted delivery systems. Nevertheless, with all this progress, issues surrounding the 

safety, toxicology testing, regulatory standards, scalability in manufacturing and quality control of 

nanoparticles are still key factors to consider. Overall, nanotechnology is a fast-growing platform that 

has enormous potential in terms of improving anti-aging therapy and skin regeneration by more effective, 

safer, and personalized dermatological treatment. 
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INTRODUCTION 

The increased need to find effective skin care 

products that not only improve appearance but also 
have therapeutic effects has seen the rise of 

cosmeceuticals as one of the fastest-growing fields 

in the cosmetic and pharmaceutical industries. 
Cosmeceuticals are biologically active preparations 

that lie in between cosmetics and pharmaceuticals 
by having functional ingredients that can enhance 

the skin health, prevent premature aging, and repair 
tissue [1]. Skin aging is a complicated biological 

procedure that is predetermined by intrinsic and 
extrinsic factors, including genetics, hormones, and 

senescence of cells, and ultraviolet (UV) radiation, 
pollution, smoking, and environmental stress. These are 

some of the causes of reactive oxygen species (ROS) 
generation, collagen and elastin fiber breakdown, 
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loss of skin elasticity, wrinkles, pigmentation alterations, and loss of regenerative ability. Therefore, anti-

aging and skin regeneration are now of primary interest to contemporary dermatological and cosmetic 
research [2]. Conventional topical preparations are prone to major drawbacks, such as low penetration of 

the skin, low stability of the active compounds, quick degradation and low bioavailability, which 
minimizes their overall therapeutic efficacy. Nanotechnology has become a revolution in recent years to 

resist these challenges and improve the performance of cosmetics-utilizing products. Nanotechnology is 
the design and use of materials with dimensions that are usually between 1 and 100 nanometers in size, 

allowing such materials to have unique physicochemical characteristics that enhance drug delivery, 
stability, controlled release, and specificity [3]. Nanoparticles have been incorporated into cosmeceutical 

formulations using different nanocarrier systems, such as liposomes, niosomes, nanoemulsions, solid–
lipid nanoparticles, nanostructured lipid carriers, and polymeric nanoparticles, to enhance deeper skin 

penetration and delivery of active compounds. Such sophisticated delivery systems have the potential to 

deliver antioxidants, vitamins, retinoids, peptides, growth factors, and botanical extracts to the targeted 
skin layers, and increase their biological activity and therapeutic effects [4]. Cosmeceuticals developed 

using nanotechnology are important to fight oxidative stress, enhance collagen formation, stimulate cell 
regeneration, hydrate skin, heal wounds faster, and slow aging. In addition, nanocarriers help to avoid 

degradation of delicate bioactive compounds in the environment and reduce irritation and enhance 
stability of formulations. The introduction of nanotechnology into skin care products has also allowed the 

creation of multifunctional formulations with the ability to offer antioxidant protection, photoprotection, 
anti-inflammatory effects and regenerative effects at the same time [5]. With the ever-growing interest of 

consumers in evidenced based skin rejuvenation solutions, nanotechnology led cosmeceuticals are being 
more relevant in the cosmetic and clinical dermatology. Continued development of materials science, 

biotechnology, and individualized skin care should continue to boost the effectiveness and safety of nano-
enabled formulations. The connection between nanotechnology, active ingredients, skin penetration 

mechanisms, anti-aging effects and regenerative pathways in modern cosmeceutical applications is 
presented in Figure 1 above and gives a summary of how cosmeceuticals based on nanotechnology 

contribute to skin rejuvenation, protection and long term skin health [6]. 
 

 
Figure 1. Overview of nanotechnology-based cosmeceuticals in skin rejuvenation. 
 

FUNDAMENTALS OF NANOTECHNOLOGY IN COSMECEUTICALS 

Nanotechnology has become a revolution in the science of cosmeceuticals, owing to the creation of 

sophisticated delivery mechanisms that enhance the efficacy, stability and bioavailability of active 
compounds in skin care preparations. Nanotechnology is the design, characterization, and utilization of 

materials that are typically 1 to 100 nanometers in diameter, and in which distinctive physicochemical 
characteristics can be utilized to therapeutic and cosmetic use, including: high surface area, reactivity, 

solubility, controlled release behavior [6]. Nanotechnology in cosmeceuticals is mainly applied to 
address the shortfalls of traditional topical formulations, which tend to have low penetration, low 
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stability, low active compound degradation, and low therapeutic actions. With the integration of 

bioactive components into nanoscale carriers, targeted delivery, extension of retention time, and overall 
performance of the skin care products can be improved [7]. Many types of nanocarrier systems have 

been created to be used in cosmetics such as liposomes, niosomes, nanoemulsions, solid–lipid 
nanoparticles (SLNs), nanostructured lipid carriers (NLCs), dendrimers, polymeric nanoparticles, and 

metallic nanoparticles. These nanocarriers have specific structural and functional properties which 
enable the entrapment and preservation of sensitive molecules like antioxidants, vitamins, retinoids, 

peptides, coenzymes, plant extracts, and growth factors. A key benefit of nanocarrier systems is that 
they ensure the active ingredients are not degraded by the environment (light, oxygen, moisture, and 

enzymatic activity) leading to product deterioration and reduced shelf life [8]. Furthermore, 
nanocarriers have the potential of offering controlled and prolonged discharge of active compounds, 

which decreases the application frequency and improves the therapeutic results. Further enhanced 

solubility and bioavailability of ingredients with low water solubility make nano-enabled cosmeceutical 
formulations even more effective. The other major benefit is that skin irritation and toxicity is reduced 

since encapsulation reduces the direct exposure of the active compounds to the skin surface and allows 
a slow release of encapsulated active compounds to target sites. The penetration of nanoparticles into 

the skin barrier is a key determinant of the effectiveness of the nanotechnology-based cosmeceuticals 
[2]. The epidermis is a layer of skin that is made up of stratum corneum, epidermis, dermis and 

hypodermis, with stratum corneum being the first line of defense against external substances. 
Nanoparticles have a variety of entry routes into the skin, which include, but are not limited to, 

intercellular routes between corneocytes, transcellular routes via skin cells, and transappendageal routes 
via hair follicles, sebaceous glands and sweat glands. Particle size, surface charge, shape, composition, 

and hydrophobicity are some of the factors that play a major role in the biodistribution and penetration 
efficiency in the skin layers [9]. Nanocarriers can increase the penetration of active ingredients into 

deeper skin layers where the collagen synthesis, cellular repair and regenerative functions take place. 
Moreover, since nanoparticles have a large surface area, they can come into close contact with 

biological membranes, thereby facilitating better absorption and interactions with target tissues. 
Nanotechnology offers a new platform to improve the effectiveness of anti-aging, photoprotective, 

moisturizing, regenerative and skin-repair formulations through these mechanisms, so it can be 
considered one of the most significant technological developments in the current development of 

cosmeceuticals [10]. 

 

TYPES OF NANOCARRIERS USED IN COSMECEUTICALS 

Nanocarrier systems have become core ingredients of contemporary cosmeceutical preparations since 

they can greatly enhance the delivery, stability and effectiveness of active constituents employed in 

anti-aging and skin rejuvenation products. The nanoscale carriers are specially made to address the 

constraints of the traditional topical products such as poor skin penetration, low bioavailability, unstable 

active compounds, and poor therapeutic activity. Liposomes are one of the best-explored nanocarriers 

that are spherical vesicles made of phospholipid bilayers that can encapsulate hydrophilic and lipophilic 

molecules [11]. The liposomes increase skin hydration, enhance penetration of active ingredients and 

give a controlled release, and thus they are very effective in anti-aging formulations. Another critical 

type of vesicular carriers is the niosomes, which is a complex of nonionic surfactants and cholesterol. 

Niosomes have better chemical stability, reduced cost of production and good skin permeability 

properties compared to liposomes and this enables them to transport antioxidants, vitamins and 

botanical extracts [12]. 

 

SLNs have been of great interest because they have the capacity to ensure that bioactive compounds, 

particularly sensitive ones are not degraded, and they enjoy controlled release and increased retention 

in the skin. These carriers are solid–lipid matrices, which are solid at body temperature, enhancing 

stability and decreasing irritation of conventional formulations. Based on the benefits of SLNs, 

nanostructured lipid carriers (NLCs) were produced by including solid and liquid lipids into the carrier. 

The hybrid structure improves drug loading, reduces loss of active ingredients during storage and 
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improves long run stability of the formulations [13]. Another example of versatile delivery platforms is 

polymeric nanoparticles, which are made of biodegradable and biocompatible polymers that can deliver 

active compounds sustainably and targeted. 

 

These systems are especially applicable in the delivery of peptides, growth factors, and delicate 

biomolecules that take part in skin regeneration and repair. Thermodynamically stable mixtures of oil 

and water (nanoemulsions) stabilized by surfactants have also become a very promising nanocarrier in 

cosmetical products [14]. The surface area is increased by their small droplet size and allows them to 

be useful in the delivery of hydrophobic compounds like vitamins, retinoids and plant-derived 

antioxidants. All nanocarrier systems have a set of distinct structural and functional characteristics that 

determine their functionality, encapsulation efficiency, release characteristics, and the response to 

biological tissues. An overview of the key nanocarriers utilized in anti-aging cosmeceutical 

preparations, their composition, benefits, and use are listed in the table below (Table 1) [15]. 

 

Table 1. Major nanocarriers used in anti-aging cosmeceutical formulations. 

Nanocarrier type Composition Key characteristics Anti-aging 

applications 

Major advantages 

Liposomes Phospholipid 

bilayer vesicles 

Encapsulate hydrophilic 

and lipophilic compounds 

Delivery of vitamins, 

antioxidants, retinoids 

Enhanced skin 

hydration and 

penetration. 

Niosomes Non-ionic 

surfactants and 

cholesterol 

Stable vesicular carrier 

system 

Delivery of anti-aging 

actives and botanical 

extracts 

Improved stability 

and controlled 

release. 

Solid–Lipid 

Nanoparticles 

(SLNs) 

Solid–lipid matrix Solid at body temperature Retinoids, coenzyme 

Q10, vitamin E 

delivery 

Protection from 

degradation and 

sustained release. 

Nanostructured 

Lipid Carriers 

(NLCs) 

Solid and liquid 

lipid mixture 

Improved drug-loading 

capacity 

Anti-wrinkle and skin 

rejuvenation 

formulations 

High stability and 

enhanced 

bioavailability. 

Polymeric 

Nanoparticles 

Biodegradable 

polymers 

Controlled and targeted 

release 

Peptides, growth 

factors, collagen 

stimulators 

Long-term delivery 

and improved 

efficacy. 

Nanoemulsions Oil-water nanoscale 

dispersions 

High surface area and 

penetration 

Delivery of 

hydrophobic 

antioxidants and 

vitamins 

Enhanced 

absorption and skin 

permeation. 

Dendrimers Branched 

polymeric 

structures 

Highly controlled 

architecture 

Delivery of active 

anti-aging molecules 

Precise targeting 

and high loading 

capacity. 

Metallic 

Nanoparticles 

Gold, silver, zinc 

oxide nanoparticles 

Unique optical and 

biological properties 

Skin rejuvenation and 

antioxidant protection 

Improved stability 

and multifunctional 

activity. 

 

These nanocarriers aid the penetration of bioactive components in the deeper layers in the skin where 

cellular regeneration, collagen synthesis and tissue repair activities take place to increase the therapeutic 

efficacy and create skin rejuvenation. The structural organization and distinguishing features of 

liposomes, niosomes, SLNs, NLCs, polymeric nanoparticles, and nanoemulsions is shown in Figure 2 

that reveals the variety of nanocarrier technologies that are currently applied in advanced cosmetical 

products. Targeted delivery, formulation stability, safety and clinical efficacy are likely to be enhanced 

further as novel nanocarrier systems are developed, and thus enhance the future of anti-aging skin care 

and regenerative dermatology through nanotechnology [16]. 
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Figure 2. Types and structures of nanocarriers used in cosmeceuticals. 

 

NANOTECHNOLOGY-BASED ANTI-AGEING STRATEGIES 

Aging in the skin is a multifactorial biologic process that is motivated by both intrinsic (genetic 

programming, changes in hormones and cellular senescence) and extrinsic (ultraviolet (UV) radiation, 

pollution, smoking, and environmental stressors) factors. All these factors help to cause overproduction 

of reactive oxygen species (ROS), oxidative stress, collagen and elastin fibers degradation, 

inflammation, and DNA damage, and cellular regeneration impairment, eventually resulting in 

wrinkles, loss of elasticity, pigmentation changes, and loss of skin vitality [17]. Anti-aging strategies 

with nanotechnology have become new strategies to address the weaknesses of traditional skin care 

formulations and enhance the transmission and efficacy of bioactive components. Delivery of 

antioxidants is one of the main uses of nanotechnology in anti-aging cosmeceuticals, which is very 

important in the neutralization of free radicals and in the prevention of oxidative damage by the skin 

cells. Vitamin C, vitamin E, coenzyme Q10, resveratrol, curcumin and green tea polyphenols are 

commonly used as antioxidants in nanocarrier systems in order to increase their stability, solubility and 

skin permeability [18]. These compounds are encapsulated in liposomes, nanoemulsions, solid–lipid 

nanoparticles and polymeric nanoparticles to prevent degradation and enable controlled release at the 

deeper layers of the skin. Another effective anti-aging strategy is retinoids and vitamin-based 

nanoformulations. Retinoids, such as retinol and retinoic acid derivatives, are some of the best agents 

in promoting collagen synthesis, epidermal turnover and wrinkle formation. But traditional retinoid 

preparations tend to be irritating and have low stability [19]. Nanoencapsulation increases their 

tolerability, bioavailability, and allows prolonged delivery, maximizing therapeutic effects and reducing 

adverse effects. Equally, vitamin A, C, and E nanoformulations have been found to have increased 

antioxidant actions, photoprotective properties, and skin rejuvenating action. There is also increased 

use of nanotechnology in delivery of peptides and growth factors that are used in repairing tissues and 

regenerating the cells. Bioactive peptides play the role of signaling molecules that promote fibroblast 

functions, collagen production, remodeling of the extracellular matrix and wound healing [20]. 

Epidermal growth factor (EGF), fibroblast growth factor (FGF), and transforming growth factor (TGF) 

are growth factors that stimulate cell proliferation, differentiation and tissue regeneration. Since they 

tend to be fragile and prone to degradation, nanocarrier systems are an efficient method of protection 

and delivery to the dermal layers where regenerative events take place. The second significant 

advantage of anti-aging formulation developed using nanotechnology is the protection against oxidative 

stress and photoaging [21]. Long-term exposure to UV radiation leads to the formation of ROS, 

inflammation, collagen degradation, and early aging of the skin. Nanocarriers have the potential to 

enhance the delivery of photoprotective agents and antioxidants, improve UV-damage defense 

mechanisms and skin barrier functionality and cellular remodelling. Nanotechnology-based anti-aging 

approaches have more profound benefits over traditional formulations and will increasingly remain a 

crucial component in the creation of advanced skin rejuvenation and regenerative cosmeceuticals [22]. 
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NANOTECHNOLOGY IN SKIN REGENERATION AND REPAIR 
The complexity of skin regeneration and repair involves cellular proliferation, extracellular matrix 

remodelling, collagen synthesis, angiogenesis and tissue remodelling, all of which play a crucial role in 
skin integrity and tissue repair. These regenerative processes may be impeded by aging, chronic 
inflammation, environmental stressors, ultraviolet (UV) radiation, and injuries, resulting in wound 
healing delay, decreased collagen formation, loss of skin elasticity, and other manifestations of skin 
aging [23]. Nanotechnology has in recent years become an influential technology in the improvement 
of skin regeneration and repair by enhancing the delivery and efficacy of bioactive molecules in the 
process of tissue repair. Enhancing collagen production is one of the most significant ways of 
nanotechnology implementation in the field of regenerative dermatology. The main structural protein 
that enhances the strength, elasticity and firmness of the skin is collagen, but its synthesis decreases as 
one gets older and exposures to environmental stressors. It is through nanocarrier systems that collagen-
stimulating agents including retinoids, peptides, vitamin C, growth factors, and botanical extracts are 
delivered into deeper layers of the skin which contains fibroblasts [24]. Nanotechnology facilitates 
fibroblast activation, collagen formation, and extracellular matrix remodeling by increasing cellular 
uptake and extending release of these bioactive compounds, which eventually enhances skin texture 
and decreases the development of wrinkles. Besides anti-aging uses, nanotechnology has a high 
relevance in wound healing and tissue regeneration. Nanoparticles have the capability to deliver 
antimicrobial agents, anti-inflammatory molecules and regenerative molecules directly to injured 
tissues in a controlled manner, thus accelerating wound healing and reducing scar formation [25]. 
Liposomes, solid–lipid nanoparticles, polymeric nanoparticles and nanoemulsions have also been 
shown to have significant potential in enhancement of re-epithelialization, angiogenesis, and cellular 
migration during the healing process. Moreover, nanocarriers can preserve good levels of moisture, 
preventing the loss of active ingredients, and generating good microenvironment conditions, which 
assist in repairing and regenerating tissues. Other likely avenues to be pursued include stem cell and 
growth factor-based nanoformulations [26]. Epidermal growth factor (EGF), fibroblast growth factor 
(FGF), platelet-derived growth factor (PDGF), and transforming growth factor-beta (TGF-9) are growth 
factors that are important in controlling cell growth, differentiation and tissue remodeling. Nevertheless, 
these biomolecules are extremely fragile and prone to enzymatic breakdown in case they are used 
topically. Nanoencapsulation helps to preserve these delicate molecules and release them continuously 
on target sites, increasing their therapeutic efficacy. Likewise, nanotechnology is under investigation to 
enhance the cargo delivery of stem cell-produced exosomes and regenerative biomolecules that have 
the potential to restore tissues and skin rejuvenation [27]. 
 

The key processes that occur in skin regeneration mediated by nanotechnology, such as improved 
penetration, targeted delivery, stimulation of collagen, cellular proliferation, angiogenesis, and 
remodelling of tissues, are shown in Figure 3. Also, the various uses of nanotechnology in skin 
regeneration and repair, including anti-ageing therapies, wound healing, regenerative dermatology, and 
stem cell-based therapies, are listed in Table 2 below. Together, these developments show that 
nanotechnology has great potential to transform regenerative skin care by enhancing its therapeutic 
quality, increasing tissue regeneration speed, and prolonging skin health [28]. 
 

 
Figure 3. Mechanisms of nanotechnology-mediated skin regeneration. 
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Table 2. Applications of nanotechnology in skin regeneration and repair. 

Application area Nanotechnology 

approach 

Active components 

delivered 

Therapeutic effect Skin benefit 

Collagen 

Enhancement 

Liposomes, NLCs, 

SLNs 

Retinoids, Vitamin C, 

Peptides 

Stimulates fibroblast 

activity and collagen 

synthesis 

Improved firmness 

and elasticity. 

Anti-Wrinkle 

Therapy 

Nanoemulsions, 

Liposomes 

Retinol, Coenzyme Q10, 

Antioxidants 

Reduces wrinkle formation 

and photoaging 

Smoother skin 

appearance. 

Wound Healing Polymeric 

Nanoparticles, SLNs 

Growth factors, 

Antimicrobials 

Accelerates tissue repair 

and re-epithelialization 

Faster wound 

closure. 

Skin Regeneration Nanostructured Lipid 

Carriers 

Bioactive peptides and 

proteins 

Promotes cellular 

proliferation 

Enhanced skin 

renewal. 

Stem Cell Therapy Nanocarrier-Based 

Delivery Systems 

Stem cell-derived 

exosomes 

Supports tissue 

regeneration 

Improved skin 

rejuvenation. 

Growth Factor 

Delivery 

Polymeric 

Nanoparticles, 

Liposomes 

EGF, FGF, PDGF, TGF-

β 

Stimulates cell growth and 

repair 

Enhanced 

regenerative 

capacity. 

Scar Reduction Nanoemulsions, 

Niosomes 

Anti-inflammatory agents Reduces fibrosis and scar 

formation 

Improved skin 

texture. 

Photodamage Repair Lipid Nanoparticles Vitamins A, C, E and 

Polyphenols 

Protects against UV-

induced damage 

Reduced 

photoaging. 

Angiogenesis 

Promotion 

Polymeric Nanoparticles Growth factors and 

cytokines 

Enhances blood vessel 

formation 

Improved tissue 

healing. 

Moisturization and 

Barrier Repair 

Liposomes, 

Nanoemulsions 

Ceramides and 

Hyaluronic Acid 

Restores skin barrier 

function 

Increased hydration. 

Antioxidant 

Protection 

SLNs, NLCs Resveratrol, Curcumin, 

Green Tea Polyphenols 

Neutralizes reactive oxygen 

species 

Protection against 

oxidative stress. 

Tissue Remodeling Advanced Nanocarriers Peptides and 

Regenerative 

Biomolecules 

Enhances extracellular 

matrix remodeling 

Long-term skin 

regeneration. 

 

CLINICAL APPLICATIONS AND RECENT ADVANCES 

Clinical use of nanotechnology cosmeceuticals has grown tremendously in the last ten years, 

changing both cosmetic dermatology and skin care sectors with the production of improved 

formulations with increased efficacy, stability and delivery. Nano-cosmeceutical products are now 

actively used as anti-aging, skin rejuvenation, photoprotection, moisturization, pigmentation control 

and regenerative skin therapies. Many types of nanocarriers systems have been developed and applied 

in cosmetic products to enhance the penetration, and bioavailability of active ingredients (vitamins, 

antioxidants, peptides, growth factors, and botanical extracts) through the use of a variety of nanocarrier 

systems, including liposomes, nanoemulsions, solid–lipid nanoparticles (SLNs), nanostructured lipid 

carriers (NLCs), and polymeric nanoparticles [29]. These nano-enabled preparations offer controlled 

release, better retention on the skin, increased resistance to degradation by the environment and lesser 

irritation relative to traditional topical preparations. As a result, consumers are in a better position to 

experience better anti-aging therapies that can be used to combat wrinkles, enhance skin elasticity, 

increase hydration and make the skin look rejuvenated. Over the past years, there has been tremendous 

research and clinical studies that have further confirmed the therapeutic value of nanotechnology in 

skin care [30]. Studies carried out in 2020–2026 have shown that delivery systems based on nanocarriers 

have a strong positive impact on the properties of bioactive compounds such as retinoids, vitamin C, 

coenzyme Q10, hyaluronic acid, resveratrol, curcumin, and growth factors. More developed lipid-based 

nanoparticles have demonstrated greater ability in preserving delicate ingredients against oxidation and 

degradation and allow a deeper penetration into the epidermis and dermis. Clinical research has 

documented enhancement of collagen production, skin firmness, skin hydration, wound healing as well 

as sunlight protection compared to conventional formulations [31]. Moreover, new technologies, like 

dendrimers, nanofibers, metallic nanoparticles, and stimuli-responsive nanocarriers, have increased the 
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list of applications in regenerative dermatology and anti-aging medicine. Smart nanocarriers that are 

sensitive to changes in pH or oxidative stress or temperature or enzyme activity are under investigation 

in order to achieve site-specific and controlled delivery of therapeutic agents, which increases treatment 

accuracy and efficacy. Other developments that have been significant are the development of tailor 

made nano-cosmeceuticals, which are the nanotechnology combined with specific skin care strategies 

[32]. The innovation of artificial intelligence, digital skin imaging, biomarker analysis, genomics, and 

machine learning are making it possible to create individualized formulations that are based on the 

unique skin type, aging patterns, environmental exposures, and genetic factors. Individualized nano-

cosmeceuticals are focused on maximizing therapeutic benefits through the provision of customized 

formulations of active ingredients in concentrations that are tailored to meet the unique skin issues of 

an individual [33]. The strategy can enhance effectiveness and reduce side effects and inappropriate use 

of the products. With the ever-rising needs of the evidence-based and patient-centered skin care 

delivery, nanotechnology is likely to gain a significant role in the future of cosmetic science and 

dermatology. Recent inventions of new nanocarrier systems, new active ingredients, clinical uses, and 

even personalized skin care technologies are listed in Table 3 and reflect how fast nanotechnology-

based cosmeceuticals are evolving and how they are becoming an increasingly important part of 

contemporary skin health and rejuvenation programs. 
 

Table 3. Recent advances in nanotechnology-based cosmeceuticals (2020–2026). 
Year Nanotechnology 

advancement 
Active ingredient/ 

technology 
Application area Key outcome 

2020 Solid–Lipid 
Nanoparticles (SLNs) 

Coenzyme Q10 Anti-aging Improved skin penetration 
and antioxidant activity. 

2020 Nanoemulsion Systems Vitamin E Moisturization and 
Skin Protection 

Enhanced stability and 
bioavailability. 

2021 Liposomal Formulations Vitamin C Skin Brightening and 
Anti-Aging 

Increased collagen synthesis 
and reduced oxidative stress. 

2021 Polymeric Nanoparticles Retinol Wrinkle Reduction Controlled release with 
reduced skin irritation. 

2022 Nanostructured Lipid 
Carriers (NLCs) 

Hyaluronic Acid Skin Hydration and 
Rejuvenation 

Improved moisture retention 
and skin elasticity. 

2022 Gold Nanoparticles Peptide Complexes Skin Regeneration Enhanced cellular repair and 
anti-aging effects. 

2023 Dendrimer-Based 
Delivery Systems 

Antioxidants Anti-Aging Therapy Increased loading capacity 
and targeted delivery. 

2023 Nanofiber Technology Growth Factors Wound Healing and 
Tissue Repair 

Accelerated regeneration and 
collagen production. 

2024 Stimuli-Responsive 
Nanocarriers 

Retinoids and Peptides Personalized Skin 
Care 

Controlled release based on 
skin conditions. 

2024 Exosome-Loaded 
Nanoparticles 

Stem Cell-Derived Factors Skin Regeneration Enhanced tissue repair and 
rejuvenation. 

2025 AI-Assisted 
Nanoformulations 

Multi-Ingredient Systems Personalized 
Cosmeceuticals 

Customized skin care 
solutions with improved 
efficacy. 

2025 Hybrid Nanocarrier 
Systems 

Botanical Extracts and 
Vitamins 

Anti-Aging and 
Photoprotection 

Synergistic therapeutic 
effects. 

2026 Smart Nanoparticles Targeted Regenerative 
Agents 

Precision Dermatology Improved targeting and long-
term skin rejuvenation. 

2026 Multifunctional Nano-
Cosmeceuticals 

Combined Antioxidants, 
Peptides and Growth 
Factors 

Comprehensive Skin 
Rejuvenation 

Enhanced anti-aging, repair 
and protective effects. 

 
CHALLENGES, SAFETY, AND REGULATORY CONSIDERATIONS 

The growing application of nanotechnology into cosmeceutical preparations has greatly contributed 
to the efficacy of anti-aging and skin regenerative preparations; nonetheless, various issues regarding 
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safety, toxicity, regulation, production, and quality control are critical to their broad acceptance and 
commercialization. Among the major issues is the possible toxicological impact of nanoparticles 
because of its very small size, large surface area as well as its peculiar physicochemical characteristics 
[34]. Compared to traditional cosmetic ingredients, nanoparticles can penetrate deeper into the skin and 
react on the cell structures, which poses risks in the expression of cytotoxicity, oxidative stress, 
inflammation, genotoxicity, and prolonged biological accretion. Most of the nanocarriers in use in the 
cosmeceutical sector including liposomes, solid–lipid nanoparticles, and polymeric nanoparticles are 
generally thought to be biocompatible and safe, although some metallic nanoparticles and engineered 
nanomaterials can be potentially harmful depending upon their composition, concentration, size, surface 
charge and length of exposure. The risk of systemic absorption via ruptured skin or hair follicles or 
extended usage has further stressed the necessity of toxicological assessment and long-term safety 
research [35]. The other big challenge is the creation of effective regulatory guidelines of cosmetic 
products that are based on nanotechnology. The regulatory bodies in different parts of the world are still 
struggling with the need to come up with standardized procedures in characterization, safety evaluation, 
labeling and approval of nano-enabled formulations [36]. Current cosmetic regulations were mostly 
formulated prior to the advent of nanotechnology, and they may not be in a good position to manage 
the specific characteristics and biologic characteristics of nanoscale substances. This leads to varying 
regulations applied by different countries, and as a result, manufacturers who aim to have their products 
approved and commercialized in different countries face difficulties. Regulatory bodies are placing an 
increasing level of importance on the characterization of nanoparticles, the risk assessment, safety 
testing and post-marketing monitoring to provide consumer safety. Besides the safety and regulation 
issues, manufacturing and quality control issues are also important impediments to the mass-produced 
nanotechnology-based cosmeceuticals [37]. To achieve consistency, stability, and reproducibility, the 
preparation of nanoparticles involves specialized equipment, advanced formulation methods, and strict 
control of the process. Differences in particle size, morphology, encapsulation efficiency, surface 
properties, and release profiles can have a significant impact on product performance and safety. As 
such, the quality control measures should be strong to ensure consistency and efficacy of the products 
in terms of quality and reliability [38]. Moreover, production cost, scalability, storage stability, and 
batch-to-batch uniformity issues can be barriers to commercial feasibility. Quality assurance is further 
complicated by the fact that there are no universally recognized analytical techniques to characterize 
nanoparticles. Nevertheless, with continuous developments in nanotoxicology, materials science, 
regulatory science and manufacturing technologies, the safety and quality of nano-cosmeceutical 
products are being enhanced. The cooperation of researchers, industry stakeholders, and regulatory 
bodies will likely help develop standard guidelines, less harmful nanomaterials, and more productive 
approaches to producing them, which will eventually enable the responsible and sustainable 
development of nanotechnology-based cosmeceuticals in contemporary dermatology and skin care [8]. 
 

FUTURE PERSPECTIVES 
It is predicted that modern trends in nanoparticle cosmeceuticals will be fuelled by the impressive 

improvements in intelligent nanocarrier systems, artificial intelligence (AI) applications in assisting 
product development, and novel skin rejuvenation technologies that seek to deliver more effective, 
personalized, and targeted skin care. Conventional cosmeceutical formulations are usually limited in 
the areas of nonspecific delivery, poor penetration, intermittent efficacy and limited sensitivity to 
dynamic skin mechanisms [39]. To address these issues, scientists are turning to the creation of smart 
nanocarriers that can be used to deliver active ingredients in a controlled and site-specific fashion. These 
nanocomposite materials have the capability to detect physiological and environmental conditions 
including pH, temperature, oxidative stress, enzymatic activity, and inflammatory signals, and release 
therapeutic compounds in a precise manner only when and where necessary. These types of targeted 
delivery methods enhance the efficacy and reduce unwanted side-effects, boost bioavailability, and 
maximize the performance of anti-aging and regenerative preparation [13]. The use of smart 
nanocarriers with antioxidants, growth factors, peptides, stem cell-derived bioactive molecules, and 
regenerative agents will likely be at the forefront of the next-generation skin rejuvenation therapies 
(Figure 4). Along with the introduction of artificial intelligence into cosmetics research and product 
design, another groundbreaking change is the introduction of artificial intelligence into cosmetics 
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research and product design. Machine learning, computer vision, predictive analytics and digital skin 
assessment platforms are AI technologies that are being utilized more and more to analyze massive 
amounts of data pertaining to skin physiology, aging trends, environmental exposures, consumer 
behavior and treatment outcomes [40]. Those technologies also allow detecting the personal skin 
features and creating the personalized nano-cosmeceutical formulations in accordance with the 
requirements. AI-aided systems can anticipate compatibility of ingredients, optimize the design of 
nanoparticles, assess the performance of the formulation, and speed up product development and 
shorten research expenses and development cycles. Moreover, AI algorithms and digital skin 
diagnostics are facilitating accuracy skin care methods that provide personalized treatment according 
to biological and environmental profiles [41]. Convergence of nanotechnology, regenerative medicine, 
biotechnology, genomics and advanced biomaterials are also expected in future trends in skin 
rejuvenation technologies. New technologies are stem cell-derived exosome formulations, 
bioengineered peptides, nanofiber-based delivery systems, three-dimensional skin models, regenerative 
biomaterials that enhance collagen synthesis, tissue repair and cellular renewal. Individualized anti-
aging therapies can become more tailored using biomarkers-based treatment plans and smart delivery 
systems that can be adjusted to physiological alterations in the skin as time goes by. Besides, sustainable 
nanotechnology, green synthesis, and biodegradable nanomaterials are likely to enhance the product 
safety and environmental friendliness. In totality, these advancements suggest that the next generation 
nano-cosmetics will not be a typical cosmetic product, but an advanced therapeutic delivery system 
capable of delivering targeted, adaptive, and customized skin treatment [42]. 

 

 
Figure 4. Future directions of nanotechnology-based cosmeceuticals. 

 

Figure 4 displays the key future trends in nanotechnology-based cosmeceuticals, such as smart 

delivery systems, AI-based formulation design, regenerative technologies, and precision skin care 

approaches, which illustrate the next generation of innovations that will revolutionize dermatology and 

cosmetic science. 

 

CONCLUSION 

Nanotechnology has proven to be a revolutionary concept in the cosmeceuticals industry to provide 

innovative solutions to most of the constraints of the traditional skin care formulations. Nanotechnology has 

made the anti-aging and skin regenerative products effective in a very significant manner by facilitating the 

formulation of nanoscale systems of delivery with a superior penetration ability, controlled delivery, greater 
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stability and enhanced target delivery. Various nanocarriers, such as liposomes, niosomes, solid–lipid 

nanoparticles, nanostructured lipid carriers, polymeric nanoparticles, and nanoemulsions, have shown 

significant promise in improving bioavailability and therapeutic efficacy of active ingredients in nanocarriers 

like antioxidants, vitamins, peptides, growth factors and botanical compounds. These novel delivery 

methods enhance penetration of bioactive molecules into the skin and protracted release, thus enhancing 

collagen production, oxidative stress reduction, tissue regeneration, and the overall health of the skin. The 

more recent innovations in nanotechnology-based cosmeceuticals have given rise to the use of 

multifunctional formulations that can perform the functions of anti-aging, photoprotective, moisturizing, and 

regenerative simultaneously. The effectiveness of nano-enabled products in enhancing skin elasticity, skin 

hydration, reduction of wrinkles, wound healing and skin rejuvenation has continued to be confirmed by 

clinical research and commercial uses. Moreover, using AI, digital skin diagnostics, and personalized 

medicine, the way to individual nano-cosmeceutical formulations, based on the individual skin features and 

therapeutic requirements is open. Although these are encouraging improvements, the issues pertaining to the 

safety and toxicological analysis of nanoparticles, standardization of regulatory measures, scalability of 

nanoparticles manufacturing, and quality control are some of the key factors that need to be considered to 

maintain consumer safety and reliability of the products in the long-term. Further studies in nanotoxicology, 

materials science and regulatory science will be necessary to overcome these constraints and enable wider 

clinical and commercial usage. In the future, innovations, like smart nanocarriers, stimuli responsive delivery 

systems, regenerative biomaterials, stem cell-based formulations, and AI-assisted product design, are likely 

to revolutionize the cosmeceutical industry further. Such innovations will probably allow more accurate, 

efficient and individualized skin care interventions and facilitate sustainable development of products. To 

sum up, nanotechnology-based cosmetics are still a fast developing and highly prospective field of cosmetic 

science that can potentially revolutionize the future of skin rejuvenation, anti-aging therapy, and regenerative 

dermatology, ultimately leading to higher skin health, better treatment results, and better consumer 

satisfaction. 
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