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Summary
Background: The penetration, translocation and distribution of ultrafine and nanoparticles in
tissues and cells are challenging issues particle research. Especially, translocation of
nanoparticles (NP) from the pulmonary airways into other pulmonary compartments or the
systemic circulation is controversially discussed in the literature. In a previous study it was
shown that titanium dioxide NP were “distributed in four lung compartments (air-filled
spaces, epithelium/endothelium, connective tissue, capillary lumen) in correlation with
compartment size”. It was concluded that particles can move freely between these tissue
compartments. To analyze whether the distribution of titanium dioxide NP in the lungs is
really random or shows a preferential targeting we first established a new method for
comparing the distributions of NP within tissues or cells and applied this method to the
distribution of titanium dioxide NP in the lung.
Theoretical foundation: The novel quantitative microscopic methods for evaluating particle
distributions within sectional images of tissues and cells address the following questions: 1) Is
the observed distribution of particles between spatial compartments random?, 2) Which
compartments are preferentially targeted by particles? Each of these questions can be
addressed by testing an appropriate null hypothesis.
The methods require observed particle distributions to be estimated by counting the number of
particles associated with each defined compartment. For studying preferential labelling of
compartments, the size of each of the compartments must also be estimated by counting the
number of points of a randomly-superimposed test grid which hit the different compartments.
The latter provides information about the particle distribution that would be expected if the
particles were randomly distributed, i.e. the expected number of particles.
From these data, we calculate a relative deposition index (RDI) by dividing the observed
number of particles by the expected number of particles. The RDI indicates whether the

observed number of particles corresponds to that predicted solely by compartment size (for
which RDI = 1). Within one group, the observed and expected particle distributions are
compared by chi-squared analysis. The total chi-squared value indicates whether an observed
distribution is random. If not, the partial chi-squared values help to identify those
compartments that are preferential targets of the particles (RDI>1).
Practical application: Rat lungs exposed to an aerosol containing titanium dioxide NP were
prepared for light and electron microscopy at 1h and at 24h after exposure. Numbers of
titanium dioxide NP associated with each compartment were counted using energy filtering
transmission electron microscopy. Compartment size was estimated by unbiased stereology
from systematically sampled light micrographs. Numbers of particles were related to
compartment size using the relative deposition index and chi-squared analysis.
Nanoparticle distribution within the four compartments was not random at 1h or at 24h after
exposure. At 1h the connective tissue was the preferential target of the particles. At 24h the
NP were preferentially located in the capillary lumen.
We conclude that titanium dioxide NP cannot move freely between pulmonary tissue
compartments. The present study suggests a rapid transport from the airways to the
connective tissue and a subsequent translocation to the systemic circulation.

