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Review of Lilerture 1

INTRODUCTION
Recent attention .has been focused on the role of
oxygen derived  free radical in disease. In circumstances of
tissuc imjury , it IS currently popularto incriminate such by
products  of oxygen metabolism as the ultimate injunous

agents "Menasche and Piwnica , 1989).

There  1s what s known as oxidant - antioxidant
balance mside the body , where  the effect of ‘these free
radicals 1s blocked by cellular antioxidants and free radical
scavengers . When the oxidant-antioxidant balance is disrupted ,
the toxicity of these radicals becomes unopposed and they
cause injury to membrane lipids , proteins , nucleic acid

and oxtracellular matrix (Machlin and Bendich , 1987).

The aim of this work s to give a detailed
acccunt  on  oxXygen derived free radicals and the
mechanisms of  frecradical mediated tissue injury. Included

also 18 a discussion of the methods for detection of free
radizal |
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Review ef Lilerture 2

REVIEW OF LITERATURE

LOXYLEN DVRIVED FRUE RADICALS

S free radieal s any molecule that has an odd number of clectrons
s outer orbit The presence of the odd electron makes the free radical
epeieg hrohly reactive | transient and potentially eytotoxic (Royston ,
1688

iroe radical result from symmetnical cleavage of the shared electrons
of a covalent bond '

AB A DB

The high reactivity 1s due to the strong tendency of the unpaired
clection to interact with other clectrons to form an electron pair and
thus chemtcal bond . Conscquently , the free radical halt life is low

(tlenson and Johnston |, 1987)

Accordmmg to the classification proposed by Del Maestro (1980),
radical  reactions can be divided into three phases : initiation

a

propagation , and termination . These reactions tend to occur as "chain

resctions” 1.¢. mvolving & series of passages , each of them forming a
free rudical which triggers the next step

In the mitiation phase , energy 1s absorbed which leads to the formation
of the free radicals | This may be mitiated during oxidation - reduction

resctons (Prvor, 1976)
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Roview of Literture 3

The propugation phose s characterized by reactions | in each of them
a Lo radical 1w consumed and another i1s formed . The process of
radical propugation s responsible {or most of the damaging effects of
free radicals wnd 1t cun continue indefimitely or can be terminated by a

variety of free rudieal scavengug species (Freeman and Crapo, 1982)

The termmation phase s the step by which the chain propagation
closes and dunng  which the other radicals arc recombined . The chain
reactions |, therefore, wre sclf - perpetuating process with formation of
new radicals m the slage of propagation | so that each primary radical
formed in the mtal stage may ive (o thousands of molecules produced

(Dl Muagestro | 1980
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Hoevsow of Liteoiors 4

A- Types and Vermation of Ozygen Derived Free Radicals

Oxygen is a strong oxidant but it is a relatively unreactive compound
that can be metabolised n vivo to form highly reactive denvative
oxidants . Molecular oxygen (07) contains two unpaired electrons in its
outer orbital . These electrons have parallel spins (TY Ty .This is
known as ground state dlutomic oxygen and it should have the symbel
02 but wntten o3 for simplicity . If the oxygen molecule is to take part
im « chemical reaction to oxidize another atom or molecule | 1t accepts
two further clectrons from it to fit into the vacant spaces in the orbitals .
The additional clectrons must spin in the opposite direction to those
already 1 place to fulfill the requirements of the natural laws of physics
and chemistry , and so the finai configuration is ( T4Y( T4y . As most
bicmolecules are covalently bonded non radicals , and the two
cleetrons forming a covalent bond have opposite spins and occupy the
same  molceular orbital | Ilence the reaction of oxygen with
plomolecules 1s spin restrcted {(Roysten , 1988 ; Halliwell and

Guiendge | 1950) .

ropresence of catalyst oxvgen can oxidize biologically relevant two
clheetron donor molecules at rapid rates | In vivo enzymes are able 1o
commpiex axygor cad substrete meleculas for sutficient lengths of time
o aliow e sadations toooccur . The best example of this type of
crnoane dnothe mittociondriad cnzyme eytochrome oxidase whereby

carvEaroeen es fanr civitons cad s reduced directly to waier |
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Review of Litertmre 5

There are two other enzymes capable of catalyzing oxygen -
dependant oxidation reactions ; the xanthine oxidase of capillary
endothelial cells and the NADPH oxidase of human phagocytes.
In both of these enzyme systems , oxygen can be reduced to forma
group of highly reactive oxygen metabolites capable of damaging the
microcirculation (Royston , 1988) .

Although oxygen can accept a total of four electrons to form HpQ,
it can be reduced in univalent steps to generate three types of reactive
intermediates as in Fig (1),

Fig 1. The univalent pathway for reduction of molecular oxygen .
(Del Magestro , 1980)

The addition of a single electron to oxygen molecule results in the
formation of superoxide radical {(0p~) .The additional negative charge
denoted by the electron gives the oxygen molecule a net charge of - 1
(hence an anionic species) , while the presence of a single unpaired

clectron 1s denoted by the single dot (Royston , 1988) .
O2(16 protons , 16 electrons . no charge | biradical)

(MY Y +e e—s0,” (16 protons , 17 electrons , negative
charge, free radical) ( T\(1 Ty
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Review of Literture

Then the next stage of electron acceptance 1s

- - b
0, +e 0.

(16 protons , 18 electrons , 2 negative charge , not a radical)
AT

022-  ion is termed the peroxide species and at physiological pH it is

protonated to produce hydrogen peroxide (Hpo0)) , an electrically
natural, stable compound .

0, + Be—Ho,

Yo, + He—— 1,0,

Next , the addmon of an electron to Hpo3 (a total of 3 electrons to
oxygen), leads to the formation of the hydroxyl radical (Ho.)

H,0, +e” ¢« Ho +ohd”

Finally , the addition of the fourth electron to Ho. reduces this species to
the hydroxyi amon (oH-) .

o re” «——>ohh”

ofiT + 2R« 1Y 0
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