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@ 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

' Overview:

* Oxidative stress

ik Reactive Oxygen Species (ROS): types, sources,
effects

ik Antioxidants
* Glutathione system
ik G6PD deficiency

ik Nitric oxide (NO): Reactive Nitrogen Species
(RNS)

ik Oxidative stress and atherosclerosis




Oxidative Stress @ *Q*Q

Normal Cell Free Radicals Cell With
Attacking Cell Oxidative Stress

A condition in which cells are exposed to excessive levels of:

Reactive Nitrogen Species (RNS) Reactive Oxygen Species (ROS)

Inability to neutralize the deleterious effects ™\ Cellular imbalance of BNA broteins. linids damage Cell death
of oxidative stress with antioxidants oxidants and antioxidants P P 9

Inflammatory diseases :
( (rheumatoid Zr'fhri‘ris) > < atherosclerosis > ( CAD >
< obesity > < cancer > <66PD deficiency hemolytic anemia>

Implicated in atherosclerosis, CAD, ageing

* CAD: coronary artery disease
* Oxidative stress isn't always “the bad guy” as it has beneficial physiological functions in the body e.g. it can be generated in the killing of microbes by white blood cells.



Reactive Oxygen Species (ROS)

As byproducts of aerobic metabolism When cellular antioxidant level is low
"Or partial reduction of molecular oxygen in ETC."

Ingestion of drugs, toxins and chemicals Creating oxidative stress in cell
E.g. chemotherapy

Superoxide (O,)

Free Radicals
Hydroxyl| radical

(OH)
_ . Hydrogen
Non-free Radicals peroxide (H,0,)
0, S 0, N, H,0, b8 OH® ™, mo

Oxygen Superoxide Hydrogen peroxide Hydroxyl radical Water




Reactive Oxygen Species (ROS)

Lipid peroxidation Chemotaxis
(polyunsaturated fatty acids)

recruitment of inflammatory cells.

DNA damage Cell signaling effects

Release of Ca," from intracellular stores

Protein denaturation Altered vascular tone

the unfolding and disorganization of a protein's secondary and tertiary
structures without the hydrolysis of peptide bonds.

Increased endothelial

Cytoskeletal damage el sy

Y lipid peroxidation
when a hydroxyl radical abstracts an electron from an unsaturated fatty acid. This creates an unstable lipid radical, which can react with oxygen, forming a fatty acid peroxyl radical. Repeated cycles of lipid
peroxidation can cause serious damage to cell membranes.
> Why polyunsaturated fatty acids?
Electrons in double bonds are not distributed equally (unstable) so these electrons attract free radicals.



Antioxidants

*  Protective mechanisms in cells that neutralize ROS

< > DISEASE <€~ HEALTH

Vitamins Superoxide Glutathione
< ACE > < p-Carotene > dismutase Catalase system
| ]

0; 03-‘ —_— H;Og — OHY o H.O
Oxygen Superoxide Hydwgen peroxide Hydwxyl rdical Water
[ Superoxide dismutase ] F Glutathione peroxidase 4’
YrHydroxyl radicals don't go under an antioxidation pathway as they're highly reactive (easily 2 GSH GSSG

becoming hydroxyl groups) and consequently short-lived.




Glutathione System

Glutathione peroxidase

Reduced Glutathione

oo } Speine * Chemically detoxifies H,0, Catalyzes the reaction that regenerates G-5H Glucose - 6- phosphate
my forms oxidized glutathione (6-S-5-6G), which (reduced glutathione) using NADPH as a source of dehydrogenase (G6PD) converts NADP+
HS-cH,- & } eyaisins no longer has protective properties. reducing equivalents. into NADPH
SRR o By the mechanism mentioned
= 1 previously NADPH indirectly provides
Hggg‘J clectrons for the reduction of H,0,

Glucose 6-phosphate dehydrogenase deficiency impairs the ability [JRS2SGETTEE: T
of an erythrocyte to form NADPH, resulting in hemolysis. Certain drugs

Infections
Fava beans

pathway

Cells are unable to reduce
deficiency free radicals

G6PD deficiency

Y Protein denaturation




Nitric Oxide (NO)

A gas with
short

Endothelial-d
erived

relaxing
factor

half-life
(3-10 sec)

Y& Causes vasodilation by relaxing vascular smooth
muscle Through cGMP pathway

% The NO will have different functions & dif ferent type of nitric oxide synthase enzymes depending on where it's produced.

Nitric oxide synthase

Location “ndothelium

Neural tissue acteria

° Macrophages

° Neutrophils

Don't worry about it too much, it's
H - 1 1 | 1 Not produced by h s, produced
Function vaso-relaxation neurotransmission Infection by becteria so if you farget bacteria
you target these molecules.

ﬁ Constitutive: produced at constant rates but low amounts all the time because they're required for physiological functions.
@@ Inducible: produced when needed

NADPH NADP"

wL N N,
C=NH, (o
1 m‘l
CH, NO synthase (NOS) CH,
CH, CH;:
T T2
CH, CH;
] + T2 4
HCNH; HCNH;
Coo~ 0O, Coo~
L-Arginine L-Citrulline

Prevents
platelet
aggregation

Functions as a
neurotrans mitter
in brain ]
el |5
Synthesis and some of the actions s
of nitric oxide (NO). NADPH = Sy
reduced nicotinamide adenine .*
dinucleotide phosphate. [Note:
Flavin mononucleotide, flavin =
adenine dinucleotide, heme, and e
tetrahydrobiopterin are additional
coenzymes required by NOS.]

g

Mediates tumoricidal and
bactericidal actions

of macrophages




infection

& pro-inflammatory cytokines

INOS Activity

1 iNOS activity

¥ Normally low

Activated macrophages

O, radical + NO
= OH radical (highly bactericidal)

Oxidative Stress And Atherosclerosis

LDL

Superoxide

Nitric oxide

Hydrogen peroxide
Other oxidants

aasd

MACROPHAGE

1 In response to endothelial injury

Vitamin E
<wmuun Ascorbic acid

for LDL are downregulated
when the cell has sufficient

5 High-affinity receptors specific
cholesterol.

p-Carotene
Other antioxidants
from the diet

2P

(5 FOAM CELL

/

Low-affinity, nonspecific, and
nonregulated scavenger

take up
(oxidized) LDL (oxLDL).

(caused at least in part by oxidized LDL)
adhere to cells,

move to the subendothelium (intima),

and are converted into macrophages.

; EXTRACELLULAR

MATRIX

N

{7
( !v. wé) g Macr_o_phage_s consume rexce.ss

becoming foam cells.

MONOCYTES

INTERIOR OF ARTERY

foam cells.

a Foam cells accumulate, releasing
growth factors and cytokines that
stimulate the migration of smooth
muscle cells (SMC) from the media
to the intima. There, the SMC
proliferate; produce collagen; and
take up lipid, potentially becoming

MUSCLE CELL

ENDOTHELIAL
ELL

1. Superoxide, nitric oxide, hydrogen peroxide, or any other
oxidant oxidize LDL to oxLDL

2. oxLDL binds to scavenger receptors "on the surface of macrophages"
Y% Unlike the LDL receptor, the scavenger receptor is not downregulated in
response to increased intracellular cholesterol.

¥ Antioxidants responsible for neutralizing oxLDL:
Vitamin E, ascorbic acid, B-carotene, and others.

Y Glutathione system doesn't work here, because it is only present in the
mitochondria




Oxidative stress is due to excessive production of ROS and NOS in the cells.

Cells neutralize these oxidants by a number of antioxidant processes.

Imbalance between oxidants and antioxidants in the cells can result in the
development of many diseases including atherosclerosis.




Quiz

MCQs

Q1: an atom that has unpaired electron in an outer orbit is:
a) Free radical b) Isotope ¢) Reactive atom d) Inactive atom

Q2: what's the Amino Acid required for NO synthesis?
a) L citrulline b) L arginine c) D arginine d) D citrulline

Q3: If NO come in contact with superoxide it will give another RNS called:
a) eNOS b) OH ¢) L citrulline d) Peroxynitrite

Q4: what's the most reactive free radical?
a) OH b) H,0, c) O, d) Glutathione

Q5: Septic shock, a state of acute circulatory failure characterized by persistent arterial hypotension (low blood
pressure) and inadequate organ perfusion refractory to fluid resuscitation, results from a severe inflammatory response
to bacterial infection. It has a high mortality rate and is associated with changes in the level of nitric oxide. Which
statement concerning septic shock is most likely correct?

a) Activation of endothelial nitric oxide synthase causes an increase in nitric oxide.

b) High mortality is the result of the long half-life of nitric oxide.

c) Lysine, the nitrogen source for nitric oxide synthesis, is deaminated by bacteria.

d) Overproduction of nitric oxide by a calcium-independent enzyme is the cause of the hypotension.

Q6: Which of the following Supplements would be best to combat free radicals, knowing the vitamins and minerals they
contain?

a) Iron, Vitamin K, and Potassium, vitamin E b) B- carotene, Vitamin A, Vitamin, folic acid

¢) Folic acid, Vitamin A, Vitamin E, B carotene d) B- carotene, Vitamin A, Vitamin, E, Vitamin C

Q7: In preparation for a trip to an area of India where chloroquine-resistant malaria is endemic, a young man is given
primaquine (oxidant drug) prophylactically. Soon thereafter, he develops a hemolytic condition due to a deficiency in
glucose 6-phosphate dehydrogenase. A less-than-normal level of which of the following is a consequence of the enzyme
deficiency and the underlying cause of the hemolysis?

a) Glucose 6-phosphate b) Oxidized form of nicotinamide adenine dinucleotide
c) Reduced form of glutathione d) Ribose 5-phosphate

SAQs
Q1: Give two diseases related to oxidative stress

Q2: How does G6PD deficiency cause oxidative
stress?

Q3: what is the product if oxygen accepts 1, 2, 3, 4
electrons?

Q4: Mention the components of Glutathione system

*  MCQs Answer key:
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