
Bio-kinetics of single ultra�ne particles
and agglomerates at the lung barrier 

Motivation
Air pollution is a predominant and recurring concern in our modern society associated to lung and cardiovascular diseases.1,2 Increased con-
cern has been expressed regarding the adverse health e�ects elicited by exposure to ultra�ne particles (UFP) fraction (<100 nm) of the ambient 
particulate showing speci�c toxicological e�ect.3,4 In order to better understand the risk associated to UFP inhalation, a clear understanding on 
their bio-kinetics at the air-blood barrier must be gained. To date, however, the correlation of primary and secondary particle size, i.e. single 
particles vs. agglomerates, and their cellular uptake and / or translocation across the air-blood tissue barriers are not yet understood.

Goal: Study bio-kinetics of nanoparticles at the human lung tissue in vitro barrier and Compare single 
to agglomerate particles

taken from: http://www.theguardian.com/uk/2013/jan/27/diesel-engine-fumes-worse-petrol

Method
Particles model: Engineered gold nanoparticles5 (AuNPs)

In vitro approach to simulate realistic exposure environment
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Advanced 3D lung model composed of human lung 
alveolar cells (A549) (1), macrophages (2) and dendritic 
cells (3) (human monocytes derived) which was cul-
tured at the air-liquid interface.7
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The aim is to analyse the deposition, internalisation and translocation of nebulized nanoparticles 
(single and agglomerates AuNPs) in the human lung by adopting a sophisticated in vitro approach 
that realistically mimics the inhalation of UFP.

Single and agglomerate AuNPs were deposited using 
an air-liquid interface exposure system enabling a 
dose-controlled deposition.6

Results
Deposition

Extinction spectra of the single AuNPs 
and the AuNPs agglomerates. The 
spectra were normalized based on 
their absorbance at 400 nm.

Single AuNPs TEM image, solid circle repre-
sents the hydrodynamic diameter 
(56 nm) measured by DLS.

AuNPs Agglomerates cryoTEM image, solid 
circle represents hydrodynamc diameter 
(192 nm) measured by DLS.

Bio-ditribution

Laser Scanning Microscopy (LSM) of triple cell co-culture 24 h after exposure to a) 
NaCl-water solution, b) single AuNPs, 70 ng/cm2 and c) AuNP agglomerates, 70 
ng/cm2. Immuno�uorescence labelling of F-actin (magenta) and nuclei (cyan). 

Biological Impact
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TEM images of the triple cell co-culture 24 h after exposure to 140 ng/cm2 of (a) single and (b) 
agglomerate particles. In (a) and (b) the particles were found in the cytoplasm within a vesicle. 
In (b), on the bottom left can be seen the PET membrane on which the triple cell co-culture 
were grown.
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Conclusion

The nebulized particles were homogenously 
deposited at a dose of 70 and 140 ng/cm2 as 
measured by ICP-OES.*

Cell morphology

Translocation of Au

No apparent cytotoxicity, cell layer damage or pro-in�ammation was observed after exposure to single nanoparticles or agglomerates at a concentration of 70 and 140 ng/cm2. The biological ki-
netics revealed that the majority of the nanoparticles, singles or agglomerates, were taken up by cells and could be found in macrophages, epithelial and dendritic cells. Only a minor fraction, i.e. 
less than 3-5 %, was found in the basolateral side for both particles types, which is also corresponding to the translocation rate found in vivo for single gold nanoparticles.8

A longer exposure time to assess the nanoparticles fate, and exposure to bigger agglomerates should be assessed to see how agglomeration of singles particles can in�uence the cell up-take and 
the translocation of nanoparticles across the air-blood tissue barrier. It will broaden our general knowledge on nanoparticle-cell interactions and help to further understand the biological impact 
of agglomeration of UFPs in comparison to single particles after deposition on the lung cell surface.

Data obtained by ICP-OES measure-
ment 24 h after exposure. Data ex-
pressed as mean: n = 2, except for 
single AuNPs at 70 ng/cm2 n=6.

TEM images of deposited particles after nebulization at a dose 
of 70 ng/cm2 of (a) single nanoparticles and (b) agglomerates
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PET membrane

* The dose 140 ng/cm2 represents the mean of single particles at 130 ng/cm2 and agglomerates at 150 ng/cm2.

Cell viability

LDH assay 24 h after exposure, data 
expressed as mean: n = 5 for single 
AuNPs at 70 and 140 ng/cm2; n = 2 for 
AuNP agglomerates at 70 ng/cm2; Pos-
itive control 0.1% Triton X-100, n=7 


