Biochemistry

Oxidative Stress

Stars can’t shine

without darkness ..

= Extra Information.

_‘ = Doctors notes.
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Objectives:

By the end of this lecture the students will be able to:

u Define oxidative stress .

Understand the harmful effects of oxidative stress to the cell and its diseases .
= List the types, sources and effects of Reactive Oxygen Species (ROS) .

= List various antioxidants in the body .

= Understand the role of glutathione system in detoxifying oxidants in the body .
= Discuss how G6PD deficiency leads to oxidative stress .
= Understand the role of Reactive Nitrogen Species (RNS) in contributing to oxidative stress .

= Correlate the role of oxidative stress to pathogenesis of atherosclerosis
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Oxidative stress:

~

+* Diseases due to

. Ul _ ) i Oxidative stress:
** A condition in which cells are exposed to excessive levels of :
_ ) ) » Inflammatory
> Reactive Oxygen Species (ROS) > Reactive Nitrogen Species (RNS) diseases
(rheumatoid
¢ Cells are unable to neutralize their deleterious effects with antioxidants . arthritis)
“ Oxid | q » Atherosclerosis
** Oxidative stress is implicated in:
* P » CAD ( Coronary
_ . Artery Disease )
v Aging v CAD v’ Atherosclerosis > Obesity
. . . - » Cancer
** Cellular imbalance of oxidants and antioxidants damages: -
» G6PD deficiency
) . hemolytic anemiy
> DNA > Proteins  » Lipids \ Y

Targets of ROS
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Reactive Oxygen Species (ROS):

* Incomplete reduction of oxygen to water produces ROS.

utilized
 ROS are continuously formed:
* As byproducts of aerobic metabolism. v" ROS can damage:
4 )
DNA
\_ J
4 )
Proteins
o J
 Through reactions with drugs and toxins. ( Unsaturated |
*  When cellular antioxidant level is low. . lipids

* Creating oxidative stress in a cell. U

* Cells have protective antioxidant mechanisms that
[ Cell death }

neutralize ROS.
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Reactive Oxygen Species (ROS)

Formation of reactive intermediates from molecular oxygen. e-= electrons

e e e €
0, — 0,0 s H,0, S OH* = H,0

Ox}'g-en Superoxide Hydrogen peroxide Hydroxyl radical Water
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Reactive Oxygen Species (ROS)

Actions of antioxidant enzymes. G-SH= reduced glutathione. G-S-5-G= oxidized glutathione

B l
0, —_— 0,* _ H,0, — OH® — H,O
Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water
| Superoxide dismutase | } )
2 GSH G—S—g—G
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Types and sources of ROS

Types of ROS

Free, aggressive '
and nc;gfstable ﬁells have protective \
until reacting with antioxidants

substances to make mechanisms that
Pl it stable neutralize ROS

Non-free

. Free radicals Sources:
radicals

= Aerobic metabolism.
= Partial reduction of

molecular oxygen in
ETC.

[ | i f
Hydrogen ngestion of drugs,

eroxide Superoxide Hydroxyl toxins, chemicals.
IZHZOZ) (O2e-) radical (OH®)
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Antioxidants

Enzymes:
e Superoxide dismutase
e (Catalase

* Glutathione system

Vitamins:
e VitaminsA,C, E—
e [(-Carotene

o
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Glutathione system:

v'Present in most cells

v Chemically detoxifies H,0-
v'Catalyzed by glutathione reductase
v'Produces NADPH that reduces H,0,

S
CH> Glycine
HN
C=0 )
HS-CHy-CH  p Cysteine
G-SH < BN
C=0
$H2
HCNH;"
\ COO"

w4

>Glutamate

/

NADPH + H

Redox reactions

G-S-S-
(oxadzed)

2 H,0

Glutathione

peroxidase

NADP 2 GSH H,0,
(reduced)



G6PD deficiency

1+ Leads to NADPH deficiency . '

e Cells are unable to reduce free radicals.

* Oxidation of cellular proteins is increased causing impaired cell
functions.




P
Glucose 6-phosphate dehydrogenase deficiency impairs the ability NSt TNt
of an erythrocvyte to form NADPH resulting in hemolysis. Coibila B
£
Infections
Fava beans

-
! 0,
-
\ - -
AL OUSK -
ac¢ | o (

Glycolvtic

Figure 13.10

Pathways of ghicose 6-phosphate metabolsm m the erythrocyte. NADP(H) = ncotmamuxde adenme dmucleotide
phosphate; G-SH = reduced ghitathionme ; G-S-S-G

oxdzed ghitathionme : PPP = pentose phosphate pathway.
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Effects of ROS

1. Lipid peroxidation (polyunsaturated fatty acids)

DNA damage

Protein denaturation

Cytoskeletal damage

Chemotaxis

Cell signaling effects

Release of Ca2+ from intracellular stores
Altered vascular tone

Increased endothelial cell permeability
(that’s why there is usually an inflammation and edema with oxidative stress)

I L S
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v

1.
2.

NO with
Oxygen or

will give :
Nitrates
Nitrites

3. Peroxynitrite

(0=NOO-)

v Peroxynitrite is

one of
Reactive
Nitrogen

Species (RNS)

Endothelial-derived relaxing
factor (EDRF)

Nitric oxide (NO)

NO is a gas with short
half-life (3-10 seconds)

Causes
vasodilation
by relaxing
vascular
smooth
muscle




Nitric Oxide SRR ane
N,

INH

CH,
= oy
NO is produced by nitric oxide synthase from L-arginine - SR

z COO
I Citrulline

NO

INitric oxide
Relaxes

Synthesis and some of the actions
of nitric oxide (NO). NADPH =
reduced nicotmamide adenme
dmucleotide phosphate. [Note:
Flavin mononucleotide, flavin

adenme dmucleotide, heme, and NS
tetrahydrobiopterm are additional "

coenzymes required by NOS .| .

neurotrans mitte r
in brain =

- =1

.- /

Ne diates tfumoricidal and
bactericidal actions
ofmacrophages
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Nitric Oxide

= n-NOS in the neural tissue (neurotransmission) in both central and Activated macrophages
peripheral nervous system produce O2e-radical

= e-NOS in endothelium (vaso-relaxation) Interacts
with NO

= j-NOS | for inducible in macrophages, neutrophils (infection) Forms
radical which is

highly bactericida

e i-NOS activity (normally low) increased by infection and _
pro-inflammatory cytokines . Most reactive O2 free radicals Increased i-NOS

activity - free

4

= b-NOS (bacterial) not present in the human being because it’s .
protective for the bacteria itself so if you target it you develop . radicals -

oxidative stress

DA
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Oxidative stress and atherosclerosis :

ﬁ ; High-affinity receptors s pecific
iDL il for LDL are downregulated
Vitamin E when the cell has sufficient
Superoxide o ° A e cholesterol
Nitric oxide p-Carotene
Hydrogen peroxide Other antioxidants
Other oxidants O

oxLDL

MACROPHAGE Low-affinity, nons pecific and

nonregulated scavenger
receptors take up modifed
/ (oxidized) LDL (oxLDL).
In response to endothelial injury 2 \
(caused atleast in part by oxidized LDL)
S

monocytes adhere to endothelial cells,

move to the subendothelium (intima),
and are converted into macrophages.

Foam cells accumulate, releasing

growth factors and cytokines that

stimulate the migration of smooth
Macrophages consume excess muscle cells (SMCs) from the media
modified (oxidized) lipoprotein, to the intima. There, the SMCs \
becoming foam cells. proliferate; produce collagen; and

take up lipid, potentially becoming

foam cells.

Figure 18.22
Role of oxidized hpoprotems m plaque formation mn an artennal wall L.DI = low-density ipoprotem.
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SAR MCR’S

https://www.onlineexambuilder.com https://www.onlineexambuilder.com
/oxidative-stress/exam-144499 /oxidative-stress-saq-s/exam-144511

Helpful video

https://www.youtube.com/watch?
v=dIlZ5R0ca0KI&feature=youtu.be



https://www.onlineexambuilder.com/oxidative-stress/exam-144499
https://www.onlineexambuilder.com/oxidative-stress-saq-s/exam-144511
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o e Review the notes

- * https://www.youtube.com/watch?v=dIZ5RO
caOKlI&feature=youtu.be

THANK YOU

e * Lippincott's Illustrated Reviews: Biochemistry, 6" E
PLEASE CONTACT US IF

“ Biochemistryteam436@gmail.com

Vara :



