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The word “Nano” is derived from the Greek “nanos” meaning “dwarf” and denotes one billionth of a unit.1 Nanoparticles are the ones with size less than 100nm in at least one dimension. According to National Nanotechnology Initiative (NNI), ‘Nanotechnology is the understanding and control of matter at the nanoscale, at dimensions between approximately 1 and 100 nanometers, where unique phenomena enable novel applications’.4 Nanomedicine is the application of nanotechnology in medicine while nanodermatology is nanotechnology applied to the field of dermatology for various purposes.1,2
In 1950’s a physicist, Richard Feynman, pioneered the idea of formation of machines capable of making tiny copies of them. K. Eric Drexler devised simple nanomachines in 1970’s and figured out the unique characteristics of materials at the nanoscale.2 Today, nanotechnology is exponentially growing and has diverse commercial applications including all fields of medicine. 
Nanoparticles can be naturally occurring or can be produced in the laboratory. At nanoscale, particles may exhibit novel physicochemical, electronic, mechanical, optical, catalytic and thermal properties, as compared to the same at macro level.3 They may have different shapes e.g. spheres, rods, dendrimers, may be soft or hard, soluble or insoluble.3 Some of the most important engineered nanoparticles being used commercially are carbon  nanotubes,  fullerenes, 

Table 1 Applications of nanodermatology [2-6].
	Cosmetic 
	Sunscreens
Emollients
Slow release volatile compounds e.g. perfumes and insect repellants 

	Diagnostic 
	Real time visualization of tumors and sentinel lymph nodes 
Real time diagnosis of infections and malignancies
Minimally invasive biopsies 

	Therapeutic 
	Antimicrobials
Wound care 
Epicutaneous fillers e.g. hyaluronic acid 
Epicutaneous botulinum toxin 
Epidermally topical corticosteroids, 
Gene silencers, 
Epicutaneous vaccines 
Inducible therapies (e.g., optical, magnetic, temperature, and radiofrequency) 


quantum dots (QDs), metals (Ag, Au), metal oxides (TiO2, ZnO, Fe2O3, SiO2), lipophilic nanoparticles. The unique features of nanomaterials allow many potential areas of application in dermatology, as summarized in Table 1.2-6
Photoprotection
Inorganic-based sunscreens containing titanium dioxide (TiO2) and zinc oxide (ZnO2) are considered as safe and effective anti-UV agents as compared to the organic-based sunscreens. They act by reflection and scattering of UV rays. However, they leave a white layer and greasy residue on skin making them aesthetically unacceptable. By applying nanotechnology, the nanoparticles scatter the visible light minimally so that the applied sunscreen appeared transparent. Therefore, nanotechnology has transformed a sunscreen with similar ingredients into one which is cosmetically acceptable in addition to providing much enhanced UV protection.6
Cosmetics
Nanoparticles are developed to encapsulate cosmetic ingredients. It helps in their carriage, better penetration through skin layers and protection of active compounds from oxidation. A range of cosmetic products benefitted by this technique include deodorants, shampoos, conditioners, eye shadows, lipsticks, nail-care products, perfumes, after-shave and anti-aging agents.2-4
Emollients
Emulsified nanoparticles acquire many advantageous properties in contrast to the traditional emollients. These comprise of their invisible appearance and non-greasy texture.2 
Diagnosis of cutaneous malignancies
Quantum dots, a type of nanoparticles, tagged with antibodies can be used for real time visualization of sentinel lymph nodes and cutaneous tumors, especially metastatic melanoma.2,7
Diagnosis of skin infections
‘Carbon nanotubes’ can be linked to bigger molecules like nucleic acids and antibodies which in turn can bind their receptors. The electrical conductivity is different for isolated, coupled and receptor-bound coupled carbon nanotubes. Based on this unique property, a highly sensitive biomarker sensor can be developed for the real time diagnosis of cutaneous infections and may be malignancies.5 
Nanopunch biopsy
It is an origami claw shaped small biopsy tool comprising of nickel, chromium, silicon and copper layers having variable coefficients of expansion. Therefore, its opening and closure can be controlled by mere change of temperature. It could be administered into the bloodstream and its movement can be governed by a magnetic field as it is also paramagnetic. Using this technique, biopsy can be obtained from the most difficult sites like nail matrix, fascia etc.5
Treatment of skin infections
Nanoparticulate chitosan has been used to encapsulate various volatile antimicrobial gases e.g. nitric oxide which is released when the polymer dissolves. It is utilized in treating cutaneous infections and abcesses.7
Treatment of wrinkles
Botulinum toxin has also been encapsulated in nanoparticles in a form that eases skin penetration and disappearance of the wrinkles. Similarly nanoparticles of hyaluronic acid can penetrate the skin making possible its topical application without the need of an injection.5 
Treatment of spongiotic dermatoses
Nanoencapsulated topical steroids absorb in the epidermis without penetrating the dermis. Therefore, help avoiding steroid side effects such as atrophy and telangiectasias and used in the treatment of spongiotic skin disorders.5

Inactivation of gene expression
Small inhibitor ribonucleic acids (siRNAs) encapsulated within polymeric nanoparticles can inactivate the expression of a gene in a selective manner and can be utilized in the treatment of genodermatoses.2 Nanoencapsulated siRNAs specifically targeting BRAF gene can be used to treat melanoma.3
Thermosensitive nanoparticle polymers
These polymers encapsulating a drug e.g. methotrexate used to dissolve and release the drug above a certain temperature. Therefore, they can be applied for delivery of drug at the inflammatory sites. e.g. in psoriasis.5 External heat can be applied at a specific site to achieve the desired results even in difficult sites like scalp and nail etc.5
Topical vaccination
Nanoparticles can be engineered in a way to make them capable of inducing humoral and cell-mediated immunity. Topical vaccination activates Langerhans cells and dendritic cells in the skin to elicit immune response. Hair follicles found to be rich in these cells are the target for these vaccines.2
Controlled release drug delivery agents
[bookmark: _GoBack]Dendrimers have been used as delivery systems for photodynamic therapy, transdermal delivery of NSAIDs, and chemotherapeutics⁄ antineoplastics. The drugs delivered by the nanoparticulate agents can be released in a controlled manner by magnetic field, laser light, radio waves, temperature change and free radicals.5,6 

Limitations [2,6] 
The development and availability of nanoparticles containing cosmetic and biomedical products are increasing and thus exposing human beings to potential side effects. Nanoparticles are tiny but they have a much higher surface area to volume ratio. This tremendously increases the surface availability for biological interactions leading to the formation of new allergens, irritants and haptens etc. As nanoparticles have the ability to penetrate the skin easily and deeply causing toxicity e.g. foreign body granulomatous reaction, inflammation and cytotoxic reactions, oxidative stress, DNA damage and carcinogenicity.
Nanodermatology has an inevitable future but it is not free of hazards which are still unpredictable.
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