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OUTLINE: Nanotechnology has revolutionised cosmetic dermatology, offering many benefits due to its unique 
physicochemical properties. Since its introduction in the mid-1980s, nanotechnology has been widely incorporated into various 
dermatological products, such as sunscreens, anti-ageing and local anaesthetic products. However, while it offers significant 
potential in cosmetic dermatology, concerns remain about its safety, particularly regarding systemic absorption, long-term 
toxicity and environmental impact. As nanotechnology continues to expand, further research is critical to fully understand its 
safety profile and establish appropriate guidelines for its safe, responsible application in cosmetic dermatology.
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Introduction and background

Nanotechnology involves using nanoparticles or 
nanomaterials ranging from 1 to 100 nanometres 
(nm) and has significantly advanced cosmetic 
dermatology due to its remarkable physicochemical 
properties. Richard Feynman, often regarded as the 
‘father of nanotechnology,’ initially introduced the 
concept of manipulating molecules and atoms to 
create components so miniscule they are invisible 
to the naked eye in the 1950s.1 In 1974, Professor 
Norio Taniguchi formally defined ‘nanotechnology’ 
as the process of separating, consolidating, and 
deforming materials atom by atom or molecule by 
molecule.2 The first use of nanotechnology in cosmetic 
preparations was by Christian Dior in 1986 with its anti-
aging cream, Capture™, which used liposomes for better 
moisture delivery.3 That same year, Lancôme launched 
its first nanotechnology-based product, Niosomes, 
followed by ‘Plentitude Revitalift’ in 1998.4 Since 
then, many cosmetic companies have incorporated 
nanomaterials into their products (Table 1).

Nanotechnology offers numerous advantages for drug 
delivery. Firstly, the nanoscale size of the particles 
allows for a higher surface-to-volume ratio, which 
enhances the exposure of active molecules per dose 
administered to the stratum corneum.5 Secondly, the 
size enhances material dispersibility, improving skin 
absorption, providing sustained release, increasing 
bioavailability, and increasing active ingredient 
delivery to targeted sites. Additionally, nanomaterials 
can stabilise cosmeceutical compounds that might 

otherwise degrade due to oxidation or other factors. In 
summary, nanotechnology offers greater bioavailability, 
sustained release, and improved tolerance and stability 
of active ingredients in skincare formulations.

Nanomaterials in cosmeceuticals

The cosmeceutical industry utilises various 
nanotechnologies, which can be categorised into 
organic and inorganic nanoparticles (Figure 1).

Organic nanoparticles are non-toxic, hydrophilic, 
biocompatible, and highly stable, making them ideal 
for lipid-based nanocarriers used in formulating active 
ingredients as carriers and absorption enhancers. These 
include liposomes, niosomes, solid lipid nanoparticles 
(SLNs), nanostructured lipid carriers (NLCs), and 
nanoemulsions.

In contrast, inorganic nanoparticles, made of metals 
and their oxides, are often used in products that act on 
the skin’s surface, such as gold and silver nanoparticles 
in antimicrobial products or nanoparticles of titanium 
oxide (TiO2) or zinc oxide (ZnO) in sunscreens.

Clinical applications relevant to the skin 
and cosmetic dermatologists

Preventative skin care – Sunscreen formulations
Photoprotection against UV radiation is crucial to 
prevent cutaneous malignancies and photo-ageing. 
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Table 1. Commercially available nanocosmeceutical formulations with their benefits.

Product type Nanotechnology Benefits Product name

Sunscreen Inorganic particles 
(TiO2 and ZnO 
nanoparticles)

Hydrophilic, 
biocompatible, safe 
and photostable

Absorb UV light

Transparency

	¥ Eucerin Sun Lotion for Dry Skin – Beiersdorf AG
	¥ Daylong – Galderma

Retinoids Nanosomes Increased 
penetration and 
stability of their 
components

	¥ Revitalift – L ‘Oreal
	¥ Multi-Targeted Elixir – Re:Erth
	¥ Retinol Fix Blemish Gel Treatment – Nip+Fab
	¥ Dragon’s Blood Hyaluronic Night Cream – Rodial

Moisturising 
and anti-aging 
nanomaterials

Nanoliposomes Amphiphilic and 
increased skin 
penetration

	¥ Capture Totale – Dior
	¥ Advanced Night Repair Protective Recovery Complex 

– Estee Lauder
	¥ Serum Night Repair – Estee Lauder
	¥ Moisture Liposome Eye Cream – Decorte
	¥ Sparkling Glacier Complexion Mist – Aubrey Organics
	¥ C-Vit Liposomal Serum – Sesderma
	¥ Rehydrating Liposome Day Crème – Kerstin Florian 

Skincare
	¥  Liposome Face and Neck Lotion – Clinicians 

Complex

Niosomes Increased efficiency, 
penetration, 
bioavailability and 
stability of drugs

	¥ Niosome+ Perfected Age Treatment – Lancome
	¥ Eusu Niosome Makam Pom Whitening Facial Cream 

– Eusu
	¥ Anti-Fatigue – Moller for Man
	¥ Nio-Cell – Bellezza Italiana
	¥ Mayu Niosome Base Cream – Laon Cosmetics

	¥ Anti-Age Response Cream – Simple Man Match

SLNs and NLCs Increased shelf life

Adheres to skin 
surface, forming an 
invisible occlusive 
film that prevents 
water loss

	¥ Allure Body Cream – Chanel
	¥ Cream Nanorepair Q10 – Dr. Rimpler GmbH
	¥ Soosion Facial Lifting Cream SLN technology 

– Soosiun
	¥ Phyto NLC Active Cell Repair – Sireh Emas

Gold and silver 
nanoparticles

Multiple and not fully 
elucidated anti-
ageing actions, e.g., 
antioxidant effect

	¥ Nano Gold Firming Treatment – Chantecaille
	¥ Nano Gold Energizing Eye Serum – Chantecaille
	¥ Cor Silver Soap – Cor
	¥ The Silver Anytime Moisturiser – Cor
	¥ Nano Gold Foil Liquid – LR Zeitgard
	¥ O3+ 24K Gold Gel Cream – O3+
	¥ Orogold 24K Nano Ultra Silk Serum – Orogold

Nanoemulsions Transparent and 
stable

	¥ Skin Caviar – La Prairie
	¥ Coco Mademoiselle Fresh Moisture Mist – Chanel
	¥ Bruma De Leite – Natura
	¥ Benpanthol Facial Cream Ultra Protect – Bayer 

Healthcare
	¥ Nanovital VITANICS Crystal Moisture Cream – Vitacos 

Cosmetics
	¥ Coni Hyaluronic Acid and Nanoemulsion Intensive 

Hydration Toner – Coni Beauty

NLC, nanostructured lipid carriers; SLN, solid lipid nanoparticles; TiO2, titanium dioxide; ZnO, zinc oxide.
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Traditional sunscreens often suffer from greasy 
application, chemical odour, and chalky appearance. 
Nanotechnology-based formulations overcome these 
issues, offering “sheer” or “invisible” sunscreens 
with better cosmetic results. When formulated as 
nanoparticles, TiO2 and ZnO particles, commonly 
used in sunscreens, offer a higher sun protection 
factor (SPF) and improved cosmetic appeal due to 
their transparency. Additionally, carriers like SLNs 
and NLCs can act as physical UV blockers, enhancing 
the efficacy of sunscreen particles and reducing the 
amount needed.6 Some products may incorporate silica 
nanoparticles in sunscreens for their mattifying effect, 
pore minimisation, and spreadability.7

Priming of skin pre-treatment – Retinoids
Retinoids are commonly used in anti-ageing products. 
However, their use is limited by low penetration and 
side effects such as pruritus and burning sensation 
at the application site, erythema, dryness, and 
photosensitivity.8 They are also easily photodegraded by 
heat, air, or light exposure, leading to a rapid decline in 
efficacy, whether on the shelf or in the epidermis.8,9

In recent years, there has been increasing research into 
SLNs as carrier systems for retinol. Their advantages 
include UV blocking properties, which effectively 
protect against chemical degradation, and their nano-
size allowing close contact with the stratum corneum, 
thus increasing the penetration of retinol into the skin.10 
They also form an occlusive layer on the skin, reducing 
trans-epidermal water loss, decreasing corneocyte 
packing, and enhancing drug transport.11 Modified 
release formulations may also allow for controlled 
release of retinol, reducing irritation side effects.12,13 
Retinol-loaded SLNs have enhanced thermal stability 
by suppressing oxidation and reducing irritation 
through electrostatic repulsion, preventing aggregation 
among lipid nanoparticles.14 Additionally, application 
to porcine skin showed increased epidermal thickness 
compared with retinol alone, suggesting potential 
clinical benefits.14

Clinical trials on nanoemulsion gel formulations 
of retinoids indicate these are more effective and 
better tolerated for acne vulgaris than conventional 
formulations. In one phase IV randomised controlled 

Figure 1. Schematic representation of nanotechnologies used in cosmeceuticals. Adapted from Salvioni et al. (2021).5 

NP, nanoparticle; TiO2, titanium oxide; ZnO, zinc oxide.
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trial (RCT), the tretinoin (0.025% w/w) nanoemulsion gel 
formulation was found to be significantly more effective 
in reducing total and inflammatory acne lesions, as 
well as having significantly less local adverse events 
than the conventional gel formulation.15 Similar benefits 
were found when using a nanoemulsion gel combining 
adapalene and 1% clindamycin in another randomised 
open-label phase IV RCT.16 Currently, nanoemulsion 
gel formulations of retinoids such as Retin-A Micro 
(tretinoin) gel microsphere (Bausch Health) are available 
in the United States. However, there is no commercially 
available formulation available in Australia.

Preparation of skin on procedure day – 
Local anaesthetic delivery

Transdermal delivery of local anaesthetic via 
liposomes is a promising advancement in needle-free 
pain management. Liposomes made of unsaturated 
phospholipids dissemble upon skin application, allowing 
their components to rapidly and deeply penetrate 
the stratum corneum and have a prolonged duration 
of action.5 Liposomal-encapsulated tetracaine has 
demonstrated a superior topical anaesthetic effect over 
a eutectic mixture of local anaesthetics (EMLA) patch in 
two separate comparative studies.17,18 In Australia, LMX4 
(Dermocosmètica) is approved by the Therapeutic Goods 
Administration (TGA) and available commercially as a 
topical anaesthetic cream containing 4% lignocaine. It 
is applied to intact skin 30 minutes before a procedure, 
with an anaesthetic effect lasting approximately 
60 minutes. Extemporaneously compounded local 
anaesthetic creams can provide superior penetration and 
efficacy due to the use of ‘Lipoderm’ (PCCA) base, with 
tetracaine (4–7%) and lignocaine (6–23%). However, care 
must be taken with these formulations as application 
over large areas may produce systemic toxicity. 
Additionally, since Lipoderm is water-based, if using 
lasers that target water as the primary chromophore, 
such as erbium (2,940 nm) and carbon dioxide 
(10,600 nm) lasers, anhydrous bases may be preferred.

Post-cosmetic treatment care – Retinoids, 
wound care, lightening and anti-ageing 
compounds

Nanotechnology plays a crucial role in post-cosmetic 
treatment aftercare and maintenance. As previously 
mentioned, retinoids play a key role in skin priming and 
maintenance. In wound healing, nanofibers promote 
cellular proliferation and wound closure, whilst 
antimicrobial agents such as silver nanoparticles in 
wound dressings help prevent infection.5

Nanotechnology has been used in the delivery of 
depigmenting topical agents such as hydroquinone,19,20 
azelaic acid,21,22 kojic acid,23,24 and tranexamic acid.25,26 

They are used in the prevention or treatment of post-
inflammatory hyperpigmentation. However, their use 
is limited by adverse effects such as irritant dermatitis, 
characterised by erythema, pruritus, and desquamation, 
primarily due to their poor permeability through the 
stratum corneum, resulting in surface accumulation.27

Hydroquinone oxidises rapidly and has limited 
skin penetration due to its hydrophilic structure. 
Encapsulation of hydroquinone in SLNs protects it 
against oxidation and has improved penetration in rat 
skin.19 The use of NLCs loaded with azelaic acid has 
allowed for the gradual release of the drug and reduced 
the rate of adverse effects.21 Similarly, loading kojic acid 
into SLNs and NLCs has enabled this highly hydrophilic 
compound to bypass the stratum corneum effectively, 
resulting in enhanced tyrosinase inhibition and 
antioxidant activities compared with pure kojic acid.23,24

Alternatively, nanocrystals have been explored as 
a potential delivery method due to their ability to 
increase the drug’s solubility and dissolution rate, 
resulting in improved bioavailability in the skin. For 
example, the crystallisation of hydroquinone in cellulose 
nanocrystals has been shown to allow sustained 
release, increasing its efficacy while simultaneously 
reducing adverse effects.20 Similarly, the encapsulation 
of azelaic acid in nanocrystals has shown better skin 
bioavailability than conventional formulations.22

Anti-ageing compounds, such as antioxidants, 
vitamin C, and coenzyme Q10, have been incorporated 
into nanocarriers because the nanocarrier provides 
enhanced penetration of the active ingredient through 
the skin barrier.5 Nanoparticles such as SLNs also 
provide superior stability and controlled release of 
the active agent, resulting in superior efficacy with 
lower irritancy.

Safety considerations and current 
regulatory guidelines

The safety of nanoparticles is a highly controversial 
topic. Although nanomaterials may be present in 
formulations as active ingredients or carriers, their 
use and role in marketed cosmetics generally are not 
widely advertised due to the current debate around the 
potential long-term toxicity of these nanoparticles in 
terms of health and the environment.

Health considerations
Ironically, the very advantage of nanoparticles—their 
nano-size—also poses a toxicity risk. Their small 
size raises concerns about systemic circulation and 
cellular entry.28 Theoretically, penetration of the 
stratum corneum could occur via aqueous pores 
(diameter range: 0.4–36nm), via the intercellular lipid 
matrix (range: 5–7mm) or via the follicles (10–210 µm) 
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depending on the size of the nanoparticle.5 Once in the 
dermis, the concern is that these nanoparticles may 
have higher chemical reactivity due to their increased 
surface-to-volume ratios and produce reactive oxygen 
species that can damage DNA.28 For instance, TiO2 
nanoparticles at 20 nm have been shown to damage 
cellular DNA, even at low doses and without UV 
exposure.29 However, there are other chemicophysical 
factors to be considered in predicting the penetration 
ability of nanoparticles, such as their composition, 
charge, and duration of retention in the stratum 
corneum.5 Skin penetration studies have demonstrated 
that TiO2 is safe when applied to intact skin, as it does 
not penetrate beyond the stratum corneum. The main 
concern arises when TiO2 is used on broken skin, such 
as in acne, eczema, or wounds.30

Another concern is exposure via inhalation, as 
particulate air pollution is well known to cause acute 
increases in morbidity and mortality rates.28 Studies 
have shown that particle size influences the site and 
amount of particle deposition, as well as subsequent 
mucociliary clearance, with toxicity considered 
higher for ultrafine particles.28 Inhalation of high 
concentrations of nano-sized ZnO has been shown to 
result in a mild acute rise in inflammatory systemic 
biomarkers; however, the clinical significance of this is 
unclear.31 Regardless, Shiseido formulates nano-TiO2 
and ZnO in wet-based products but avoids their use in 
aerosols to mitigate inhalation risks.

Environmental considerations
Inorganic nanoparticles, such as gold, titanium, and 
silica-based nanoparticles, are insoluble and unlikely to 
degrade after topical application.32 When these particles 
are released into the sewerage systems, they may pose 
environmental risks, particularly to marine life. For 
instance, in laboratory studies, TiO2 nanoparticles have 
been reported to inhibit algae growth, though real-world 
tests on this environmental impact are still lacking.33 

Currently, there is limited information on the 
environmental risks of manufactured nanoparticles. 
Only a few studies have been published on 
nanomaterials’ direct and indirect impacts, indicating 
a need for extensive research to evaluate their 
interactions with biological systems and ecosystems.

There is no single regulatory authority overseeing the 
use of nanoparticles. In Australia, only TGA-approved 
ingredients can be used to manufacture these products. 
However, the Food and Drug Administration does 
not require approval for cosmetic products and their 
ingredients before marketing in the United States. 
Manufacturers are encouraged to review the safety data 
of specific ingredients or comparable formulations to 
determine the safety of nanocosmeceuticals.

Conclusion

Nanotechnology has led to significant advancements 
in cosmetic dermatology, providing improved drug 
delivery systems and enhancing the efficacy and 
safety of active ingredients. However, nanoparticles 
have potential toxicity risks due to their small size and 
reactivity. Environmental concerns also exist regarding 
the impact of inorganic nanoparticles on marine life 
and ecosystems. Overall, further research is needed 
to establish precise guidelines for the manufacturing, 
advertising, nanotoxicology testing, and safe use of 
nanotechnology in cosmetic dermatology.
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