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Oxidative stress 
•  A CONDITION IN WHICH CELLS ARE SUBJECTED TO EXCESSIVE LEVELS OF 
REACTIVE SPECIES (OXYGEN OR NITRATIVE SPECIES) & THEY ARE UNABLE TO 
COUNTERBALANCE THEIR DELETERIOUS EFFECTS WITH ANTIOXIDANTS. 
•  IT HAS BEEN IMPLICATED IN THE AGEING PROCESS & IN MANY DISEASES 
(E.G., ATHEROSCLEROSIS AND CORONARY HEART DISEASES). 

IMBALANCE BETWEEN OXIDANT PRODUCTION  
AND ANTIOXIDANT MECHANISMS 

Oxidative damage to:  

  DNA  
  PROTEINS  
  LIPIDS (UNSATURATED FATTY ACIDS) 
( DOUBLE BONDS MAKES IT WEAKER AND MORE VULNERABLE TO INJURIES) 
Oxidative stress and diseases: 

  INFLAMMATORY CONDITIONS E.G., RHEUMATOID ARTHRITIS 
  ATHEROSCLEROSIS AND CORONARY ARTERY DISEASES 
  OBESITY 
  CANCERS 
  G6PD DEFICIENCY HEMOLYTIC ANEMIA 
  DIABETES MELLITUS 

Free radicals: PRESENCE OF AN IMPAIRED ELECTRON IN THE OUTER ORBID OF AN ATOM 



Reactive Oxygen Species (ROS) 

Antioxidant Mechanisms 

Types: 
•  FREE RADICAL:  
SUPEROXIDE (O2. ) ( OXYGEN DERIVED) 
HYDROXYL RADICAL (OH.) ( OXYGEN DERIVED)  
PEROXYL RADICAL (ROO.) 
•  NON FREE RADICAL:  
HYDROGEN PEROXIDE (H2O2) 
•  SOURCES: 
•  DURING COURSE OF METABOLISM 
E.G., 
 O2                        BY AUTO-OXIDATION OF HEMOGLOBIN AND XANTHINE OXIDASE 
OH                        BY FENTON REACTION  
O2. , H2O2 , OH    BY PARTIAL REDUCTION OF MOLECULAR OXYGEN IN ELECTRON       
TRANSPORT CHAIN IN MITOCHONDRIA  
•  INGESTION OF TOXINS, CHEMICALS OR DRUGS 

Enzymes: 
 SUPEROXIDE DISMUTASE 
 CATALASE 
 GLUTATHIONE SYSTEM (GLUTATHIONE, NADPH, REDUCTASE, PEROXIDASE  
& SELENIUM) 

Vitamins: 
 VITAMIN C (ASCORBIC ACID) 
 VITAMIN A AND Β-CAROTENES 
 VITAMIN E 

Trace elements: 
 SELENIUM 

THIS REACTION HAPPENS IN THE 
ETC AND THEY MAY LEAK AND 

CAUSE DAMAGE 

TOXIC BUT NOT A 
FREE RADICAL 



Glutathione System 

Biochemical Basis of 
G6PD Deficiency Hemolytic Anemia 

GLUCOSE-6-PHOSPHATE 
DEHYDROGENASE  (G-6-PD) 
IS THE MAIN SOURCE FOR 
NADPH GENERATION AND 
IS, THEREFORE, ESSENTIAL 
FOR PROPER FUNCTION OF 
GLUTATHIONE SYSTEM 

SELENIUM 

3 AMINO 
ACIDS 



Molecular & Vascular Effects of ROS 

Nitric Oxide (NO) 

Molecular effects: 
•  LIPID PEROXIDATION (POLYUNSATURATED FATTY ACIDS) 
•  PROTEIN DENATURATION 
•  INACTIVATION OF ENZYMES 
•  DNA DAMAGE 
•  CELL SIGNALING EFFECTS  
 (E.G., RELEASE OF CA2+ FROM INTRACELLULAR STORES) 
•  CYTOSKELETAL DAMAGE 
•  CHEMOTAXIS 
Vascular effects: 
•  ALTERED VASCULAR TONE 
•  INCREASED ENDOTHELIAL CELL PERMEABILITY 

NO:  
 FREE RADICAL GAS ( NOT OXYGEN DERIVED) 
 VERY SHORT HALF-LIFE (SECONDS) 
 METABOLIZED INTO NITRATES & NITRITES ( BY 
MEASURING THEM WE CAN FIND THE VALUES IF NO ) 
Synthesis:  
 ENZYME: NO SYNTHASE (NOS) 
 PRECURSOR: L-ARGININE 
Effects: 
 RELAXES VASCULAR SMOOTH MUSCLE 
 PREVENTS PLATELET AGGREGATION 
 BACTRICIDAL & TUMORICIDAL EFFECTS 
 NEUROTRANSMITTER IN BRAIN  
  

PRECURSORS PRECURSORS 



Oxidative Stress: Role of Nitric Oxide (NO) 

• THIS MAY BE BOTH BENEFICIAL AND DETRIMENTAL, DEPENDING UPON WHEN 
AND WHERE NO IS RELEASED  

• NO PRODUCED BY ENDOTHELIAL NOS (ENOS)  IMPROVING VASCULAR 
DILATION AND PERFUSION   (I.E., BENEFICIAL). 

•  VASODILATORS SUCH AS NITROGLYCERIN IS METABOLIZED INTO NO AND 
CAUSES VASODILATATION 

• IN CONTRAST, NO PRODUCTION BY NEURONAL NOS (NNOS) OR BY THE 
INDUCIBLE FORM OF NOS (INOS) HAS BEEN REPORTED TO HAVE DETRIMENTAL 
EFFECTS. 

• INCREASED INOS ACTIVITY IS GENERALLY ASSOCIATED WITH INFLAMMATORY 
PROCESSES 



Pathogenesis of Atherosclerosis 

•  MODIFIED (OXIDIZED) LDL … OXIDATIVE STRESS 
 (IMBALANCE BETWEEN OXIDANTS AND ANTIOXIDANTS) 
•  ENDOTHELIAL INJURY OF ARTERIAL WALL 
•  ADHERENCE OF MONOCYTES TO ENDOTHELIAL CELLS AND THEIR MOVEMENT INTO 
INTIMA WHERE IT BECOMES MACROPHAGES 
•  UPTAKE OF OXLDL BY MACROPHAGE SCAVENGER RECEPTOR: 
 SCAVENGER RECEPTOR CLASS A (SR-A) 

   LOW-AFFINITY, NON-SPECIFIC RECEPTOR 
   UN-REGULATED RECEPTOR 

• FOAM CELL TRANSFORMATION: ACCUMULATION OF EXCESS LIPIDS INSIDE THE CELLS 
(UNREGULATED RECEPTOR) 
•  ATHEROSCLEROTIC PLAQUE FORMATION 

LDL: Receptor-Mediated 
Endocytosis 

 Atherosclerotic plaque    
formation 



QUIZ YOURSELF!! 

1-  WHICH OF THE FOLLOWING IS A NON-FREE RADICALS? 
A- HYDROGEN PEROXIDE 
B- HYROXYL RADICALS 
C- SUPEROXIDE   

3- WHICH OF THE FOLLOWING IS CONSIDERED AS A SOURCE OF REACTIVE OXYGEN SPECIES (ROS)? 
A- PEROXYL RADICAL  
B- INGESTION OF DRUGS 
C- CARGOHYDRATE INTAKE 

4- GLUATATHIONE SYSTEM IS CONSIDERED AS A? 
A- OXIDANT PRODUCTION 
B- VASCULAR EFFECTOR  
C- ANTI-OXIDANT AGENT  

2- WHICH OF THE FOLLOWING IS A POSSIBLE RESULT FROM HYMOLYTIC ANEMIA? 
A- NADPH DEFIENCY 
B- FAD DEFIENCY  
C- REDUCTASE DEFIENCY 

5- WHICH OF THE FOLLOWING IS A RESULT FROM AUTO-OXDIATIVE HEMOGLOBIN? 
A- SUPEROXIDE 
B- HYDROGEN PEROXIDE 
C- PEROXYL REDICAL 

ANS: 1- A    2- A    3- B    4- C    5- A 



GOOD LUCK!! 
FROM OUR TEAM MEMBERS: 

SARA ALDOKHAYEL 
MAHA ALRAJHI 
LAMEES ALMEZAINI 
BATOUL ALSUHAIBANI 
JOWAHER ALABDULKARIM 
MARA ALAQIL 
AMJAD ALBATILI 
LAYAN ALTAWEEL 

AHMAD ALHUSSAIN 
ZIYAD ALAJLAN 


