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Chamber exposure



Bronchoscopy

• Biopsies of airway wall tissue

• Bronchial wash (BW)

• Bronchoalveolar lavage (BAL)



Oxidative stress of air 
pollutants



Hydrophilic conjugate

Oxidation

Reduction

Hydrolysis Conjugation

Phase I Phase II

CYP1A1

EPHX1
NQO1

Lipophilic Lipophilic with 
hydrophilic handle

Water solubility increases



PAH

AhR
inactive

AhR
active

PAH ARNT

ARNT AhR
active

PAH

Phase I/II gene

Phase I/II mRNA

Phase I/II protein

Metabolism

Activation Detoxification

Toxicity

Excretion

Cytoplasm

Nucleus



Airway epithelial activation after primary 
oxidative reaction in respiratory tract lining fluid

• NFkB

• AP-1

• P-38 MAPK

• JNK

• EGFR

• TLR

Pourazar et al. Am J Physio l-Lung Cell Mol Physiol 2005

Pourazar et al. Particle Fibre Toxicol, in press



Worsening of asthma by diesel exhaust 
despite inhaled steroid medication
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Results



Cardiovascular effects of 
Air pollution particles





Myocardial infarction in relationship to 
preceding traffic exposure

Peters et al. NEJM 2004

hours



Exposure to traffic is related to myocardial 
infarctions in Germany

• Inside car or bus

• Cycling

• Road side

Peak excess myocardial infarctions at 

1-2 hours + 6-8 hours

Peters et al. NEJM 2004



Particle effects potentially related
to cardio-vascular events

• Inflammation in the lungs

• Endothelial effects

• Smooth muscle dysfunction

• Activation of white blood 
cells and platelets

• Plasma viscosity

• Coagulation factors

• Plasminogen activator

• Plaque rupture

• Nitric oxide production

• Inflammatory components in the blood, 

fibrinogen, fibronectin, CRP, IL-6, IL-8, 

adhesion molecules, CD40L

• Local inflammation in the blood vessels 

and myocardium

• Congestive heart failure Heart rate 
variability

• Arrhytmias

• Depolarisation disturbance



Venous Occlusion Plethysmography

Non-infused arm

Infused arm

Cuff inflated Cuff deflated



Venous occlusion forearm 

plethysmography

The Drugs



FILTERED AIR  versus DIESEL EXHAUST

Infused (solid line) and non-infused (dashed line) forearm blood flow following diesel (●) 

and air (●) during intra-brachial infusion of bradykinin and acetylcholine.

P<0.001

Endothelium-Dependent Vasodilatation

P=0.01
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FILTERED AIR  versus DIESEL EXHAUST

Infused (solid line) and non-infused (dashed line) forearm blood flow following diesel (●) and 

air (●) during intra-brachial infusion of sodium nitroprusside and verapamil.

P=0.001

Endothelium-Independent 

Vasodilatation

P=0.01
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Endogenous Fibrinolysis
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Arterial Stiffness

• A non-invasive means of addressing 
vascular function – endothelial function

• Peripheral Pulse Wave – Transfer function 
– Central Pulse Wave

Lundbäck et al. Particle Fibre Toxicol 2009



Thrombosis formation ex-vivo

Air

Diesel



European Trancient Cycle (ETC)



Idling ETC, Urban

NO (ppm) 2.2±<0.1 6.6±0.3

NO2 (ppm) 0.6±<0.1 0.9±0.2

Nox  (ppm) 2.8±0.1 7.5±0.3

Total HC (ppm) 1.6±0.2 1.2±0.2

Mass (µg/m3) 330±12 254±38

Organic carbon fraction (OC/TC), % 94.5 12

Elemental carbon fraction (EC/TC), % 5.5 88

Total PAH concentration (μg/m3) 3.5 0.96

Particle number concentration, #/cm3 9.5×105 1.2×105

Chamber Concentrations Idling Versus ETC



DIESEL and vascular effects

• Diesel exhaust from idling – more hydrocarbons
• Diesel from European Transient Cycle – urban 

part
• Diesel from engine in Edinburgh
• Consistent effects for over 24 hours

• Filtering of PM and keeping the gases
diminished the effects



Diesel exhaust mechanisms

• L-NMMA

• SNP

• Decreased nitrate levels

• Decreased NO availability

• Consistent with oxidative stress



Diesel exhaust effects in Heart patients

• 20 male subjects
• Coronary Stenosis treated by PCI
• Normal exercise test
• No symptoms 
• Totally stable

• Proven coronary and vascular disease but not at risk at present 
time

• On full preventive medication

• No diabetes or tendency for congestive heart failure

Mills et al. New Engl J Med 2007



Diesel exhaust effects in Heart patients

• Stiff blood vessels not responsive for further 
vasodilation

• Endothelial function and anti-thrombotic 
functions critical

• Especially at risk at plaque rupture

Mills et al. New Engl J Med 2007
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Exercise induced ischaemia reflected by 

12-lead HOLTER ECG
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Support for Diesel exhaust to mechanistically 
link to respiratory and 

cardiovascular health effects

• Heart and vascular effects in healthy and 
heart patients, despite extensive treatments

• Increased hyperresponsiveness in 
asthmatics, despite inhaled steroids

• Airway inflammatory patterns 


