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As society develops rapidly, environmental pollution is becoming a greater risk factor threatening hu-
man health. One of the major causes of air pollution that affects human health is particulate matter
(PM), which contains a heterogeneous mixture of different particle sizes and chemical compositions.
PM is classified by size into general PM (PMyo; diameter below 10 pm) and fine PM (PM,5; diameter
below 2.5 ym). PMys can pass through the respiratory tract into the circulatory system and thence
throughout the body. PM»s is known to stimulate oxidative stress and inflammatory responses to
cells, promoting diseases such as asthma, chronic respiratory disease, cardiovascular disease, diabetes
mellitus, and immunological disorders. Although detailed molecular mechanisms for how PM stim-
ulates disease progression still need to be elucidated, together with national efforts to reduce PM pro-
duction, significant research has been conducted that demonstrates the harmfulness of PM in disease
progression through in vitro and in vivo experiments. This review focuses on the harmfulness of PM
in disease progression; we also introduce a biological verification method for determining the hazards

of PM.
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Fig. 1. Biological pathways linking particulate matter-induced
oxidative stress [24].
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Fig. 2. Schematic figures of the intratracheal instillation, intra-
nasal inhalation (A), and whole body exposure methods
(B). (A) is adapted from [49].
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Table 1. In vivo analysis that investigated the harmfulness of PM

Methods Titles Disease models Doses Ref.
Amblent. PM2.5' exposure @facerba?es severity of allergic Asthma 1, 10 and.100 ug, 78]
asthma in previously sensitized mice one time
Mediating Role of TRPV1 Ion Channels in the Co-exposure to Asthma 100ng/ day, [56]
PM25 and Formaldehyde of Balb/c Mice Asthma Model 3 times/week
Fine-particulate matter (PM2.5), a risk factor for rat gestational
diabetes with altered blood glucose and pancreatic GLUT2 Diabete 15mg/kg, 2 days [73]
expression
Long-Tem} Exposure qf Fine Particulate Matter Cau:jaes 3 or 30 1g/25 i,
Hypertension by Impaired Renal D1 Receptor - Mediated .

. . : . . Impairs renal 24h, 3 days [37]
Sodium Excretion via Upregulation of G-Protein - Coupled
. Lo (for 8 weeks)
Receptor Kinase Type 4 Expression in Sprague-Dawley Rats
Effects of ozone and fine particulate matter (PM2.5) on rat Cardiovascular 02,08, or ,3'2 mg/rat,
. . . . . 4h/day, 2 times/week, [64]
system inflammation and cardiac function disease
3 weeks
Pulmonary and
Health Risk Assessment for Air Pollutants: Alterations in Lung i ﬂszrifrizltlicon 0.3 mg/mouse
and Cardiac Gene Expression in Mice Exposed to Milano Cardiac ’ ’ 3 gtimes ’ [55]
Winter Fine Particulate Matter (PM2.5) .
autonomic
Intratracheal dysfunction
instillation Effects of Fine Particulate Matter (PM2.5) on Systemic Cardiovascular 3 10, or 30 mg/kg
o . L . . b.w, every day [50]
Oxidative Stress and Cardiac Function in ApoE-/- Mice injuries
(for 3 days)
. . . Myocarditis,
Treg responses are associated with PM2.5-induced 10 mg/kg b.w.,
. . " Inflammatory ‘ [69]
exacerbation of viral myocarditis one time
response
. . Myocarditis,
Preexposure to PM2.5 exacerbates acute viral myocarditis 10 mg/kg b.w.,
. . Inflammatory : [70]
associated with Th17 cell one time
response
Maternal exposure to fine particulate air pollution induces Lung disease, 0.1, 0.5, 2.5, or 7.5
epithelial-to-mesenchymal transition resulting in postnatal Postnatal mg/kg, once every [60]
pulmonary dysfunction mediated by transforming growth pulmonary three days
factor-3/Smad3 signaling dysfunction (for 18 days)
Effect of Ambient PM2.5 on Lung Mitochondrial Damage and Respiratory 0575, 1.5, 6, and
. . .. . 240 mg/kg bw, [31]
Fusion/Fission Gene Expression in Rats disease .
5 times every 2 days
?nvolvement of TLR2 anFl TLR4 and .Thl/ Th.2 shift 1r.1 Inflammatory 25, 5, or 10 mg/kg,
inflammatory responses induced by fine ambient particulate . [74]
L response one time
matter in mice
Immunological Effect of PM2.5 on Cytokine Production in Inflammatory 0.3, 0.75, 2]
Female Wistar Rats response 2,5 mg/0. 5ml,
Rat Lung Response to PM2.5 Exposure under Different Cold Inflammatory 8 mg/0.25 mL, [39]
Stresses response per 48h
Lo'w d.ose of fme. partlculat.e matter (PM2.5) can md.uce acu.te Respiratory 5 or 15ug/30 1L
oxidative stress, inflammation and pulmonary impairment in L > [53]
. Impairment one time
healthy mice
Instillation of particulate matter 2.5 induced acute lung injury ~ PM2.5-induced 6.25 mg/kg/day,
once a day [32]

and attenuated the injury recovery in ACE2 knockout mice

acute lung injury

(for 3 days)
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Table 1. Continued
Methods Titles Disease models Doses Ref.
. . . . . Card{ovascular 0375, 1.5, 60,
Mitochondrial damage: An important mechanism of ambient disease,
PM25 induced te heart ini 0 rat Mitochondri 240 mg/kg b.w.,, [30]
Intratracheal 5 exposure-induced acute heart injury in rats itochondria 5 times every 2 days
e damage
instillation
Airborne fine particulate matter induces an upregulation of Respiratory 0.3, 1.0, and 3.0 [65]
endothelin receptors on rat bronchi diseases ug/ml, one time
Allergic Airway Inflammation by Nasal Inoculation of Allereic Okayama city, [46]
Particulate Matter (PM2.5) in NC/Nga Mice & one time
Fine particulate matter potentiates type 2 diabetes 5 ug/10 uL,
development in high-fat diet-treated mice: stress response and Diabete every day [15]
extracellular to intracellular HSP70 ratio analysis (for 12 weeks)
TH17-Induced Neutrophils Enhance the Pulmonary Allergic
Response Following BALB/c Exposure to House Dust Mite Asthma 33.3, ug/mouse/ [76]
Intranasal Allergen and Fine Particulate Matter From California and day, 3 days
inhalation  China
Fine particulate matter aggravates allergic airway
1nf1.amfnat1f)n t}}rough thymic stromal lymphopoietin Asthma 10, 31.6 or 100 pg, [35]
activation in mice one time
Role of astrocyte activation in fine particulate 10 mg/ml,
matter-enhancement of existing ischemic stroke in Ischemic stroke every day [75]
Sprague-Dawley male rats (for 7 days)
Exposure to fine aireborne particulate matter induces Metabolic 0121)1(0 zsfrlz goiltl;;f;on
macrophage infiltration, unfolded protein response, and lipid disorder ghours /gay ’ [42]
desposition in white adipose tissue (diabetes, obesity) 5 days/week
. . . The concentrator
Inhalation of concentrated PM2.5 from Mexico City acts as an
adjuvant in a guinea pig model of allergic asthma Asthma system, (131
J guinea pig & 5 h/daily/3 days
Air Pollution - Mediated Susceptibility to Inflammation and Metabolic Ohio Air Pollution
. . o . Exposure System, [34]
Insulin Resistance: Influence of CCR2 Pathways in Mice disorder
6 hr/day, 5 days/week
Subchronic effects of inhaled ambient particulate matter on TaipeiAir Pollution
glucose homeostasis and target organ damage in a type 1 Diabete Exposure System for  [72]
Whole body diabetic rat model Health Effects, 16 weeks
inhalation (acute exposure) 5
Early kidney damage induced by subchronic exposure to Early kidney h/day, 3 days, 2]
PM2J5 in rats dysfunction 5 h/day, 4 days/week
(for 8 weeks)
Diabete Ohio Air Pollution
IKK inhibition prevents PM2.5-exacerbated cardiac injury in . ’ Exposure System,
. . . Cardiovascular [77]
mice with type 2 diabetes . 6 hr/day, 5 day/week,
disease
(for 8 weeks)
Insulin sensitizers prevent fine particulate matter-induced . HEPA-filtered air or
N . . . Cardiovascular
vascular insulin resistance and changes in endothelial . . concentrated, 6 h/day  [17]
. . disease, Diabete
progenitor cell homeostasis (for 9 days)
Alrborne. fine part1cu¥ate matter alters the. expression of Card%ovascular 03,1 or 3 ug/mi, [68]
endothelin receptors in rat coronary arteries diseases
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Table 1. Continued

Methods Titles

Disease models Doses Ref.

Exposure to Fine Particulate Air Pollution Causes Vascular
Insulin Resistance by Inducing Pulmonary Oxidative Stress

High-efficiency
particulate arrestance,  [18]
6 hr/day 9 days

Cardiovascular
disease, Diabete

Cardiovascular Depression in Rats Exposed to Inhaled

Particulate Matter and Ozone: Effects of Diet-Induced Cardlqpulmonary 8 hr/day (for 2 weeks) [62]
. diseases
Metabolic Syndrome
CD36-Dependent 7-Ketocholesterol Accumulation in . Ohio Air Pollution
. . L. Cardiovascular,
Macrophages Mediates Progression of Atherosclerosis in . Exposure System, [51]
. . Atherosclerosis 3
Response to Chronic Air Pollution Exposure 91 + 73 pg/m
Long-term Exposure to Ambient Fine Particulate Pollution Ohio in trailer-mounted
: . . . Lo Inflammatory
Induces Insulin Resistance and Mitochondrial Alteration in response exposure system, [71]

Adipose Tissue

6 h/day 5 days/week

Alteration of cardiac function in ApoE-/- mice by subchronic
urban and regional inhalation exposure to concentrated

ambient PM2.5

133 and 123 pg/m’ ,
6 h/day, 5 days/week [7]
(6 months)

Cardiac function

Beijing ambient particle exposure accelerates atherosclerosis in
ApoE knockout mice by upregulating visfatin expression

Atherosclerosis 2 months [63]

Al (hepatic endoplasmic reticulum) 2E# 2, l&d A4
(insulin resistance)s E°l= 222 dHF on6, 52], 27|
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