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Titanium dioxide (TiO2) is included in some sunscreen formulations to physically block ultraviolet 
radiation. In this study minipigs were treated with sunscreen containing one of three different types 
of TiO2 particles (uncoated submicron-sized, uncoated nano-sized, or aluminum 
hydroxide/dimethicone copolymer coated nano-sized) at 5% by weight. The amount of titanium in 
different part of the bodies was determined by inductively coupled plasma mass spectrometry [1]. 
Whereas no significant increase of titanium over control animals in liver and lymph nodes were 
detected they were significantly raised in epidermis and dermis samples. In order to evaluate if the 
titanium levels in the dermis were due to true penetration of TiO2 into the dermis or due to remnants 
of epidermis or accumulation of TiO2 in the lower aspects of hair follicles, the skin samples from 
treated and control animals were carefully analyzed by electron microscopy and energy dispersive x-
ray spectroscopy (EDS). Abdominal skin samples from the minipigs were fixed in 2% formaldehyde 
and 2% glutaraldehyde, stained in osmium tetroxide, and en bloc stained in 0.5% uranyl acetate. The 
sample then underwent a gradual dehydration process by increasing concentrations of ethanol until 
100% ethanol, washed server times with propylene oxide and infiltrated with Epon-812 based epoxy 
resin in propylene oxide. The infiltration was performed by putting open samples on a shaker over 
night in which time the propylene completely evaporates and leaves the samples embedded in 100% 
resin. After changing tissue blocks to fresh resin polymerization was performed by heat (50°C) for 
48 hours. The skin samples were thin-sectioned roughly perpendicular to the skin surface and with 
longitudinal cuts along hair follicles to reduce the possible contamination of samples by dragging 
nanoparticles from outer skin layers to deeper skin layers during the sectioning process. 
Various regions of the epidermis (stratum corneum, stratum granulosum, stratum spinosum, and 
stratum basale) and dermis were present in each section and were examined by TEM and 
STEM/EDS or SEM/EDS. 
Large numbers of TiO2 particles with an average size of about 200 nm (submicron-sized), about 30 
nm (uncoated nano-sized), and aggregates of about 50-nm length and 15-nm width (coated nano-
sized) were detected in the upper stratum corneum layers, and their identity was confirmed by EDS. 
Scattered TiO2 particles were also detected in hair follicles, but very few particles were found in 
other areas, specifically in the dermis. Electron dense spots were found in skin samples of control 
animals exposed to cream without TiO2, but EDS analysis showed that these spots were not TiO2. 
Based on morphology, size, and elemental composition, we believe these particles are melanosomes. 
The small amount of particles found in lower skin layers raised the possibility that these are 
contaminations introduced in the sectioning process. We performed 3D electron tomography on 
selected sections containing particles in the dermis layer. The tomograms show that the particles are 
not deeply embedded in the tissue sections and rather on the outside of the section as is more likely 
with contaminations. This significantly increases the probability that the few particles that have been 
found are contaminations. However, rough calculations indicate that even if we counted all the 



 

 

isolated particles in deeper skin layers they would represent a tiny fraction of the total amount of 
applied TiO2 (~8x10-5 %). 
We did not observe any structural abnormalities in skin cells which could be attributed to the 
presence or absence of TiO2 particles. Although the penetration of very small amounts of particles 
into the dermis cannot be excluded, overall the study shows that nano-sized TiO2 particles suspended 
in sunscreen formulations do not penetrate the intact epidermis to any significant extend. While we 
cannot address issues within the epidermis where concentrated TiO2 could have an effect on the 
immune system (e.g. contact dermatitis) or cause toxicity following irradiation with ultraviolet light, 
the study does show that the dermis and other organs are not at risk from topically applied 
sunscreens containing nano-sized TiO2. 
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FIG. 1. (A) Overview representation of 
TiO2 particle distribution in different 
layers of minipig abdominal skin 
exposed to sub-micron TiO2 showing the 
results from cross sections analysis of 
each skin layer. (B) Representative TEM 
micrograph from the stratum corneum. 
(C) Representative particle found in the 
dermis. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIG. 2.  EDS and tomographic analysis of TiO2 particle in the dermis. (A) TEM image of a cluster of 
TiO2 particle in the dermis layer. (B) STEM image of same cluster with EDS analysis positions 
marked. (C) EDS spectrum of position 3 (background). (D) EDS spectrum of position 1 (small TiO2 
particle). (E) Tomographic reconstruction of same cluster with collagen fibrils partially segmented in 
blue shows that the cluster sits mostly on top of the tissue section. 


