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Abstract : A stroke is the sudden death of brain cells in a localized area due to inadequate blood
flow/oxygen supply, either due to blockage or bursting of brain artery. Sudden loss of speech,
weakness, or paralysis of one side of the body can be symptoms. Stroke is believed to be the
second most common cause of death worldwide. Hypertension, smoking, high cholesterol,
diabetes, cardiovascular disease, obesity and age are the prominent complications of stroke. An
earlier study has documented a link between cardiovascular diseases(CVD) and air pollution.
But recently conducted studies have established a correlation between air pollution and stroke.
Pollutants emitted from industries, household, vehicles may form complex mixture and can be
hazardous to human health. Several air pollutants like carbon monoxide(CO), sulphur
dioxide(SO,), nitrogen dioxide(NO,), 0zone(O3) and fine particulate matter(PM)are found to be
the major contributors to stroke. Fine particulate matter(PM) has a major role on human
wellbeing and health than any other pollutant.
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Introduction

Neurodegenerative disorders are a very common problem in humans.® Stroke is predicted to be the
second leading cause of death worldwide. Risk factors for stroke are diabetes mellitus, hypertension, smoking,
alcohol consumption, decreased physical activity obesity etc. It has been reported in many studies that
pollutants from the environment such as carbon monoxide (CO), ozone (Os), nitrogen dioxide (NO,), sulphur
dioxide (SO,),lead (Pb) and particulate matter (PM)are the leading causes of stroke.”*Recent studies have
substantiated and established a link between stroke and air pollution.’Though the mechanisms of interplay
between stroke and environmental pollutants has not yet been fully elucidated, alterations in hemodynamic
,hemostatic factors and autonomic function may be the underlying pathology in debilitating cardiovascular
disorders.®**Chronic Obstructive Pulmonary Disease is now the fourth leading cause of death after cancer, heart
attack and stroke. Thus stroke was the third leading cause of death.™

Stroke

A stroke is the sudden death of brain cells in a localized area due to inadequate blood flow/oxygen
supply, either due to blockage or bursting of brain artery. Due to this blockage many complications like
weakness, sudden loss of speech, paralysis of the body. Without blood to supply oxygen and nutrients and to
remove waste products, brain cells quickly begin to die. Depending on the region of the brain affected, a stroke
may cause paralysis, speech impairment, loss of memory and reasoning ability, coma, or death. A stroke also is
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sometimes called a brain attack or a cerebrovascular accident (CVA). Stroke is a medical emergency requiring
immediate treatment. Prompt treatment improves the chances of survival and increases the degree of recovery
that may be expected. Types: Transient ischemic attack, Ischemic Stroke and Hemorrhagic stroke

a) Transient ischemic attack (T1A):Stroke occurring within a minute or short time and lasting for 24 hr is
called as transient ischemic attack, and is a warning for future stroke attacks, cause due to narrowed carotid
arteries, blood clots and atherosclerosis.

b) Ischemic Stroke (IS): Ischemic stroke is the most commonly occurring, as a result of blockage within the
blood vessels of the brain hampering blood transport. These may happen due to: (1) cerebral embolism:
plague or blood clot fragment forms at another location this formed blood clot, which transports to brain
through blood streams and which leads to ischemic stroke, (2) thrombotic stroke (TS):blood clot that
formed within the artery of brain and (3) hemorrhagic stroke: less occurring as compared to ischemic
stroke. As a result of any of such strokes, blood vessel of brain bursts or ruptures, leading to bleeding in
brain surroundings. Chronic hypertension has been a major threat of hemorrhagic stroke. Hemorrhagic
stroke is of 2 types: aneurysm hemorrhage and subarachnoid hemorrhage.**

Air Pollution

Pollution started from prehistoric times when man created the first fires. Air pollution comes from both
natural and human-made (anthropogenic) sources. However, globally human-made pollutants from combustion,
construction, mining, agriculture and warfare are increasingly significant in the air pollution equation. Motor
vehicle emissions are one of the leading causes of air pollution.”Moreover, high blood pressure or hypertension
is the most important and ubiquitous risk factor for heart attack and stroke, the leading causes of death
worldwide. It’s also found that the people living very close to large sound producing area such as Heavy Traffic
Zone, Airport, heavy duty industries and so on having been diagnosed with high Blood pressure.*®

Sources of free radicals causing air pollution:*’

Sources of free radicals Mechanism

Mitochondrial electron transport leakage of superoxide due to inefficient reduction of O,
Transition metal ions Copper and iron facilitate hydroxy! radical formation
Inflammation Free radicals released by activated phagocytes

Enzymes like xanthine oxidase Release superoxide during reperfusion of ischemic tissues
Drug metabolism Free radical intermediates created during metabolism
Cigarette smoking Gas phase reach in free radicals

Radiation X- rays and ultraviolet (UV) rays

It’s a phenomenon that involves a sequence of events. Pollutants that are released from various sources
like industry, from coal and petroleum, burning of fossil fuels and these pollutants which are contaminated by
foreign substance transport and transformation in air atmosphere and they get effected on human beings and
ecosystems.™®

a) Ambient Air Pollutants and Stroke

Early studies have shown that a diet with less fruit, vegetables and whole grains, diets high in sodium,
smoking, high BP, high BMI and diabetes are the risk factors for stroke and recent studies has added air
pollution also as leading factors for stroke.*Air pollutants, emitted from various industries and households can
cause various health-related problems like respiratory diseases[chronic pulmonary disease (COPD)], asthma
and cardiovascular disease and the percentage of population affected with disease due to air pollution leading to
death are about 16% of lung cancer death, 11% of COPD death and more than 20%ischemic heart disease
(IHD)and stroke.?’Studies shows carbon monoxide, fine particulate matters sulfur dioxide, nitrogen dioxide,
and ozone are the air pollutants that cause stroke, of which fine particles have major role.”*#

b) Particulate Matter (PM)

Particulate matter (PM),a heterogeneous mixture of both liquid and solid particles of varying size,
shape and chemical composition are suspended in air (Fig 1).The particles size of PM is very small, about<than
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10 microns (micrometers) in diameter which can be inhaled. PM is of 2 types depending up on their size: (1)
PM-10 particles and (2) PM-2.5 particles.

PM-10 particles with a diameter of 10 microns or less are usually generated by wind or mechanical
agitation from cultivating PM 2.5 particles with of 2.5 microns diameter or less are generated from combustion
and particles are often referenced as fine particles.
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Figure No.1: Sources of air pollution particulate matter (PM) 10

There are 2 types of particles emitted by air pollution into atmosphere: (1) primary particles-that emits
from wind, combustion, processes or by human activities directly to the atmosphere and (2) secondary particles-
gaseous nitric acid and sulfur dioxide formed during the physicochemical transformation of nitrate and
sulphate. In addition to these natural and anthropogenic sources of PM, others include particles from motor
vehicle, road dust, industrial combustion, power generation, metal processing, agriculture, construction, wood
burning, windblown soil and sea spray. The main constituents in all such sources include nitrates, organic
compounds, sulfates, elemental and organic carbon.”

Air pollution (figure No.2), as sources of inflammation and oxidative stress, is prevalent in
environmental source, contributing to the progression of stroke.?*?Nano particulate matter (nPM) emitted from
vehicular exhaust may cause cerebral ischemia/reperfusion injury and cause up-regulation of inflammatory
mediators and also generation of O, free radicals, resulting in regional micro-vascular failure and chronic
enviror;gnental exposure to such pollutants may lead to progression of brain injury resulting in acute ischemic
stroke.
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Figure No.2: Sources of air pollution for particulate matter (PM) 2.5

¢) Carbon monoxide (CO)

CO, an odorless and colorless gas, is a product from carbon-containing fuels due to incomplete
combustion (figure No.3). Other sources are motor vehicles/engines, chain saws, lawnmowers, improper gas-
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burning/combustion and tobacco smoking. As CO has higher affinity for hemoglobin, CO reduces the oxygen-
hemoglobin complex formation and therefore results in reduced oxygen delivery to the various body organs,
leading to ischemia.?”? Binding of CO to hemoglobin(COHgb complex) can causes an allosteric change in the
conformation of the oxyhemoglobin complex that increases the level of oxygen affinity of the remaining
binding sites and this interferes with tissue level release of 0,%
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Figure No.3: Sources of carbon monoxide in air pollution

Although CO is produced naturally in human body as a signaling molecule, abnormality in the
metabolism of CO is a risk factor for various diseases like blood pressure, inflammation, heart failure, and
neurodegeneration. It has been reported than an increase in CO exhalation enhances the chances of (1) lowing
brain volume, (2) increasing white matter volume and cerebrovascular vasodilation and,(3) increased cardiac
output to maintain O,delivery to the central nervous system(CNS)leading to cardiovascular hypoperfusion, (4)
COHgb-mediated hypoxic stress and (5) intracellular oxidative disruption.***CO triggers brain lipid
peroxidation which deposits peroxynitrite within blood vessel endothelium and brain parenchyma, leading to
vascular compromise and cell death of neurons.®*3*High levels CO have a greater risk of future transient
ischemic stroke, especially in healthy adult.

d) Sulfur dioxide(S0,)

Sulfur dioxide(SO,), a highly irritating, colorless, soluble gas with pungent odor, forms sulfurous acid
(H2SO3) upon reacting with water, is a strong acid that can cause irritant effects on eyes, mucous membranes
and skin (figure No.4).**Sources of SO, are combustion of sulfur, mainly during power plants, diesel engines
and metal sulfide ores. Sulfur dioxide which is oxidized into sulfur trioxide (SOs), due to its affinity to water, it
rapidly hydrated to form sulfuric acid((H,SO,).*®
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Figure No.4: Sources of Sulfur dioxide in air pollution
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Inhalation of SO, may cause cerebrovascular health hazard, viz., and cerebral ischemic
accident.®’Bronchoconstriction can occur upon exposure to SO,, acidic compounds that are derived from CO
and in all this, SO, appears as a toxic agent.*®***The biochemical pathway of SO, is to penetrate the brain’s
protective41 E)3arrier leading tothe development of SO,-mediated abnormal brain neural activity or brain
ischemia.””

e) Nitrogen oxides (NOX)

Nitrogen oxides (NOXs) are reactive substances of nitric oxide (NO), nitrogen dioxide(NO,), nitrogen
trioxide (N,O3), nitrogen tetroxide (N,O,) and dinitrogenpentoxide (N,Os). These compounds are referred to
collectively as NOX. Gaseous nitric acid (HNO)is the most vital source of particulate nitrate (figure
No.5).0ther members of NOXs are nitrous acid (HNO,), nitrous oxide (N,O), peroxyacetyl nitrates (C,H3;NOs),
nitrites (NO,), nitrosocompounds (R-N=0) and nitrogen-containing acids (N,).*
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Figure No.5: Source of nitrogen dioxide in air pollution

Cerebral ischemia induces multiple and distinct changes in cerebral NO content, signaling occlusion in
middle cerebral artery occurring due to increased production of NO,*“® reducing the brain tissue NO to below
detectable level,”’indicating that a long lasting NO deficiency in ischemic brain can cause a chronic phase after
cerebr<a}1I5 4igschemia angiogenesis and this may extend to a collateralization with neurological outcome after
stroke.™

f) Ozone (O3)

Ozone (Og3), a highly reactive, colorless-to-bluish gas, odor associated with electrical discharges is
formed due to natural processes as well as human activities(figure No.6).*It is also formed as a result of solar
radiation on molecular oxygen (O,) in the stratosphere. It will prevent high-energy UV radiation from
penetrating the atmosphere, as Os is the chief constituent of photochemical smog. The sources of O are as a
result of action of solar UV radiation on nitrogen oxides and reactive hydrocarbons produced in troposphere,
emitted from vehicles and many industrial sources.™

The effects of O; pollution on healthy population are oxidative stress, systemic inflammatory responses
and blood coagulation.’**Thephenomena that are induced by low down rank of O3 could be a trigger for
ischemic event to atherosclerotic plaque instability, endothelial dysfunction leading to increased coagulation
and thrombosis.>*

g) Second-hand, Mainstream and Side stream smokes

Second-hand smoke (SHS) is otherwise known as environmental tobacco smoke. SHS formed during
burring of tobacco. Mainstream smoke is the smoke exhaled by a smoker. Sidestream smoke: lighted end of a
cigarette producing smoke, both the smokes causing cancer as particles size is very small as compared to
mainstream smoke. When non-smokers get exposed to these smoke, they breathe in nicotine and toxic
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chemicals, at the same level as a smoker do. The health of non-smokers getting exposed to a second hand
smoker at work, at home or even in publicare the same as the smoker gets affected.>>*®

SHS has a keyfeatur ein causing chronic diseases like lung cancer, asthma, heart disease but recently
studies have shown that there a link between SHS and stroke.*
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Figure No.6: Complication of second hand smoke (SHS)

Conclusion

Stroke, which is common in middle-aged and elderly, is one of the leading causes, especially in patients
with risk of hypertension, diabetes mellitus, dyslipidemia, smoking, excessive alcohol consumption and
atherosclerosis. Cardiovascular diseases are the leading cause of deaths on the globally, which also leads to
stroke.*®Sulphur dioxide, nitrogen dioxide and CO as air pollutants were found to increase the risk for stroke.

Among these air pollutants, it has been found that exposure to PM2.5has been the most dangerous, as
exposure to just two days to such pollutants, can create risk for stroke. Fine particles formed due to the
reactions between atmosphere gases, dominate the inhalable particulate fraction, gaseous pollutants
includeSOand NOj,and may be good markers for such particles. Free radicals produced from air pollution can
cause inflammatory responses which enhances blood coagulation and increase plasma viscosity, leading to
ischemic stroke but not to hemorrhagic stroke. Moreover, medicinal plants through their active ingredients
have a good therapeutic effect of diseases and disorders in attenuating air pollution-related health
hazards.>*®
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