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Outlines 

• Acute toxicity of ambient particles 

– Changes of heart rate , blood pressure and heart 

rate variability 

• Sub-chronic toxicity of ambient particles 

– Glucose homeostasis and cardiovascualr 

damages in hyperglycemic and healthy rats  





The London Fog of 1952 



Ambient PM exposure and health effects 

Pope et al. in Air Pollution and Health, 1999 



Harvard Six Cities study 

Dockery et al., NEJM, 1993 6 







Biological plausibility and mechanisms 

Brook, Circulation, 

2011 



Acute toxicity of ambient particles 

• Construction of an exposure system 

• Telemetry system to monitor changes of 

heart rate , blood pressure and heart rate 

variability 

• Self-controlled design and statistical 

analysis 



Ambient particle concentrator 
– By Sioutas et al., USC 

– 10 folds of concentration 

– PM 0.01~2.5 m. 

– Saturator, cooler, virtual impactor, and dryer. 



Ambient Particle Concentrator  



Telemetry system 

• Telemetry 
– Activity 

– ECG signals 

– Arterial Blood Pressure 

– Body Temp 

• Data management and 
programming by Dr. CC 
Chang 



Autonomic cardiac function 

parameters 

• Heart rate 

• Blood pressure 

• Heart rate variability 
(HRV) 
– SDNN  

• The 5-minute standard 
deviation of the NN 
intervals 

– RMSSD  

• The 5-minute root mean 
square of successive 
differences of adjacent 
NN intervals 
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Study design 
• Crossover self-controlled design with repeated 

exposure to CAP, filtered air and room air.  
– Inter-individual difference and environmental changes 

• Same time of the day 
– Circadian 

• Mixed-effects model  

• Small number of animals 



Heart rate and blood pressure in 

pulmonary hypertensive rats 
 

Cheng et al.,EHP, 

2003 
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    Figure 2.  

    The estimates and 95% confidence intervals of the effects of concentrated particles 

    exposure on heart rates (beat/min) and blood pressures (mmHg) obtained from 

    mixed-effects models. 
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HRV induced  by PM10 and PM2.5 in SHR: IT   
Spring
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Heart rate variability by different 

components of PM: IT  

Chang, EHP, 2007 



Heart rate variability by combined 

effects of PM components: IT 
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Summary 

• PM induces the alterations of cardiac autonomic 

function. 

• PM components account for the difference of 

effects. 

• PM-induced autonomic dysfunction is mediated 

through oxidative stress and inflammation. 

• Our results support the epidemiological findings. 



Proposed biological mechanisms linking 

PM with cardiovascular disease 

Brook et al., Circulation.  

2004; 109: 2655-2671 



Zanobetti & Schwartz, Epidemiology. 2002 13:588-592.  

 

Diabetics have double the risk of a PM10 -associated 

cardiovascular admission compared with nondiabetics.  



Pathophysiology of diabetes 

Beckman et al., 

JAMA, 2002, 287: 

2570-2581 



Markers of oxidative stress in rats
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EHP, 2010 



Association of long term PM exposure and risk 

factors of atherosclerosis 

Chuang, OEM, 2011 
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PM and insulin resistance (IT)  

NCD rats/ IT saline
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Sub-chronic toxicity of ambient particles 

• Construction of chronic exposure system 

• Insulin resistance and cardiovascular damages in 

hyperglycemic and healthy rats  



Individual ventilation exposure system (IVC) 
Taipei Air Pollution Exposure System for Health Effects (TAPES) 

36 

Located at the 9th floor, College of 

Public Health Building 



TAPES 

• PM10-2.5: 0.4%; PM2.5: 99.6% 

• PM2.5 loss: 20% 

• Components reflect urban PM2.5 air pollution 

during winter time in Taipei: no selection 

• Difference of PM levels in chambers within 20% 

• No difference for gas pollutants between exposure 

and control chambers  



Component analysis of e-PM2.5 

Concentration and components of PM2.5 

• 13.3 (µg/m3) during experiment 

• Guidelines or standards 

– WHO: 10 

– USA: 12 

– Taiwan: 15 

Yan, Toxicol Appl Pharmacol, 2014    



Fasting glucose level Fasting insulin level HOMA-IR HbA1c 

BUN Creatinine Total Cholesterol (TC) Triglyceride (TG) 

NO TNF-alpha IL-6 Fibrinogen 

Effects of PM in hyperglycemic rats 



Table 1. Semi-quantitative measurements of histopathology in 
STZ-induced type 1 DM rats exposed to FA and PM. *p<0.05 

Figure 2. Representative photomicrographs of 
Hematoxylin-Eosin staining of myocardium (A and B), 
Masson's trichrome staining of abdominal aortic 
sections (C and D). Original magnification X200.  

Figure 3. Representative photomicrographs of Periodic 
Acid-Schiff staining of glomerulus (A and B) and tubules 
of the kidney (C and D). Original magnification X200.  
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Figure 4. Representative 

photomicrographs of 

Hematoxylin-Eosin 

staining of the 

myocardium (A and B) 

and Masson's trichrome 

staining of abdominal 

aortic sections (D and E). 

Semiquantitative 

measurements are 

illustrated in (C) and (F).  

FA indicates filtered air. S-
PM2.5 indicates straight 
ambient particles of <2.5 
μm. *p<.05. 
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Summary 

• PM-induced macro- and micro-vascular 

changes are more susceptible in 

hyperglycemic subjects. 

• PM may induce diabetes through insulin 

resistance. 

• The role of oxidative stress and 

inflammation on the development of insulin 

resistance needs further study. 



Brook et al., Circulation, 2010 
45 



Lim et al 2012, 

modified by O’Keefe 

Leading global risk factors for mortality 

46 



Future studies 

• Toxicity of other organs and systems, e.g., 

central nervous system toxicity and 

behavior changes 

• Components and sources of ambient 

particles responsible for the toxicity 
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