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The main goal in this field is to define the
pathophysiological mechanisms of cerebral ischemia-

induced cell death with the goal of finding therapies to
ameliorate the consequences of the insult




Strategies for Neuroprotection

» Cocktail of drugs that target all these
pathological mechanisms

 Or, the use of a drug that have pleiotropic
properties that can protect against most of
these pathological phases



Strategies for Neuroprotection

with Pleiotropic Properties

 Ischemic Conditioning



Ischemic Preconditioning

“That which does not kill us makes us

stronger’ Friedrich Nietzsche, Ecce Homo —
(1908)

Ischemic preconditioning refers to the
ability of a brief (“sublethal ) ischemic
episode, or mild stress insult followed by
a period of reperfusion, to inCrease an
organ ’s resistance to injury (ischemic
tolerance)
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Other models of conditioning

Remote organ ischemic preconditioning protect brain from ischemic
damage following asphyxial cardiac arrest

Kunjan R. Dave *, Isabel Saul, Ricardo Prado, Raul Busto, Miguel A. Perez-Pinzon

Cerebral Vascular Disease Research Center, Depariment of Newroscience, University of Miami Miller School of Medicine, Miami, FL 33104, US4
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Hypaoxic-Ischemic Brain Injury in Rat Pups by the Opioid Receptor/ Akt Pathway

Yilin Zhou, Nancy Fathali, Tin Lekic, Robert P. Ostrowski, Chunhua Chen, Robert
D). Martin, Jiping Tang and John H. Zhang
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Protein Kinase C epsilon (PKCg) activation is

necessary for IPC neuroprotection
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Preconditioning enhances GABA release
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Whole Cell Recording
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Preconditioning alters GABA mPSC
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Preconditioning alters GABA mPSC
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PKCe preconditioning alters action potential

properties in CA1 hippocampal neurons
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PKCe preconditioning induces a delay in

membrane depolarization during OGD
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Ischemic preconditioning
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TrkB activation is necessary for eRACK

mediated protection
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SUMMARY

YeRACK increases BDNF expression and TrkB
phosphorylation

BDNF expression and TrkB phosphorylation alter
action potential properties

beRACK-mediated arc expression triggers a
decrease in AMPAR mEPSCs

WeRACK delays the onset of anoxic depolarization

TrkB activation and arc expression are necessary for
beRACK-mediated neuroprotection



MITOCHONDRIAL DYSFUNCTION
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PKCe Enhances Maximal NADH
Fluorescence
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Major Biosynthetic Pathway

for NAD* Production

Nampt= nicotinamide
phosphoriboslytransferase

NAM-= nicotinamide

NMN=Nicotinamide
mononucleotide

Nmnat=NMN adenyl
transferase



PKCe Enhances Nampt Fluorescence in

the Rat Cortex
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Nampt= nicotinamide
phosphoriboslytransferase

NMNAT
NAM-= nicotinamide

NMN=Nicotinamide

mononucleotide @

Nmnat=NMN adeny! [ Sirtuins]
transferase




Inflammatory response
Inhibition of NF-xkB

transcriptional activity

Mitochondrial activity
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Resveratrol preconditioning (RPC)

decreases CA1 cell death in organotypic
slices after OGD
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Resveratrol preconditioning (RPC)

reduces infarct after MCAO0 In mice
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RPC decreases CA1 cell death after

cardiac arrest in rats
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CAN YOU DRINK YOUR WAY TO
PRECONDITIONING???

#1 Pinot Noir | Beaujolais | Zinfandel | Cabernet

California France California = Sauvignon
California

2 &

9.01mg 3.55mg 1.38mg 0.99 mg

Resveratrol in one liter of red wine (milligrams)
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A SINGLE APPLICATION OF RPC INDUCES
ISCHEMIC TOLERANCE AGAINST FOCAL

ISCHEMIA FOR TWO WEEKS
C | Single Treatment @(yo&cxez
- 14pays

l RPC (10 mg/kg) or
Veh (DMSO-Saline)

Koronowski et al. 2015. Stroke.
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Transcriptomic changes induced by RPC

within the long-term window of IPC
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CONCLUSIONS

1. Signaling pathways activated by Ischemic Preconditioning
exhibit pleiotropic properties that lead to neuroprotection

2. PKCe and Resveratrol are two pharmacological agents that
emulate IPC and have pleiotropic properties

3. Pharmacological agents that emulate IPC could be used in a
prophylactic manner to enhance ischemic tolerance in patients
prone to cerebral ischemia



Clinical Scenarios for IPC Implementation

a)Carotid endarectomy and coronary
artery bypass graft (CABG) which both
result in high incidence of strokes and
cognitive deficits

b) Transient ischemic attacks (TIA)
patients, from which 10% will have a
stroke within a month

c) Sub-arachnoid hemorrhage (SAH)
patients from which 20-30% undergo
delayed cerebral ischemia (DCI)

d)Neurosurgical procedures

e)All stroke patients have a higher
Incidence of subsequent strokes



“Precondition-able” population

Stroke Survivors
~ 660,000
Carotid Endarterectomy
~ 132,000
Coronary Artery Bypass Graft
~ 500,000
TIA
~ 240,000
Sub-arachnoid Hemorrhage
~ 55,650
Neurosurgical Procedures
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