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Sun protection using

nanoparticles

Alexey Popov

Even after multiple applications of sunscreen, the UV-blocking parti-
cles remain localized close to the skin surface and produce insignificant
numbers of free radicals.

With the depletion of the ozone layer due to human industrial
activity on the one hand, and our increasing desire to stay out-
doors during our holidays on the other, protection from UV
radiation—in addition to that naturally provided by our skin—
is essential. This is, of course, the main purpose of sunscreen
use. Protective properties of sunscreens work on the basis of ab-
sorption and scattering of incident radiation by their ingredients
(UV filters). These chemical and physical compounds are organic
molecules that absorb UV light and mineral nanoparticles that
exhibit absorbing and scattering properties, respectively.

However, not all particle sizes are equally useful for UV
protection. Both a good ‘look” on the skin and adequate sun-
protection properties are required. In addition, significant con-
cerns as to the safety of nanoparticles have been raised in recent
years. In particular, there are fears about particle penetration—
after multiple applications—through the superficial horny skin
layer to living tissue. The formation of harmful free radicals in
the presence of such particles under UV irradiation is another
serious concern.

Studies simulating behavior of sunbathers on a beach during
their holidays were carried out using volunteers.? After mul-
tiple applications of sunscreens containing 100nm titanium-
dioxide (TiO;) nanoparticles, over a period of four days, stra-
tum corneum (the horny layer) was removed by consecutive
application of adhesive tape. Analysis of the tape containing skin
cells using x-ray fluorescence spectroscopy revealed the TiO,
content of each strip and allowed reconstruction of an in-depth
particle-penetration profile. The localization of the particles was
predominantly superficial, within 1-3 microns from the surface.
Other studies also show insignificant penetration of the skin by
nanoparticles.®*

The effect of particle size on UV-light attenuation was investi-
gated on the basis of Mie scattering off spherical TiO, nanoparti-

Figure 1. Transmission-electron-microscope image of 25nm TiO;
nanoparticles in a diluted cream." Scale bar: 0.2pm.

cles (rutile variety) and using a Monte-Carlo method for photon
migration inside the stratum corneum.® For increasingly shorter
wavelengths, TiO, particle sizes must be reduced to decrease the
UV intensity. For example, for radiation at 310nm, the most ap-
propriate size is 62nm, while for 400nm light this increases to
122nm particles. This difference is due to the mechanisms caus-
ing light attenuation: shorter-wavelength radiation is mainly
absorbed by particles, while both absorption and reflection
(although to a lesser extent) play a role at longer wavelengths.
We also investigated the formation of free radicals on glass
slides and porcine skin (in vitro) in the presence of TiO,
nanoparticles (anatase variety) embedded in sunscreens.! Par-
ticles of 25 and 400nm diameter were used in the experiments
(see Figure 1). We used electron paramagnetic-resonance spec-
troscopy to detect emerging free radicals. Smaller coated TiO,
nanoparticles were more photoactive than larger particles. This
is clearly seen if the particles embedded in a placebo (i.e., sun-
screen without UV filters) are applied on glass. Mie theory
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explains the difference in light absorption by particles of a range
of sizes and, as a consequence, differences in the amounts of
free radicals generated. However, if the particles are applied on
porcine skin, no distinct difference is observed. This is caused
by the high skin contribution to free-radical production. Com-
pared to the skin’s ability to generate radicals, nanoparticles do
not play a significant role in the concentrations used (sunscreen
surface density: 2mg/cm?).

In summary, our research—focusing on the effects of
nanoparticle-skin interactions—shows that the mineral com-
pound of sunscreens is (thus far) not an issue of concern. Even
after multiple applications, the particles remain localized close
to the surface and their radical-production ability does not sur-
pass that of porcine skin in vitro. However, the latter effect could
be more distinct in vivo: the applicability of our results to human
skin must still be explored.
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