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Reactive oxygen species (ROS)
in ischemia/reperfusion injury (IRI)
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Potential sources of ROS (ﬁ/

Cardiomyocytes Other cell types

Mitochondria

Giorgio et al., Nat Rev Mol Cell Biol, 8:722-728, 2007; Akki et al., J Mol Cell Cardiol 47: 15-22, 2009



Formation of ROS during ischemia {ﬁ/

Cytosolic SOD inhibitor

Rat cardiomyocytes

ROS formation during
(low-flow) ischemia
appears to be primarily
caused by mitochondria!
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Becker et al., Am J Physiol 277 Heart Circ Physiol 46: H2240-H2246, 1999
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Formation of ROS during
iIschemia/reperfusion

Reperfusion

o-0 PBN only
e—e PBN + SOD
and CAT

13 012345 1020
TIME (minutes)

Bolli et al., Proc Natl Acad Sci USA 86: 4695-4699, 1989



ROS during IRI [ﬁ)
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Function Morphology  Function Morphology

(Postischemic Reperfusion, (Ischemia/Reperfusion Injury)
Heart Failure)



s NOX2 and irreversible IRI (ﬁ/

Mice

[l control [n=23) -] NADPH oxidase -/- {n=24)

e NOX2-KO

Inf/AAR InfiLV

AAR/LV

Hoffmeyer et al., Circ Res 87: 812-817, 2000



Catalase (CAT), superoxid dismutase
(SOD) and irreversible IRI

Cardiomyocytes Cardiomyocytes

SOD2

Mitochondria

Giorgio et al., Nat Rev Mol Cell Biol, 8:722-728, 2007 Loor et al., Biochem Biophys Acta 2011



GSH during ischemia/reperfusion

GSH

Mitochondria




GSH and irreversible IR Lﬁ)
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Kupatt et al., Cardiovasc Res 61: 530-537, 2004



Aldolase reductase and irreversible IRI
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ROS and mitochondrial morphology

Cell (Cardio)-
protection

BBA 2011




ROS and mitochondrial morphology

Loor et al., Biochem Biophys Acta 2011



ROS and mitochondrial morphology
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Kuznetsova et al, Int J Biochem & Cell Biol 41: 1928—1939, 2009




OPA1, mitochondrial morphology
and IRI

Chen et al., Cardiovasc Res 84: 91-99, 2009



ROS during IRl and protection from it (ﬁ}
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Zhao et al., Am J Physiol 285:

Ischemic pre- and post-conditioning
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ROS and ischemic preconditioning
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Garciarena et al., J Appl Physiol 105: 1706-1713, 2008




NOX2, ROS and
iIschemic preconditioning ﬁ

NOX2-KO

Infarct size to risk zone ratio (percent)

WT WT KO KO
control PC control PC

Bell et al., FASEB J 2005
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Pre- and Post-conditioning:
Signal transduction

bradykinin e IGF-1
UCN BNP

only
adenosine

aldose reductase

mitochondrium nucleus

- age-dependent
B : species-dependent

mitochondrium mitochondrium

Heusch, Boengler, Schulz, Circulation 118: 1915-1919, 2008; Boengler, Schulz, Heusch, Cardiovasc Res 2009




Connexin 43 (Cx43), ROS and
S iIschemic preconditioning ﬁ

Knockout mice
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Heinzel et al., Circ Res 97:583-586, 2005



Mitochondrial uncoupling,
ROS and IRI

Rat heart in vitro
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Yue et al., Am J Physiol 281: H590-H595, 2001 Minners et al., Cardiovasc Res 47: 68-73, 2000
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ROS scavenging and
Ischemic preconditioning

P<0.05
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Ischemic Postconditioning:
Signal transduction

Ovize et al, Cardiovasc Res 87: 406-423, 2010



ROS scavenging and
Ischemic postconditioning

Mice
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Tsutsumi et al., Life Sci 81: 1223-1227, 2007



ROS during IRl and protection from it (ﬁ}
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