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Table S1. Commercially available reconstructed human epidermis, pigmented epidermal, and full-thickness in vitro human skin models are employed for skin safety testing and nanoparticle–skin interaction assessment.
	Model Category
	Commercial Model (Company, Country)
	Cell Composition
	Scaffold / Support
	Primary Validated Applications
	References 

	Reconstructed Human Epidermis (RHE)
	SkinEthic™ RHE (Episkin, France)
	NHEK
	Polycarbonate filter
	Skin irritation (OECD TG 439)
	[1, 2]
	
	EpiSkin™ (Episkin, France)
	NHEK
	Collagen matrix
	Skin irritation (OECD TG 439)
	[2, 3]
	
	EpiDerm™ (MatTek, USA)
	NHEK
	Collagen-coated polycarbonate membrane
	Skin corrosion (OECD TG 431), Skin irritation (OECD TG 439), Phototoxicity (OED TG 432)
	[4]
	
	EpiCS® (Phenion, Germany)
	NHEK
	Polycarbonate membrane
	Skin corrosion (OECD TG 431), Skin irritation (OECD TG 439)
	[5]
	
	ZenSkin™ RHE (Zen-Bio, USA)
	NHEK
	Polycarbonate filter
	Research use (non-OECD validated)
	[6]
	Pigmented RHE
	SkinEthic™ Pigmented RHE (Episkin, France)
	NHEK + melanocytes (multiple phototypes)
	Polycarbonate filter
	Pigmentation, UV–NP interaction
	[1]
	
	MelanoDerm™ (MatTek, USA)
	NHEK + melanocytes (phototypes I–VI)
	Filter insert
	Pigmentation, phototoxicity
	[7]
	
	EpiCS®-M (Phenion, Germany)
	NHEK + melanocytes
	Polycarbonate membrane
	Pigmentation studies
	[8]
	Human Skin Equivalent (HSE) / Full-Thickness Models
	T-Skin™ (Episkin, France)
	NHEK + human fibroblasts
	Dermal equivalent
	Advanced safety and efficacy studies
	[9]
	
	Full-Thickness Model (Sterlab, France)
	NHEK + fibroblasts
	Collagen matrix
	Penetration and inflammation studies
	[10]
	
	EpiDermFT™ (MatTek, USA)
	NHEK + NHDF
	Collagen
	Penetration, chronic exposure
	[11]
	
	Phenion® FT (Henkel AG & Co. KGaA, Germany)
	NHEK + fibroblasts
	ECM-based scaffold
	Long-term exposure, mechanistic studies
	[5]










[bookmark: _Hlk220790168]Table S2. Enhancements in the cosmetic efficacy of active ingredients or conventional ingredients through nanoformulations.
	Active Ingredient
	Conventional Formulation
	Nano-Enabled Formulation
	Reported Efficacy Improvement
	Key Outcome Observed
	Reference (IEEE)

	Vitamin E (α-tocopherol)
	Cream / Emulsion
	Solid Lipid Nanoparticles (SLN)
	~3.2× higher skin retention
	Improved antioxidant activity & reduced TEWL
	[1]

	Vitamin C (Ascorbic acid)
	Aqueous serum
	Liposomes / Nanoemulsion
	~2.5–4× higher bioavailability
	Enhanced collagen synthesis & photoprotection
	[2]

	Retinol
	Conventional cream
	Nanostructured Lipid Carriers (NLC)
	~4× higher stability & efficacy
	Reduced wrinkles with lower irritation
	[3]

	Curcumin
	Suspension / Cream
	Polymeric nanoparticles / Nanoemulsion
	~5× higher penetration
	Enhanced anti-inflammatory & antioxidant effect
	[4]

	Coenzyme Q10
	Oil-based cream
	Liposomes
	~3× higher epidermal uptake
	Improved anti-aging performance
	[5]

	Sunscreen (ZnO)
	Micron-sized ZnO lotion
	Nano-ZnO dispersion
	~2–3× improved UV protection
	Higher SPF with better transparency
	[6]

	Salicylic acid
	Alcoholic gel
	Nanoemulsion
	~2.8× improved follicular delivery
	Enhanced anti-acne efficacy
	[7]

	Hyaluronic acid
	Conventional gel
	HA-loaded nanoparticles
	~3–5× higher hydration
	Long-lasting moisturization
	[8]

	Resveratrol
	Cream
	SLN / NLC
	~4× increased stability & penetration
	Improved antioxidant & anti-aging effect
	[9]

	Tea polyphenols
	Lotion
	Liposomal formulation
	~2.5× higher skin deposition
	Enhanced photoprotective efficacy
	[10]
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