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Summary
Persona] care product or sunscreen formulations may contain nano-sized components including
nanoemulsions and microscopie ves icles consisting of traditional cosmetic materials.
Numerous studies suggest that vesicle materials do not penetrate human skin beyond the superficial
layers of the stratum corneum. When compared with the skin absorption I penetration of ingredients
of traditional formulations (solution , gels, creams) , nano-sized form ul ations may enhance or reduce
skin absorption of ingredients, albeit at a limited scale.
Modem sunscreens contain sol id titanium dioxide (Ti02) or zinc ox ide (ZnO) nanoparticles (NP) that
filter UV more efficiently than larger particles.
A series of studies suggest that insoluble NP do not penetrate into or through normai or compromised human skin. In vivo toxicity tests confirmed that Ti02 and ZnO NP are non-toxic , biologically
inert and have a good skin tolerance .
A series of in vitro and in vivo cytotoxicity, genotoxicity, photo-genetic, pulmonary or acute toxicity,
sensitisation and ecotoxicity studies on Ti02 NP found no difference in the safety profile of micronor nano-sized materials, ali of which were non-toxic.
Some in vitro investigations on Ti02 or other insoluble particles reported cell uptake, oxidative cell
damage or genotoxicity; however, such data should be interpreted with caution since they may be
secondary to phagocytosis of cells exposed to excessive concentrations of insoluble particles.
Data from studies on surgical implant-derived wear debris nano- and micro-particles or other insoluble particles support the traditional view of toxicology that their toxicity is generally related to their
chemistry, rather than their particle size.
At present, there is no evidence for a rule that adverse effects of particles to the skin or other tissues
increase with smaller particle size or produce nove! toxicities . Overall, the weight of current
scientific evidence suggests that nano-sized persona! care or sunscreen ingredients pose no or negligible potential risk to human health, whereas their use in sunscreens has significant benefits including protection of human skin against skin cancer.
' Abbreviations: NP

= 11011opcmicles; NM = 11a11omarerials; Tt0 2 = 1i1a11i11m dioxide; 'Z110

=

z.ittc oxide .
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Riassunto
I cosmetici util izzati per la formulazio ne dei prodotti per la cura della persona e per la fotoprotezione del la cute possono contenere componenti nanostrutturati, quali nanoemu lsioni e particelle cli grandezza microscopica contenenti, a loro volta, ingredienti cosmetici trad izionali.
Numerosi studi evidenziano come queste nanoemulsioni non sembrino penetrare oltre lo strato corneo e , paragonate ai materi ali tradizionali, quali le soluzioni, i gel o le creme, possono esaltare o
ridurre l'assorbimento dei diversi ingredienti di uso corrente.
La moderne formu lazioni dei fi ltri solari contengono nanoparticelle cl i biossido di titanio (Ti02) o
ossido di zinco (ZnO) in grado di respingere g li UV molto più efficacemente d i quanto faccia no se
uti lizzati nelle loro d imensioni trad izionali.
Molti studi condotti in vitro e in vivo sulla citossicità, genotossicità, tossicità fo togenetica, sia acuta
che cronica, insieme ad altri studi di ecotossicità condotti su nanoparticelle di Ti0 2 , non hanno fatto
riscontrare differenze signifi cative sulla sicurezza d ' uso di questi materiali nanostrutturati rispetto ai
materiali di uso corrente, essendo risultati tutti non tossici.
Anche se alcun i studi in vitro condotti su Ti02 o su altre nanoparticelle insolubili hanno descritto
alcuni danni cellulari da ossidazione o alterazioni ri feribili a processi genotossici, è necessario interpretare i risultati con molta cautela perché secondari a fagocitosi o a cellule esposte a concentrazioni eccessive di particelle.
Altri dati provenienti da studi relativi a impianti di chirurgia ripartiva ev idenziano come il grado di
tossicità delle micro e nano particelle sia generalmente legato alle specifiche caratteristiche ch imiche del materiale utili zzato e non sia imputabile al la dimensione delle particelle stesse.
Al momento non vi è alc una evidenza sperimentale che mostri i maggiori effetti collaterali o tossici
provocati sulla cute o su altri tessuti dai prodotti nanostrutturati rispetto agli stessi materi aJi d i d imensioni tradizionali.
Le attuali evidenze scientifiche pongono in ri salto come l' uso appropriato di questi fil tri nanostrutturati inseriti nei prodotti solari abbia profondamente incrementato i loro effetti protettivi nei confronti dei tumori cutanei a fronte dei potenziali rischi risultati , al contrario , trascurabil i per la salute
umana.
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INTRODUCTION
There is a broad consensus that the principal
potential human health ri sk of nanopru1icles
(NP) or nanomaterials (NM) may be due to inhalation ( I); however, concerns ha ve al so been raised about the risks of the contact of NP/NM with
human skin. The possibility that topically
applied NP may pe netrate human sk.in and thereby produce a systemic health risk has been suggested in reviews by Hoet et al. (2), Oberdorster
et al. (3) or the US EPA Draft White Paper (4),
the latter suggesting that nanoparticles may
penetrate the skin and distribute throughout the
body once translocated to the circulatory
system.
Therefore, the key questions that must be asked
for NP I NM applied to the ski n is a) are they
absorbed and b), if so, are they intrinsically
toxic? Specific questions concerning the safety
of NP and NM in cosmetic products and sunscreens include the following:
a) Do cosmetic formulations containing nanosized features (vesicles or droplets) e nhance
the skin penetration of cosmetic ingredients,
thereby increasing the risk of human skin sensitisation or systemic exposure?
b) Do nano-sized cosmetic formulations pose
new risks whe n compared with those of trad itional cosmetic products?
c) Do topically appl ied insoluble NP remain on
the sk.in surface or are they able to pass the
skin barrier of normai or compromised skin to
gain access to systemic compartments of the
organism? , and
d) Are insoluble NP in sunscreens intrinsically
more hazardous than larger particles , i.e.
micro-particles or bulle materiai?
Therefore, in the present review, an attempt is
made to summarise the current knowledge about
the safety of cosmetic nano-formu lations and
insoluble nano-particles used in sunscreens.

NANO-SIZED FORMULATIONS
ANO SOLID NANOPARTICLES
Modem persona! care or sunscreen products
may contain nano-sized components, includ ing
nano-sized formulations or insoluble solid particles in the nano-range, i.e. l to 100 nm in diameter. Nanoemulsions are transparent and ha ve unique tactile and texture properties. Nanosomes,
niosomes or liposomes are small vesicles (range:
50 to 5000 nm) consisting of traditional cosmetic materials, and are mainly used to protect
light- or oxygen-sensitive cosmetic ingredients.
Given that such formu lations are inherently
unstable and rely on liquid I liquid interactions,
it is unclear whether they should be qualified as
genuine nanoparticles. However, numerous studies have shown that vesicle materials generally
do not seem to penetrate human skin beyond the
superficial layers of the stratum corneum (5).
When compared with the skin penetration of
ingredients in traditional formulations (solution,
gels or creams), nano-sized cosmetic formulatio ns
may enhance or reduce skin absorption or penetration, albeit at a limited order of magnitude (6,7).
Although very recently novel vesicular pharmaceutical formulations ("transferosomes") have
been developed that appear to produce a genuine
and significantly increased pe rcutaneous drug
delivery of drug ingredients, these pharmaceutical formulations are stili under development (8).
Modem sunscreens contain insoluble titanium
dioxide (Ti02 ) or zinc oxide (ZnO) nanoparticles
(NP), which are colorless and filte r UV light
more efficiently than micron-sized (> 100 nm)
pruticles.
In addition, the combination of paiticle-based
and organic UV filters has a synergistic effect of
UV scattering (particles) with UV-absorption
(organic UV filters), which permitted the development sunscreen with high (>30) sun protection factors (SPF).
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SKIN
PENETRATION ANO
TOXICOLOGICAL PROPERTIES
OF INSOLUBLE NANOPARTlCLES
Al i available evidence, including numerous stud ies on skin penetration in human or animai skin
as well as human subjects, demonstrated that
Ti02 or ZnO NP do not penetrate into or through
normai as well as compromised human or an imai skin (6,7,9, 10 , IJ ) . Very recent data suggested that ZnO or Ti0 2 nanoparticles do not penetrate into norma i or sunburned skin of min ipigs
( 12).
The absence of skin penetration of inso lubl e
nanoparticles is supported by decades of ex perie nce of transdermal drug delivery research ,
which has demonstrated that s ignificant passive
sk in penetration may only be achieved for substances that combine a low molecular weight
( <500 Da lton), low me lting point (<200 °C) and
a favorable logPO/W (between - I and +3), i.e .
properties that exclude insoluble nanopartic les
( 13) .

The results of ora! and topica! in vivo toxicity
tests showed that Ti0 2 and ZnO NP have low
toxicity a nd are well tolerated on the skin.
Subcutaneous or intravenou s administration of
Z nO or Ti02 nanoparticles produced no toxic ity
or unex pected body distributio n (1 4, 15 , 19).
Cytotoxicity, genotox icity and photo-genotoxic ity studies on Ti02 NP fou nd no difference in
the safety profile of rnicro- or nano-sized materials, ali of which were non-toxic or non-genotoxic ( 16).
A recent study compared tox icological and ecotoxicological aspects two types ofTi02 nanoparticle material s with those of a pigme nt-grade
(micron-sized) materials using a battery of tests,
inc luding acute toxicity, sensitization , pulmonary toxicity, genotoxic ity and toxic ity to algae,
Daphnia and fi sh .
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There was no difference in acute, inhalation,
genotoxicity and ecotoxic ity between the materials tested; they were a li equally non-toxic ( 17).
Although ZnO particles have been suspected to
be photo-genotoxic in vitro, recent results
demonstrated absence of a genuine photo-genotoxic potential (18).
A very recent study showed that single intravenous doses of ZnO nanoparticles , micro-partic les and zinc sulphate in rats produced similar
effects and were essentially non-toxic ( 19) .
The toxicity of small insoluble and ine rt particles to marnmalian cells, w hethe r micron- or
nano-sized , tends to be correlated with the ir celi
uptake. Many mammal ian cells in vivo or when
c ultured in vitro have a capaci ty for endocytosis
or phagocytosis of sma ll , insoluble particles .
Duri ng phagocytosis I endocytosis, materia ls
ingested are progressively enc losed by the celi
membrane which eventuall y detac hes to form an
e ndocytic vesicle, w hereas phagocytosis is a
receptor-mediated characteristic for neutrophils,
macrophages and dendritic cells a nd may result
in active ingestion of insoluble partic les up to 3
µm (20). Cells that phagocytose small insoluble
particles wi ll re lease reacti ve oxygen species
and lysosomal e nzymes in orde r to destroy or
degrade the ingested particles, attempting to
convert them to a n ineffecti ve, safer form (21 ).
When phagocytosed particles cannot be degraded , they may accumu late in the celi resul ting in
oxidative cell damage, inh ibition of celi proliferation and, ultimately, cytotoxic ity and provoki ng a physiological response termed activation;
the non-proliferating celi may release numerous
inflammatory factors, resulting in inflammatory
responses in adjacent tissues and stimu lation of
fibroblasts for fibrogenesis (22).
This well-known sequel, a normai physiological
response of cells to an excessive amount of insoluble particles, may result in oxidative celi
damage, such as lipid perox idation , cytotoxicity
and DNA damage, ultimately resulting in geno-
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toxic effects (2 1, 23 , 24, 25). Therefore, in order
to avoid false positive artefacts, international
guidelines for in vitro genotox icity testing in
mammalian celi cultures recommend testing of
insoluble compounds only up to the lowest precipitating concentration (26).
Conseq uently, reports claiming the di scovery of
active penetration of nanoparticles into mammalian cells in vitro should be interpreted with great
caution, since such findings may often be more
conv incingly explained by the phagocytic activity of treated cells.
Given that human keratinocytes have considerable phagocytic capacity (27), oxidative stress,
antioxidant deple tion and cytotox icity in keratinocytes treated with carbon nanotube materials,
such as reported by Shvedova et al. (28) or
Monteiro-Riviere et al. (29) are not surprising
and may be a normai response of mammalian
cells to foreign and insoluble mate rials .
Similarly, fi nd ings suggesting in vitro genotoxic
effects of small , insoluble particles in mam malian cells do not necessaril y suggest an intrinsic
genotoxic acti vity of these materi als, but may be
due to the same mechanism.
For example , the results of a recent report on the
uptake of Ti02 NP by murine brain microglia
cells and subsequent generation of reacti ve oxygen species (30), do not necessarily mean that
TiOr particles in sunscreens are potentially neurotoxic or may cause brain damage in people, as
suggested by some NGOs, but could more convincingly be attributed to the known phagocytic
capacity of microglia, which has been well characte rised (3 1) .
Our view is supported by a recent report suggesting that the principal route of uptake of quantum dots by mammalian celi cultures was via
endocytosis (32) .
On the othe r hand, a recent study suggested that
the uptake of very small Ti02 particles (22 nmagg lomerates of smalle r part icles) by lung
macrophages and human blood cells may be via

a non-phagocytotic mechanism (33).
More research may be needed to ciarify the
mechanisms of cellular e ntry and subsequent
adverse effects of NP in cultured mammalian
cells prior to applying such test results to a
hazard ide ntification of NP.
Results of studies on wear debris particles that
include nanoparticies from surgical implants and
other toxicity studies on inso luble NP support
the experience of trad itional toxicology that the
toxicity of small particles is mainly relateci to
their c hemistry, rather than their particle size
(22, 23, 32).

CONCLUSION
Overall, there is no evidence supporting a generai rule that effects of particles to the skin or
other tissues increase with smaller particle size,
or produce nove! toxicities when compared with
those of micro-sized materials .
The current weight of curre nt scientific evidence
suggests that the use of nano-sized cosmetic or
sun screen ingredi ents poses no or neglig ible
potential risk to human health (34) .
The safety of insoluble nanoparticles in sunscree ns has been reviewed and confirrned by severa!,
international regulatory authorities (6, 7, 35, 36).
In summary, concerning the exposure of human
skin and the human organism to nano- materials
originating from topica! application of cosmetics
or sunscreens, the present knowledge may be
summari zed as follows:
• Soluble nano-scale materials: given that vesicle- or emulsion-type nano-sized formulations
of cosmetic ingredients are intrinsically instable a nd rely on physical I chemical liquid I
liqu id interactions, it is uncertain whether they
should be classified as genuine nanoparticies.
Such form ulations may produce reduced or
enhanced skin uptake when compared with that
fro m solutions, although at a limited scale.
Therefore, the potential human skin and syste-
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mie exposure from nano-scale vesicle-type formulations should be rated similar to those of
solutions of the respective ingredients.
Skin penetration of vesicle materials has been
shown to be negligible.
• Insoluble nanoparticles: At present, the current
scientific evidence suggests that insoluble
nanoparticles used in sunscreens do not penetrate into or through normai or compromised
human skin and produce no human locai or
systemic exposure or adverse health effects.
Intravenous toxicity studies on Ti02 and ZnO
nanoparticles showed low intrinsic toxicity and
no evidence of new or unexpected toxicities.
In conclusion, the weight of evidence suggests
that nano-materials currently used in cosmetic
preparations or sunscreens pose no risk to
human skin or human health , in the contrary:
they provide a large benefit to human health by
protecting human skin against the adverse
effects of UV radiation , including that of skin
cancer.
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