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Any molecule with an unpaired electron

Extremely chemically reactive

Damage cell membranes

Responsible for more than 100 human diseases

Aging, cancer, heart attacks, stroke and arthritis

Some beneficial effects



Non mitochondrial: 
NADPH  Oxidases

Microsomal cytochrome P-450
Cyclooxygenases
Monoamine oxidases

Peroxisomal b oxidation of fatty acids

Phagocytes

>90% is mitochondrial
electron transport chain contains several redox centers 

that may leak electrons to oxygen

Sources of Reactive Oxygen Species



Mitochondrial oxidative damage. 

Katherine Green et al. Diabetes 2004;53:S110-S118
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OH     OH     

Anthocyanidin

e.g. cyanidin
major constituents of dark
red fruit berries e.g. raspberries
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Flavonol

e.g. quercetin
onion, cranberry, red apple
many fruit and vegetables

OH
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Hydroxycinnamate

e.g. caffeic acid
most fruit especially tomato, apple
some vegetables e.g. egg plant

grains 
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Flavanol

e.g. epicatechin
red wine, green tea,

as procyanidins in apple, chocolate

Flavanone

e.g. hesperetin
Citrus fruit, orange
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INJURY



Aging

Balance is 

Important

Immune

Disorder
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Other Antioxidant 
Enzymes Other Antioxidants

Catalase Flavonoids Vitamin C

GSH-PxCarotenoidsUric Acid
SOD Vitamin E

Life Style-Related

Diseases
Parkinson disease

High blood pressure

Arterial sclerosis

Myocardial infarction

Dementia, Cataract  etc.

Cancer

Diabetes

OXIDATIVE STRESS

Balance of Oxidative Stress and Anti-oxidative System
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Consequences of mitochondrial oxidative stress

Membrane peroxidation
Decreased membrane fluidity

Oxidative Damage 
to  Lipids

8-iso-PGF2a

F2-Isoprostanes

Oxidative Damage
to  DNA

Mutations
Deletions
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Sugar

oxo8dG

Oxidative Damage
to Proteins 

Oxidation of sulfhydryl groups
Reactions with aldehydes

Protein aggregation 

Protein carbonyls
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Honey samples

واع تغییرات ظرفیت تام آنتی اکسیدانی ان
عسل





0

100

200

300

400

500

600

1 4 7

1
0

1
3

1
6

1
9

2
2

2
5

2
8

3
1

3
4

3
7

4
0

4
3

4
6

4
9

5
2

5
5

5
8

6
1

6
4

6
7

7
0

7
3

7
6

7
9

8
2

8
5

8
8

9
1

9
4

9
7

1
0
0

1
0
3

1
0
6

1
0
9

1
1
2

1
1
5

G
a
ll
ic

 A
c
id

 E
q
u
iv

a
le

n
t(

 m
g
 

/1
0
0
 g

 H
o
n
e
y
)

Different honey samples
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Effect of CH (commercial honey) and JH (jujube honey) on MCF7 migration after 24 hours





ر از با تشکر از همراهی شمابا تشک
همراهی شما 
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