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Abstract :High concentration of O, in the body becomes toxic and leads to tissue damage. Oxygen toxicity involves
oxygen free radicals or reactive oxygen species commonly called ROS. ROS are byproducts of normal metabolism. Oxygen
is essential for metabolism, in which molecular oxygen is completely reduced, the final product being H,O; yet if reduction
is incomplete, a number of reactive radicals are formed such as O’;” (super oxide), H,O, (hydrogen peroxide), OH" (hydroxyl
radical). In addition, 10, (singlet oxygen), HOO" (hydroperoxy radical), ROO" (lipid peroxide), NO™ (nitrogen monoxide
radical) and ONOO™ (peroxinitrite) too are important from biological point of view.

These free radicals are short lived, highly reactive and have a capacity to damage biomolecules, cells and tissues and
are also capable of generating new radicals by chain reactions. There are two categories of radicals —

1. A free radical contains one or more unpaired electrons (Exp. O, OH’, ROO) but

2. Non free radical derivatives (without unpaired electrons) are H,0,, 1 O,.

The latter category also comes from biological systems. These radicals cause cellular damage leading to cellular
injury (damages to carbohydrate, lipids, protein, RNA and DNA) and cause cell death. Excessive generation of ROS results
into oxidative stress leading to pathological disorders such as cardiovascular, neurological, pulmonary, dermatological,
diabetic condition, skeletal and neoplastic diseases. Redox active toxicants cause oxidative stress.

The authors have described and compiled informations of these radicals, their good and bad aspects with special reference
to environmental pollutants (asbestos, crystalline silica, coal, cigarette smoke, agricultural dust, inorganic dust and metal
ions). They have also dealt with Lung epithelial lining versus ROS, Ischemia versus ROS, NF-kB versus ROS, inactivation
of P, (transcriptional activator) in the light of works done by various authors.

The ROS, their formation and consequences have been explained with the help of suitable diagrams.

Key words : Reactive oxygen species, ROS (O'z', H,0,, OH, 10,, HOO, ROO, NO", ONOO etc.), NF-kB, Ischemia
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INTRODUCTION cell death and tissue injury (Freeman et a/, 1982)'. Our
body in order to neglate or minimize cellular damage,

Reactive Oxygen Species are byproducts of normal . . A
possess enzymatic and non-enzymatic antioxidants. Plants

metabolism, capable of causing cellular damage leading to
do not have antioxidants.

Reactive Oxygen Species (ROS) includes hydroxyl
radicals (O'H), superoxide anion radical (O°,), peroxyl
radical (ROO"), Alkoxyl radical (R"O), thiyl radical (R'S)

*Corresponding author :
Phone: 9934157570
E-mail : sahayumapati@gmail.com




Biospectra : Vol. 8(1), March, 2013

S SInternational PBi

.
Z,
/94’,

d b
o/

/ a/ %/?) Seiences

and oxides of nitrogen N'O, N'O,. Free radicals contain
one or more unpaired electrons whereas non free radicals
are without unpaired electrons (H,0,, 10, etc.).

Non radicals include hydrogen peroxide (H,0,)10,,
and hypochloride (HOCI). ROS and non radicals are
associated with the production of certain diseases.

There is a balance between the production of ROS
and antioxidants in human body. Any imbalance (i.e.,
excessive generation of ROS) results into an oxidative
stress* and leads to disease (Fig.-1).

During normal metabolism, free radicals (a natural
byproduct of metabolic activity) are formed.

These free radicals are electrically charged molecules
that attack our cells, tearing through cellular membrane
and damage nucleic acids, proteins and enzymes inside
the cell. They neutralize viruses, bacteria, environmental
factors like pollution and radiations; but if produced in
excess or when antioxidants are not available, generate
OXIDATIVE STRESS, the oxidative stress in turn causes
cells to lose their structure, function leading to destruction
(oxidative damage) (Fig. 1).

Antioxidants on the other hand reduce oxidative
damage caused by free radicals (Frie, 19942 Halliwell &
Gutteridge, 1999°) for example vitamin C is a potent free
radical fighter (Krohausen et al 1989%). Its concentration

Reduces 0-2

@

in blood stream and tissues is high. It is a primary
ingredient of collagen and bind cells to form the tissues
and has a role in the manufacture and defence of connective
tissue. Vitamin C neutralize free radicals Mishra and
Fridovich, 19725, is an aldose reductase inhibitor and
prevents tissue damage caused by sorbitol (Fig. 2).

Exposure to redox active toxicants (asbestos,
crystalline silica, coal, cigarette smoke, agricultural dust,
inorganic dust and metal ions) leads to changes in the
pro-oxidant level which utilizes antioxidants thereby
causing oxidative stress and cell injury, which in turn leads
to pneumoconiosis ** and carcinogenesis ***,

In chronic exposure to redox active toxicants there
is an influx of inflammatory cells into the lungs which
promotes the production of ROS and leads to the
production of pulmonary neoplasm****, Cantin et al
(1987); Oury et al (1964), finally leads to tumour.

1. Mitochondrial c-oxidase:

Mitochondrial c-oxidase in a state of normal oxygen tension
(in human body) turns, more than 98 % oxygen through a
four electron catalytic reduction and forms water, however
remaining 2 % of oxygen undergoes sequential incomplete
reduction and forms long lived reactive species via Habers
Weiss reaction as under:

02SOD (Superoxide dls.mutase)\ Hy0,
Dismutation of O,

>

Fenton
reaction

Directly

H,O (98 % oxygen)

Habers Weiss reaction

.. Fe —
H,0, + 0; — 0, + OH '@
Cu

2 % oxygen

Hy0; +Fe? + Cu—>Fe*3(Cu*?)+OH -

1

reduce

Reduced metal

+3 #2
P& —s combines with H,0; ——— Oxidise H,0,

Haber's Weiss and Fenton reaction

* attacks by free radicals is collectively called oxidative stress.

Free radicals are electrically charged particles or molecules, that attack our cells, tearing through cellular membrane
and damage nucleic acids, proteins and enzymes inside the cells.

** Any lung disease due to permanent desposition of substantial amount of particulate matter in the lungs.
*** Production of cancer.

*#%%* Abnormal growth in which cell multiplication is uncontrolled and progressive (benign/malignant).
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H,0, is produced from catalyzed SOD (superoxide
dismutase) in the absence of upregulation of catalase.

O°, directly reduces H,O, (generated from the
simultaneous dismutation of O°,, to O'H, O, and OH
(Haber's Weiss reaction). O, also reduces trace elements
Fe*, sometimes Cu*? and generates O",". Reduced metal
reacts with H,0O, and get it oxidized with release of OH
and O'H (Fenton reaction). Thus in Fenton reaction O",,
H,0, and Fe*? are involved (Fig. 3).

(DROS in lung epithelial lining:

In lung epithelial lining fluid, the concentration of
reactive oxygen species (ROS) are low due to the presence
of

(1)SOD (Cu, Zn SOD) — found in cytoplasm and
peroxysomes.

(2)Mn SOD - present in mitochondria.

(3)Catalase — in peroxysomes.

(4)Antioxidant vitamin E.

(5)High concentration of reduced glutathione and
ascorbate Cantin et al (1987)%.

In the lung matrix however, extracellular SOD (Ec-
SOD) scavenges extracellular O, Oury et al (1994)’.

The reactivity of O'H is very high, its action is non
specific, its reactivity is confined to few molecular radii
from its origin.

(2)Ischemia and ROS:

In ischemia, decreased perfusion, low Oxygen tension
and trauma, xanthine dehydrogenase is converted into
xanthine oxidase (also released from liver and intestine).
This xanthine oxidase binds to pulmonary epithelium and
becomes a locus for the production of reactive O", species
Weinbroun et al (1995)3%. When xanthine combines with
molecular oxygen in the presence of xanthine oxidase, it
produces partially reduced oxygen species.

(3)ROS with the help of NADH oxidase:

Neutrophils and macrophages migrate to lung under
the proinflammatory cytokines and release ROS with the
help of NADPH oxidase.

ROS is of two types:

1. Exogenous ROS: It is produced in many
circumstances and situations, for example —

a) In asthamatics, Mattoli et al (1991)° found
increased level of inflammatory cells (monocytes) and
ROS.

b) Fulkerson et al (1996)'° found ROS production
during cystic COPD (chronic obstructive pulmonary
disease), ARDS (acute respiratory distress syndrome).

¢) ROS is produced by stimulated macrophages and
polymorphonuclear leucocytes (neutrophil) when people
are exposed to pollutants Sibille et a/ (1990)'!.

d) Cross et al (1991)'? observed that in inhaled
ozone, nitrogen dioxide, automobile exhaust, cigarette
smoke evoke the production of ROS.

e) Pritchard ef al (1996)"3 opine that particles such
as residual oil, fly-ash and air dust containing ionizable
concentration of transition metals via phagocytosis by
macrophages too, generate ROS.

f) Transition metal containing dust (in vivo
exposure) help in the release of ROS, Berg et al (1996)'.

g) Industrially derived silica and asbestos react with
lipid and protein of airways cells and generate ROS
Vallyathan et al (1988)"> and Brody et al (1988)'°.

h) When lung diseases are treated N'O reacts with
oxygen and superoxide anion radical and forms
peroxynitrite Fulkerson et al (1996)'. (Fig. 4).

2. Endogenous ROS: 1t is also produced in different
situations, such as (Fig. 5) —

a) Gatti et al (1993)'7; Shooji et al (1995)'® opine
that in response to pro-inflammatory cytokines (narcosis
factor a-TNFa) ROS is produced in airways epithelial
cells.

b) TNF-a regulates gene expression and the activities
of xanthine oxidase upregulation (an abundant enzyme in
epithelial cells) which generate superoxide anion radical
and H,0, as it meets the oxygen in airways epithelial cells.
Interferon v, IL-1 adds to the effect of xanthine oxidase
up-regulation, Kooji et al (1992)"; Pfeffer et al (1994)%.

This has been observed by Rahman ef a/ (1995)*' in
human epithelial cell type II (A 549) and the cell in order
to protect itself from oxidant burden (ROS), converts
cellular glutathione to its oxidised form.

(2)Oxidative enzymes such as NADPH and
cycloxygenase which are associated with airways epithelial
cells adds further burden of ROS, Ramacle et al (1995)*2.

(3)In response to inflammatory cytokines in airways
epithelial cells i NoS (found in epithelial cells too produce
N'O.

Through electron transport reactions in mitochondria
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of stimulated epithelial cells forms reactive species, Shooji
et al (1995)'%; Schulzeosthoff et al (1993)%.

Whether ROS is exogenous or endogenous, in all
cases ROS leads to the development of oxidative stress
which leads to cytotoxic effect.

However, oxidative stress is protected by non-
enzymatic antioxidants (vit. C, vit. E, B-carotene, uric acid
and thiols). Carotenoids and vit.-C quenches radical in
non-lipid cellular compartments, uric acid quenches O'H,
singlet oxygen, hypochlorous acid, oxoheme oxidants and
hydroperoxyl radical also stops oxidative damage of protein
and nucleobases, immobilizes oxidant species produced
via Fenton reaction and which are intracellular oxidants
Ames et al (1981)*; Davis et al (1986)%.

Mucous removes O'H, H,0O, according to Cross et
al (1984)*; Grisham et al (1987)*.

Intracellular oxidant burden is reduced by bilrubin (a
free radical scavenger), heme oxigenase I (protein)
catalyzes the production of bilrubin from Heme according
to Stocker et al (1981)%, Keyse et al (1989)* and
Schubert et al (1991)*. (Fig. 6).

Airways epithelial cells possess enzymes, such as
catalase (CAT), superoxide dismutase (SOD) and
glutathione peroxidase (GSHPx). Out of these SOD
dismutes O","and produce H,0O, which is processed further
by CAT or glutathione cycle.

In the cytosol and nucleus of epithelial cells
CuZnSOD is found, whereas in mitochondria MnSOD is
found Hassan et a/ (1990)*' which is upregulatd by ROS
and cytokines such as TNF o, IL-I and IL-6 and by
inflammatory minerals Wong et al (1988)*?; Ono et al
(1992)%3; Persinger et al (1993)**; Duan et al (1993)%;
Janssen et al (1994)% and Visner et al (1990)".

H,0, is consumed by catalase and glutathione
peroxidase (GSHPx). Glutathione oxidation reduction cycle
reduces H,O, and degrades lipid peroxides and products
of lipooxygenase catalysed reactions Freeman et al
(1982)!. (Fig. 6).

In general, it can be said that pro-inflammatory
cytokines force Neutrophils and macrophages to migrate
to lung and release ROS with the help of NADPH oxidase,
Babior (1994)'%.

Chrysolite asbestos cause production of ROS (O™)
in human alveolar macrophage Perkins et al (1991)* and
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in guinea pig alveolar macrophage Kella ef a/ (1990)*.

Crocidolite, amosite, chrysotile asbestos and silica
exposure produce ROS (measured by electron spin
resonance ESR spectrum).

O, produced opens up Ca** channel, Kella et al
(1990)%.

Chen et al (1998)* opine that ROS is activated by
cytokines, viruses, protein kinase C with activators and
immunological stimuli. ROS is also activated by SOD by
the process of dismutation of O°, and generation of O'H
which in turn activate NF-kB (nuclear factor kappa
transcription factor which plays an important role in
inflammatory and immune responses). NF-kp is also
produced by crocidolite induced alveolar macrophage cell
line and from primary alveolar cells, Vallyathan (1998)*
which is time and dose dependent.

NF-kB regulates TNFa (tumour necrosis factor o)
which is a proinflammatory cytokine. It also activates
cytokine receptor Siebenlist et a/ (1994)*; Baeurele ef al
(1994)%.

NF-kp is inhibited by antioxidants like N-acety!
cysteine and pyrrolidine dithiocarbamate (PDTC) Shreak
et al (1992)* and metal chelators deforaxamine which
block metal generated O'H from H,0,.

The production of TNF-a is inhibited by oxygen
radical scavengers. Inhibition of NF-kf nuclear
translocation by SN 50 has been observed.

Cell permeable inhibitory polypeptide or sequence
specific oligonucleotide which hits TNF-« binding site
of NF-kf} and attenuates the effect of asbestos on TNF-a
production. (Fig. 7).

Vallyathan et al (1998)* opine that ROS produce DNA
strand break (detected by alkaline unwinding assay).

ROS is capable of bringing oxidative modification of
DNA base, sequence changes, poly ADP ribosylation,
activation of kinases and proto onchogenes, inactivation
of suppressor gene, Weissmann et al (1996)*; Halliwell
et al (1990)%.

Some of the reactive species are dealt here separately:
N’ O (Nitric oxide)

Nitric oxide is a membrane permeable free radical
which is synthesized from terminal guanodin nitrogen of
L-arginine with the help of N'O synthase — Marletta
(1993)¥. (Fig. 9).
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The enzyme N'O synthase (NOS) exists in three
isoforms (Fig. 8) which expresses itself in different cell
types according to Moncada et al (1991)* and Nathan
(1992)®. Three different genes are responsible for the
transcription of the three isoforms which catalyze the
oxidation of L-arginine to L-citrulline, Steuhar et al (1992)>°
and Nathan ef al (1994)%' in the presence of co-factors
like NADPH, FAD (Flavin adenine dinucleotide), Flavin
mononucleotide (FMN), Calmodulin heme and
tetrahydrobiopterin.

According to Nathan et al (1994)°! the NOS isoform
differ in:-

i)  Calcium dependence,

i)  tissue distribution,

iii) amino acid sequence and

iv) regulation of expression and function.

The endothelial isoform of NOS are (Fig. 8):
1. NOS (e NOS or NOS,) — 135 k Da
2. Neuronal NOS (n NOS or NOS) — 150-160 k Da
The above two are constitutive NOS (cNOS) and require
calcium for expression Snyder (1992)%%; Gibaldi (1993)>
and Bredt et al (1991).

3. iNOS or NOS,— 130 k Da—is generally expressed
in response to cytokines [IL] - IB, TNF.a, INF-y and
bacterial lipopolysacchrides Nathan (1992)*; Lorsback et
al (1993)%; Billar et al (1992)% and or is expressed in
certain cells by immunologic or inflammatory stimuli Hibbs
etal (1987)%, Steuhr et al (1991)*°, Grisham et al (1992)%,
Mc Call et al (1989)%, Curran et al (1989)%; Schulz ef al
(1992)%!, Werner — Felmarer et a/ (1990)% and Bensley et
al (1991)%. It has been implicated in Endotoximia*,
inflammatory bowel disease, neurological disorders and
atherosclerosis**. (Fig. 8).

NOS, is also formed from synovial fibroblasts of
patients suffering from arthritis***. It has been found
that NOS, is inhibited by the absence of TGF-B
(transforming growth factor B,) and that its absence cause
lethal inflammatory condition.

Disrupted generation of TGF-B leads to over

production /expression of NOS, which ultimately produce

N"O leading to the death of STL mouse Imai ef al (1993)%;

Gaillard et al (1992)%; and Marletta et al (1993)* found

that Eicosanoid reduce expression of NOS, and results

into the formation of N'O.

Activation of NOS, leading to the production of N'O
is also brought about by cytokines, microbial products
and immune complexes which act as activators.

N’O helps in many ways for example (Fig.14):

i) It develops resistance to tumours and microbes.

i)  According to Genaro et al (1995)% when N'O is
produced in small amounts, it modulates B-cell
function by modifying bcL-2 level and apoptosis.

iii) Darius et al (1992)%7; Kubes et al (1991)® found that
N'O modifies adhesiveness and chemotaxis of
polymorpho-nuclear neutrophils and monocytes.

iv) Stadler et al (1993)® found that N'O modulates
prostaglandin E, formation.

v)  According to Magrinet et al (1992)° and Panjabi et
al (1992)"'N"O regulates blood pressure and vascular
tone, neurotransmission, controls cellular growth and
differentiation and also modulates learning.

vi)  Stimulates Guanyl cyclase after binding (via c GMP;
¢ - GMP gated channels, c — GMP dependent kinases
and photo-diesterage. It also controls cell function.
(Fig. 10).

vii) N'O binds with high affinity to iron heme of
haemoglobin (Hb) and myoglobin (Mb). Hb and Mb
are quenchers of N'Os action and forms
nitrosylhaemoglobin (NOHb) — this is detected by
electro-paramagnetic resonance (EPR).

viii) N'O increase conjunctivital blood flow and plays a
vital role in retinal ischemia /degenerative diseases.

ix) According to Bredt et al (1991)%; Pollock et al
(1991)™, N"O activates soluble guanyl cyclase which
produce intracellular signaling molecule c-AMP,
decreases intracellular calcium and release smooth
muscle cell. (Fig. 10).

x) Combines with O°," in mitochondria and forms
peroxynitrite ONOO™ which stimulates Ca** release

*Endotoximia - presence of endotoxin in blood.

**Atherosclerosis - where atheromas containing cholestrol lipid and lipophages are formed within the intima and inner/

media of large & medium size arteries.
**# Arthritis - inflammation of joints




x1)

(Fig.

Biospectra : Vol. 8(1), March, 2013

S SInternational PBi

.
Z,
/94’,

d b
o/

/ a/ %/?) Seiences

from mitochondria but maintains Dy (mitochondrial
membrane potential). (Fig. 11).

Stimulate specific calcium release pathway from
mitochondria due to oxidation of thiol in
mitochondria, Beckmann et al (1990)”* and in variety
of cells Muijsers et al (1997)". (Fig. 11, 12, 13).
N’O on the other hand shows some bad effects.
15) These are:-

According to Brown et al (1994)7%; Carr et al
(1990)%; Schweizer et al (1994a)”’, Richter et al
(1994)8, Cleeter et al (1994)"; Brown et al (1995)%
and Takehara et al (1995)% N"O inhibits respiration
as observed in isolated enzymes, submitochondrial
particles, mitochondria, hepatocytes, brain nerve
terminals and astiocytes.

Inhibits platelet aggregation and secretion according
to Stamler et al (1991)%; cell proliferation and
lymphocyte formation Moncada et al (1993)% at
relevant concentration.

Deenergizes mitochondria using respiratory substrate
like pyruvate and malate, ascorbate + tetramethyl
phenylenadiamine (not deenergized if ATP is used in
transient inhibition of c-oxidase).

According to Tamir et al (1995)3 N"O participates
in the pathogenesis of spontaneous myositis* in SJL
mouse.

Brown et al (1995)3%; Richer et al (1995)"® found
that N"O inhibits c-oxidase at physiologic cellular
oxygen pressure (c-oxidase is sensitive to N'O below

Plays an

vi)

Vii)

viii)

a)
b)

()

important role in pathogenesis of Pneumoconiosis
Castranova et al(1996); Vallyathanet al (1997);
Vallyanthan et a/(1998); Shi et al(1998) etc.

Superoxide
dismutase

SOD
GHS Px

0; H,0;

H,0

Habers Weiss reaction

Fenton
reaction

30 uM concentration.

Magrinet et al (1992)™ and Claney et al (1995)* hold
that N'O destroys tissue/cells, can induce
cyclooxygenesis (Cox), cause pain, destroy protease
inhibitors, increase the formation of IL-1, TNF-a
NADPH activity in myloid cells.

iNOS is implicated in Endotoxemia, inflammatory
bowel disease can be activated, repressed by N"O.
In Ischemia** and reperfusion injury and in
inflammatory sepsis elevated level of O°, (superoxide
anion) and N"O production takes place, Beckmann
et al (1990)7, Muijsers et al (1997)™ found that N'O
and O°, make ONOO' in a variety of cells

ONOO' according to Radi et al (1991)%, oxidizes
Sulf hydryl group and initiates lipid peroxidation.
Nitrate phenolic ring of tyrosine residues of protein
and forms nitrotyrosine (detected by anti-
nitrotyrosine antibodies Ischiropaulus et al (1992).
brings relaxation in coronary artery, Lieu et al
(1994)% and pulmonary artery, Wu et al (1994)%.
inhibits leucocyte endothelial interaction at
nanomolecular concentration via inhibition of the
upregulation of P-selection.

Naseem et al (1995)% found inhibition of platelet
aggregation.

brings reduction in the polymorphonuclear
accumulation in ischemia* reperfused heart (due to
nanomolecular concentration of ONOO).

Cell death

Lipid peroxidation

A (leadsto DNA damage, protein
modification, OH attacks phospholipid,
Halliwel et al, 1989) which extracts a
hydrogen from phospholipid & results into
lipid radical which reacts with molecular
oxygen & yields lipid peroxyl radical

.. Fe .
202+ 03—0, +OH @
Cu

.
D
D

H0; +Fe? + Cu—Fe*3 (Cu?*)+ OH

Generation of OH via Haber Weiss r

al

& Fenton reacti

* Myositis — inflammation of voluntary muscles.
**]schemia — deficiency of blood in a part, due to functional constriction or actual obstruction of a blood vessel.
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H,0,:

H,O, is generated due to dismutation of O, O°;
reduces H,0, and produce OH, OH and O, (Haber Weiss
reaction). O°," also reduces trace metals (Fe™ and Cu*)
and generates O,. Reduced form of metal reacts with H,O,
and results into oxidized form of metal, OH and O'H as
illustrated below. When SOD is catalysed, H,0, is formed,
which shows toxic effect in certain circumstances.

O'H is nonspecific and highly reactive form confined
to few molecular radii from its origin, attacks membrane
phopholipid (Halliwel et al 1989)°', extracts a hydrogen from
phospholipid and results into lipid radical which combines
with molecular oxygen and forms lipid peroxyl radical which
in turn destroy membrane phospholipid and brings oxidative
cell injury according to Vallyathan et al (1995)*, Castranova
et al (1996)%; i.e., brings changes in :-

a) Extra cellular release of protease, lytic enzymes, ROS
and cytokines.

b)  Amplification of inflammatory mediators and growth
factor.

¢) Upregulates and consumes antioxidant enzymes (Fig.
16).

Repeated cell injury activates fibroblastic proliferation
and collagen formation ultimately leading to pulmonary
fibrosis.

Oxidative injury is inhibited by catalase (an
antioxidant) and formate. O'H hydroxylate guanosine
residues (dG) to 8-hydroxy 2'-deoxyguanosine (8-OH dG)
according to Diazarolu (1991)*.

O’H is also produced in various ways. Some of these
are: (Fig. 16).

i)  Inhalation of particulate matters, or phagocytosis
produce O°, which on dismutation yields H,O,. H,0,
via Fenton reaction in the presence of transition metal
(ferrous or cuprous ions) produce O'H. H,O, is
capable of crossing the cell membrane by diffusion
whereas O°, crosses the cell membrane through
anion channels (Fig. 3). The reactivity of O°;" and
H,0O, differ considerably compared to each other.

i)  According to Vallyathan et al (1992)%; Kadriiska et
al (1997)°¢ and Castranova et al (1996)* inhalation
oftoxic pollutants undergo phagocytosis and generate
O’H.

iii) Fractural quartz instigates the production of O H.

iv) According to Vallyathan et al (1998)*'; Shi et al
(1988)”" surface radical in freshly ground silica upon
contact with aqueous solution too generate O H.

v)  O’H plays an important role in silica induced NF-kf3
activation Sun et al (1996)%, bring oxidative injury,
cause deletion and point mutation which results into
oncogene activation (Fig. 16).

Activation of NF-kp (Nuclear factor Kappa p)

NF-kB plays an important role in inflammatory and
immune responses once it is activated along with the
activation of oncogenes, cytokine receptors, cell adhesion
molecules, growth factors opines Sibenlist ef al (1994)*;
Baeuerlle (1994)%.

Immunological stimuli, protein kinase activators,
cytokines, viruses and ROS activate NF-kB, Chen et al
(1998)”. SOD (by promoting the dismutation of O°,’
generate O°H radical) increase the activation of NF-kp.
O’H radical (one of the reactive oxygen species) is a potent
activator of NF-kf.

There are compound which inhibit NF-kf activation.
These are:-

(1) Catalase, (ii)) O'H specific scavenger sodium
formate, (iii) anti-oxidants like N-acetyl cysteine and
pyrrolidine dithiocarbamate, (iv) metal chelator
deforaxamine.

NF-kp regulates the production of TNF-a which is
dose and time dependent. Vallyanthan et al (1998)* found
that crocidolite asbestos induces the production of TNF-
o whereas SN-50 (cell permeable inhibiting peptide or
sequence specific oligonucleotide) directed against TNF-
a binding site of NF-kf attenuated the effect of asbestos
on the TNF-a production. (Fig. 17).

The silica particles as well as exposure to chrysolite
produce ROS which is enhanced by Fe (II) and H,0,.

ROS attacks on deoxyribose purine and pyrimidine
bases, induces oxidative modification of DNA (base
damage), sequence change in DNA, poly ADP ribosylation,
activates kinases and protooncogenes and activates tumor
suppressor gene P53 (having 10 cysteine residues).

O’H of ROS leads to deletion and point mutation
which results into oncogene activation. (Fig. 16).
Dizdarrolu (1991)°* found that O"H in isolated DNA, induce
DNA damage as it brings hydroxylation of dG (guanosine
residues) resulting into 8-OHdG (8-hydroxy-2'-
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deoxyguanosine) measured by HPLC with electrochemical

detection and this, therefore, leads to point mutation (base

damage) ultimately leading to mispairing. (Fig. 16).
Inactivation of P, (Transcriptional activator)
Gene P, is a transcriptional activator which serves

as tumour suppressor, has a role in human carcinogenesis

Harris (1993)!% and Harris ef a/ (1993)!°1,

In 50 — 60 % of human lung cancers mutated P, is
found. Mutated P, possess long life and is found in higher
concentration in cancer cells and preneoplastic cells.
Double strandd DNA break or other types of DNA damage
activate P_; according to Harris (1993)'*' and Harris et al
(1993)12,

Gansange et al (1997)'* observed G, arrest in
proliferating fibroblasts and accumulation of P_, and Cdk
inhibitor I WAFI/CIP 1.

P, — a transcriptional activator has certain works to
do. These are:

i)  Controls the expression of several genes that control
growth inhibitory and apoptotic pathway.

i)  Serves as tumour suppressor.

iii) Has 10 cysteine residues in it.

iv) In reducing environment it is active.

v) In oxidizing environment (prooxidant state) it
undergoes conformational change and becomes wild
P, (Fig. 19) — a mutant.

In 50 % of the human tumours P_, is defective that
is the reason tumours are aggressive and resistant to
treatment, on introduction of active P, genes in such
tumour cells, the tumour regress.

Peroxynitrite (OONQ) — a potent oxidizing and
nitrating species (Fig. 20)

According to Beckmann et al (1990) peroxy-nitrite
is a potent oxidant generated from N'O and O°,".

OONO ' formation has been shown in:

(1) rheumatoid arthritis,

(i1) shock associated endotoxemia,

(iii)

(iv) neurotoxicity,

(v) endothelial injury and colonic inflammation,
Beckmann et al (1994)!%; Darley — Usmar et al
(1995)!%* and Proyor et al (1995)'%,

(vi) photoreceptors in the ganglion cell layers and blood
vessels of retina, Wu et al (1997)'%.

silica induced lung injury,

d b
o/

OONO oxidises:

(1) sulfhydryl group and instigate lipid peroxidation.
(i1) Nitrate phenolic rings of tyrosine residues of protein
and forms nitrotyrosine, Haddad et a/ (1994)!%7.
Produces vascular relaxation in isolated coronary,
Liu et al (1994)® and pulmonary arteries Wu et al
(1994)%.

(iv) Inhibits platelet aggregation Naseem et al (1995).
(v) Inhibits leukocyte endothelial interaction in vitro and
vivo by inhibiting the upregulation of P-selectin, Lefer
et al (1997)'%8,

At nano-molar concentration of OONO' reduces
polymorphonuclear accumulation in ischemic

(iii)

(vi)

reperfused rat hearts.
OONO along with N'O lowers intra ocular pressure
in eye and increase blood flow.

(vii)

(viii) Plays a role in occular inflammation Bellot et a/

(1996)'*° and Allen et al (1996)"'° and OONO is also

involved in uveitis* Allen et al (1998)'!.

Decays under acidic condition to produce hydroxyl

like free radical Beckmann ef al (1990)7.

(x) Increase in 3-nitrotyrosine due to nitration of tyrosine
by OONO has been seen in the lung of patients with

(ix)

sepsis and in animals with acute lung injury.
(xi) OONO' can also S-nitrosylate glutathione and other
thiols which has cardioprotective and cytoprotective
effects Lefer et al (1997)'.
OONO is capable of reacting with other proteins and
alter their function for example OONO  and N"O both
inactivate the activity of catalase. Venkatraman et al
(1994)!'2 observed in MRL mice overproduction of
OONO/, O°; and N'O with depletion of catalase. As

a result of this lipid peroxidation was increased with

(xii)

increased oxidative stress.

(xiii) OONO is an efficient oxidant of thiols Radi et al
(1991)%. Activation and expression of NOS results
into the formation of OONOQ'. It has been implicated
in certain diseases like acute endotoxemia,
inflammatory bowel disease, neurological disorders
and artherosclerosis. It contributes to the N'O
mediated biological effects Lin et al (1995)'3.

(xiv) O", combines in mitochondria with N'O and forms
OONO’ which stimulates Ca?" release from
mitochondria without disturbing the Dy.




Sahay, et.al. : On the formation of some reactive oxygen species versus health hazards

(xv) OONO' inhibits Acotinase and can stimulate the
specific Ca** release pathway from mitochondria by
oxidizing some vicinal thiols in mitochondria.

(xvi) OONO induces apoptosis which is concentration and
time dependent Lin ef al (1995)'3. Cells die by
apoptosis or necrosis which is concentration
dependent Bonfoco et al (1995)!'*,

(xvi))OONO' is capable of reacting with other proteins
and alter their function for example ONOO and N"O
both inactivate the activity of catalase. Venkatraman
et al (1994)'"? observed in MRL mice overproduction
of OONO, O’, and N"O with depletion of catalase.
As a result of this lipid peroxidation was increased
with increased oxidative stress.

(xviii) As mentioned earlier ONOQ™ nitrates phenolics,
including tyrosine and tryptophan residues in several
proteins Beckmann et al (1992)!15,

(xix) Bovine aortic endothelial cells Kobzik et al (1993)!1¢;
rat alveolar macrophages Ischiropolous et al (1992)%
and human neutrophils Carreras et al (1994)!'7 also
produce ONOO'.

(xx) Gow et al (1996)''® and Denicola et al (1996)!'° have
reported that at physiologic concentration of CO,
and bicarbonate, OONQO™ reacts vigorously via the
formation of the nitrosoperoxycarbonate anion
(O=N-O0CO,) and increases the yield of nitration.
ONOQO' attacks biological targets even in the presence
of antioxidants Van der vilet et al (1994)'2°.

(xxi) Crow et al (1995)?! observed that ONOO™ and N'O
modify the thiols of transcription factors used in the
DNA bending. For example zinc finger protein.

(xxii)Zu et al (1998)'?? observed that asbestos inhalation
induces iNOS in lung inflammation and epithelial cells

resulting into the formation of OONQO (the significant
amount of nitrotyrosine) a marker of OONO” was
observed by Zu and his colleagues in the lung of rats
exposed to chrysolite and crocidolite.

(xxiii) Saleh et al (1997)'* too observed significant
amount of nitrotyrosine and iNOS in macrophages,
neutrophils and alveolar epithelial cells of patients with
idiopathic pulmonary fibrosis and opined that possibly
this is due to OONO' causing fibrosis.

(xxiv) Broaddus et al (1996)'** found that asbestos
induces apoptosis of human and rabbit pleural
mesothelial cells by OONO'.

CONCLUSION

The generation of free radicals is due to normal
biological processes or cellular metabolism or due to
environmental pollutants. ROS may be produced
exogenously in asthamatics, during chronic obstructive
pulmonary disease, in acute respiratory syndrome, when
people are exposed to pollutants, due to inhalation of ozone,
nitrogen dioxide, automobile exhaust, cigarette smoke,
residual oil, flyash and air-dust containing ionisable
concentration of transition metals, from industrially derived
silica and asbestos when react with lipid and protein of
airways cells and when lung diseases are treated with N "O.

Endogenous ROS are produced in airways epithelial
cells in response to proinflammatory cytokines (necrosis
factor a-TNF o) during xanthine oxidase upregulation,
due to oxidative enzyme NADPH and cyclooxigenase in
airways epithelial cells, through electron transport reactions
in mitochondria of epithelial cells.

In either case of elevated level of ROS leads to
oxidative stress, which has cytotoxic effects —
pathological disorders (cardiovascular, neurological),
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Leads to change in Pro- Pneumoconiosis
oxidant level & carcinogenesis
which utilises antioxidants

\

Cell injury

\y thus causes Oxidative stress 'l’umTour

Pulmonary neoplasm”
Excessive generation (new abnormal growth)
Cantine et a/ (1987)
Oury et al (1994)

Any imbalance
human o

InRRereis 3% willlead to
2

Anti-oxidants

measured by ESR (Electron Nitrogen
Hydroxyl OH spin resonance spectrum) NO2 dioxide
radical variesin differernt radical
superoxide 02 toxicants NO Nitric Persistent influx
anion radical . ample monoxide of inflammatory
ROO RS radical cellsinlung
Peroxyl RO Thiyl Exp. dust exposed
3 radical Alkoxyl radical phagocytes

Exposure to Redox radical

active toxicants
(asbestos, crystalline
silica, coal, cigarette
smoke etc.)

4 _ Chronic
"~ exposure

Fig. 1. Types of ROS & its role in Pneumoconiosis,
Carcinogenesis & Pulmonary neoplasm

Antioxidants reduce
oxidative damage
caused by free radicals
Frie (1994)
Halliwell & Guttridge
(1993)
Oxidative damage

- Exp. vit. C [apotent free Oxidatve stress (attacks by free radical
L e xidatve str y free radi
radical fighter Krouhansen A collectively)

etal (1989)], is aprimary If produced in excess or/when

uTgredlent of collag?n and antioxidants are not available
binds cells to form tissues

Free radical (natural biproducts of
T metabolic activity)
Ls Neutralize free [neutralize viruses,
(i) radical bacteria: envirompental
) rtAist.\r'a & Fridovich (1972) t:gtizgglnkztijllutlon,
(ii) inhibitor of aldose
reductase & prevents
tissue damage caused
by Sorbitol

During normal metabolism

Fig. 2. Oxidative damage & role of
antioxidants like vit. C.
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Inischemia, decreased
perfusion, low oxygen

tension and trauma,

xanthine dehydrogenase

is convertedinto xanthine
oxidase {also from liver

and intestine). When xanthine
binds to pulmonary epithelium,
it becomes alocus forthe
production of 0z, when
xanthine combines with
molecular Oz inthe presence
of xanthine oxidase produce
partially reduced oxygen
species, Weinbrown et a/ (1995 )’

cytokines force
In lung epithelial lining

fluid ROS is low due to

SODs {CuZn SOD -found

in cytoplasm and peroxy-
somes and Mn SOD of
mitochondria antioxidant,
vit-E and high concentration
of glutathione and ascorbate,

Babior (1994)

Proinflammatory

neutrophils and
macrophages to
migrate to lung and

release ROS withthe  ROS etc. ROS activate fibroblastic proliferation and collagen formation.
help of NADPH oxidase,

G2 &H202 are long lived compounds. G2-cross Pu via anion channels
whereas H202 cross Pu by diffusion. G2-reduce trace metals Fe*3 and
generate 02 but the reduced form of metal + H202 gives oxidised form of
metal, OH, OH via Haber's reaction H202 comes from catalysed SOD (super
oxide dismutase) inthe absence of upregulation of catalase butincrease in
mitochondrial H202, reduction forms 02, OH and GH. This OH and that one
formed via Haber's reaction attack phospholipid extract a hydrogen from
phospholipid and produce alipid radical which combines with molecular
oxygen to form lipid peroxyl radical which destruct membrane phospholipid
and brings cell injury. This oxidative injury brings changes in extra cellular
release of protease and lytic enzymes, amplify inflammatory mediators,

Cantin et al (1987) Activate fibroblastic
proliferation and
Wa}er collagen formation
turns 98 % oxygen \
through 4 electron Extra cellular Amplitication
catalytic reduction release of Consumption of inflammatory
in a state of normal protease and of antioxidant mediator and
oxygen tension 3 Iytic enzymes ROS Cytokines enzymes growth factor
1(a) 1 1 4 L 4
Mitochondrial and
) generate 02
- Oxid3 100 °0
| oxygen Reduce tr.;se " Reduced oxidised oxidu
Remaining 2 % of metals Fe’, Cu form of fainis of Oxi we"
oxygen undergoes (Haber Weiss metal + metal e.njury to ce .
incomplete reduction reaction) H202 OH brings changesin
and forms
1(b) s s OH Cellinjury
viaanion
channel Destruct
> ROS Non specific — membrane
Measured by ESR - longlived highly reactive phopholipid
electron spin compounds . Cell confinedto
resonance spectrum few molecular Lipid peroxyl
radii from radical
H202 Cross PM its origin
by diffusion Cobines mol.
oxygen
Also comes from catalysed SOD
(super oxide dismutase) in the Produce alipid
absence of upregulation of increase in mitochondrial radical
catalase .
H202 reduction and forms Extracts a hydrgen

I -
02 OH

Attack
@_phospholipid""
Halliwel et af
(1989)

from phospholipid

Fig. 3. Fate of mitochondrial C-oxidasse in normal oxygen tension, Haber's &
Fenton reaction & the role of OH in producing oxidative injury to cell
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Oxidative stress protected by
Non enzymatic anti-oxidants like

vit C
—Quenches radical in non lipid
B-carotene—— cellular compartments
Removes OH and H202 | Vit E—————— stops lipid peroxidation
Cross et al (1984) . . . .
Grisham et al (1987) Uric acid (i) scavanges OH radical, Singlet oxygen,
Schubert et af (1991) hypochlorous acid, oxoheme oxidants,
Mucus hydroperoxyl radical, stops oxidative
es damage of protein and nucleobases.

Intra cellular (ii)is aniron chelator, immobilizes oxidant
oxidant burden species produced via Fenton's reaction
Reduced by bilirubin (afree radical scavanger) Ames et al (1981), Davis et a/ (1986)
Heme oxygenase I & catalises the production

of bilirubin from heme Stocker et af (1981),
Keyse et al (1989), Schubert et a/ (1991)

rocessed furthe
by CAT or glutathione
cycle
Consumed 2 H202 CuZn SOD
by T in nucleus
to & cytosol
= 62
Cytosol upregulated by ROS, TNFa, IL-1
3 ’ ’
T T T ] . .
Mn SOD in L2 IL-6 or inflammatory minerals
mitochondria Wong et al (1988)
Dismutes Hassan et al Visner et al (1990)
1994) Ono et al (1992)

Persinger et al (1993)

\ Air ways epithelial cells possess Duan et af (1993)
(i) sop Janssen et a! (1994)
J (||) catalase

enters glutathione (ui) glutathione peroxidase
oxidation reduction
cycle & reduce H202
(i) reduce intracellular
hydroperoxides
(i) degrades lipid peroxides &
byproducts of Lipo-oxygenase
catalysed reactions
Freeman (1982)

Fig. 6. Quenchers of oxidative stress by enzymatic & non-enzymatic antioxidants
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(i)

(ii)

N Synthase ;
(iii)

(0)

S v

,/ d (y¢ / a/ ‘%’0/@ Seiences

Transcribed by three different genes,
differin calcium dependence, tissue
distribution, amino acid sequence,
regulation and expression and function
Nathan et a/ (1994)

Differentially expressed in different
cell types

Moncada et a/ (1991)50

Nathan (1992)

Inhibited by non acid compounds
inhibition shows specificity for
isoform

Hibbs et a/(1987)

Tilton et al (1997)

Three ISOFORMS

|— Differ in calcium dependence,
tissue distribution, A. A sequence,

NOS (e NOS or NOS3)
135K Da
N

Neuronal NOS
{(nNOS or NOS1)

-

Constitutive NOS
expressed
require Ca?*
Snyder (1992)
Gibaldi (1993)
Bredt et af (1991)

Inhibit

N% monomethyl-L-arginine &
N© nitro--L-arginine methyl

esters (LNAME)
Hibbs et a/ (1987)

L

ed by

150 - 160 K Da

functions as
neurotransmitter
Snyder (1992)
VBredt etal (1991)

Cytokines
microbial
products &
immune
comlexes
activate it —»|

expression & function
o iNOS or NOS2

—130KDa
(i)|Located in epithelium, pericytes,
Muller cells of Retina, produce NO
in large amounts leading to cyto-
toxicity.
(ii)|Expressedinresponse to cytokines
[IL)-1B, TNF-o.& bacterial lipopoly-
saccharides
Nathan (1992)
Billar et a! (1992)
Lorsback et al (1993)
(iii )|Expressed by immunologic or
inflammatory stimuli (in certain cells)
Hibbs et a/ (1987) , Grisham

(1o e

Inhibited by

amino guanadine
Misko et al (1993)
Cross etal (1994)

etal (1992), Mc Call et a!
(1989), Curran et al (1989),
Schulz et @/ (1992), Werner
Felmayer et a/ (1990) , Beasley
etal (1991)

(iv)|is implicated in endoteximia,
inflammatory bowel disease,
neurological disorders,
artherosclerosis

Fig. 8. Isoforms of NOS / functions & inhibition
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When exposed to cytokines
Lipopolysaccharide & interferon

-y (IFN y) Kooy et af (1994)

activated macrophages

& 4

Pendino et al (1993) + Tetraoxinitrite L:i:t::::::: Ileiglll(s;l::i:/
et al (1993), endothelial

up reguiates NO production

Cause smooth muscle relaxation
& reduced platelet & neutrophil
adhesion to endothelium

Hence considered
as pulmonary

cells Kobzik et al (1993),
air ways cells Hickman
Davis et al (1998)

Ca?* independent

increased NO NOS(en.zyme
in epithelial responsible for
liningfluid O production

during inflammation

produce

By acti- vasodilator  peacts with other ;
vating soluble 1 free radicals PNy NG
Srleiles In blood st
clase & nblood stream
:rytcreasing ’ reacts with detol);yfy t° 4
enzyme C-GMP haemoglobin & ;eesrz r:::ti?/ .
Moncada et a! gets inactivated species
(1991)s0 Moncada et a/
NH2 (1991)
S
(l:H 2-NH
2 NO
- 1
H-C—NH; _
é 00 NG-Hydroxy-L-arginine
L citrulline (short Iive(‘i‘intermediate)
(bi product)
Moncada et a/ (1991) le— NOS (nitric oxide synthase) by S
electron oxidation of guanidino
Co-substrate 1 nitrogen of L-arginine
(02 & NADPH)
— >
NH3
Enzyme cofactors: »  ¢=NH
Tetra hydrobiopterin CHa-NH
FMN (Flavin nucleopeptide) éHz
FAD & thiols ('3Hz
H—(::-NH 3
coo
L-arginine

Fig. 9. NO from L-arginine & what it causes
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by cyclosporin A

NO at relevent

concentration
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(peroxynitrite
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stimulate Ca2*
release via ATP
ribose dependent
pathway but
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affects Ca?* cycling

observedin
mitochondria of _-
hepatocytes ¥
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(1994) I
mitochondria

4
ON
{
: : Schweizer et al
L 5 (1994)
EI/MIT "V%
A Y

.~~>change in transient
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deenergize

NO activates
binds to enzyme oxidase (sensitive toNO) Guanyl cyclase
at concentration below 30 uM at R —

intra cellular oxygen tension
Richter et al (1995)

& reversibly inhibits
respiration

Produce intracellular
signaling molecule
C-AMP, decreaswes

intracellular Ca?* and
release smooth muscle
Cell function

————> binds to guanyl cyclase via
enzyme GMP, enzyme GMP
gated channels, C-GMP
dependent protein kinases
and phosphodiesterase

Fig. 10. Deenergization of mitochondria & Ca2* cycling
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Accordingto Liu et al, 1995
combines with cytosolic factors
Cytochrome ¢ —— & leads to ———————> Nuclear

/apoptosis
S0 KD protease ——> of its own

(Accordingto
Susin, 1997)

G5~ & ONOO inhibit acotinase
otherwise acotinase is resistant to NO
Castro et a/ (1994)

Hausladen et af (1994)

Combines with
0, & forms ONOO \which stimulates

influences

Deestabilization of
Release of Ca2* |due to collapse of Dy (mitochondrial

mitochondria due

membrane potential whichis
driving force for mitochondrial

ATP synthesis)

to Ca?* cyclingrelease
proteins like

L
rd {
present in matrix N+°
& inner face ofAM NOS

A

AY

also regulates
Ca?* uptake

uptake of Ca2*

No apoptosis «—— Dy when maintained

apoptosis«—— Dy when declines
leads to

is slightly regulated & hence

requires hydrolytic enzymes,
chromatin condensation and
vesicle formation — needs

high energy

Fig. 13. Ca2* uptake and consequences
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> Activate fibroblastic ——— pulmonary

proliferation & fibrosis
collagen formation
8-OH dG brings Extra cellular release Amplification of Upregulation &
base damage of protease lyticenzyme,  inflammatory mediators consumption of
antioxidant enzymes

ROS & cytokines & growth factor
4 ‘)

8'-hydroxy-2'- 0
deoxyguanosine (-) inhibited by Catalase
(8-OH-dc) (antioxidant) & sodium formate
R Repeated € oxidative injury to
hydrokylstion of oxidative cell brings changes in
guanine residue (dG) .
injury
Destroy membrane

Cause deletion & phospholipid & cell injury

point mutation
Lipid peroxyl radical

combines with

Results into
molecular oxygen

oncogene activation

is potent oxidisin 3 Upid radical
ag:_r;;'non sggciz c, P Extract a hydrogen

~~=.._highly reactive ge
% form confined to I/'from phospholipid

i .
i OH
A ./ few molecualar

Plays an important
adii from its origif—— Attack membrane phospholipid

role in silicainduced <

e

NF-kB activation A !
Sun et al (1996) Halliwel et a/(1998)
tri Surface radical in
OH —B88"5 i nflammation freshly ground silica
: reaction upon contact with
via in presence of aquous solution
Fenton te GH
resciion Ferrous metal generate
Vallyathan et a/ (1988)
Haga : shi et af (1988)
. . ViaFenton
1 dismutation reactionl& Haber 'Mhalation of toxic Fractured
02 ollutants underoes  Juartzinstigate
Weiss reaction P the production
phagocytosis & of OH
Phagocytosis generate OH
T Vallyathan et a/ (1992)

Kadiiska et al (1997)

Inhaled particulate
Castronova et al (1996)

Fig. 16. OH formation & Consequences
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INACTIVATION
Activation of NF-kB [inhibited] by
i) metal chelator — deferoxamine
ii) N-acetyl cysteine & pyrrolindine
dithiocarbamate (antioxidants)
iii) OH specific scavanger — sodium formate
iv) catalase etc.

Silica —» v) oxygen radical scavenger
Activate . .
>NF-kB » Plays animportant role in
ROS, cytokines, viruses, —| (Nuclearfactorkappa inflammatory & immune
protein kinase C activators transcription factor) response ; also activate

immunological stimuli @

cell adhesion molecules,

Chen et al (1998) @ cytokine receptor, oncogenes

superoxide dismutase SOD—>] Increase
by promoting the dismuta-
tion of 07~ generate OH @

radical

Crocidolite
asbestos

& growth factors Siebenlist et a/
activation [ Regulates  1994; Baeuerle et al 1994

Induce ¥ .
>TNF- o production in alveolar

Pt on of - macrophage cell line of primary

alveolar cells (dose & time

dependent) Vallyathan et al (1998)
and attenuates the

effect of asbestos
on TNF-o. production

[ /HL[kL | NF-kB
TNF-0. 6\ SN-50 (cell permeable[inhibitory]

binding site of polypeptide or sequence specific
NF-kB oligonucleotide directed against
TNF-a binding site of NF-kB

Fig. 17. Activation & inactivation of NF kB
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marker of OH induced
DNA damage

ﬁ‘ﬁ"—“’—» 8-OH dG (8-hydroxy-
2'-deoxyguanosine)
Hydroxylation of dG (measured by HPLC

Oncogene activation (guanosine residue) with electrochemical
1 detection)

Leads to deletion & OHradical induce

. . Leads to point mutation
point mutation DNA damage
N

(base damage)

inisolated DNA

DNA strand break due to .
Can lead to mispairing

ROS attack on deoxyribose

purine & pyrimidine bases Oxidative modification of

DNAi.e., base damage

Sequence change in DNA

Induce poly ADP
ribosylation

Activation of kinase
Enhanced by

Fe (Il) & H202

“Activation of

Chrysolite
protooncogenes

asbestos

Inactivation of tumour
supression gene
Weissmann et al (1996)
Halliwel et a/(1990)

Silica particle

Fig. 18. Consequences of ROS
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Exposure of cells to
silicaincreases ROS
Results into wild

Active Ps3 mutant Ps3 Results
into
Inreducing  an oxidising environment
environment (i.e., prooxidant
of cell state of cell)

Ps3 Transcriptional activator
having 10 cysteine residue

Controls expression
of several genes

Fibroblast & controls

growth inhibitory  apoptotic

P A T H W A Y 5§
ROS induces G1 arrest in halts
proliferating fibroblasts
& accumulation of Ps3 & Cell division & allows
Cdk inhibitor IWAFI/C1P1 DNA to undergo repair/
Gansange et al (1995) or allow apoptosis

Fig. 19. Mutant wild Ps3

PS3 - (Tumour supressor gene) is a transcriptional activator & controls:
(i) the expression of several genes which are responsible for

growth inhibition and apoptic pathway
(ii) halts cell division and allows DNA repair
(iii) permits apoptosis of damaged cells
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Ca?* Release with preservation of
produces vascular relaxation (i) Dy, when mitochondrial pyridine
inisolated coronary Lin et a/ nucleotides are oxidised
(1994) & pulmonary artery (i) parallel to NAD™ hydrolysis
{Lin et a!,19943) (iii) without inhibition of respiration
(iv) without entry of sucrose in

=2

has adverse effect such as lipid

A Apoptosis mitochondria
peroxidation of membranes & . APOptost
" h Lin et a/ (1995)
modifies structural protein by
nitratingftyrosine residue induces

RatUs liver Qitochondria

) ) Ca?*
Can S-nitrosylate glutathione AN\ /
& other thiols containing " — :
substances & forms S-nitrothiols f ( gy, oxldising some vicinal thiols
N g induces in mitochondria
inhibis leucocyte endothelial d h

stimulate the specific ADP-ribose

interaction in vitro/vivo by c dependent release pathway

inhibiting the upregulation of - oxidises

P-selectin b OONO ~ adts bn thiols
A

J tyrosine of protein
Polymolrptljnom.ul’ea‘r1 _ a K & forms
accumulation in ischemic beroxknitrite . .
reperfused rat hearts dotent|oxidant Nitrotyrosine
reduced by nano-mola_r 2 _ _
concentration of OONO % activation 1 inactivate cata.nlése
& exprassion activity & diminish
NO + 05 catalase level in MRL mice
(in mitochondria)
involved in uveitis, rheumatoid
arthritis, shock associated with  inducible NOS decrease of catalase
endotoxemia, silicainduced prevented by NMMA
lunginjury, neurotoxicity, (NS-monomethyl-L-arginine
endothelial injury & colon =An Arginine analogue)

inflammation

Fig. 20. OONO formation & activity

uveitis - inflammation of uveia
uveia - the iris, ciliary body and choroid together
arthritis - inflammation of joints

rheumatism - inflammation, metabolic derangement of connective tissue
in joints attainded by pain
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Cell death
Plays animportant role in pathogenesis of Pneumoconiosis<—LIPID PEROXIDATION proceeds
Castranovaet al(1996); Vallyathan et al (1997); vallyathan as chain reaction until
et al (1998); Shi et al (1998) etc. PUFA gets oxidised

(leads to DNA damage,
protein modification,

OH attacks phospholipid,
Halliwel et al, 1989) which
extracts a hydrogen from

Superoxice phospholipid & results
SOD — into lipid radical which
‘- X v
z o | Jreadsuith eleer
Habers Weiss reaction pe‘ﬁgxyl raydical P
v I8 = /%
Fenton 202 + O3 — 0, + OH +OH
reaction Cu -
v .
Hy0, +Fe? + Cu—Fe*3 (Cu?*)+ OH
21000185 154 LO2 +H20
LOOH ———> LO +LOO0 +aldehyde
stimulate lipid peroxidation
(alkoxy) LO LOO (peroxyl)

Radicals

.......

Combines with H .
from another PUFA (LH) L LH:(PUFA)

......

..

fatty acid radical > L ;+ H,0
= T Hydroxyl radical extracts
OH
hydrogen from LH

Polyunsaturated
fatty acid (PUFA) or LH

Fig.21: Free radical - induced peroxidation of membrane lipid &
Generation of OH via Haber Weiss reaction & Fenton reaction
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dermatological, diabetic condition, skeletal disorders,
neoplastic diseases).
Scientists believe that before toxicity, ROS mediates

signaling alteration and if changes in signaling is blocked 12

by radical scavengers/antioxidants, toxicity could be
blocked partially.
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