IZXAIMIKH [TPOF'YMNAZH TOY

NQTIAIOY MYEAQY ZTHN IZXAIMIA
KAvikeC [TpOEKTAOEIC

EAEVn MoOka

Avaio6noioAoyoc¢
Creta InterClinic, HpdkAgio Kponrng




loxaiuikn Npoyuuvaon — Npoctoipaacia
Ischaemic Preconditioning — IPC
loTikA Avoxn otnv loxaiuia — Tolerance

Aladikaoia Evoovevouc Kuttapiknc lNpooTtaaiac

loxupog Mnxaviopog
Bpaxea, Mikpnc OIapKEIag
2 XeQ0OV «Bavarneopa» loxaipikd ETreiocddia

‘Eva n MNMoAAaTTAG

[lepiodoc¢ ETravaiyatwoncg

e [lpooapuoyn lotol — Opydvou
o Mapdadotn 4 loTikrg Avoxrg o€ eTTakdAoudn duvnTiKd

Bavatneopo PAGBN aTTO TTAPATETAMEVN IOXAIUI



Ioxaiuikn Mpoyupvaon — MNpogToipacia
Ischaemic Preconditioning — IPC

Myocardial Ischaemic
Infraction Preconditioning

Short, controlled
ischaemic episodes
with intarvening
reperfusion

Acute occlusion
and cell daath

o Prolonged, acute
Chronic ischaamia ischaemic event followed
by reperfusion

Hibernating Stunned
Myocardium Myocardium

FIGURE 1 The spectrum of myocardial ischaemia.

Hawaleshka A & Jacobsohn E, Can J Anaesth 1998; 45 (7): 670 — 682



loxaiuikn MNMNpoyuuvaon (os oktAouc)

40’ ischemia 3 days reperfusion
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Murray CE et al, Circulation 1986; 74: 1124 — 1136



Ioxaiuikn Mpoyupvaon — MNpogToipacia
Ischaemic Preconditioning — IPC

Muokdapodlo

EvyKEQAAOC

NwTiaio¢ MueAOC
AUQIBANCTPOEIONC XITWVOC
[TveUpoOVEC

‘Htrap

2. KEAETIKOI MUEC

Hawaleshka A & Jacobsohn E, Can J Anaesth 1998; 45 (7): 670 — 682

Rock P & Zhenhai Y, Curr Opin Anaesthesiol 2002; 15: 139 — 146
Bradbury et al, Nature Reviews Neuroscience, August 2006; 7: 644—653



Oceia BAaBn NM (Acute SCI)

Neapa Atoua
ATuxnuara
US: 10.000 véa trepioTaTiKA / £€T0C
2.UVOAIKOG EmmiTroAacpoc: 200.000
EtrepBaocelc 2koAiwong: 1% - 2% BAapn NM
Makpoxpovia PpovTida — YTTooTHPICN
YwnAo KooTtog

Sekhom LHS et al, Spine 2001



ANEYPY2ZMATA OQPAKOKOIAIAKHZ AOPTHZz

[MAPANAHIIA - TTAPATAPE2H
NEYPOAOI'IKH BAABH




Table 7. Paraplegia and Paraparesis in Contemporary Series
of Extent II Thoracoabdominal Aortic Aneurysm Repairs

Extent II Paraplegia/
Author, Year (n) Paraparesis, n (%)

Frank et al, 1994 [5] 12 0
Gilling-Smith et al, 1995 [6] 19 6 (32%)
Kouchoukos et al, 1995 [7] 13 0
Bavaria et al, 1995 [9] 18 4 (22%)
Mauney et al, 1996 [10] 14 1(7%)
Acher et al, 1998 [13] 66 13 (20%)
Safi and Miller, 1999 [14] 131 20 (15%)

Cambria et al, 2000 [15] 30 / %)
Current series 439° w

? Excludes 3 patients with preoperative paraplegia.

Coselli JC et al, Ann Thorac Surg 2002; 73: 1107 — 1116




[ToocooT10 Epgavionc NeupoAoyikng BAAGBNG

EPEYNHTHZ No AIAXQPIZMOZ EMNEIFCOYZA TAPAIAHIIA /

AZO ENEMBAZH T[APAMAPEZH (%)
Svensson LG, 1993 1509 243 [ 1509 (16%)
Janusz MT, 1994 48 3/48 10/ 48 2 | 48 (4%)
Verdant A, 1995 366 83 /366 67 / 366 0
Schepens MA, 1995 50 13 /50 7150 9 /50 (18%)
Gilling — Smith GL, 1995 110 11/ 110 20 /110 8 /110 (7%)
Scwartz LB, 1996 45 0/45 0/45 3145 (7%)
Safi HJ, 1996 94 35/94 8 /94 (9%)
Grabitz K, 1996 260 43 / 260 38 /160 13 (5%)

26 (10%)

Cambria RP, 1997 160 29 /160 36 /160 11 / 160 (7%)
Archer CW, 1998 176 25 /176 65/176 17 1176 (10%)
Svensson LG, 1998 33 20/ 33 11/33 9/33 (27%)
Safi HJ, 1998 87 87 /87 12 / 87 14/ 87 (16%)
Jacobs MJHM, 1999 52 17 /52 5/52 1 /52 (2%)
LeMaire SA, 2003 1220 318 /1220 112 / 1220 56 / 1220 (4.6%)




BAGBN NM — OwpakokoiAioka Aveupuouara:
[lapayovrec Kivouvou

MAPATONTEZX NMOY NMEPIErXEIPHTIKOI
ADOPOYN NMAPATONTEZZ
TON ALOENH ] )
e Ne@pikn AucAsitoupyia rpo X/
, o MepieyxeipnTiki 4 Glu
HAIKia . ,
A c IBIaITE0BTNTE e Xelpoupyikn TEXVIKN
VATOHIKES pOTNTES e Eidoc AvaiofnTikiic PpovTidoc
AI!JGTUOOT] NM e Aidpkeia ATTOKAEIONOU AOPTAG
O¢on Aveupuoparog o BaBuoc MepieyxeipnTikAg AY
‘Ektaon AveupuopaTog e Aidpkela MNMepieyxeipntikng AY
Alaxwpiopog — PAgn e Xpoévog loxaipiog
Ofeia ZupmrTwpaToAoyia MeootrAeUpiwyv — Oo@UIikwY
ApTnpiwyv
e [lieon ENY

e BAGBNn amwé Emravaipdrwon
e Oidnua: MetaioxaiuikAg YTTEPAIMIOG



Adams HD, van Geertruyden HH:

Neurologic Complications of Aortic Surgery
Annals of Surgery, 1956; 144 (4): 574 — 609
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Upper thoracic

Thoracolumbar <

Direction and proportior
ol liow

Lumbosacral 4

Anterior spinal
artery

: Segmental
Normal J of
: L artery

Kleinman W.

Spinal, Epidural and Caudal Blocks
in: Morgan Michail,

Clinical Anesthesiology, 2004
chapter 16, pages 253 — 281
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Fig 1. Relationship of duration of aortic cross-clamping in high-risk
patients to probability of spinal cord injury. (Reprinted with permis-

sion.'8)
Svensson LG et al, 1988




Table 7 Frequency of Postoperative Spinal Cord Injury
After DTA Surgery

Incidence
Paraparesis/Paraplegia

{(Without (With
Location of Surgery Dissection) Dissection)

Descending aorta to renal artertes
(Crawford type i) 8% to 10% 21%

Entire thoracic and abdominal aorta
(Crawford type Il) 21% 40%

Distal descending aorta and varying seg-
ments of abdominal aorta (Crawford
type lil) 2% to 3% 14%

Adapted with permission %6

Crawford ES, et al. J Vasc Surg, 1986; 3: 389 — 404




MeéTpa yia EAatTtwon NeupoAoyikng BAaRng

e EAaTTwonNn Aidpkelac loxaiuiag

e EAdTTWON «Eviaong» loxaiyiag

e Alatripnon — Aucnon Ailpatwonc NM

e Alatripnon — Aucnon lNieong Ainnong NM

» Shunts » YTroBOepuia

> Bypass (Apiotep0 A—F F-F) 2UOTNMATIKI)

> Emaveputeuon pecotAsUpiwy aptnpiwy  [ePIOXIKN

» ETTavep@uTeEUon 00QUIKWY apTNPIWV YTTapayvoeiong

> [Mapoxéteuon ENY > QapuakoBeparreia

> SSEPs, MEPs

Shenag SA, Svensson LG, J Cardiothorac Vasc Anesth 1993; 7 (1): 81 — 94
O’ Connor CJ, Rothenberg DM, J Cardiothorac Vasc Anesth 1995; 9 (6): 734 — 737



Open Surgical Repair of 2286 Thoracoabdominal

Aortic Aneurysms
Joseph S. Coselli, MD, John Bozinovski, MD, and Scott A. LeMaire, MD

The Texas Heart Institute at St. Luke’s Episcopal Hospital and Division of Cardiothoracic Surgery, Michael E. DeBakey
Department of Surgery, Baylor College of Medicine, Houston, Texas

Table 1. Results of 2286 Open Thoracoabdominal Aortic Aneurysm Repairs

30-day Survival, Paraplegia/Paraparesis, Renal Failure,
Extent of Repair Patients (n) n (%) n (%) n (%)

706 671 (95.0) 23 (3.3) 19 (2.7)
762 716 (94.0) 48 (6.3) 63 (8.3)
391 370 (94.6) 10 (2.6) 24 (6.1)
427 414 (97.0) 6(1.4) 23 (5.4)
2286 2171 (95.0) 87 (3.8) 129 (5.6)

(Ann Thorac Surg 2007;83:5862-4)
© 2007 by The Society of Thoracic Surgeons




Eugavion veupoAoyikng
BAGBNC ueta 1oxaipio NM

o | Aiparikrg Porjg NM

e AANNoiwon PuBuou Neupwvikou MetaBoAiouou
e BAGPBN ammo Emravaipdrwon JYeTa armmo loyxaiyia
e Pon Aipartog Jeta atro Etravaiyatwaon

POAOXZ IZXAIMIKHZ NMPOI'YMNAZH2
NQTIAIOY MYEAOY 2THN [2XAIMIA 2?7?77




i Paralysis following Spinal Cord Injury
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e |loxaipyikn Npoyupvacn NM

e PapuakeuTikn MNpoyuuvaon NM

e AvaioBnoioAoyiko IPC NM

o OappuakeuTikn NeupotrpooTtacia NM

KAINIKEZ NMPOEKTAXEIX 7?7?77




Nothing to Disclose

Except: YOU WILL NEED YOUR THINKING CAPS!




2 @ ¥
Neurons Have » Outside of Cell
Excitable Membranes i
Due to
lon Concentration

Gradients Inside of Cell

- p Sodium-potassium
Na*,K*-ATPase pumps Na+ 9 S 9 «©) U
out of the cell and K+ into the A | _ s

; A protein pump in the neuron cell membrane uses the
cell - requires ATP. energy of ATP to pump Na+* out of the cell, and at the

same time to pump K* in.

Leakiness to K* (100-fold
greater than Na*) balances with
K* pumped in and attraction of
negative charge to facilitate K*
balance.

B The cell membrane is leakier to K* than it is to Na*.
Because more positive charges leak out of the cell
than leak in, the inside of the cell becomes negatively

charged with respect to the outside.




MHXANIZMOZ2 BAABHZ NM META AINO IZXAIMIA

Glutamate elevates cytosolic Ca?* concentration to toxic levels

glutamate release

Glutamate——» NMDA [

L 3 3

\ 2
\ [Na*]1 BiF
AMPAJ /,’ L

kainate — on | ' adicals / <
, ; glutamate
\ / ‘ 7 ' | leakage

wad / \| o~
= )

\
Nat - Ca<*y

NEYPOTO=IKOTHTA
FAOYTAMIKOY




Eugavion BAaBn¢ NM petd ammo loxaiuia

e Tocikotnta NeupodiafifaocTwy
(Excitotoxicity)
- Glutamate
- Ntotrapivn
- Yeudapyupocg
e Avocikn EKTTOAwON

® 2UoOoWwpeuaon evdookuTtTapiou Ca++
KuTttapiko Oidnua

e [lpwrteivikn Kivaon C (PKC)

e MAP Kivaoeg (Mitogen Activated Proteins)
JNKSs, p38, ERKs Lee IM et al-

Spinal cord Tissue Responses to Ischaemia
The Journal of Clinical Investigation, 2000
106 (6): 723 — 731




Eupavion BAaBNS NM

EMNANAIMATQ2H META ATIO [2XAIMIA

(ischaemic — reperfusion injury)
[Mapaywyn eAcuBEpwv pilwv: utrepoceldiou, OH, NO
Alaotracn DNA — Aigyepon PARP

INOS — eNOS — nNOS (tTrapaywyry NO)

Y1repogeidwaon Ammdiwy

PwogoAittdoec PLC, PLA2
2U00WpPEUON evOOKUTTApPIoU Cat+

[MpwTeOAUON
KaATTaiveg
ATTWAEIO auTopPUBUIONC

Lee JM et al:

Spinal cord Tissue Responses to Ischaemia
The Journal of Clinical Investigation, 2000
106 (6): 723 — 731




Slow death (days)  Fast death (hours) [ERKOItAVVV)

Apoptosis Necrosis KUTTOKIVEC
TNF-a, IL1
2. ENEKTIVEC
NO

OudeTepdPIAa

> ATTOTITWON
MetaBeon CytC
Kaotraon — 3
['ovidlo bcl -2

» Kuttapikin NéEkpwaon

Lee JM et al:
Spinal cord Tissue Responses to Ischaemia
The Journal of Clinical Investigation, 2000
106 (6): 723 — 731




Cytochrome ¢ 'EVUP&I ATré"Two'ng ”a
® eAeUOépwon KuToxpwparog C
a1rd MITOXOVOpPIa

Released cytochrome ¢
interacts with Apaf-1
(apoptotic protease activating
factor 1)

The complex cyt_.-Apaf-1
activates caspase-9

Caspase-9 cleaves and

< Latpased activates caspases 3 and 7

complex
formation

Apaf- 1—cytochrome c I
Q

NMPOTAMMATIZMENOZ
v KYTTAPIKOZ
e ik OANATOX

Caspase activation

l | From Vander Heiden and Thompson,
Apoptosis Nature Cell Biol. 1 (1999) E209-E216




Cytochrome ¢

Y

Apaf-1—cytochrome ¢
complex
formation

Caspase-9

Caspase activation

From Vander Heiden and Thompson, i :
Nature Cell Biol. 1 (1999) E209-E216 Apoptosis

@
Bcl-2
Bel -x,

EAcuBépwon KuToxpwuatog C
a1TO MITOXOVOpPIa

AvaoTéAAeTal atTo
QVTIOTTOTTTWTIKEG TTPWTEIVEG
Bcl-2, Bel-xL

MTropoUpe va BEATIWOOUNE TNV
KUTTOPIKI €TTIRiwoN
TTOPEXOVTAG AVTIOTTOTTTWTIKEG
TPWTEIVEG 0TO NM TTOU 1o0)XIME]
27




Mnxaviopog IPC aTo NM

Signals MeTATPOTTA O€
EvookuTtdpio EpéBioua
Adenosine
Bradykinin
Norepinephrine
Nitric oxide Signal
Amplification

G-proteins
PKC
‘ Effectors |

K,yp channels

HSP Hawaleshka A & Jacobsohn E,
AOE Can J Anaesth 1998; 45 (7): 670 — 682




DAG+ ITP)

N —

EAdTTWON
KatavaAwong
Evépyelag

Hawaleshka A & Jacobsohn E,
Can J Anaesth 1998; 45 (7): 670 — 682



Glutaminergic
Terminal

\ GABAg GABAergic
Receptor _ =N _Terminal

N

Mnxaviouoc IPC oto NM

2uvBeon HSP
Scavengers
eAEUBEPWYV PICWV

GF

(aucnTIKOi TTaPAYOVTEQ)
AVTIQTTOTTTWTIKOI
[TapayovTeg
[10OCUVATITIKI
aTTEAEUBEPWON
veupodiaBiBaocTwy

........ ®

®

o
Calpains NO
PLC 0,

PLA, ®

()| Protective
Lee JM et al:

----------------------------------------------

Spinal cord Tissue Responses to Ischaemia
The Journal of Clinical Investigation, 2000
106 (6): 723 — 731




Ioxaiuikn Mpoyupvaon — MNpogToipacia
Ischaemic Preconditioning — IPC

Temporal Nature of 2 windows of Preconditioning
Precondutuonmg
Stlmulus
lmmedlate

Protecllo
SI9 nat—* Amplification Delayed
Protection
- 2 d window

effect”
' Days

FIGURE 2 The time course of immediate and delayed ischacmic
preconditioning,.
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Apeco IPC (1o NMapdaBupo)
A i Abraham VS et al, Ann Thorac Surg 2000
Apeon lNpooTacia Korthuis RJ et al, Pathophysiology 1998

Acute / Rapid IPC Hawaleshka A & Jacobsohn E, Can J Anaesth 1998
EmiBpadupévo IPC (20 MNMapadupo)

KaBuotepnuévn NMpooTtacia

Delayed IPC 2"d Window Effect



IPC oto NwrTiaio MuegAo

[TeipauaTiko HOVTEAO O€ OKUAOUGC

loxaipgia NM pe AoX, trepipepika TG apiotepns SCA
NeupoAoyikn ExTipnon: Agiktng Tarlov

[leipaparikd MovTtEAo

IPC (n =6), CTRL (n = 6)

AoX 20 min (IPC), ETravaiuyarwon 48 h

AoX 60 min, ETravaipadtwon 24 h

@avarog treipaparolwwyv — Touec NM — AvoooioToxnueia
ATToTEAECUATA

ATTwTepo — ETBpadupévo IPC

[TooooTo lNapartrAnyiag og IPC: 0, oe CTRL: 50%
HSP 70 (Heat Shock Protein): $ 1PC

4 CTRL xwpig mapatmAnyia

Matsuyama K et al, Ann Thorac Surg 1997; 63 (5): 1315 — 1320



IPC oto NwrTiaio MuegAo

[TeipauaTiko HOVTEAO OE KOUVEAIQ

loxaipia NM pe AoX, trepipepika TG apiotepns SCA
NeupoAoyikn ExTipnon: Aciktng Tarlov

[leipapaTikO MovTEAD

IPC: 12.5 min

Emravaipatwon: 12h 3 48h

AoX: 30 min

ATTOoTEAECUATA

- KaAuTtepa NeupoAoyika AttoteAéopata: ETTavaiyatwon 12h
- 2uoxeTion NeupoAoyikou Status &

loTOAOYIKWYV ATTOTEAEOUATWYV
- Atwrepo IPC

Munyao N et al, Neuroreport 1998; 9: 321 — 325



IPC oto NwrTiaio MuegAo

e 2¢& KouvéAla pe IPC (10 min)

e |loxaiyia 15 min / 2d ueTa:
Aucnon / MNapdartaon ékppaong HSP70 mRNA
EmRiwon KivnTIKWV VEUPWVWYV

Sakurai M et al, J Vasc Surg 1998; 27: 720 — 725

e 2¢& kKouveAla pe IPC (6 min)

e |loxaiyia 26 min / 24h pera:
Kauia dia@popa oTn VEUPOAOYIKI £€KBaon
HSPs 72 yeta ammé é6min / 10min: 1d, 2d

De Haan P et al, J Thorac Cardiovasc Surg 2000; 120: 513 — 519



Empadupévo IPC NM
HEAT SHOCK PROTEINS (HSP)

e Kuttapikd Stress: «Up — Regulation» Twv HSPs
e Kuttapiky «ETdI6pBwOoN»
ATTOO0UNON UN AVACTPEWIUA KOTECTPAUMEVWV
TTPWTEIVWYV aTTo Ioxaidia NM, «Taktotroinon»
e «NeupotmrpoaTtareuTiki» Apdaon (Neupwveg, NeupoyAoia, 2uvayn)
- MpoAnwnN MPWTEIVIKAG «2ZUCCWPEUONG»
- AvTIpAeyuovwonc Apaaon
- EAGTTWOoN KaTtexoAapivwv
- EAGTTWON METAAAOTTPWTEIVAOWV
- ETitaxuvon ékkpiong adevoaivng (IPC?)
- AvTIaTTOTTTWTIKN Apdon — 'Ekgpaon Bcl-2
- [eplopIopoC KUTTAPIKAG VEKpwoNG / Alatripnon Biwoiuotnrag

lan R Brown. HSP and protection of the nervous system
Annals of the NY Academy of Science, 2007: in press



EmBpadupévo IPC NM
ANTIO=EIAQTIKEZ OY2IE2

Avoxn otnv Ioxaipia: Overexpression
AiopouTtdon Tou UTTEPOLEIdIOU TOU Payyaviou
oTa piItoxovopia (MnSOD)

KataAaoeg

YT1repoceidaon yAouTtabeiovng

EAeUBepPEC PiCec O2: 6x1 Aueool yegoAaBNnTEC
‘EK¢ppaocn avTioZEIOWTIKWYV YOVIOiwV

AlEyepon avTIOCEIOWTIKWYV VUMWV
Upregulation yovidiwv: c-fox, c-jun, junB, junD

Chen J & Simon R. Ischaemic Tolerance in the brain
Neurology, 1997; 48: 306 — 311



Journal of Cerebral Blood Flow & Metabolism (2006) 26, 666-674
2 2006 ISCBFM All rights reserved 027 1-678X 0.00

Hyperbaric oxygen preconditioning induces

tolerance against spinal cord ischemia by
upregulation of antioxidant enzymes in rabbits

Huang Nie, Lize Xiong, Ning Lao, Shaoyang Chen, Ning Xu and Zhenghua Zhu

Department of Anesthesiology, Xijing Hospital, Fourth Military Medical University, Xi'an, Shaanxi, China

EtravaAapBavouevn Xopriynon HBO o€ kouvéAia: 5d

HBO PC.: TépaoTnpm’)TnTag AQOE (CAT, SOD) - upregulation
Scavenger eAeuBépwyv pilwyv: ehaxiototroinon 0pdons AOE
2xéon AOE — ROS

CAT: PC péow ROS, AvtiatrotrTwrik Apdon

ROS: Evepyotroiouv AOE

AUTA UE TN O€IPA TOUC ATTOUAKPUVOUV Ta ROS

Mikpotepn BAGBN NM atrd TNV €TavaIuATWwon JETA IOXAIMIO




[TpooTaTteuTikn Apaon IPC oto NM

e Aldpkela loxaipikng MNpoyupuvaong

e Xpoviko «[MapdBupo» uetal IPC & loxaipiag

e 2uyvotnta Epappoync Etreicodiwyv IPC

e Aldpkela ETTavaipatwong JETACU TOUG

e Aldpkela loxaiyiag

e XpoOvoc ETravaiyarwong Yeta tnv loxaiuia
«Avavnyn» JETA TNV ICXAIMIO




Aueoo IPC oto NwrTiaio MuegAo

o [leipayatikO MovTEAO: TTOVTIKIO
Aueon lNpootacia atro IPC
IPC (AoX) 3min
Etravaipatwon 30min
loyxaiyia (AoX) 12min
e NeupoAoyikn EkTipnon: 24h, 48h
e NeupoAoyikn ‘EkBaon
KaAutepn og IPC: 24h, 48h vs CTRL
e lotoAoyikn EKTiunon

2 UuBadilel ue VEUPOAOYIKT) EIKOVA
MeyaAUTEPOC apPIBUOG K@ veupwvwy o€ IPC: 48h

Zvara DA et al, Ann Thorac Surg 1999; 68: 874 — 880



IPC oto NwrTigio MuegAo

[MeipapaTtiko MovTtéAo: Xoipol

Aueoco IPC

Mikpo¢ Xpovog Etravaipdtwong

loxaipia NM: ATToKAEIONOC AOPTNG

IPC: 20 min, ETravaipatwon: 80min
ATTOKAEIONOG a0PTAG: 35 MIn

NeupoAovyikn EKTiunon: 24h, 48h, 120h
lotoAoyikn EkTiynon — Touéc NM: 120h QAIA OYZIA
- Hwoivo@iAikl Neupwvik) Attodopunon

- PAeypovwdnc Kuttapikny Aiénon

- Nékpwon

- 60% atrwAcia KivnTIKwyY veupwvwyv CTRL

Toumpoulis IK et al, J Thorac Cardiovasc Surg 2003; 125: 1030 — 1036



Mnxaviouog

BRADYKININ
OPIOIDS

Mpwiunc ®aonc IPC
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Aueoo IPC - POAoc KATP

® AVAOTOAN OUYKOAANONC ASUKOKUTTAPWYV

® UTTEPTTOAWON KUTTAPIKNAG HEMPBPAVNG (KaTp)

e TTPOANYN £vOOKUTTAPIAC cuocowpeuonc Ca++

® QUZNON ATTOBEUATWYV EVEPYEIQC

e | KkuTTapoOTOEIKATNTOC OTA EVBOBNAIOKE KUTTAPA
o  Trapaywync avidviwy utrepoéeidiou

o ‘ ANITTOAUGONG

e OTABEPOTNTA KUTTAPIKNG MEMBPAVNG

Neumar RW et al
Molecular Mechanisms of ischaemic neuronal injury
Ann Emerg Med 2000; 36: 483 — 506



Pdaon AiEyepong
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Mitochondrial Permeability Transition Pore (MTP)
2xnuariCovral KATa TNV ETAVAIMATWAN
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KaTtd Tnv ETTavaipdarwon:
3 TANOUO oI KUTTAPWYV

A.Those that were killed by
Ischemia

B.Those that had sub-letheg
Injury and will survive

C. Those that are alive but will
die from mPTP opening
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PI3 kinase & ERK




T1 O1eyeipel Tnv PlI3-kinase
KOTA TNV ETTAVAIMATWON?

ADENOSINE!




T1 KAVElI TOV
TTPOYUUVaoHEVO NM
guaiodnto oTn «OIKA» TOU
adevoaoivn ?7?7?




PKC sensitizes A2b receptors |

Populate A2b |
KATA THN
ENANAIMATOSH Activate PI3-K & Erk I
Prevents mito MTP I

Recover & Survive |




Trigger Phase
adenosine and
other surface
receptors couple
through multiple
Pathways to
activate PKC

Ischemic Phase
PKC acts as a
memory.

l

B

IPC

30 min iIschemia

Current Theory of IPC

Reperfusion Phase
signal transduction
pathways act to
prevent
mitochondria
permeability
transition pore
opening




An adenosine A, agonist, ATL-146¢, reduces
paralysis and apoptosis during rabbit spinal cord

reperfusion

David C. Cassada, MD, Curtis G. Tribble, MD, Victor E. Laubach, PhD, Bao-Ngoc Nguyen, BA,
Jayson M. Rieger, BS, Joel Linden, PhD, Aditya K. Kaza, MD, Stewart M. Long, MD, Irving L. Kron,
MD, and John A. Kern, MD, Charlottesville, Va

J Vasc Surg 2001

e ATL-126e (aywVvioTAC A2a utTodOoXEWV AdEVOTivNC)
[MeipapaTtikd MovTéAO o€ TTOVTIKIO
2UO0TNUATIKN Xopnynon via 3h
15min TTpIv Evapgn eTTavVAINATWONG
EAatTwveEl: TTapdAuon / atmomTwon

H @Aeypovn — ammotrtwon: 7?7 MNapatrAnyia ye REPERF




Alacoceion & IPC

e Alacoceidn: MITOKater Opener
QappuakeuTikd PC, dueco — atrwTePO
MovTeAo 1oxaipiac NM o€ KouveAia
BeATiwon veupoAoyiKNg EKBaong
[TpOANWN veupoAoyikne BAGBNG oe TAAA

Caparrelli DJ et al, Ann Thorac Surg 2002

e Alaloceidon: MITOKate Opener
210 NM
[TpoAauBavel T BAGRN AT eTTAVAINATWON JETA ATTO I0XAIMIO
BeATiwonN VEUPOAOYIKNG AEITOUPYIKOTNTAG
EAeUBepec Pilec O2
AvaoToAn Atrodopunonc DNA

AvaoToAl ATTOTTTWOoNG Roseborough G et al, Am J Pathol 2006




Mnxaviouoi [MpooTtaciac NM
atro lNpwipo (Apeco) IPC

Adevoaivn — EuaioBnrol AiauAol K,

TpoTtrotroinon PAsypovwdouc Aladikagoiag

UETA TNV IoXaldia: AvTIQAeypovwoncg opacn IPC
EAGTTLWON OpacTNPIOTNTAG MIKPOYAOIOKWY KUTTAPWYV
Emridopaon otn Aiyatikn Porp tou NM

Emidpaon otn 2uykKEvipwaon Twv KateXoAauIvwyv
Meiwon BAGBNG NeupodiafIBacTiKoU 2UaTHUATOG
EAaxioTotroinon lototraBoAoyikou Neupwvikou @avAaTtou

Kato H et al, Brain Res Bull 1992; 29 (5): 559 — 565
Kakimoto M et al, Anesthesiology 2003; 99: 1112 — 1117

Perez — Pinzon MA et al, Acta Neuropathol 1999; 97: 495 — 501



loxaiuikn BAaBn NM

2uoowpeuon KatexoAauivuyv
AYYEIOOTTOOOC

«2xaon» EvoobnAiakwyv Kuttapwyv
[ToAAQTTAEC AloppayikEC EaTiec
NEKpwonN

EAatTwon lMNepioxikng Aipatikng Pong NM (rSCBF)
« TpaupaTiopog» NM

Naoya Y et al, J Vasc Surg 1994; 20: 826 — 833
Osterholm JL et al, J Neurosurg 1972; 36: 8



IPC o1o NwTiaio MugAo

e [leipapatikd MovTteAo: KouveAia
Aueoo IPC, Mikpoc Xpovog Etravaiyatwoncg
loxaiuia NM: AtmokAeiouog TAA, SCEPs
IPC: 5 min, ETravaiparwaon: 20min, AoX: 30 min
o |IPC:
Aucnon rSCBF - SCEPs
Mikpn f KatexoAauivwy, 10iwg NE
[ papuikr) ouoxétion NE / cAMP
f MeTaBoAIkn ¢ dpaoTtnpioTnTac NM
Alcyepon A1 utrodoxea Adevoaivne: cCAMP
e ISCH: Aucnon NE, 5 — HT, Dopamine (x 3 —5)
e IPC — PROT: Aiatipnon rSCBF, ¥ KatexoAauIviv

Fan T et al, Surg Neurol 1999; 52: 299 — 305



Aueoo IPC oto NwrTiaio MuegAo

o [leipayatiko MovTéAo: KouveAia
[Mapoodikn NpooTacia atd IPC
IPC (AoX) 5min
Etravaipatwon 30min
loxaipia (AoX) 17min
e NeupoAoyikni EkTipnon: 3h, 24h, 4d, 7d
e NeupoAoyikn ‘EkBaon
KaAutepn o€ IPC: 3h, 24h
Kauia Alagopa: 4d, 7d
e |loToAoyikn EKTiUNON
MeyaAUTEPOC apPIBUOGC K@ veupwvwy o€ IPC: 24h, oxi 7d

Kakimoto M et al, Anesthesiology 2003; 99: 1112 — 1117



Apeoco IPC oto KN

Meipapatikd MovréAdo: KouvéAla (Sirin BH et al, 2002)
ATtrokAgionog AopTtng — loxaipgia NM

IPC (AoX) 5min / ETravaigdatwon 25 min / loxaipgia (AoX) 20 min
BeAtiwon NeupoAoyikng 'EkBaong: 48h

MNeipapatikd MovréAo: Movrikia (Perez — Pinzon MA et al, 1997)
loxaipgia Eyke@aAou (Global)

IPC 2min / ETravaigdatwon 30 min / loxaigia 10 min

BeAtiwon NeupoAoyikig ‘EkBaong: 3d, 6x1 7d

NMeipapatikd MovtéAo: MNovrikia (Stagliano NE et al, 1999)
loxaipia Eyke@daAou (Focal)

IPC 5 min (x1A x3) / Emavaipatwon 30 min / loxaipia 60 min

* EpgpakTou: 24h

Meipapatikd Movrédo: KouvéAla (Ueno T et al, 2001)
ATTOKAEIONOG AopTAG — loyaipia NM

IPC (AoX) 3min / ETravaigatwon 3 min x 2/ loxaipgia (AoX) 20 min
*SCBF OMNM, Mikprj ETridpaon otn NeupoAoyikfy ‘EkBaon




R AN JURNA W
CARDIO-THORACIC
SURGERY

il
F[ Sr\'IFR European Journal of Cardio-thoracie Surgery 28 (2005) 467-472

Heat stress increases the effectiveness of early ischemic
preconditioning in spinal cord protection

Murat Basaran®*, Eylul Kafali®, Omer Sayin®, Murat Ugurlucan®, Melih Hulusi Us®,
Cicek Bayindir®, Ahmet Turan Yilmaz®, Enver Dayioglu®

Aueco YT1repBepuiko IPC

Aev TTpohapBavel / KaBuaoTtepei BAGBN NM atrd ioxaiuia
[TapodIK TTPOCTATEUTIKA OpACcn — ATTWTEPN VEUPOAOVYIKN BAGRN
EuepyeTikO ATTOTEAEOUAQ:

[MapdTaon BepatreuTikoU TTapABupou PETA aTTd 1Io0XAINIK BAGBN
HSPs o¢ dueoo IPC + utrepBeppia

OepuIkn «TTPpoBepartreia» 24h Tpiv Icxaiuia, TTpooTacia 48h
loxaipIkn vEUpWVIKN BAGRN: diapkr¢ diadikaaia

Kauia oxéon aueoou IPC | veupotrpooTtadiag kalr HSPs

AitrAeupn Ek@pacon HSPs: dueoca Kal aTTwTEPA OTN
VEUPOTTPOOTACIA




Aueoo vs ATtwTepo IPC oto NM

[leipapartikd MovTtEAo: Xoipol

2 Uykpion Apeonc - EmBpaduucvne lMNpooTacia atrod IPC
Goup | AoXC, Group I AoXC 20min, Group Il AoXC 45min,
Group VI AoXC 20min — REP 28h — 45min

NeupoAoyikn ‘EkBaon (Tarlov Score): 24h, 48h, 120h
KaAutepn o€ aueoo IPC: 24h, 48h, 120h

loToAoyikn EkTipnon — Topeg NM: 120h

loToAOYIKEC ANNOIWOEIC: AvaAloyeg pe NeupoAoyikr ‘ExkBaon
2nNuaacia diatnpnong All Kata Tnv eTTavalgaTwaon, aAAIWG
OEV €ival ENPAVEC TO aTroTEAeoua Tou IPC

Aueoo IPC: HIKpOC BaBuocg pAsypovng (ATTIa)

Adevoaivn, Aywviotec A2 uttodoxewv, MITO Katp

Down Regulation NMDA receptors

Toumpoulis IK et al, J Cardiovasc Surg 2004; 128: 724 — 601



Aueoo EmavadaupBavouevo IPC oto NM

o [leipauariko MovTEAO: 2KUAOI
Aueon Npootaoia amd IPC, SSEPs
- CTRL (n=7)
-IPC x 1 (n=7)
- IPC x 3 (n=7)
- AoX 45 1h Etmravaiuydtwon
e NeupoAoyikn EkBaaon (Tarlov Score): 1h w¢ 72h follow up
KaAutepn o€ IPC x 3
e loToAoyikn EkTiunon — Toueg NM: 72h
loToAoYIKEC ANNoIwOEIC: Avaloyec ue NeupoAoyikn 'ExkBaon
SSEPs aciomoTta atmoteAEoUATA
Me Tn xprnon SSEPs: avoxr peyaAng ioxaidiag (duvnrika)

Bonillo Contreras IS et al, Eur J Cardiothorac Surg 2005; 28: 274 — 279



Available online at www.sciencedirect.com
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ELSE\;IER ife Sciences 79 (2006) 1476 - 1483

Effect of repetitive 1schemic preconditioning on spinal cord
ischemia in a rabbit model

. . rY 1 & .' X 7 * T t < O . H - ¢
Qi Jing YU *™*, Yan Ling Wang °, Qing Shan Zhou “, Hai Bo Huang °,
# . PO i
Shu Fang Tian °, Dai Ming Duan *

IPC 5min x 4, REP 5min, AoXC 45min, REP 7d

Aueon, Taxeia, ATTOTEAECUATIKA VEUPWVIKI TTPOCTACIO
Auénon ikavotntac NM oTtnv avoyxn Ioxaiyiag

MnXaviouog:

AANNQYEC OTNV KATAVOUN & CUYKEVTPWOTN €VOOKUTTAPIWY KAl

ECWKUTTAPIWY IXVOOTOIXEIWV KATA TN @ACN TNG ICXAIMIAG Kal
ETTAVAINATWONG

Ca++, K+, Na+, Mg++, Zn++, XaAKOC




Ischemic Preconditioning and Spinal Cord Function Monitoring in the
Descending Thoracic Aorta Approach

nstituto do Coracao do Hospital das Clinicas = FMUSP e Universii

[MeipapaTtikd MovTéNo: okUAoI (28)

C45 (n=7), AoXC 45min / C60 (n=7), AoXC 60min
IP45 (n=7), IPC x 3, AoXC 45min / IP60 (n=7), IPC x 3, AoXC 60min
[MapakoAouBnon 72h peta

NeupoAoyikn EKTiunon

2UoxeTIon ue SSEPs

SSEPs 1pIv, kata 1n dIAPKEIQ, JETA TNV ICXAIMIO
EtmravalappBavouevo, aueco IPC:

EAATTWVEI TN OUXVOTNTA TTAPATTANYIOC

2NUacia €xel 0 XpOVOC ETTAVAIMATWONG

SSEPs: 75% suaiocBnoia, 83% €1dikdéTnTa



Journal of Surgical Research 135, 385-393 (2006)
doi:10.1016/j.jss.2006.04.002

Is Remote Preconditioning as Effective as Direct Ischemic

Preconditioning in Preventing Spinal Cord Ischemic Injury?

Ugur Gurcun, M.D.,*! Berent Discigil, M.D..,* Mehmet Boga, M.D.,* Erdem Ozkisacik, M.D..*
M. Ismail Badak, M.D.,* Cigdem Yenisey, Ph.D.,7 Tunay Kurtoglu, M.D.,* and Ibrahim Meteoglu, M.D.z

"Department of Cardiovascular Surgery, TDepartment of Biochemistry, ZDepartment of Pathology, Adnan Menderes University Medical
Faculty, Aydin, Turkey

e MNHMH IPC: povadiko xapakTnpIoTIKO TS TTPpoyuuvaong
opyavwy oTnV IoXaldia
e ETravaiyatwon peTa atro loxaiyia: Kataypagn — Atrobrnkeuaon
e AlapopeTikr) Avtidpaon o€ véa €kBeon o€ loxaiyia
e Karaypagn TTANpoYopiag yia 10 idlo THAMA I0TOU, YIA OIA@POPETIKA
TMAMATA TOU idIoU OpYyAvou, VIO DIOPOPETIKA Opyava
e [lpoyuuvaon «E¢ Amootacewe» (REMOTE IPC)
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Is Remote Preconditioning as Effective as Direct Ischemic
Preconditioning in Preventing Spinal Cord Ischemic Injury?

Ugur Gurcun, M.D.,*' Berent Discigil, M.D.,* Mehmet Boga, M.D.,* Erdem Ozkisacik, M.D.,*
M. Ismail Badak, M.D.,* Cigdem Yenisey, Ph.D.,¥ Tunay Kurtoglu, M.D.,* and Ibrahim Meteoglu, M.D.x

Department of Cardiovascular Surgery, ¥Department of Bioche v, TDepartment of Pathology, Adnan Menderes University Medical

Faculty, Aydin, Turkey

Sham

Control

Direct PC Ao  Reperfusion Ao Reperfusion

Remote PC LRA Reperfusion LRA  Reperfusion

Remote+Direct PC LRA Reperfusion Ao Reperfusion

[ [ T ]
0 10 15 3 90 100
Incision Closure

Time (min)

FIG. 1. Experimental protocol. See text for details (Ao = Aortic occlusion; LRA = Left renal artery occlusion).
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Is Remote Preconditioning as Effective as Direct Ischemic

Preconditioning in Preventing Spinal Cord Ischemic Injury?

Ugur Gurcun, M.D.,*! Berent Discigil, M.D..,* Mehmet Boga, M.D.,* Erdem Ozkisacik, M.D..*
M. Ismail Badak, M.D.,* Cigdem Yenisey, Ph.D.,7 Tunay Kurtoglu, M.D.,* and Ibrahim Meteoglu, M.D.z

"Department of Cardiovascular Surgery, TDepartment of Biochemistry, ZDepartment of Pathology, Adnan Menderes University Medical
Faculty, Aydin, Turkey

NeupoAoyikn ‘EkBaon Oudadwyv IPC: KaAutepn atmo CTRL
E¢’ ammootdoew¢ IPC: IKavoTToINTIKA TTPO0TACIO
AtreuBeiac IPC: TToAU peyaAuTtepn TTpooTacia

O ouvOUuaOoNOG TwV dUO: Ol MEYAAUTEPN TTPOCTACIO
NSE, MDA, NO o¢ IPC < CTRL
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Are you Thinking YET




AvaioOnoioAoyikn Npoyuuvaon NM (APC)

ous drainage of the spinal cord

—Posterior spinal vein

——Posterior spinal artery

Posterolateral spinal

Pia mater

. | Sves) .
Anterior 4 Posterior | Radicular
spinal vein for | arteries
and artery

Spinal
artery

Arachnoid

Dura mater

fatin epidural space



Tolerance Against Ischemic Neuronal Injury Can Be
Induced by Volatile Anesthetics and Is Inducible NO

Synthase Dependent

Krisztian J. Kapinya, MD*; Diana Lowl*; Carsten Fiitterer; Martin Maurer, MD;
Klaus F. Waschke, MD; Nikolaj K. Isaev, PhD; Ulrich Dirnagl, MD

AvaioBnaiohoyiko PC Stroke  July 2002

[Tpoxopniynon ISO 0, 12, 24, 48h T1rpo 1oxaipiag: TMAC
[Tpoxopriynon AAoBaviou 24h trpo ioxaipioc: 1 MAC

ISO: NeupoTtrpooTacia aueoca

ISO / AANOGANIO: lNMapaTteTapEvn veupoTTpooTaCId
AlaTnpeital JETA TO TTEPAC TNG avaiocOnaoiag (24h)

AyvwaoTn n oUuoXETION JE METARBOAIKO puBuo

‘M&TGBO)\IKOQ PuBudéc: EpéBiopa yia PC, éx1 otéxoc PC

PC: avecdptnto @aivopevo atmo CBF, Ecaptwuevo atro INOS
[TNTIKA: MakpoxXpOVIEC METABOAEC OTNV EKPPACT YOVIDiWV



loopAoupavio (ISO)

L. Xiong, Y. Zheng, M. Wu, L. Hou, Z. Zhu, X. Zhang, Z. Lu,
Preconditioning with isoflurane produces dose-dependent neuropro-
tection via activation of adenosine triphosphate-regulated potassium
channels after focal cerebral ischemia in rats, Anesth. Analg. 96

(2003) 233-237.

S. Zheng, Z. Zuo, Isoflurane preconditioning reduces Purkinje cell
death in an in vitro model of rat cerebellar ischemia, Neuroscience
118 (2003) 99-106.

Acokei PC avaAoyo tou IPC

1I0T|Kr']g BAaBNc atmro loxaiyia / ETavaiparwon
Aiavoign MITO Katp diaUAwV
BeATioTOTTOINON MITOXOVOPIOKAC TTAPAYWYNG EVEPYEIQG
‘Eupeon dieyepon Al UTTOOOXEWYV QOEVOCIVNG
1 2uoowpeuon Evdookurttapiou Cat++

TFOV|6|aKr’] ‘Exppacn KuttapotrpooTaTteuTiIKwy [NpwTeivv
AOCOECAPTWMPEVN VEUPOTTPOOTACIO OE EYKEPAAO



Isoflurane Preconditioning Induces Neuroprotection against
Ischemia via Activation of P38 Mitogen-Activated Protein

Kinases

Shuqiu Zheng and Zhiyi Zuo

Department of Anesthesiology, University of Virginia Health System, Charilottesville, Virginia
Received September 8, 2003: accepted February 12, 2004 This article is available online at http://molpharm.aspetjournals.org

Bpaxutrpd6eoun veupotrpooTtacia ISO
Makpotrpd0saun PBeATiwan veupoAoyikng EkBaong (14d)
EAGTTWON KUTTAPIKOU BavAaTou

Evepyotroinon P38 MAPK — autopwo@opuliwaon

Néo MovréAo P38 MAPK in vivo:

H Utrapcn veupwvikou Bavarou iy empiwong peta P38 MAPK
£CAPTATAI ATTO TN XPOVIKA OTIYUN TNG EVEPYOTTOINONG
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acueNCE@Dm!cT' Neuroscience

Letters
}*ISI‘VI ER Neuroscience Letters 387 (2005) 90-94

vw.elsevier.com/locate/neulet

[soflurane preconditioning protects motor neurons from spinal cord
ischemia: Its dose-response effects and activation of mitochondrial
adenosine triphosphate-dependent potassium channel

Hee-Pyoung Park ?, Young-tae Jeon?, Jung-won Hwang®, Hoon Kang",
Seung-Woon Lim®, Chong-Sung Kim ¢, Yong-Seok Oh®*

30 min ISO (1.05, 2.1, 3.15%) 45 min 1rpo 1oxaiyiac NM
Aueon lNpooTagia (WG Kal 72 WPEC YETA ETTAVAINATWON)
ISO PC: KaAuTtepn veupoAoyikn Ekaon

ISO PC.: lNepioooTePOI BIWOIUOI VEUPWIVEC
AocoecapTwuevn Apaon

MITO KATP

?? KaBuoTtépnon / ?? EAGTTwoN ATTOTTTWONC

?7? INpoAapBavel ATTOTITWON
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Isoflurane Produces Delayed Preconditioning against
Spinal Cord Ischemic Injury via Release of Free Radicals

in Rabbits

Hanfei Sang, M.D., Ph.D.,* Lin Cao, M.D.,T Pengxin Qiu, M.D.,¥ Lize Xiong, M.D., Ph.D.,§ Rongrong Wang, M.D.,T
Guangmei Yan, M.D., Ph.D.||

MovTéAo loyaipiac NM: AoXC 20min (KouveEAIQ)
EtravaAauBavopevn Xopriynon 1ISO: 2.1%, 40min

ATtwrepo IPC

NeupoAoyikr EkTipnon - NaBoAoyoavaropia

OepatreuTikO MNapdBupo: 24h, 48h, ox1 72h petd ioxaiuia
AipeBuloupia: Scavenger eAeuBepwyv pilwyv, Karapyei IPC NM

MHXANIZMOZ2

Aiavoign MITO KaTtp diaUuAwv
EAeUBepec Pilec O2
Evepyotroinon P38 MAPK
Algpkela [NpooTtagiag: ayvwoTn




Anesthetic Preconditioning with Sevoflurane Does Not
Protect the Spinal Cord After an Ischemic-Reperfusion Injury
in the Rat

David A. Zvara, MD*, Andrew ]. Bryant, Bs*, Dwight D. Deal, Bs*, Mario P. DeMarco, Bs*,
Kevin M. Campos, Bs*, Carol M. Mansfield, Bst, and Michael Tytell, PhDt

Departments of *Anesthesiology and tNeurobiology and Anatomy, Wake Forest University School of Medicine,
Winston-Salem, North Carolina

(Anesth Analg 2006;102:1341-7)

‘EAcyxoc yia Aueon / Attwtepn lNpoaoTacia

IPC (3 min) vs APC pe SEVO 3.5%, peta ioxaigia 12min
IPC: rapéxel trpooTtacia, SEVO Oyl

SEVO APC: MITO KATP, HSPs (kivnTotroinon uttapXoviwv)
Pwaopopuliwon Hsfl, HSPs priming

?? E1dikoi pnyaviopoi oto NM yia trpooTtarteuTikr) dpaon IPC
??AI0QOPETIKOI ATTO EYKEPAAO KAl HUOKAPDIO



TABLE 1. The proposed neuroprotective agents

Excitatory amino acid receptor blockers (26):
NMDA (24): MK-801 (10), magnesium (4), CGS-19755 (2), ketamine (2), LY-233053 (2), memantine (2), ATP-MgCI2 (1), dextrorphan (1)
AMPA (2): LY-293558 (1), NBQX (1)

Free radical scavengers (22): SOD (9). PEG-SOD (2), tirilazad (2), allopurinol (2), deferoxamine (2), L1 (1), dimetylthiourea (1), U-74389G (1),
DMSO (1), Caffeic acid phenethyl ester (1)

Calcium channel blockers (16): KB-2796 (4), nimodipine (4), flunarizine (3), ziconotide (2), lidoflazine (1), conotoxin (1), verapamil (1)

Anesthetics (12): thiopental (8), halothane (2), isoflurane (1). methohexital (1)

Opiate receptor antagonists (8): naloxone (5), WIN-44.441-3 (1), M-154,129 (1), nalmefene (1)

Inhibitors of leukocytes and monocytes (7): anti-CD (5), doxycycline (1), pentoxifylline (1)

Corticosteroids (7): methyl-prednisolone (6), dexamethason (1)

Prostaglandins (6): prostaglandin E1 (3). prostacyclin (3)

Alternative oxygen carriers (5): Fluosol DA (3). diaspirin cross-linked hemoglobin (2)

Adenosine (+-agonist) (4): propentofylline (3), adenosine (1)

Modulators of coagulation (4): tissue pathway factor inhibitor (2), aprotinine (1), heparine (1)

Serotonin antagonists (4): lysergic acid diethylamide (1), 2-bromolysergic acid diethylamide (1), cinanserin (1), cyproheptadine (1)

Sodium channel inhibitors (4): riluzole (2), CPP (1), QX (1)

Local anesthetics (3): tetracaine (2), lidocaine (1)

pH modulators (3): dichloroacetate (2), CO, (1)

Modulator of glucose metabolism (3): 2-deoxyglucose (1) and 3-O-methylglucose (1), Insulin (1)

Protein kinase C modulators (3): Staurosporine (1), H-7 (1), 1.2-oleoylacetylglycerol (1)

GABA modulators (2): muscimol (1), bicuculine (1)

Nitric oxide synthase inhibitor (2): N(G)-nitro-L-arginine-methyl ester (2)

Regenerative agents (2): A4 protein precursor (1), gangliosides (1)

Vasodilators (2): poloxamer 88 (1). papaverine (1)

Plasma expanders (2): pentastarch (1), 6% hydroxyethyl starch (1)

Phenothiazines (2): chlorpromazine (1), trifluoperazine (1)

Inhibition of apoptosis (1): cycloheximide (1)

Additional agents: deprenyl (1), phenylephrine (2)

In brackets: the number of times they were tested.




TABLE 3.

The agents that demonstrated improvement of neurologic outcome in at least two studies

Agents (references)

Number

Neurology: n
Histology: h

T control

Group size

Postischemic recovery

Deferoxamine (80.83)
Fluosol-DA (22.72)
LY-233053 (66.67)
KB-2796 (19.21)

Leucocyte activation inhibitor (12-14,62)

Magnesium (30,89,96)
MK-801 (21,24.51.52,69.86,103)

Naloxone (25,26,28)

Propentofylline (18.20)

Prostaglandin El (39.40.78)
Prostacyclin (40.48)

Tissue factor pathway inhibitor (54.55)
Superoxide dismutase (61.80)
Tirilazad (35.36)

Thiopental (11,76.77,79.85)
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(62) 16, 11, 13,7
(30, 89) 16, 8, 13

(24) 6,9, 12,19, 13.4, 15

9,9, 15
6.6
12,12, 10
12, 6
20, 7

12, 7

9. 10
4, 12, 10, 12, 13

4 hours, 24 hours

24 hours, 48 hours

18 hours, 18 hours

96 hours, 96 hours

I8 hours, 18 hours. 18 hours, 5.5 hours

48 hours. 24 hours. 24 hours

96 hours, 21 days. 72 hours, 24 hours,
48 hours. 2 hours, 48 hours

48 hours, 48 hours, 48 hours

96 hours, 96 hours

7 days. 7 days, 24 hours

7 days, 72 hours

24 hours, 72 hours

7 days. 4 hours

30 days, 96 hours

48 hours, 5 days, 48 hours.
48 hours, 48 hours

Number = Number of studies in which neuroprotection was demonstrated. Neurology: n = significant improvement of neurologic outcome.
I &

&

Histology: h = significant improvement of histopathologic outcome, n+/h— = neurologic and histologic outcome were not in agreement. T control =
temperature was measured and actively maintained at baseline level in the cited reference. Group size = size of the experimental groups. Postischemic
recovery = time between the ischemic insult and the neurologic/histologic endpoints.

For the individual agents in each row, neurology/histology, group size, and postischemic recovery are mentioned in accordance with the sequence in

the references.




MeTpa yia EAatTwon NeupoAoyikng BAapng

OAPMAKA
2UoTnuaTikn Xopnynaon PAPMAKA , ,
2TEPOEION (MEBUATTPEDVICOAOVN) Y'ITCXDC’XXVOS@F]C Xopnynon
AVTAYWVIOTEC OTTIOIEIDWV ° MGVVHG'O,
NGAOEGVN e [lammafepivn
NGAUEPEVN e TETPAKAIVN
BapBitoupika (B€10TTEVTAAN) e Fluosol — DA (texvnto aipa)
A'ITOK)\EIO'TE’IQ OlaUAwWV Ca++ Shenaq SA, Svensson LG,
Scavengers eAeUBEPWV PIZOV 02 Tgga 71 bt —oa o
AvtaywvioTe¢ NMDA uttodoxEwv O’ Connor CJ, Rothenberg DM,

z J Cardiothorac Vasc Anesth
Mayvnaio 1995; 9 (6): 734 — 737
Fluosol — DA (texvnTto aipa)



Table 1. Proposed strategies for neuroprotection

Strategy

Proposed mechanism

Clinical use

Potential risks

Corticosteroids

Hypothermia

Sex hormones

Minocycline

Erythropoietin

Magnesium

Stabilization of cell
membranes; reduction
in postinjury inflammation;
reduction in lipid peroxidation
Depression of cerebral
metabolism; reduction in
free radical formation;
reduction in brain edema

Powerful antioxidant activity;
suppression of neuronal
excitotoxicity

Inhibition of mitochondrial
cytochrome c release;
inhibition of caspase-
mediated apoptosis

Cytokine mediator that
decreases inflammation,
reduction in lipid peroxidation

NMDA antagonist; suppression
of neuronal excitotoxicity;
reduction in intracellular
calcium influx

Used in SCI with
questionable benefit;
no role in TBI

Therapeutic hypothermia
is not widely accepted
as a treatment for TBI;
avoidance of hyperthermia
is used to prevent increased
ICP and cerebral metabolism
Experimental for TBI and SCI;
clinical trials underway

Experimental for TBI and SCI

Experimental for TBI and SCI

Experimental for TBI and SCI;
used as antiepileptic agent
clinically

Systemic complications include pneumonia,
sepsis, and gastrointestinal hemorrhage

Rapid rewarming after hypothermia may
exacerbate neuronal injury; severe
hypothermia may lead to coagulopathy

Unknown

Unknown

Hematopoietic effects may exacerbate
neuronal injury through increased
blood viscosity and thrombosis

Extremely high doses may lead to
various degrees of neuronal
suppression, including weakness and
decreased level of consciousness

ICP, intracranial pressure; NMDA, N-methyl-p-aspartate; SCI

, spinal cord injury; TBI, traumatic brain injury.




EpuBpoTrointivn (EPO) &
NeupoTrpooTaaia

EpuBpoTroinTivn K lNapaywya autnc:
Xopnyoupeva yeta BAGBn NM

BeAtiwon NeupoAoyiknc ‘EkBaong

Xopnynon EPO kK avaAoywv autn¢ (asialoEPO)
mrpiv Ioxaiyikn BAGBN NM og trovrikia — 10mcg/kg
NeupoTtrpooTaaia

BeAtiwon KivnTiIKAG Asitoupyiag — 42d

KaAuTtepa amroteAEopaTa av n xopnynon Yivel Tnv wpa tng

BAGBNG
NM: peyaloc apiBuoc utrodoxséwv EPO
Apaon EPO: yéow glial fibrillary acidic protein

Grasso G et al. G Neurosurg Spine, 2006; 4: 310 — 318




Erythropoietin protects the central nervous system during
prolonged hypothermic circulatory arrest: An experimental
study in a canine model

Mitsuhiro Kawata, MD, Shinichi Takamoto, MD, PhD, Kazuo Kitahori, MD, PhD, Hiroyuki Tsukihara, MD,
Tetsuro Morota, MD, PhD, Minoru Ono, MD, PhD, Noboru Motomura, MD, PhD, Arata Murakami, MD, PhD,
and Yoshihiro Suematsu, MD, PhD

The Journal of Thoracic and Cardiovascular Surgery « June 2006

e [leipauaTikO HOVTEAO OE OKUAOUG

e EPO 5000 IU/kgr
EPO:

o [lpoAaudavel TNV ATTOTITWON

e «2WCEI» VEUPWVEC ATTO TNV ATTOTITWON O€ 1I01aiTEPA
«EUAIOONTECY TTEPIOXEC

e T[potrotrolei TNV avoooatravinon tou KN oTtnv ioxaiyia



EPO receptor
homodimer

Primarily found on
blood formung cells

' ERYTHRO- |
POIESIS | 9

Low, constant
blood levels required
for activity

~ increases erythrocytes

increases platelels
- raises blood pressure

EPO receptor - Common
heterocomplex

Present on
many tissues

é . TISSUE
| : l > | PROTECTION

High, infrequent
blood levels required
for activity

~ acts locally
- protects against apoptosis




0doi Kuttapiking Emiiwong Evepyotroinuévol amro
EpuOpotrointivn (EPO)

~ JAK2 = Janus tyrosine kinase 2

cell membrane

<

Activation of: = STATS RAS-MAPK —+| PKB/AKt-1

Pathway
STATS = signal transducers and \ L
activators of transcription ‘Ex(ppaacn
AvTIGnoONTWTIK®V
Fovidiwv

(Bcl-2, Bcl-xL) " KYTTAPIKH

RAS-MAPK = Ras-mitogen
activated protein kinase

PKB = protein kinase B (known

also as Akt-1 kinase ENIBIQZH

Modified from Siren and Ehrenrich Eur. Arch. Psychiatry Clin Neurosci 251 (2001) 179-184




NeuroBiology of Disease 2007

*[poxopnynon

*‘Mnxaviouog Apaong

*Aueon dpaon oTa PITOXOVOPIa
*AvaoToAn diavoigng mopwv MPT
*AVTIQTTOTTTWTIKA Apdaon

2 ¢ [Neipaparika MovteAa

*Au@IAEYyOuEVA ATTOTEAECUATO



Available online at www.sciencedirect.com
Pharmacology

ScienceDirect &
Thcrapcutics

‘2
®*

ELSEVIER Pharmacology & Therapeutics 116 (2007) 77— 106

www.elsevier.com/locate/pharmthera
Associate editor: A.L. Morrow

Progesterone: Therapeutic opportunities for neuroprotection
and myelin repair

. ol a.% . ~ v < ~ 4 l o 4 P ;
Michael Schumacher **, Rachida Guennoun “, Donald G. Stein °, Alejandro F. De Nicola ¢

EAGTTWON QAEYPOVIC — ATTOTITWONG
NeupoTtTpooTaaia

Neupoavadounon

2 XNMATIOUOC VEWYV EAUTPWYV HUEAIVNG

E¢wyevnc xopnynon: O¢partreia oceiac BAaBnc NM



FURLCTEARS POA TR RATL O3F
CARDIO-THORACIC
SURGERY

E LS EVI E R Evropean Journal of Cardio-thoracic Surzery 18 (20000 174-18]

www.elseviercom/docate/ejets

Ischemic spinal cord injury induced by aortic cross-clamping:
prevention by riluzole

e =g, o ) . ) - . . ] .
Loic Lang-Lazdunski™™, Catherine chr’lcuuxh, Alexandre Mignon®, Jean Mantz",
- B i ] d y + 'l
Catherine Widmann'. Jean-Marie Desmonts®, Michel Lazdunski”

Ischemic preconditioning and nicotinamide in spinal cord protection in an
experimental model of transient aortic occlusion
C. Selim Isbir, Koray Ak, Ozlem Kurtkaya, Umit Zeybek, Serdar Akgiin, Bernd W.
Scheitauer, Aydin Sav and Adnan Cobanoglu
Eur J Cardiothorac Surg 2003;23:1028-1033
DOI: 10.1016/S1010-7940(03)00110-6




Fxperimental Neurology 168, 144154 (2001)
doi: 10.1006/exnr.2000.7604, available online at http/fwww.idealibrary.com on |PE FI.:LE:
*

Effects of Interleukin-10 (IL-10) on Pain Behavior and Gene Expression
Following Excitotoxic Spinal Cord Injury in the Rat

Jeffery A. Plunkett,” ¥ Chen-Guang Yu,* Julia M. Easton,*
John R. Bethea,* %' and Robert P. Yezierski* 1§




Journal of Cerebral Blood Flow & Metabolism (2007) 27, 1663-1674

www.jcbfm.com

Endotoxin preconditioning protects against the

cytotoxic effects of TNFa« after stroke: a novel role
for TNFa in LPS-ischemic tolerance

Holly L Rosenzweig', Manabu Minami?, Nikola S Lessov', Sarah C Coste’,
o O

Susan L Stevens', David C Henshall®, Robert Meller*, Roger P Simon* and
Mary P Stenzel-Poore'




NS-7, a novel Na*/Ca** channel blocker, prevents
neurologic injury after spinal cord ischemia in rabbits

Enyi Shi, MD**
Teruhisa Kazui, MD, PhD®
Xiaojing Jiang, MD"

Naoki Washiyama, MD, PhD* The Journal of Thoracic and

Kazuchika Suzuki, MD*® ]
Katsushi Yamashita, MD, PhD® Cardiovascular Surgery 2005

Hitoshi Terada, MD, PhD?

Linolenic acid prevents neuronal cell death and
paraplegia after transient spinal cord 1schemia in
rats

Journal of Vascular Surgery, 2003

Loic Lang-Lazdunski, MD, 1-‘111),“~h Nicolas Blondeau, PhD." Giséle Jarretou, BS." Michel Lazdunski,
PhD, DSe, and Catherine Heurteaux, PhD," Clamart and Valbonne, France




FUROMAN JOURNAL OF
CARDIO-THORACIC
SURGERY

AR
ELSEVIER European Journal of Cardio-thoracic Surgery 25 (2004) 105-110

www.elsevier.com/locate/ejcts

Neuroprotective effects of FK-506, L-carnitine and azathioprine on spinal
cord ischemia-reperfusion injury

Serdar Akgun™*, Atike Tekeli”, Ozlem Kurtkaya”, Ali Civelek®, Selim C. Isbir",
Koray Ak®, Sinan Arsan®, Aydin Sav"

Journal of Investigative Surgery , 2005

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713723105

Neuroprotective Effect of KR-31378, a Novel Potassium
Channel Activator, on Spinal Cord Ischemic Injury in
Rabbits

Chang-Ha Lee @ Ki Young Choi ®.Yong Jin Kim ¢ Won Gon Kim ©




The EMBO Journal (2004) 23, 2684-2695 | £ 2004 European Molecular Biology Organization | All Rights Reserved 0261-4189/04 THE
www.embojournal.org

EMBO

JOURNAL

TREK-1, a K channel involved in neuroprotection
and general anesthesia

C Heurteaux', N Guy', C Laigle,

N Blondeau, F Duprat, M Mazzuca,

L Lang-Lazdunski, C Widmann,

M Zanzouri, G Romey and M Lazdunski*

Institut de Pharmacologie Moléculaire et Cellulaire, CNRS, Institut Paul
Hamel, Sophia-Antipolis, Valbonne, France
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[Tepioxikn AvaioBnaoia kal
[Tpoyupvaon NM oTtnv loxaiuia




TOMNIKA ANAIZOHTIKA

AMNOKAEI2MO2

e AlaUAWV Na+ gCapTwWPEVWY ATTO dla@opa
OUVONIKOU

e AIQUAWYV K+
e ANiIaUAwWV Ca++

NEYPOITPOZTATEYTIKH APAZH KN 7?77

Fujitani T et al. Neurisci Lett 1994; 179: 91 — 94
Nilyama S et al. Neurosci Res 2002; 42: 231 — 241



TOMNIKA ANAIZOHTIKA

2.TOV EYKEPAAO (TTEIPAMATIKO ETTITTEDO)

o 1 Eicodo
KN

e AVOOTOADN
e AVOOTOADN

¢ Na+ evdokuTTapia o€ utrogikn BAGRN

ecaviAnonc ATP
ATTWTEPNG VEUPOAOYIKNC BAABNC o€

QTTOKAEIO

IO KAapWwTidwV av yivel eyxuon TA

(TrTpoBepaTTEia) OTIC KOIAIEC TOU EYKEPAAOU

Fujitani T et al. Neurisci Lett 1994; 179: 91 — 94
Nilyama S et al. Neurosci Res 2002; 42: 231 — 241



210 NM: ayvwoTtn n 6pdon TA

The effects of moderate hypothermia and

Intrathecal tetracaine on glutamate concentrations
of intrathecal dialysate and neurologic and

histopathologic outcome In transient spinal cord
Ischaemia in rabbits

e TeTpakaivn UTTAPAXVOEIOWC O€ IoXaIMIK BAGBN NM
- [NeipapaTiKO povTEAO O€ KOUVEAIQ
- ATToTuXia avaoToANG atTeAEUBEPWONS YAOUTAMIKOU
KATA TN OIAPKEIQ TNG IOXAIUIAG
- AttoTu)ia BeATiwoNg TNG VEUPOAOYIKNC EKBaong
KAIVIKG
loToTT00AOYIKG

Wakamatsu H et al. Anesth Analg 1999; 88: 56 — 62




Acta Anaesthesiol Scand 2007; 51: 60 — 67

ACTA ANAESTHESIOLOGICA SCANDINAVICA
doi: 101111 /1.1399-6576.2006.01163.x

Effects of intrathecal bupivacaine in conjunction with

hypothermia on neuronal protection against transient
spinal cord ischemia in rats

1 ¢ 2 - 2 o 3
J.-R. Lee’, S.-M. HaN", J.-G. Leem™ and S.-]. HwaNG
'Department of Anesthesiology and Pain Medicine, Inje University, College of Medicine, llsan and Departments of *Anesthesiology and Pain
Medicine and *Anatomy and Cell Biology, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Soutl Korea

[Mpoxopriynon BUPI 3min 1Tpo 1oxaiyiag

loxaiyia 12 min, JETA ETTAVAIMATWON

ExTipnon: 2h, 24h petd etTavaipaTwon

BUPI: Ox1 veupotrpooTaTeuTiK dpAon atrd povn 1S
BUPI + YITOOEPMIA:

Evioxuon TNG VEUPOTTPOOTATEUTIKNG OPACNC TNG
UTTO0EPUIaC

e KAwvikn Eqpapuoyn BUPI og evdexouevn ioxaipia NM



NEUROSURGICAL ANESTHESIA AneSth Analg, 2004

Secrion Eprror
Davip S. WARNER

Is Intrathecal Magnesium Sulfate Safe and Protective

Against Ischemic Spinal Cord Injury in Rabbits?

Hiroshi Saeki, MD, Mishiya Matsumoto, MD, Shuichi Kaneko, MD, Shunsuke Tsuruta, MD,
Ying Jun Cui, MD, Kazunobu Ohtake, MD, Kazuyoshi Ishida, MD, and Takefumi Sakabe, MD

Department of Anesthesiology-Resuscitology, Yamaguchi University School of Medicine, Japan

Xopnynon Mayvnaiou utrapaxvoeidwe 20min Trpo 1I0XaIUiag
Aoon 0.3 mg/kg, 1mg/kg

loxaipgia NM 10min pye atToKAEIONO Q0PTNG

Emravaiyatwon

NeupoAoyikn EkTtiunon: 24h, 48h, 72h, 96h
loToTTaBoAoyikkr EkTipnon: 96h

Kauia etridpacn Mg oTtn veupoAoyikn €kBaon
YT1rapayxvoeldric Aoon Mg > 2mg/kg = NeupoTogIKn)



Eftect of ischemic post-conditioning on spinal
cord ischemic-reperfusion injury in rabbits

[ Effet du post-conditionnement ischémique sur les lésions d’ischémaie-reperfusion de
la moelle épinierve chez le lapin |

Han Huang MB, Lan Zhang MM, Yan Wang M8, Junyan Yao MD, Hao Weng mD, Hai Wu MB, Zhivu Chen MB,
Jin Liu MD

CAN ] ANESTH 2007 / 54: 1 / pp 42-48

Group C

Group IPC

Group Post-con

D 3-min ischemia 30-min ischemia

. 3-min reperfusion Normal reperfusion




Eftect of ischemic post-conditioning on spinal
cord ischemic-reperfusion injury in rabbits

[ Effet du post-conditionnement ischémique sur les lésions d’ischémie-reperfusion de
la moelle épinieve chez le lapin |

Han Huang MB, Lan Zhang MM, Yan Wang M8, Junyan Yao MD, Hao Weng mD, Hai Wu MB, Zhivu Chen MB,
Jin Liu MD

CAN ] ANESTH 2007 / 54: 1 / pp 42-48

loToTTaB0A0yIK ETTIBERaiwon

POST — COND

AlaTAPNON TTEPICOOTEPWYV AKEPAIWY A KIVNTIKWY VEUPWVWV
EAaTTwON TTapaywyne ROS

EAQTTWON O100IKACIWY PAEYUOVAC KATA TNV ETTAVAINATWON

H 1mpoo6rkn Pre Cond cuuBAaAAel otn BeATiwon TNG
VEUPOAOVYIKNG EKBaong



loxaipikn Metayuuvaon tou NM

Jiang X et al

(POStcondltlonlng) Ann Surg 2006; 244. 148 — 153

AkoAouBgi Ta idia BAuaTa OTTWCS CUPPBaivel Kal JE TNV
|IOXAIMIKA TTPOYUMVOON

E-APTATAI AlO

Mitogen Activated Protein Kinases Proteins (ERK)
PI3-K

ROS (Reactive O2 Species)

A2b utrodoxea adevoaivng (ox1 A1)

MeyaAn onpacia £xel 0 XpOVOC TNG ETTAVAINATWAONG TIPIV TV
epapuoyn Tou 1ou erTelcodiou I0XAIMIOC

KAIVIKEC EQAPOYEC:

Emreppaocic TAAA,

MeTa atro occia ioxaigia NM 11.%x. Tpavua NM

ddpuaka TTou ackouv like — postconditioning dpaon:
?7?7? EpuBpotroinTivn




Thank you!!



