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Abstract. The application of nanotechnology in anti-aging cosmetics has gained significant
importance in recent years, offering solutions to the limitations of conventional cosmetics
formulations. However, gaps remain in understanding optimal nanoparticles for specific anti-aging
applications and useful safety profiles. This paper discusses various nanoparticle systems and their
efficacy and advantages in anti-aging cosmetics and their application in anti-aging creams and
lotions by analyzing various nanoparticle systems - liposomes, niosomes, and solid lipid
nanoparticles - and their specific mechanisms in anti-aging applications. The results of this paper
show that liposomes enhance active ingredient delivery through their phospholipid bilayer structure,
while niosomes effectively encapsulate antioxidants. These nanostructures overcome traditional
formulation challenges by enhancing penetration into deeper skin layers, improving the stability of
active compounds, enabling targeted delivery to specific skin places, and allowing the integration of
multiple functionalities within single products. Applications in the anti-aging formulation also include
advanced moisturizing through occlusive barrier formation, enhanced collagen production via
peptide delivery, transparent broad-spectrum UV protection with nano-sized metal oxides, and
efficient wrinkle reduction through retinoid delivery systems. The further use of nanoparticles
provides a framework for developing next-generation anti-aging cosmetics with enhanced
personalization potential while emphasizing the need for safety assessment and regulatory
compliance in this rapidly evolving field.
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1. Introduction

Nanotechnology has already had a transformative impact on the cosmetics industry,
revolutionizing the development and efficacy of anti-aging products. The global nanocosmetics
market is expected to reach $155.8 million by 2025, highlighting the growing importance of this
innovative field. Nanoparticles, which typically range in size from 1 to 100 nanometers, can
significantly improve the performance of cosmetics, including improved stability, increased
bioavailability and enhanced skin penetration.

The application of nanotechnology in anti-aging cosmetics solves several key challenges in
traditional cosmetics. First, nanocarriers help deliver active ingredients precisely to specific skin
layers, overcoming the limitations of traditional delivery systems. This targeted approach ensures that
the active compounds reach their intended site of action, thereby maximizing their efficacy. Second,
nanoformulations improve the stability of active compounds, preventing their degradation and
extending the shelf life of the product.

Recent advancements in nanocosmetics have led to the development of various nanocarrier
systems, each offering distinct advantages in anti-aging formulations. Liposomes, phospholipid
vesicles with an aqueous core, have demonstrated excellent skin penetration and biocompatibility.
Their ability to encapsulate both hydrophilic and lipophilic compounds make them versatile carriers
for a wide range of anti-aging ingredients [1]. Niosomes, non-ionic surfactant vesicles, have shown
promise in delivering various antioxidants [2]. Solid lipid nanoparticles (SLNs) have emerged as
promising delivery systems, offering enhanced stability, improved skin penetration, and sustained
release of active compounds. SLNs, composed of solid lipids at room temperature, provide occlusive
effects that increase skin hydration, and offer improved drug-loading capacity and stability [3].
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Numerous studies have confirmed the efficacy of nanoparticle-based anti-aging formulations.
Nanocarriers loaded with peptides and growth factors have demonstrated enhanced collagen
production and preservation of existing collagen structures. For instance, solid lipid nanoparticles
incorporated with retinol have shown improved stability and potential for broad anti-aging effects [4].
Moreover, nano-sized zinc oxide and titanium dioxide have revolutionized UV protection in
cosmetics, offering transparent and broad-spectrum coverage [5]. These advanced nanocarrier
systems have demonstrated the ability to enhance skin penetration, improve the stability of active
ingredients, and provide controlled release, thereby maximizing the therapeutic potential of anti-aging
compounds.

Despite the encouraging progress, the safety and regulatory aspects of nanocosmetics remain
somewhat controversial. Long-term studies on the potential health risks of nanoparticle exposure are
limited and therefore need to be investigated. Regulatory agencies, including the EU Cosmetics
Regulation and the US Food and Drug Administration, have implemented guidelines for the use of
nanomaterials in cosmetics, emphasizing the need for safety assessment of nanomaterials.

This study aims to investigate the innovative applications of nanotechnology in anti-aging
cosmetics, focusing on various types of nanoparticles and their specific mechanisms of action. By
analyzing the efficacy, advantages, and potential limitations of nanomaterials in anti-aging
formulations, this study aims to critically evaluate the status of the field and identify promising
directions for future development.

By systematically reviewing recent literature and analyzing emerging trends, this study aims to
illustrate the transformative potential of nanotechnology in anti-aging skin care products. By
exploring the application of nanoparticles in moisturizing, collagen production, UV protection, and
wrinkle reduction. Ultimately, this concluding review of the research on nanocosmetics in anti-aging
applications will hopefully contribute to the development of more effective, personalized, and
sustainable skincare solutions.

2. Nanoparticle Types and Anti-aging Effects

2.1. Liposomes

Liposomes are composed of phospholipid bilayers that can trap hydrophilic active ingredients in
an aqueous core and hydrophobic active ingredients in a hydrophobic load, and they are some
cholesterols inside the bilayer that act as stabilizers, the main function of cholesterol is it can change
the fluidity of liposomes [1, 6]. Liposomes can vary in size from 15 nm to several microns and can
be unilamellar or multilamellar depending on the number of bilayers [7].

Liposomes act as a delivery system in cosmetic formulations, significantly enhancing the
transdermal penetration of active ingredients. These vesicles effectively pass through the stratum
corneum, facilitating the transport of encapsulated compounds to deeper skin layers. This targeted
delivery mechanism improves the bioavailability of active ingredients at their specific places, thereby
the overall therapeutic efficacy of skincare formulations is improved.

Moreover, liposomal encapsulation provides a protective environment for unstable compounds.
This encapsulation technology enables a controlled and sustained release profile of the active
ingredients, enhancing their biological effects on the skin. The combination of improved stability and
controlled release characteristics results in an extended duration of action for various cosmeceutical
agents, ultimately leading to advanced skincare outcomes [1].

2.2. Solid Lipid Nanoparticles

Liposomes are the most investigated nanoformulations as they provide various advantages
including enhancement of chemical stability of cosmetic active compounds. However, stability
problems, relatively low encapsulation efficiency, and poor control of particle size may limit
liposome use. Alternative lipid-based formulations have been developed to overcome these
drawbacks. Solid lipid nanoparticles are favorable delivery systems for cosmetic applications. The
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main purpose of preparing solid lipid nanoparticles was to have more control over the release, delivery,
and loading of the active compound which was not that efficient in liposomes. It also has an occlusive
effect on skin which can keep skin hydrated [2].

Solid lipid nanoparticles (SLNs), typically 40-1000 nm in diameter, are carriers composed of a
solid lipid core stabilized by surfactants [3]. The lipid matrix of SLN consists of physiological lipids
that remain solid at body temperature. Common lipids used in SLN include triglycerides, fatty acids,
waxes, and steroids (e.g., cholesterol). The solid lipid core includes lipophilic active compounds,
while the surfactants help stabilize the particles and can enhance skin penetration.

2.3. Niosome

The amphiphilic nature of niosomes allows them to encapsulate both hydrophilic and hydrophobic
compounds. Their bilayer structure is like liposomes, but niosomes use non-ionic surfactants which
are their primary ingredient instead of phospholipids. Niosomes consist of non-ionic surfactants,
cholesterol, and an aqueous core [2]. Niosomes have shown great potential in encapsulating various
antioxidants for skincare applications. For example, chitosan-coated niosomes loaded with ellagic
acid (EA) and cationic CTAB niosomes loaded with gallic acid (GA) demonstrate anti-aging effects
[8, 9]. Gallic acid loaded in cationic CTAB niosomes showed a melanin suppression effect of 55.92
+4.92% compared to the control, which be used as part of a skincare routine that includes sun
protection [9]. Ellagic acid-loaded chitosan-coated niosomes significantly downregulated MMP3
expression which is essential for maintaining skin elasticity and youthfulness [8].

3. Efficacy and Advantages of Nano-based Anti-aging Cosmetics

3.1. Enhanced Penetration and Bioavailability

Enhanced penetration and bioavailability are important aspects of skincare formulations, which
allow active ingredients to reach their specific targets more effectively. Several methods have been
provided to improve the delivery of active ingredients through the skin barrier. The liposomes, solid
lipid nanoparticles, and niosomes mentioned above are all very good carriers of active ingredients.

Niosome is a better carrier than liposome, although it has similar structures as liposome, it is
considered more stable. Niosomal formulations have demonstrated significant potential in enhancing
the structural and functional properties of the stratum corneum. These non-ionic surfactant vesicles
are hypothesized to interact with the epidermal barrier through multiple mechanisms. Firstly,
niosomes have been observed to reduce transepidermal water loss (TEWL), thereby improving skin
hydration. Secondly, these vesicles are used to increase skin surface smoothness by replenishing
depleted intercellular lipids. Moreover, the surfactant components of niosomes are thought to interact
within the lipid bilayers of the stratum corneum, leading to a reorganization of the tightly packed lipid
lamellae. This results in increased fluidity and permeability of the epidermal layer, then enhances the
penetration of active ingredients [10].

3.2. Targeted Delivery and Controlled Release

Targeted delivery systems aim to transport active ingredients to specific sites within the skin for
optimal efficacy. One specific example of nanocarrier use in targeted delivery systems is liposomal
doxorubicin, marketed as Doxil, which is already used as an anticancer drug. This formulation
encapsulates the anticancer drug doxorubicin within liposomal nanocarriers, typically 80-100 nm in
diameter. The liposomal structure provides several key advantages. Nanocarriers preferentially
accumulate in tumor tissues due to the enhanced permeability and retention (EPR) effect, resulting in
increased drug concentration at the target site [11].

Controlled release mechanisms also are an important aspect of advanced drug delivery systems in
skin care. For example, pH-responsive systems exploit the skin's natural pH gradient to trigger the
release of active ingredients, a mechanism that is particularly applicable to treatments for specific
skin conditions. Rizi et al. has developed a delivery system utilizing Eudragit® L100 microparticles
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loaded with hydrocortisone, an advanced formulation with negligible drug release under
physiological skin pH conditions. However, the system is designed to initiate targeted drug delivery
when exposed to the increased pH environment characteristic of atopic dermatitis-affected skin [12].

This study demonstrates the possibility of using targeted delivery or controlled systems in cosmetic
development, allowing small amounts of active ingredients to enter the human body, thereby
increasing efficiency and reducing damage to the human body.

3.3. Multifunctional Abilities

The integration of multiple active ingredients in cosmetic formulations allows for the creation of
multifunctional products that can address various skin concerns simultaneously. Combining
complementary active ingredients creates a synergistic effect that enhances efficacy, and the
combination of Vitamin C, Vitamin E, and Ferulic Acid demonstrates the synergistic effect of
cosmetic formulations, enhancing the properties of each when used together. Vitamin E helps
stabilize vitamin C, making it less prone to oxidation. Ferulic acid further enhances the stability of
both vitamins C and E. The combination protects against UV-induced damage and oxidative stress.
Using synergistic effects in anti-aging cosmetics products results in more effective prevention of skin
aging signs.

4. Applications for Anti-aging Creams and Lotions

4.1. Moisturizing and Hydration

Nanocarriers have demonstrated significant potential in enhancing the moisturizing and hydrating
properties of anti-aging creams and lotions through the formation of occlusive barriers and prevention
of transepidermal water loss (TEWL). Specifically, nanostructured lipid carriers (NLCs) and solid
lipid nanoparticles (SLNs) have demonstrated superior performance in generating occlusive films on
the skin surface. NLCs have been shown to amplify skin hydration through the formation of a
protective film at the stratum corneum interface, effectively reducing TEWL. Studies have shown
that anti-aging cosmetic formulations containing retinol and oligopeptide-loaded lipid nanocarriers
can significantly reduce TEWL [13]. This evidence highlights the potential of nanocarrier-based
approaches in anti-aging skin care.

4.2. Collagen Production and Protection

Nanocarrier systems offer improved efficacy in the delivery of peptides, growth factors, and other
active ingredients that support collagen synthesis and maintenance. Nanocarriers effectively deliver
peptides and growth factors to targeted skin layers. For example, ethosomes have exhibited significant
potential in transdermal drug delivery. A study showed that ethosomes loaded with rosmarinic acid
demonstrated enhanced skin penetration and prevented the degradation of elastin and collagen [2].
Nanocarrier systems also play a crucial role in protecting and preserving existing collagen structures.
For example, a study on retinol and oligopeptide-loaded lipid nanocarriers demonstrated improved
skin hydration, elasticity, and overall anti-aging effects. These nanocarriers effectively delivered the
active ingredients while potentially reducing irritation associated with retinol use [13].

4.3. UV Protection

Nano zinc oxide (ZnO) and titanium dioxide (TiO2) are particularly effective UV filters and
provide good UV protection in anti-aging products. Nano ZnO and TiO; particles provide better UV
protection compared to their larger counterparts. They offer broad-spectrum protection against both
UVA and UVB rays. The nanoparticle form allows transparent application, eliminating the white
residue associated with traditional sunscreens [3]. Advanced formulations often integrate multiple
active ingredients to enhance UV protection and provide additional benefits. A study on
multifunctional cosmetic formulation found that combining UV filters with antioxidants like vitamins
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A, C, and E, along with botanical extracts, provided enhanced protection against UV radiation and
improved overall skin condition [14].

4.4. Wrinkle Reduction

Retinoids are potent stimulators of skin cell turnover and renewal which can help to reduce
wrinkles. Advanced delivery systems have significantly improved the efficacy of retinoids in anti-
aging formulations. Nanocarrier systems enhance retinoid penetration and stability. Retinol and
oligopeptide-loaded lipid nanocarriers have potentially reduced retinol's irritant effects while
maintaining efficacy [13].

5. Broad Applications and Future Prospects

5.1. Skincare Product Formulations for Different Skin Types

Nanotechnology has revolutionized the development of customized skin care formulations for
different skin types, increasing the level of personalization and efficacy. Based on skin analysis,
specific ingredients are selected to address individual skin needs. For oily skin, nanoencapsulated
ingredients like salicylic acid or niacinamide can be incorporated to control sebum production and
minimize pore appearance. For dry skin, nanocarriers containing hyaluronic acid or ceramides can
provide enhanced hydration. For sensitive skin, nanocarriers can deliver anti-inflammatory
ingredients like aloe vera or chamomile extract with reduced irritation potential.

5.2. Hair Care

Nanotechnology offers innovative solutions for anti-aging scalp treatments and enhanced hair
growth formulations. Nanoparticle-enhanced hair growth formula has made the latest progress. A
study on minoxidil (MXD) nanocrystals combined with methylcellulose (MC) and gum arabic (GA)
demonstrated superior hair growth effects compared to conventional MXD formulations. This
nanocrystal dispersion, termed MG-MXD@NP, with a particle size of 110 nm, improved MXD
delivery to the skin tissue, hair bulges, and hair bulbs. The enhanced delivery of MXD using
nanoparticles was associated with elevated expression levels of CD34 and CD200, markers of hair
follicle epithelial stem cells crucial for promoting hair growth. Another study developed a 5% MXD
formulation containing MXD nanocrystals, MC, and GA (MG-MXD@NP) that showed more
effective delivery of MXD to both the hair bulge and hair bulb areas compared to commercially
available MXD solutions [15]. Ongoing research is focused on optimizing nanoparticle size,
composition, and delivery mechanisms to further enhance the efficacy of hair care treatments.

6. Safety Considerations and Regulatory Aspects

Incorporating nanotechnology into cosmetic formulations requires rigorous safety assessments and
compliance with evolving regulatory frameworks. Current research efforts are focused on elucidating
the long-term effects of nanomaterials, with a particular emphasis on potential risks associated with
skin penetration and chronic exposure. Notably, comprehensive inhalation studies of most
nanomaterials remain limited, except for SiO,, carbon black, and TiO2. This knowledge gap
highlights the need for more extensive toxicology studies to ensure the safety of nanoparticle
cosmetics for human health and environmental sustainability.

In response to these concerns, regulatory agencies around the world have implemented strict
guidelines for the use of nanomaterials in cosmetics. The European Union Cosmetics Regulation (EC)
No 1223/2009 requires a thorough identification and evaluation of nanomaterials in cosmetic
formulations, including mandatory labeling of the word “nano” in ingredient lists. Similarly, the U.S.
Food and Drug Administration has published guidance for the industry on the safety assessment of
nanomaterials in cosmetics, providing a framework for evaluating potential safety issues.
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The implementation of nanotechnology requires constant adaptation of regulatory frameworks to
keep pace with scientific advances. This evolving landscape presents challenges and opportunities
for the cosmetics industry, requiring a delicate balance between innovation and compliance.

7. Conclusion

The innovative application of nanotechnology in anti-aging cosmetics represents a significant
advancement in the field of cosmetic formulation. This comprehensive review has elucidated the
multifaceted potential of nanoparticle-based systems in addressing various aspects of skin aging.

Many professional literatures show that lots of nanocarriers such as liposomes, niosomes, and solid
lipid nanoparticles (SLNs) have unique advantages in the delivery of anti-aging compounds.
Liposomes show excellent skin permeability and biocompatibility, while niosome can encapsulate
various antioxidants for skincare applications. All in all, these nanocarrier systems help improve
stability, enhance bioavailability, and target delivery of active ingredients, overcoming many
limitations of traditional formulations.

The efficacy of nano-based anti-aging cosmetics is evident in various applications. Nanostructured
lipid carriers significantly reduce transepidermal water loss, forming effective occlusive barriers.
Peptide-loaded nanocarriers demonstrate enhanced collagen production and preservation. Nano-sized
metal oxides revolutionize UV protection by offering transparent, broad-spectrum coverage.
Furthermore, retinoid-loaded nanoparticles show improved wrinkle reduction with minimized
irritation.

Many studies highlight the potential of nanotechnology in developing personalized,
multifunctional skincare solutions. The integration of multiple active ingredients in a single
nanocarrier system opens new research aspects for comprehensive anti-aging treatments. Moreover,
the extension of these technologies to hair care highlights the broad applicability of nanocosmetics.

However, several limitations and challenges remain. Long-term safety studies on nanoparticle
exposure are still limited, necessitating further research. The potential environmental impact of
nanoparticles in cosmetic formulations also requires thorough investigation. Additionally, regulatory
frameworks must continue to evolve to keep pace with rapid advancements in nanotechnology.

Future research should focus on optimizing the synergistic effects of multiple nanocarriers,
exploring biocompatible and biodegradable materials for nanoparticle construction, and developing
smart delivery systems responsive to specific skin conditions. The integration of artificial intelligence
in formulating personalized nanocosmetics provides an exciting research aspect for future exploration.

In conclusion, while nanotechnology offers unprecedented opportunities for advancing anti-aging
skincare, it is imperative to balance innovation with rigorous safety assessments and regulatory
compliance. As the field develops, collaboration between researchers, industry stakeholders, and
regulators to realize the full potential of nanocosmetics while ensuring consumer safety is critical.
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