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OBJECTIVES : 

•  Identify the possible cell death mechanisms 

implicated in the pathogenesis of ischemic brain 

injury 
• Acquire the knowledge of the important role 

played by oxidative stress and free radicals In the 
pathogenesis of cerebral infarction 

• Understand the various factors involved in 

ischemia-induced metabolic stress 
• Identify the Neurochemical changes involved in 

cerebral ischemia 



Cell	
  death	
  
mechanisms	
  in	
  

cerebral	
  ischemia:	
  

Necrosis:	
  	
  
	
  

Commonly	
  observed	
  early	
  
a:er	
  severe	
  ischemic	
  insults	
  

Apoptosis:	
  
occurs	
  with	
  more	
  mild	
  
insults	
  and	
  with	
  longer	
  

survival	
  periods	
  
	
  

calcium-­‐induced	
  
calpain-­‐mediated	
  
proteolysis	
  of	
  
brain	
  @ssue*	
  

	
  
Substrates	
  for	
  calpain	
  

include:	
  
	
  

ü  Cytoskeletal	
  proteins	
  
ü  Membrane	
  proteins	
  

ü  Regulatory	
  and	
  signaling	
  
proteins	
  
	
  

Leading	
  to	
  

*Explana@on:	
  
Calpains	
  are	
  cysteine	
  proteases	
  (perform	
  
proteolysis)	
  whose	
  enzyma@c	
  ac@vi@es	
  are	
  
strictly	
  controlled	
  by	
  Ca2+.	
  
They	
  have	
  a	
  physiological	
  role,	
  however	
  
when	
  Ca2+	
  levels	
  are	
  high,	
  calpains	
  
par@cipate	
  in	
  cell	
  death.	
  



Oxida@ve	
  stress	
  

Metabolic	
  stress	
  

Neurochemical	
  response	
  

Biochemical	
  Responses	
  to	
  	
  Ischemic	
  Brain	
  
Injury	
  

2	
  

3	
  



A	
  condi@on	
  in	
  which	
  
cells	
  are	
  subjected	
  to	
  
excessive	
  levels	
  of	
  
Reac@ve	
  Species	
  
(Oxygen	
  or	
  nitra@ve	
  
species)	
  	
  and	
  they	
  are	
  
unable	
  to	
  
counterbalance	
  their	
  
deleterious	
  effects	
  with	
  
an@oxidants.*	
  
	
  
It	
  has	
  been	
  implicated	
  in	
  
the	
  ageing	
  process	
  &	
  in	
  
many	
  diseases	
  
	
  (e.g.,	
  atherosclerosis,	
  
cancer,	
  stroke	
  and	
  
neurodegenera@ve	
  
diseases)	
  

*In	
  other	
  words:	
  Imbalance	
  between	
  oxidant	
  produc@on	
  and	
  
an@oxidant	
  mechanisms	
  

Oxygen-derived free radicals:  
 e.g., Superoxide and hydroxyl radicals 

 
Non-free radical 

 Hydrogen peroxide 



Enzymes:	
  
q  Superoxide	
  dismutase	
  
q  Catalase	
  
q  Glutathione	
  system	
  includes:	
  (glutathione,	
  NADPH,	
  reductase,	
  peroxidase	
  	
  &	
  selenium)	
  

	
  
These	
  enzymes	
  serve	
  as	
  a	
  defense	
  system	
  to	
  guard	
  against	
  the	
  toxic	
  effect	
  of	
  ROS.	
  



1”RNS”:	
  	
  Reac@ve	
  nitra@ve	
  species.	
  
	
  2:	
  modifica@on	
  of	
  proteins	
  a:er	
  
transla@on	
  e.g.	
  phosphoryla@on	
  or	
  
glycosyla@on	
  

Post-­‐transla@onal	
  modifica@on2	
  of	
  myelin	
  basic	
  protein	
  
(MBP)	
  by	
  phosphoryla@on	
  

Ac@vate	
  protein	
  kinase	
  C	
  (PKC)	
  

They	
  diffuse	
  to	
  the	
  myelin	
  sheath	
  of	
  oligodendrocytes	
  

In	
  case	
  of	
  increased	
  neuronal	
  ac@vity	
  

Physiological	
  
roles	
  of	
  ROS	
  and	
  
RNS1	
  in	
  the	
  brain	
  

They	
  are	
  required	
  for	
  essen@al	
  
processes	
  as	
  learning	
  and	
  

memory	
  forma@on	
  

They	
  regulate	
  
neuronal	
  signaling	
  in	
  
both	
  CNS	
  &	
  PNS	
  

Modulate	
  synap@c	
  
transmission	
  and	
  non-­‐synap@c	
  

communica@on	
  between	
  
neurons	
  &	
  glia	
  

Note:	
  	
  
	
  

ROS	
  and	
  RNS	
  are	
  commonly	
  
(normally)	
  generated	
  by	
  
microglia	
  and	
  astrocytes.	
  



High	
  oxygen	
  
consump@on	
  

Low	
  levels	
  of	
  protec@ve	
  
an@oxidants	
  

High	
  levels	
  of	
  iron	
  	
  
(act	
  as	
  pro-­‐oxidant1	
  under	
  
pathological	
  condi@ons)	
  

Occurrence	
  of	
  reac@ons	
  
involving	
  dopamine	
  and	
  
glutamate	
  oxidase	
  in	
  the	
  

brain2	
  

High	
  concentra@ons	
  of	
  
peroxidisable	
  lipids	
  

1:	
  Pro-­‐oxidant:	
  They	
  produce	
  oxida@ve	
  stress	
  either	
  by	
  producing	
  ROS	
  or	
  inhibi@ng	
  an@oxidant	
  
2:	
  These	
  two	
  enzymes	
  produce	
  free	
  radicals	
  through	
  the	
  pathway	
  of	
  glutamate	
  and	
  dopamine	
  synthesis	
  



Effects of ROS in ischemic stroke:  

Molecular	
  effects:	
  
	
  

	
  
	
  

Vascular	
  effects:	
  

q  Altered	
  vascular	
  tone	
  
and	
  cerebral	
  blood	
  flow	
  

q  Increased	
  platelets	
  
aggregability.	
  	
  

q  Increase	
  endothelial	
  cells	
  
permeability	
  =>	
  Edema	
  

q  Lipid	
  peroxida@on1	
  
q  Protein	
  denatura@on	
  
q  Inac@va@on	
  of	
  enzymes	
  
q  DNA	
  damage	
  
q  Cell	
  signaling	
  effects	
  
(release	
  of	
  intracellular	
  Ca2+)	
  
q  Cytoskeletal	
  damage	
  
q  Chemotaxis	
  

1:	
  Oxida@ve	
  degrada@on	
  of	
  	
  lipids,	
  affect	
  polyunsaturated	
  facy	
  acids.	
  



1:	
  A	
  highly	
  diffusible	
  stable	
  gas	
  synthesized	
  from	
  the	
  amino	
  acid	
  Arginine	
  by	
  an	
  enzyme	
  called	
  Nitric	
  oxide	
  
synthase	
  (NOS)	
  

It	
  may	
  be	
  beneficial	
  or	
  
detrimental,	
  depending	
  upon	
  
where	
  and	
  when	
  NO	
  is	
  released.	
  

Endothelial	
  NOS	
  (eNOS)	
   Neuronal	
  NOS	
  (nNOS)	
   Inducible	
  NOS	
  (iNOS)	
  

Improve	
  vascular	
  dilata3on	
  and	
  perfusion	
  
+	
  Relaxa3on	
  of	
  smooth	
  muscles.	
  

Detrimental	
  effect.	
  

Beneficial	
  effect.	
  

•  Prevent	
  platelets	
  aggrega@on	
  
•  Func@on	
  as	
  a	
  neurotransmicer	
  in	
  the	
  brain	
  
•  Modulate	
  tumoricidal	
  and	
  bactericidal	
  
ac@ons	
  of	
  macrophages	
  

Other	
  
ac@ons	
  of	
  

NO	
  

In	
  case	
  of	
  Ischemia	
  
	
  =>	
  Abnormal	
  NO	
  

produc@on	
  



Metabolic	
  stress	
  



Biochemical	
  changes	
  in	
  The	
  brain	
  during	
  ischemia	
  
(Ischemic	
  cascade)	
  

Ischemia	
  

Blood	
  flow,	
  O2	
  and	
  nutrients	
  in	
  cerebral	
  arteries	
  

Energy	
  deple@on	
  (No	
  ATP	
  &	
  crea@ne	
  phosphate)	
  

Inhibi@on	
  of	
  ATP-­‐defendant	
  ion	
  pumps	
  
(Membrane	
  depolariza@on)	
  

Lac@c	
  acid	
  in	
  neurons	
  
	
  (because	
  they	
  turn	
  to	
  anaerobic	
  glycolysis)	
  

q Ca2+	
  Influx	
  (transloca@on	
  from	
  
extracellular	
  to	
  intracellular	
  spaces)	
  

q Na+	
  influx	
  
q K+	
  efflux	
  (K+-­‐induced	
  release	
  of	
  excitatory	
  

amino	
  acids)	
  
	
  

Acidosis	
  

Promote	
  pro-­‐oxidant	
  effect	
  

Rate	
  of	
  O2	
  conversion	
  into	
  free	
  radicals	
  



Ca2+	
  influx	
  will	
  lead	
  to	
  ac@va@on	
  of	
  several	
  enzymes	
  which	
  have	
  detrimental	
  effect	
  such	
  as:	
  
	
  
1-­‐	
  ATPase	
  =>	
  Degrada@on	
  of	
  ATP	
  =>	
  Lead	
  to	
  further	
  decrease	
  of	
  ATP.	
  
2-­‐	
  Phospholipase	
  =>	
  Lipolysis	
  =>	
  Membrane	
  damage.	
  
3-­‐	
  Proteases	
  (e.g.	
  Calpain)	
  =>	
  proteolysis	
  =>	
  Breakdown	
  of	
  cytoskeleton	
  
4-­‐	
  Endonuclease	
  =>	
  DNA	
  cleavage	
  =>	
  DNA	
  fragmenta@on	
  .	
  



Neurochemical	
  response	
  

	
  
	
  
	
  
	
  

q  Glutamate	
  
q  Glycine	
  
q  GABA	
  
q  Dopamine	
  

	
  
	
  

Biochemical	
  basis	
  of	
  
pharmacological	
  interven3on	
  

Examples	
  

Inhibitors of  
glutamate 

release	
  

Ca2+ 
channel 
blockers	
  

NOS inhibitors & 
free radical 
inhibition	
  

Calpain 
inhibitor 



 
 
 
 
  

1-­‐	
  Which	
  of	
  the	
  following	
  cell	
  death	
  mechanism	
  happen	
  early	
  
aUer	
  severe	
  ischemic	
  insults	
  ?	
  
A-­‐	
  Apoptosis	
  
B-­‐	
  Necrosis	
  	
  
C-­‐	
  Dystrophic	
  calcifica@on	
  
D-­‐	
  None	
  of	
  them	
  	
  
	
  
	
  2-­‐	
  Which	
  ONE	
  of	
  the	
  following	
  is	
  NOT	
  a	
  molecular	
  effect	
  of	
  ROS:	
  
A-­‐	
  DNA	
  damage.	
  
B-­‐	
  Lipid	
  peroxida@on	
  
C-­‐	
  Ac@va@on	
  of	
  enzymes	
  
D-­‐	
  Chemotaxis	
  
	
  
3-­‐	
  Oxida3ve	
  stress	
  has	
  been	
  implicated	
  in	
  which	
  ONE	
  of	
  the	
  
following	
  diseases:	
  
A-­‐	
  Parkinson	
  disease	
  
B-­‐	
  Diabetes	
  mellitus	
  
C-­‐	
  Vitamin	
  D	
  deficiency	
  
D-­‐	
  Night	
  Blindness.	
  	
  
	
  
	
  4-­‐	
  All	
  the	
  following	
  statements	
  are	
  true	
  EXCEPT:	
  
A-­‐	
  High	
  Oxygen	
  consump@on	
  of	
  the	
  brain	
  makes	
  it	
  more	
  
suscep@ble	
  to	
  ROS-­‐induced	
  damage.	
  
B-­‐	
  The	
  brain	
  has	
  low	
  levels	
  of	
  Pro-­‐oxidant	
  as	
  a	
  protec@ve	
  property.	
  
C-­‐	
  ROS	
  and	
  RNS	
  are	
  generated	
  normally	
  by	
  microglia	
  and	
  
astrocytes.	
  
D-­‐	
  ROS	
  and	
  RNS	
  are	
  required	
  for	
  essen@al	
  processes	
  as	
  learning	
  	
  
and	
  memory	
  forma@on.	
  
	
  
5-­‐	
  Which	
  ONE	
  of	
  the	
  following	
  enzymes	
  is	
  involved	
  in	
  	
  
an3-­‐oxidant	
  mechanisms:	
  	
  	
  
A-­‐	
  Calpain	
  
B-­‐	
  Endonuclease	
  
C-­‐	
  ATPase	
  
D-­‐	
  Superoxide	
  dismutase	
  

ANSWERS:	
  
1)	
  B	
  	
  2)	
  C	
  	
  3)A	
  	
  4)B	
  	
  5)D	
  	
  6)C	
  	
  7)D	
  	
  8)A	
  	
  9)D	
  	
  10)A	
  

6-­‐	
  Which	
  ONE	
  of	
  the	
  following	
  events	
  in	
  the	
  ischemic	
  cascade	
  will	
  promote	
  the	
  
pro-­‐oxidant	
  effect:	
  
A-­‐	
  Ca	
  efflux.	
  
B-­‐	
  Alkalosis.	
  
C-­‐	
  Turning	
  of	
  the	
  neurons	
  to	
  anaerobic	
  glycolysis	
  which	
  result	
  in	
  acidosis.	
  
D-­‐	
  Increased	
  extracellular	
  levels	
  of	
  several	
  neurotransmicers.	
  
	
  
7-­‐	
  Which	
  ONE	
  of	
  the	
  following	
  changes	
  can	
  be	
  seen	
  in	
  the	
  vasculature	
  of	
  
a	
  stroke	
  pa3ent	
  induced	
  by	
  reac3ve	
  oxygen	
  species	
  ?	
  
	
  A-­‐	
  Vasoconstric@on	
  
	
  B-­‐	
  Hypocoagulability	
  	
  
	
  C-­‐	
  Improved	
  cerebral	
  blood	
  flow	
  
	
  D-­‐	
  	
  Increased	
  endothelial	
  permeability	
  	
  
	
  
8-­‐	
  Brain	
  biopsy	
  of	
  a	
  stroke	
  pa3ent	
  showed	
  destruc3on	
  of	
  cytoskeleton	
  
proteins.	
  This	
  proteolysis	
  	
  is	
  most	
  likely	
  mediated	
  by:	
  
A-­‐	
  Calpain	
  .	
  
B-­‐	
  Endonuclease.	
  
C-­‐	
  ATPase	
  
D-­‐	
  Phospholipase.	
  	
  
	
  
9-­‐	
  Protein	
  phosphoryla3on	
  in	
  metabolic	
  stress	
  is	
  due	
  to	
  increased	
  levels	
  
of:	
  
A-­‐	
  Intracellular	
  K+	
  
B-­‐	
  Extracellular	
  Ca	
  
C-­‐	
  Protein	
  kinase	
  A	
  (PKA)	
  
D-­‐	
  Protein	
  kinase	
  C	
  (PKC)	
  
	
  
10-­‐	
  Which	
  ONE	
  of	
  the	
  following	
  forms	
  of	
  NOS	
  is	
  associated	
  with	
  
inflammatory	
  processes:	
  	
  
A-­‐	
  iNOS	
  
B-­‐	
  eNOS	
  
C-­‐	
  nNOS	
  
D-­‐	
  All	
  of	
  them	
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Thank You! 

If	
  you	
  	
  have	
  any	
  ques@ons	
  or	
  comments,	
  don’t	
  hesitate	
  to	
  contact	
  us	
  

Biochemistry433@gmail.com	
  


