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View of Mexico City in the late 1990’s



3

Alfaro-Moreno et al. “Air Pollution: Health & Environmental Impacts” Taylor & Francis, 2010 
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Definition of PM10 and PM2.5

• PM10 – particles which pass through a size-selective inlet with a 50 % 
efficiency cut-off at 10 μm aerodynamic diameter. PM10 corresponds
to the “thoracic convention” as defined in ISO 7708:1995, Clause 6.

• PM2.5 – particles which pass through a size-selective inlet with a 50 % 
efficiency cut-off at 2.5 μm aerodynamic diameter. PM2.5
corresponds to the “high-risk respirable convention” as defined in ISO 
7708:1995, 7.1.
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In vitro

In vivo Exposed to
PM10

Exposed to
PBS

Inhalation toxicology
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Characterization of Particulate Matter

• Physical

• Chemical

• Raúl Omar Quintana-Belmares

• Annette Krais
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PM10 (µg/mg of PM)
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November 

2012 
1.30 0.25 0.30 0.30 1.59 0.20 0.42 0.03 1.65 2.58 0.00 0.31 1.79 2.49 4.38 5.56 3.48 2.31 0.59 3.84 1.54 14.38 

December 

2012 
1.37 0.29 0.00 0.40 1.63 0.20 0.00 0.16 1.86 2.75 0.00 0.30 1.91 2.56 5.03 6.62 3.82 2.71 0.67 4.80 0.53 36.94 

January 2013 1.60 0.39 0.00 0.38 2.00 0.24 0.00 0.11 2.24 3.63 0.00 0.53 2.60 2.68 4.55 7.94 5.04 3.24 0.84 5.34 1.71 50.09 

February 

2013 
1.61 0.39 0.00 0.32 1.82 0.16 0.00 0.29 1.95 3.35 0.00 0.45 2.07 2.12 4.03 6.61 4.56 2.65 0.81 4.13 1.43 21.31 

March 2013 1.29 0.28 0.00 0.26 1.55 0.21 0.00 0.16 2.03 3.42 0.00 0.41 1.84 2.00 3.18 5.44 3.71 2.30 0.59 4.00 1.34 45.37 

April 2013 1.57 0.25 0.00 0.31 1.50 0.20 0.00 0.41 1.38 2.60 0.00 0.38 1.28 1.50 2.39 4.09 2.83 1.65 0.47 3.01 0.21 81.58 

May 2013 1.67 0.21 0.00 0.30 1.49 0.00 0.14 0.32 1.04 2.02 0.00 0.27 0.86 1.12 1.69 2.75 2.00 1.02 0.27 1.98 1.69 10.96 

 

PM10 (ng/mg of PM)
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14

-Ctr. PM10 PM10+PolymixinB Insoluble fraction Soluble fraction
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A549 type II pneumocytes + THP-1 

macrophages co-cultered at air-

liquid interface for 48 hours.

Cytokines, chemokines and growth factors 

secretion on cultures exposed or unexposed 

to TiO2. The co-culture of epithelial cells and 

macrophages did not show a large shift in the 

expression of these molecules. When 

endothelial cells were included in the model, a 

large amount of molecules show variations 

from 30% up to several fold increases.
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% of baseline TEER at diffrent timepoints
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Flux FITC-dextran
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Diesel - Ctrl.
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Spinotrapezius

Nurkiewicz et al., Environ Healt Perspect 114:412-419 (2006)

Adhesion of PMN cells to blood

vesels in the spinotrapezius muscle, 

after intratacheal instilation of ROFA.



24

Alfaro-Moreno E, et al. Environ Res 2007; 103 (2): 221-228
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TiO2

Inactive Monocyte

Active monocyte

sLex

PSGL-1

LFA-1

VLA-4

αVβ3

Receptors for early
adhesion molecules

Receptors for late
adhesion molecules

Adhesion assay

Active monocyte Endothelial cell

E-selectin

P-selectin

ICAM-1

VCAM-1

PECAM-1

Naive HUVEC  +        Exposed U937

Exposed HUVEC  +   Exposed U937

Exposed HUVEC  +    Naive U937

Co-culture (HUVEC + U937 cells)

Co-culture (HUVEC + U937 cells)

Co-culture (HUVEC + U937 cells)

Flow Cytometry
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Figure 1: Receptors for early adhesion molecules (sLex and PSGL-1)
were induced in cells exposed to PM10 for 3 h, from 0.03 mg/mL.
* p < 0.05 vs. Negative control.

Figure 2: Receptors for late adhesion
molecules (LFA-1, VLA-4 and aVb3)
were induced in cells exposed to PM10

for 18 h, from 0.03 mg/mL.
* p < 0.05 vs. Negative control.
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Alfaro-Moreno et al. “Air Pollution: Health & Environmental Impacts” Taylor & Francis, 2010 
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Developing new models

Lung epithelial cells

Macrophages

Lung endothelial cells

Endothelial cells

Different organ(s)

Cancer cells?

Monocytes
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QV 500

Mixing 
bottle

Set up:
Single QV500 chamber
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