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NOVELMETHOD OF NEUROPROTECTI ONBY PHARVACOLOG CAL
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WA RESONNENTI ON St roke, defined as an abnor nal i RgT/US2005/009797

brain function resulting fromdisruption of cerebra
circulation, is one of the | eading causes of death in

the U S. Ever . when S r |t in_death,

the costs it %@%@Egﬁ(ﬁﬁgFﬁﬁﬁRﬁ’&mﬁ%‘%Eer i ous
pRYARMA COT D GHAL ENHIBITAON(RF AIMIR-A GRIYATEBIPROTEIN KINASE
| oss of productivity. These costs stemfromthe

trenmendous damage done to the victinis brain by the

stroke. Wth a r edBsCKGROUND OX THEANMENTIYINICOSe, cel s
display a rapid disruption of protein synthesis, . i

depl ok e 1npg 25 apdhmognality dy gyaéry He Eesulting from disruption of

g . ; i .
th e LS.

SRR Slofbeyssh ARG BB 5k St sk
dogd utettresodt io eebthdthreges itmmpbes bnahawvictim may mcludepéridus physical

syrvive d repair. the oxidatjve da e.and return the
sl pnofiond] Suage adlich My e s LS AbBRtE bRy These Casts stem from

HRNBEANIdOAE AL I IHeQS BRSAS AT Draih by MBS SfbkeH VRN §eduction in
overactivation of these pathways can del eteri ous,

okygantand ghegsisetdeHy display alrapid disevgion aipdoteimssyhthiesis, depletion of

e P RS g o0 b R B R Bo ne
NNVBIArekbtor! epeafdt@;tb dRemA6xi6uhd Bgidative dePlkRmage in the brain. In an
n

(neuroprotection) would be trenendouslgwénportant. _
aimppHietsupayeadicptia the qidesive dunpgagnd rgtume Hiseellde hameostasis,

BB SRR A L BRSale M 6B v

sensor era

aéiMRgioh ol diesel ppthahgd cankleld&tous pReibeedepietingicENilaberfy St and
for energy contraol." Trends Bi ochem Sd 6:314 (2): .
resglinggn furlagy brain ARmpres. Sushibeais damageisy gencpllys argyersible.

ASEIRAG ChBel Sl B L bl Rl MW,
(@wdo@otectian)adovith ba tremiehddualy iemperigyt. | evel s are | ow.
AMPK in turn regul ates cellul ar netabolism and

 overuiPraclyag Bt Kislee (P R Riatibet StatiBRgBalie emsing protein
kERké ndly, Rdh RACvE 860% TtpREiPReraltdhdrdy KalARS @@aﬂliﬂ%’, 31€“The AMP-

creati ne/ phosphocreating ratio are known to acfivate
agiiared piatedn kingg, casedde- 4 mifHagsysjensor ebgrgyaontpl.” Trends Biochem

Se(RTLAFDor 8 PR b IE Be Sl S BRGPR e g oy
alsuBasit (A 0P42), 4909 reduditbiSYsubhits'9B\und 91! MO R4shosphorylated and

activated when cellular energy levels are low. AMPK in turn regulates cellular

metabolism and chronically regulates gene expression to restore ATP levels. Increases in
the AMP/ATP ratio, changes in cellular pH and redox status, and increases in the
creatine/phosphocreatine ratio are known to activate AMPK (Hardie DG, Salt IP, Hawley
SA, Davies SP, “AMP-activated protein kinase: an ultrasensitive system for monitoring
cellular energy charge,” Biochem J 338:717-22, 1999; Hawley SA, Davison M, Woods
A, et al., “Characterization of the AMP-activated protein kinase kinase from rat liver and
identification of threonine 172 as the major site at which it phosphorylates AMP-
activated protein kinase,” J Biol Chem 271:27879-87, 1996.) AMPK increases fatty acid

oxidation and restricts fatty acid synthesis in an attempt to augment ATP levels in
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A, et al., "Characterization of the AMP-activated
protein kinase kinase fromrat |iver and
w0 despvfoseat i on of threonine 172 as the maj or BCT/ESADS/009797
which it phosphorylates AMVPact i vat ed protein kinase,"
J Biol Chem 271 :27879-87, 1996.) AWPK increases fatty
en@%ygqe?ﬁt&iaééllg n H%%v&e%{ ﬁélﬁ&rfs thatHaYe 8¢bstiS¥d &Jqﬁéitys fdrrfatty acid

enpt to augnent ATP levels inenergy-deple
oxidtion, thideffeeerquld he ddaireunss tmeidaaveMangade t5 B@iaesds JP, “Nitric

paQ| y for f aci X t.his effect ¢ uId
ol otk BysSad i@pueh e AR sinaih s i Pnpitbiflcto2-
kind¥e Eth‘év QX’Iﬂﬁu;SthémBﬁﬁog% aky10bg@)s through the AWP
protel n kinase and phosphofructo 2- ki nase pat hway, "
Nature Cell Biology 6: 45-51, 2004). |nhibitjon_of
f at tiphibation effatty: a@é symih@e (Ft‘\ﬁé tbﬁh il}zwerréwﬁ@i%ﬁ% thegle novo

S5 L TR AT g 05 o Yo

5,98 0815 Grdorfdrarea hﬁ@irﬁbﬁﬁbfh@ﬁc&l)ﬂn&ﬁa&fe&ﬁ@?kh&d}s in a number of cell
i ncreases ATP levels in_ a nunber (i cel |

typers IndHdig ReAv9TSn A MRKPR highly fResye meeg@édg e Typgihghraous,
e RES B BRSSP i, hpamcae
pmiﬁplﬁdiimteydl AVieE @MKPKDJANH&)sased w1ﬁm’taa'astmil Wi 75Hreatment inactivates

starvation; C7 at i nact.i vates and

andedsmbesphemiates gyfp&fnﬂ%&%‘ﬁﬁ% ] WP Bund anor exi a.

The consequences of AMPK activation in neurons that do

not  PRY GorREARASesIIT AVIPKIEHS AR ih @Bulofs tHak 6ot hdﬂ@tabd:ess to

the present I nvention, it has been uncl ear wheth
enthBKsuppliesiatinbrovdur Unigl the presentiavengipptibhas hesn co}flclear whether

APRIR i rigd SRR B B Bk Ry PG B ho prcr

st&xﬂi@é bEaths gy R1é vaMmadimstrskthod of neuroprotection
whi ch conprises admi nistering a conpound to a patient
who i s experiencing or has experienced a stroke, the
conmpound bei ng an AbfifviaRRigH it INVENGRINTENt S Wi t h
t hese agents signifrcantly reduce the size of
i nf apnppBcanatchve IImreﬁfedraemd:hnd nf n@lropretelctb@swachmompﬂﬁses
ti ssue and neuro unction can

o U AT B PHAPUS SRRETHBE B BF PRpeneiced a stroke
thgéfﬂd @ﬁﬁd’belﬂggﬁ anpbK i@§pitGan be minimzed in

egenerative di seases that cause neuronal conprom se
by perturbing energy utilization and availability in
neur SrtmemRs Eith RSCREES SRnidcantbaeprehesize of infarcts, and

therefore minimize the loss of brain tissue and neurons. Thus, function can be preserved

after stroke or ischemic injury in the brain. Similarly, neuronal loss can be minimized in
degenerative diseases that cause neuronal compromise by perturbing energy utilization

and availability in neurons.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 - Immunohistochemical localization of AMPK and pAMPK in ischemic

mouse brain.

FIG. 2 - Immunohistochemical localization of PAMPK and NeuN in ischemic

mouse cortex and hippocampus.
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FIG 1 - Imunohi stochem cal |ocalization of AMPK and
PAMPK in ischem c nouse brain. FIG 2 -
w0 pavsedosst ochem cal | ocal i zati on of PAMPK andpPdEUS20051009797
i schem ¢ nouse cortex and hi ppocanpus. FIG 3 - Tine
course of elevation of pAWPK after stroke. FIG 4 -
Vestiaprn, bl’[?lﬁm 2By Bt T‘ievﬁ?fb‘ﬂ' éﬂ’ DANIPK afitPiroke.
phosphorylation is elevated after in vitro
oxygen-gl ucose deprivation (OC&). FIG 5 - TTC . |
st aif0nd - aVestatd dlatranalysis shewiag yhit AMBRphospherylafimkisielevated
el evated in tgle [ schem’@g. agg) n-i schem c brain
afl i A QFeee-EPeoseAlePT iiph C treatment causes a
significant decrease in regional and total stroke
vol umg;, sSENGC SamifmdWsiteattlorumalysiStbowe tdpAMPK is elevated in
significant neuroprotection FIG 8 - Admnistration of
the\scidRnicand Anprechemic/iaprhemispleishat es stroke. FIG 9 -
AMPK and pAMPK |evels in wild type (W) and neuronal
ni tr Xi | GhERt, &7 dse)in rdpidaal and total
To V5B RS E e ShaRla R B Cieseoln i

stk YOWPRR: ri bose) pol ynerase (PARP-1) deficient mce
DETAI LED DESCRI PTI ON OF THE | NVENTI ON By

"neurogprotectjon,"' we r ot ect.i.n raj s,

pr ef&ag) y‘\ﬁ%@lﬁlﬂ%ﬁ&?ﬂf’f@ﬁ?ﬂ%@ﬁgﬂ%‘i‘l a%ﬁ%geeo {a(%%éﬁgﬁby a

stroke during and after the stroke. By "stroke," we

meanpR) sAbA@hFtiativn bb ADCARN 2 WNEPK @Btivatsiy brdcarbafes atroke.

di sruption of cerebral circulation. By "AWK

inhibitor," we nean a_conpound jch inhibits AMP S. .

det eF¥d. fed ABJPK l9ad pAMIYY 1@@&3&%‘%@(1%9 (&ﬁb ta’é‘itl &?“f@i‘aﬁ é’i?t}’w oxide

Jaurnal ~ of .Bi. k§al, yChem stry, 267, pp. 2864-2867
SyPﬁ?ﬁ%?‘?ﬁ%?rg e@é@?\;@é{“é AMPK i nhibitor is selected

froma conpound which is not a peptide or other )

bi ol Bil.cidl - AMiPKbiral VX! leyels et wild dypertdlY Br 4ngl poly{DR-gibose)

a smal | nolecgle .The conpositions of the present
polimerer GrARBH) BEligiFEdRINPed for adninistration to

humans and other animals in unit dosage forns, such as

tabl ets, capsules, pills owder s
P DETAIL%D DE.S’CRQPTION OF THE INVENTION

By “neuroprotection,” we mean protecting brain cells, preferably neurons, from

permanent damage caused by a stroke during and after the stroke.

By “stroke,” we mean an abnormality in brain function resulting from disruption

of cerebral circulation.

By “AMPK inhibitor,” we mean a compound which inhibits AMPK as
determined by the method described by Witters, et al., Journal of Biological Chemistry,
267, pp. 2864-2867 (1992).

Preferably, the AMPK inhibitor is selected from a compound which is not a

peptide or other biological (or biologically-derived) material, but is a small molecule.

The compositions of the present invention can be presented for administration to
humans and other animals in unit dosage forms, such as tablets, capsules, pills, powders,

granules, sterile parenteral solutions or suspensions, oral solutions or suspensions, oil in
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granul es, sterile parenteral solutions or suspensions,
oral solutions or suspensions, oil inwater and water

WO 006/0920681ul si ons contai ni ng sui tabl e quantit i BGT/US20051@09797
conmpound, suppositories and in fluid suspensions or
solutions. As used in this specification, the terns

W%Mﬁ%&{h'0?1841nﬁgle§&Hntalﬁﬂg suibAba GR@kbd 6the CaMPbEId, "

sane neani ng For oral adm nistrati on, eilt her
supdsitdriew arfdl inifthidinispentomage solotions. éarus@bmﬁh@psamﬁcatmm the
prep r|n sol conposj tions such table
e e anpariesy i Bt bR g i meanin

F 0? %Faﬁ‘ a§§ur¥1ﬁl AionTBIEHE SbIuTdSHhB@ A Bosdte Fointy @mh@'}ﬂq&k’e’d €For
magnesi um al um num silicate, calciumsulfate, starch,

prémringselid ecrmpositionssutly pciebleis Biscompaund pant beominedyvith

copoRpNE cdisefhobe By BIG FARPLYn SProt, (B im Bhoephate,

m¥deSiualiefim ﬁh@étmﬁmﬁrh@aﬂfatdl dtatemtlac&m hédcla, ngtityhellulose
mxture into a hard atin capsul e of appropri
angj fuctiogolily sigulanmaterie, gwm hagnagetiGhl dasniziotsprers: Famgules are

enca f:
prs]&aé%cgﬁgbﬂlhg n e{ o%h& rvx{r?ﬁ ) 1n%1119 ﬁ?@gﬁ?gﬁ%glt &Y'hfeg% ﬁr% f(i)l}mg the
mBdieintb Adatd gdlhtin Ealplsulé of approﬁn&tagxzef Softsgekatm@apdules are prepared

d trat
b}gmrgnggxzaé@{g%gé\g%}pmm cqqqgoqrélr \ﬁ@h A ﬁcc‘ﬁgtable vegetable oil,

li%tﬁagi{d}@%ﬂp aturfl'or BENPRA o\ﬂeh' cle together wth sugar,

avorlng agents and preservatives to forma
syrup. Suspensions can be prepared with an aqueous
vehi Elugl wmt dost gefoming oobraia a@ngmmam guchopsryrupg cHixits, an

acacij a, acant | cell
st o DS epmeds Tk gt PRy ahgfucdyl funiEtozether
wiik s@éa? PR5BEH Y HhVdrEiggehtd @né ?f@@c&@@ve@ el f(ﬁnﬁd &riup.Suspensions can
vehitle. In preparlng sol utions_the conpound can

batprepakd wth.am ague@s viebiclq Wijtk thej ahobm auSPPmGll@g aggng pyqhy aféaacm

befor into abl e vial or anpoul e and
trggélﬁ?’?t th&ice | esansdﬁgﬁHéé a | ocal anesthetic,

preservatlve and bufferi ng agents can be di ssol ved in
t he vehiegdteralitnintompiei ﬂmdmnaiaimsm formy ean taf prepared utilizing the
filling into a vial and the water. re

corBRANIhANG RSIT YO BHIFF 8 PTESHAE FOREANY e R0 Gifan e fsolved in
wta{é? £ ect?(gfar{def?l%] %&'ﬂ?l%cﬁ%f&‘é' fﬁl’mé ﬁl’tb‘ﬁ%\lﬂéﬂl‘@vﬁyﬁ #fpoule and

prefera nore preferably a human. Dose
s@hdg MJaVammswh ab héocabgtna&metlc,qﬁp@mtwg and baﬁf¢rmg,ag§ﬂts can be

st G Taeler D (obtnpop gebe B R SRR Ty hnd the
vsf(a%)r r&H@veﬁ%Héleva%ﬁﬁneTﬁ@% ifizéd o er @as theRbeeeslsd In(lhb gial and

treated, as well as any existing significant
reconstltuted prior to use

The subject is preferably a mammal, more preferably a human.

Dose and duration of therapy will depend on a variety of factors, including (1) the
subject’s age, body weight, and organ function (e.g., liver and kidney function); (2) the
nature and extent of the disease process to be treated, as well as any existing significant
co-morbidity and concomitant medications being taken, and (3) drug-related parameters
such as the route of administration, the frequency and duration of dosing necessary to

effect a cure, and the therapeutic index of the drug. In general, does will be chosen to
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co-norbidity and concom tant nedications being taken,
and (3) drug-rel ated paraneters such as the route of

w@evsn9268 at i on, the frequency and duration of PADERI9G5/009797

necessary to effect a cure, and the therapeutic index
of the drug. In general, does will be chosen toachieve

aslgeviRer@y edvelsalf 1lndiat 1 100 AR0RBH He Eﬁéfa{ ﬁfeétitaari,g@?%f%cﬁi@g

attaining effective concentrations
comceappi BRIk tcdnngetisitg/afiapproxintetelyri pg/indital 0 yg/nilhe
conpound wi || be adm ni stered as soon as possible

foll gy e st. Prior to this .

i nve%%ag ', th? E%lgp%]ﬁ@ ‘gint %e%ﬁ%ﬁ%&% SaBot F%Hﬁ’qsﬂ’l‘f fpllowing the
ongs pbihsetroke.brai n i njury was unknown. Wt hout wi shing

to be bound by theory, with this invention it is now

i schem c stroke in

knowg .t hat, pAMPK .is el evated after em

a1 oEHPY PABEIFVREtiaR, Heas of Reviprd metohpRSRgn diapapande to brain
iy W43 BRnoWA. WitHosE REMufs 4 | SBS i e
1 olgr-fol d duri ng1 ea{rsl yr pﬂgrﬁ%u%l&h%%wg@etbﬁg:“ﬁl stgfqS invention 1t 15
nowikeawh dat PAMEK d$ elovatedkerasuhembedtrokadi bl Fepeifogio®odel in

nféoé%\:éf :%‘/Igl?kolkﬁ) ie%eglgt%ﬂ/%ﬁ)(ilggb éﬂlr&e Pslﬁltg,e?gléw Eét{jiei%glsegses four-fold during
ephosphdisidratwan 1ok iAMRIOn ithyhis@hs® kHBYJHit ,dadmi?jstratéon of

is\/lﬁgnl_fi_c_ant neuroprotection. It has also been foun
AMEE inddbigrs Betranly tasulidd invierrcasediactivasion of dxMBKa(aeststreby

\Whi | i shing to. he. bound b X
d{c cgeaggcgl?lgﬁpﬁt?rglatnﬁ% SSMé}Mui%gk’grcmflegamﬁ%ﬁt peyroprotection. It
has| adsol begn dound] that adeliistratidFSA MIPROIcEdhtoRN@h $¥acerbate stroke
regul ati on, has far-reaching effects on cellular
damasei val after ischemic stress. During ischenic stress
energy demand is high, yet energy supply is | ow due to
t he \vagk n8 - : s
interfer inngw\fsvlﬂt tg g’lteﬁ)gfng%(ggﬁgp ‘39 ﬂﬁgkﬁc@ tlet%)l%t AN Ka ipddition to
playing e andjorrole inghyysioleidat erengyesigolatonfhat ifee-redhlisse SRRt
ce@u ment edlB@I l.o g}g cells tq survive in an energy . .
BR St o itteate dies SPLTRS IRRGTICaETRem e duhigh, yet
ety S@pkyas I 86k toMRE R Lo} Mt fl
) %)?gl?t herTe FAS | by fors) é’%?%%tegtg {‘fﬁ%ﬁé‘?g gﬁ’%@a‘ﬁ{e%nng
W

selludarrenatey erasptionaad AvBabdivation, thetbchemniatikreshold of the cells
i i ner bal apnce. C/5 inhibits Kin both
m%gﬁé %L%?engedf fﬂ%%\glgg gﬁ@s foffélr‘ﬂﬁ)glt %qngfﬁysé% 160§ ggt, quescent state
unitih @hed gy progutiiat cahWRkedtretl © MRS of hdbblie ?Q%m%?? e
bal ance. C75 adm nistration |eads to sustaine
sypiete Hoednhihitore(trioina stimmitore suck as 675, 1dan aiterhaueomabnstabolism,

' eI bt td. TP depl et.iaon
ol | BRI SN2 B S SR R and
thé hyghithdldnguoin Vit inditatingahati AVPK it RepEREVOMGROFIN] Sbrey

balance. C75 administration leads to sustained increases in neuronal ATP levels in

cultured neurons. Under ischemic conditions continued ATP depletion may exceed
energy restorative pathways, leading to an inability of the cell to die by the energy-
consuming process of apoptosis, shunting cells into necrotic cell death. Thus, sensing
ATP levels may be important in neuronal responses to ischemia and AMPK inhibitors

may ATP and the neurons.

AMPK activation occurs after cerebral ischemia; in this setting, its activation is

detrimental to neuronal survival. AMPK localized to neurons, and retained this pattern of
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process of apoptosis, shunting cells into necrotic
cell death. Thus, sensing ATP |l evels nay be inportant

WO pooseeroesal responses to i schenmia and AVPK i nbCDUSmNS009797

may ATP and the neurons. AMPK activation occurs after
cerebral ischema; in this setting, its activation is
' | I
R e L o e BT BT R was
acippbsiad piddy, gbithah 90 adateyef vessel ocelugibue zrpwsdz -aind G ithin 2 hours after
brai n. AMPK was act ed rapidl O m nut es
Ry P ST auPBROBI 1 vy S, dhereiae v o HMPK ieaeen
Q) |
IR B AR e bR A CERh e At 2o LREGESRErom the
1ng¢mwbnailt dnérdy athisvieéreasgsvasrthaugha to fepreserd mm\adaptfveaasponse to

h | [ | hi
PSR & BN MReiR R A et RS RE dresstion in
tififek @6 SucredSePer¥RSN@dhh 1N ‘@ﬁﬁfr%*ﬂi/glif hRyvkkai, Butsiirfacological studies

i ncrease ATP production in times of increased energy

clearky demomsiirags thaf inhibjtiontefeMBK aC@uaﬁ@hlardme@id@mmaif neuronal
13%5% dt%e%%{rél\'e gﬁn@rggs tﬁ[ﬁglglsgr]a?one éfrq @‘ﬁ gl\;ﬂ’g 6ﬂl§ﬁ,lt%r compound C, or

i on under ¢€o I ons n
tHedtAIS &ﬂulﬁtdraikﬁs ﬂ@m& sighéfidant séureprbbtie intdie nfBK In contrast,
i nhi bi tor caonp or the FAS i nhi bitor C75,

admpystpagn of ém AMé’Xrﬂctlﬁét@r Aé%ﬁe@qap@haqeﬁ solee Gamenge. Liastly,
nRORLd ﬁent gﬁlé@ Rl h Ak %fﬁ%&ﬁlﬁ%&@% fé@eIA a%Rstroke

exacer ate st roke danmmage I Cl ent mce
whackabotide dafidnein ]PAnRBﬂcltesl saniad AMPrK RAbRKo MEV despitakingller

iR, | R eGP aHE PG SEPNGC pihiais are imppiant activators of
AMIBIR 65 %o uhadr doR&iHBNCE Ao R A MBM R nH TS L IR A RIPK is

activators of AMPK in vivo under conditions o
detelmemvé in an inege, mpdeliof agchemiacihdrepar fusmn ifjuPKandthat prevention of

t.al vi vo..nopdel of ischem a and
s disepet aononns el ARBR i revnistEer
stroke-i nduced phosphorylation of AMPK is

neur ope ketiCéhayRter20@ cyvetdxiChanae ittt c eyl gfoﬁymtnte
formed in ischemc cells is peroxynitrite (

(PIO&N: 2 Bteamadasy bypeivet fmedrw@emmr@g@@mm@eargmduced at
n&p 5 ﬁncﬁér % AneeR gytkuﬁq e fr-lc-)rr]r? he 1111 fochondrial

constant | eak of superOX| he m %‘ochond
respisgbryadhainy whih is deadtivatad ibs ed&@gbhbtiﬁirﬁ@xbh&n@ﬂﬁ&ﬁ @B edseroxide

dlf‘%ér'a%@cﬁ”* e o ore, B RO Nt Bt nNONRCrcompete
SO £ SRR SR RO AN BB B e
ddphitges NIA patdi acatlﬁss thh enengg cgysuning, ¥ Bgd ephtting ARPA et paigenzyme
p%ﬁs %ose) erase (PARP-1). Exposure of bovine endothelial cells to
chemically synthesized ONOO activated AMPK without a change in AMP concentration,
an effect replicated with hypoxia/re-oxygenation. These effects were ameliorated by
adenoviral overexpression of SOD or administration of NOS inhibitors suggesting that
ONOO mediated AMPK activation is mediated by NO. Recently, it was found that the
anti-diabetic drug Metformin can also activate AMPK independently of AMP levels by a
similar mechanism. This suggests that the NO/ONOO pathway may be an important
stimulus for AMPK activation. Our studies in nNOS-/- mice support this hypothesis, as
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pol y(ADP-ribose) polymerase (PARP-1). Exposure of
bovi ne endothelial cells to chemcally synthesized

wONOSgos8 vat ed AMPK wit hout a change in AMP  PCT/US2005/009797

concentration, an effect replicated with _
hypoxi a/ r e- oxygenati on. These effects were aneliorated

rwcﬁ%@?ﬂﬁ) %%ut:l g@gﬁgﬁﬁrﬁge@% 6}1?@9 aAimAd (TjEdnt%) Stdr df %Q}ﬁ%]reduction

llas.iqu\ﬁ:atldwd|Psl\/IRKohcaltvermb1bﬁmveRendn nNQS nmcevimre kiguifitantly

o AR oA 50 )i

rm@m@dzmlc mhageswggl@%@lﬂlh @tde&ﬁssmp@m{%mm d®¥o the
an inportant .stinulus for AMPK activati on.

“gmldan”égchﬁmlmm blaced eethsbpaior Elqmtlenmpéd\vm&smw simply

T TN R ot e NTRIT

efdyRIKirpoiA MRKi lenels Hom@Nahice Fiheaiked d%lction mep 1. Surprisingly,
g&g}mfl antl smal | er strokes than their

ol el aeelad g S Ti9E & %tff&}e-laﬁ}cedﬂﬂﬂ#ﬁﬁ goinpared to their
V%’lg g? atg gfélﬁﬁfﬁcpkﬂlg%%ml% é@?@gﬁqf%{é dfh'iie %lgjgésté fhggPAMPK elevation

id 7ex¢ iempl g a starkesofihaeadd dschéhie danmige buEhey Bé hRoBaridlically related
%@&ﬁﬁémly represent a marker of increased

W addressed these questions by
exam ni ng pAI\/PK levels in male mce with targeted

del etrh®BoikkqiRAREs bf AMPK RitivaliSPloYoell RORRY deil a?%ﬁscﬁgn’ﬁ@ insylts in |

had an equivalent rise in stroke-induce conpare
vive W%@PWVWSWWQWH sTheirkjainof y’oskrﬁw,slwen (oOfgvitro, often with

AT SH P, PR AL b
cditﬁhﬂifﬁﬁhﬁ@écﬁlbé@ a;hdr%%)ﬁﬂﬂ@bﬁ@y tudRNOR AR BRI glﬂha?nate

consequences of K activation to cell survival after
exddiekaigity) imewfured hippoaprpahagusons: dowereryhumieuninyestipeiors have

AP B R, BEREAR 1 R i

hepabmgtes thesitoblastatha deltbe AndCRO O NIMIB ¥l1s HiRdugte stirilehi &y of c-jun-
ility | ucose deprivation and gl utamate

|
2%%@31?18&@88.(@?%.%%& PR Faga%5i3p ﬁa@aﬁtgs%ﬁ% MEeAR sprotective in
SRS TS SIS 0, DRE T SRBIR A s
thahihk etfieetg of A@@Aﬁcarb dspemdemtromﬁjodstlrxarmll tydd dhd medt] Byl;ltt‘&ﬁ used.
ls th I t f c-jun- N-termna
AYCAR S FesRap T8 B o reSiadleiestn el Bptnsmsihe Al car
mbﬁoﬂfo@ﬁlﬂﬁ?l‘até@ uRlcb B8 TNIB, WREH hRAYQHE EFANGF Rf\/ﬁi’eﬁ'@ta%tlvates

ceram de-1nduced astrocyt’ic apoptosis suggesting t
AMRX wfitheet alteoihg pelBAR ATR I@Ebe fevdven A IO ist fiom-spetiffic, and has

nLIuXQrous otgernqgecks 1n¥ﬁ'e celﬁ, 1nc?ud1ng induction of adenosine, a known vasodilator

via competition for nucleoside transport. AICAR reduced delayed cell death in the
hippocampus after global ischemia in gerbils, but in this case AICAR was utilized an
adenosine activator. In addition, the model of ischemic insult is quite different than our

ischemia-reperfusion injury.

Our data demonstrate that activation of AMPK occurs in stroke, and that this
response, when augmented by AICAR, exacerbates tissue damage. A limitation to the

use of AICAR in in vivo studies was demonstrated by our physiological data, which
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AICAR is taken up into the cell and accunulates in the
cytopl asm as t he nonophosphoryl ated nucl eoti de, ZWP,

wWoR00s/9206811 cs the effects of AVMP and acti vat esP@IVPER005/009797

wi thout altering cellular ATP | evels. However, AlICAR
I's non-specific, and has nunerous other effects in the
[ ' nown .
<Gkl B 92 LANGH Ay AP IRNICAR SRR o recucton
nAMEQBQmaE davenhcebabaliathredd indgrenberitly dffefebis PROCMIPEUSy a decrease

il Mt e Squsioee e iy Yo Gop. the mainienance of CBF
(ﬁg cm: @4ker H&ﬁ)lé%)? And |RE BRHaGic 'nQﬁJd*)fotécﬁoH %én%&r

di fferent than our em a-repert on injury
pHamzmcdiegisakinhtitort diod MR, ithia is wnikely tabPKheopimasy dxplanation. In

TS bt PR PRI i
h@a&eapéardih%anme& by Q1,81 Webls %‘érti’élﬁ? aARIBASL] B €EhtR¥%nt with

our si ol ogi cal data, whichrevealed a tran3|ent yet
C@Fl‘g%ﬁ)illﬂﬁ){ Eeimilerrtopur findaags imthAlCNER- t r eat ed ni ce. The
reduction in MAP may have i ncreased infarction

d tl ecrease.
:ogr 1? %ﬁﬁofc Mv@fofl-e({fn gtlgg% easégéc%%an 3 %epé’il)e%tl%sfws mn
résben%rto bypdxhla: tMlﬂfaﬁﬁﬁﬁC&le@NS:Bﬁy(bE ideffdrEit. (Hopedmple, in hypoxic
%? {?a%%%) and, t he dramati c neuroprotection seen
dthelighes! 8df activajedhvitiechphasphogyipkon priAMPK to presumably
al&t Vak&ly the Q%&%e@lb{]@gyﬁﬁ%mtlhgﬂoﬁ %@ije{sé%l%‘ly beneficial

recent data suggests t activatiron IS
effedtrof MPIélmzty(de_’ dffdlrnﬁmei & deechrd] bhsodcfiawl(E@BF) 13 sevetely reduced

Ay R oot Ty Partehens) mhman HaS dHeEA Shetpion a ftilc
ey @é\%uﬂx‘lf;h'vy pdces. 9h a40Bkn Wepﬁyﬂaﬁﬁqohﬁitﬁhﬁ bfhan@dENO

peripheral tissues in response to hypoxi a,
pejdueizan @ie ¢NOS heandnis! teeigcroasedilé ik @rdNORopropagatipl dree iradical
ulﬁ@lec endothelial cells, eNOS is activated by direct

6 Sphorylation by AMPK to presumably alter vascul ar

tone to enhance bl ood fl ow However, in stroke, this

pr es Bxahingtibe o£bothiialiveah@ et vieb s s iR3fudigl iafdetdrmidigeihe
use, as cerebral blood flow (CBF) is severely reduce

PhiFolagcliwicosia of /%Mé’ll%%qﬁdﬁtl‘{lb y e evere AdiRedep)ctingwakiceig of
£ N%ﬁgs%gﬁpgédr@ﬁé zﬁ&zt?o L%édlﬁed gg %gtglyan 189%%{@ ¥St on

process dition YypPOXI C C
métohocieid] N@nm’tmdlas MMS(1ﬂhlblt1©N®Bgly©a]ysis,ewﬁlcthads to reductions in

bt sl B oo BB A Vg8 49, NO-induced
WSt GATBE deSpiFdiidh1@ds kdad HicPsadt t AobR glycolysis with a reduction in
apoptosis. This rapid NO-dependent activation of astrocytic glycolysis is mediated by
AMPK activation with subsequent activation of phosphofructo-2-kinase (PFK-2).

-

Astrocytes therefore respond to stress and hypoxia with a compensatory increase in
glycolysis, providing energy and preventing cell death. Transfection of astrocytes with
AMPK siRNA renders astrocytes unable to increase glycolysis in response to NO, and
increased levels of apoptosis. Neurons, unlike astrocytes, lack the enzymatic machinery
to enhance glycolysis, as they have very low levels of PFK2 and restricted capacity for
fatty acid oxidation. Therefore, activation of AMPK under pathological conditions such

as stroke may not enhance neuronal survival.
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physi ol ogi cal outcome of AMPK activation. The severe
ATP-depl eting effects of excessive NO exposure in

woewsoydes N vitro i s nedi ated by both an i nhi bP€DU$2005/009797

effect on mtochondrial respiration as well as
i nhibition of glycolysis, which leads to reductions in

bot h AdthiotgH foeal @rfite Gh Vit discr&B 8f
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eve 0 an

have very | ow | restrict ed capacity

for fatty acid oxidation. Therefore, activation of

AVPKAgision 94 AP giraradses stnehs i airsxd§ lamlnpaﬁmséd adigosRYy
uronal survival . AItho ocal stroke

e RRRIE SHER LRy aPbr i T pe ey jireshold, allowing
celie ¢ auth B8N bﬁ&%% défideaban ésc'eﬂt $8E ﬁﬁﬁlaéne%gﬁgdﬁétﬁw can be
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restech thrdupigs WPK achvation comlsh eneranagt Eneucerat hibetnatiderearly in
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vilisititynonté bitodaad hetitent QippYRan Bete@bRaS HhARS: ddehf) &ﬁﬁmlcs in
ql nal inj Conmmuni cation with non-i schem c
lsgcilfﬂl beEHPIY ﬂf%‘(?gfﬁr fhleé’ﬁ’§%@lhlt3()@fa?f0]@ﬂgmgtthfaﬁbmappﬁwrwmdow" in
o ey 2t ST RE Rl ol o HRB RS ph By gy romrogest an

impoktettyant mavelttagesiog nalhrofbmtecﬁM?lﬂs deidnéabte@By oS findings.
transmtted globally throughout the brain as is
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conprom sed neurons. Interfering with cellul ar energy

Expgiplept i on may augnent the ischemc threshold,

allomng cells to survive in energy deficient but

gui escent state until energy production can be
resmﬁﬁg@ AI\/PK act i vation coul d encourage
he i scheni c, cascad

'ne er nat
pr e\lJ/III:el(r%tr}ﬁ1 frll%‘;\)cg D Pel%rge E’Yreﬁ %ﬂ%dg’r[}‘é‘ﬁ JyAceaidppzegwith NIH guidelines for
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ply can be restored. |nproving ener na
ang %ﬁe C,)é)mmlttee of the Johns Hopklrrlrsp Uruversgcy 9y dy

Ischemic Model

Cerebral ischemia was induced by 120 minutes of reversible right middle cerebral
artery occlusion (MCAO) under halothane anesthesia followed by reperfusion for various
times for male C57B6 mice (Charles River) or male rats, as described by McCullough, et
al., Stroke, 32, 796-802 (2001) and McCullough, et al., J, Neuroscience, 24, pp. 257-268

(2004), respectively. Intra-ischemic and 22 hour post-reperfusion neurological deficits
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i schem c neurons allows for the possibility of
prol onging the "therapeutic wi ndow' in clinical

W@ 200ske2068The suggesti on that neuronal netabol i BCT/US2005/009797

pat hways may represent an inportant and novel target
for neuroprotection is denmonstrated by our findings.
[ ) K : .
O e R R RO R 50 IHRaE Ty BRI llenc P e P h g to the
ipRhletefad lsidewireg heldpley faiteRitarclieg & affevtidctide) 3i ansleprbaneeight on
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angedibeticedmndreperfrisiont was ioftiatedvior flailent witlhrawal, ¥Ham animals were
erebral  arter ccl usion o) er hal ot hane .
sOEdr Bund ndi ot Plserion, o MR oot fdvpased into the
iftérhal @l &idCHIBeheplemesdIasit Ahettopestectn shRli&, FréeSsur@ived 22
descri bed by MCullough, et al., Stroke, 32, 796-802
h@g@ ofter rperfntia o whigh, tineg behavioral scouing wacdansc dhe dagin was then

- . cl Intra-i schem c,and .
BB o BB AR BRI I B By scsion.
Inesperascatiad] eshofts) physwlogical Aasi@éments, fethordl @ftedidlMibod pressure
aK\;ﬁakness and torso_turning to the ipsilateral side

€97t |ngriggion Glaser Dopplar dlopmmeiry) avess endyaied thrapghow MCAO and
. : The
ULt s S0 LB Aoy,
Additivah] adimhbls werdeffosed tonachemia brisheeh furgery tafter sangiscoldgical or
Ve GRS HUE G0N i OHTS T e cr PRERBIGHS. Male
nSORMRATARPS WELRNEMRIGELE tube, (P81 SRkl KRt 1@83'&9%%2('1994);

)reparation, but the suture was not” advanced Into
Elinssen.reifal.cMetoded, 3,HOB91R85 pHS7Newat sgbjeetbd to 2-hour right MCAO or

neur opr ot ecti on st.uydi . m surviv ur fter
SRS ARG B co et i piiinh SER RS IR AR R . o svev
f@epRp-Ihe brain was then harvested for pathol ogical

exam nation with TTC hi stol ogy (see Hi stopat hol ogy

section). In separate ani mal cohorts, physiol ogical

meas Ueemmat Bistdofial arterial blood pressure and

cortical perfusion (Taser Doppler flownetry) were

eval ifbedon holomghoastanMyAEd ‘laylfl ﬂ,3e?trimeﬂﬁtwra]f¢z¢lﬁin® @tagﬁng in five 2-

describ in the 2001 Cul | ou paper . referencey i
g 3lices. RHaEcHPpRalbme Y eéermé%eé%ax‘ﬁé%lal%scpmcmﬁ@gs@nalym
CISE) U1 XeRLRED) BOBEE AR Elrat MR 1.
NewotsgemceA 3o pp. VAl 8508 (20N8).e

Western blot analysis

Mouse and rat stroke and sham brain samples were obtained by rapid removal of
the brain from the skull, resection of the cerebellum, followed by immediate dissection
into the right (R) and left (L) hemispheres. Samples were flash frozen in liquid nitrogen.
Samples from rats were further sub-dissected into core and penumbral regions for both
hemispheres. Samples were stored at -80°C until use. Each sample was homogenized in
200 pl of lysis buffer (50 mM Tris-HCl, pH 7.5, 250 mM sucrose, 5 mM sodium
pyrophosphate, 50 mM NaF, ImM EDTA, ImM EGTA, ImM DTT, 0.5 mM PMSF,
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NNOS and PARP-1 deficient mce (see, Huang, et al.,
Sci ence, 265, 1883-1885 (1994); Eliasson, et al., Nat.

wOoR@5/0R068.089- 1095 (1997)) were subjected to 2PEDUS2005/009797

ri ght MCAO or sham surgery and conpared to additi onal
W' cohorts (C57-BL6for nNOS-/- and SVEV for PARP-/-).
0iehNi BedlzaldiihQ Bat 256 L) i e
Y zanh GHHO RO P Ripdyiint @gggl;nnsi\sgiéém RBRI¥A°SDs

2,3,5-triphen trazolium n -frve
defeigentway addgd ¢o b dmal/aingerdratias ofl 628%, mind dybatey werelbeoiled for 5 min.

! ; s O e v |
AR P Bt RO B TeB0E Py iR sttty Vi e Punghusing a BCA
kitl(Bio Rad)Na0n@ssiRores Wb loidbd pof e 84051 { #203)die &L N

bl ot anal ysis Mbouse and rat stroke and sham brain

pelyagyBEdRed, st tanséaragyio p aplydinylidenediflopridévmembedne. Blots were
. ' f, 40 bel . foll d
syso A RBL s B BR KRS BB PR gl et

(L) hem spheres. Sanples were flash frozen in liquid

ni t r BaesphoSedtivnes ANVORl wisSdee iindduisintedn SHPpIlsPREANOK o, (o1
into core and ?enunbral regi ons for both hem spheres.

arsherp TEY) aptibedistlot @Y, gell Sgoaling)t iACUEES0BapM Ear(hi1600)apAkt

h gen i 00..m.. of lysis. buf.fer (50 nj . .
(T A8 SPoEailuic et Brodt heRibdain L Placia, NY. Anti
AMYFIORR ti-=o0 JHNEF 1600V %‘1’%11 i A0 (1

0.5 mM PNB ,(glﬁli MM benzanm di’ncg, 5 alrlrlg m%%‘}éég??‘??@&%(:mz%
ampfp +attiss Oy HRO8N Stgnyg) svate iisedi dsildaling conBS]sd e b blpeswverddscubated
add.eﬁl to a final concentration of 0.2%, ang | ysat es )
OV LG RriveAry griilody; at 4°Gagm EBS pyHesenbHpRe e and 0.1% Triton-
XA Efeqde ' AL S ' Hid :
e o Beg o RP HERTLELBN ISCHERELR DELHELR 1:5.000,
andalpeL @pica) detddsivn diitadasartd 8BSl dategtioani de gel , and
transferred to a pol yvinylidene difluoride nenbrane.

Bl ots were successively probed, stripped and reprobed

f or Bmvivgdnstaddteedysivon. Phosphoryl ati on of AMPKa was

deter m ned usi ng an anti-phospho-AMPK a (al and a2
Thr ) Fleatingbrain fettiamopere eesnared agislasdrivgyl by Adm, et al:, 50Bio/. Chem.,
; % : do Akt : 500 .
2 e oL Rt At bl g aPineisgion ey plocked n

PBY comftaiing Ffikat i bbohe/riaBS A ; @05%NTtse-2X 1001801 e NaF for 1
Signaling), hsp-70 (1:1 000; Santa Cruz), and b-actin
hriat Jeasp grypesptyrap e by isgbation wisl prtyphesphe ¢V WPKA dntibody

i .overnight i joary. antihody a
S SR P08, LR M B AR o
mature neurons) or VWF (Santa Cruz; 1:400 for endothelial cells) in PBS containing 1%
goat serum, 1 mg/ml BSA, 0.05% Triton-X-100, 1 mM NaF overnight at 4°C. The
secondary antibody (1:200; Vector Laboratories; Burlingame, CA) was incubated in PBS

containing 1% goat serum for 1 hr 30 min (Texas Red, FITC). The signal was visualized
with immunofluorescence confocal microscopy using Zeiss image acquisition software
(Zeiss LSM 510).

Hippocampal slice culture and OGD

Hippocampal organotypic slice cultures were prepared as described by
McCullough, et al., Stroke, 32, 796-802 (2001) . Coronal hemispheric slices of 350

microns were derived from postnatal day 7 rat pups using a tissue chopper (McILwain
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X-100. The secondary anti body (goat anti-rabbit |gG

Chem con) was diluted to 1:5,000, and ECL (pico)
waledosoeioeoh kit was used for signal detection. PCT/US2005/009797

| mmunohi st ochem strv Floating brain secti ons were

prepared as described by Kim et al. . Biol. Chem,

R endylih, ViREA e okt LaflE IO °%%E%ﬂ% ol sises e
tr5ﬁ§fg®aif orﬁeEO mfnntfl erlr@ddmt peBﬁéabl@nﬁﬁﬂdreiﬁle:lmsertg X0. @],m aviidlifordy)

NaF r.at roomtenpe owe
Bﬁﬂ@%j\éﬁiﬁnm\ﬁelbﬂk&wsmﬁﬁs %lfﬁ@ ALGINg; 158@91" pediymy§?% MEM,
Z%Aﬁj%ég ﬂS‘%)QQat-lgfdﬁQateﬁ %Brs%%t‘:ﬁl?rp ﬁt%)g/mll%\hc%@ %mj/ﬁﬁrbemcllhn

a marker for mature neurons
Gland 5 pg/midreptmmyendoifatd)i &lultuek Meye inpinkEScior lammdrﬁspd

. 1% goat se 1 ng/.nd. BSA, 0.05% Triit

ingdhAURART GIAC QR “HUCL oL UBontaryP BRCTEbEY PeaEtits
pAEEIRI thakRQAI AR, ITBGctiBH o bRGAWas FéFortRE at IS HBALAR. I Skice
PBaS cont ai ni ng 1% goat serum for hr 30 mi n (Texas

cReaes Wbrm:)nsecth@lcs wathay arvelsS Y (is walvli 2e4NaCh 1§ KCl, 1.2 NaH,PO, 26

N0 540K 2 BT 0 P 5 B0l SR %efiElcdo the

lridlubﬁ@ﬁt@r@aihbﬁdtb €8 30UhinU BBcaadtuedshvdrk ma@@amaé with warm
organotypic slice cultures were prepared as descri bed
w(y[gg@yq:c{) @qﬁe-fgqe B$S, tragsiegre to gpair-tight obamber flgghed with anoxic
h e
SFOLSRELNSN, PG b BRI e S LRl er
ripbd&l Witk BSSiand lmensi’eﬁaqb&r a ndﬂnhlﬂ adroted nﬁuhm:anﬁ)r 1Sir. 'Ilhelpeﬁod of

A BT Ea SRS AP rl 25

r S
A O U, g8 st g

SheAnt strepodnycan sdfabe)ragd ssreplﬂ:srwveﬁe Iﬁepgbdrformr@tam asﬂys@at 2,4,6

o ¢ BPGS Gt CRoher PR TR Ser U g Utat B b
glé]kﬁlﬁﬁer@ %ﬁ%pﬁéateo’%@lﬁ &F 15 daysr- cofd it redath BRSEr#kBntal group.

ange was performed twi ce a week. Induction of anoxia
was performed at 13 d in vitro. Slice cultures were
Statistiea] Anglysés wi t h warnBSS (in nM 125 Nad, 5 KO, 1.2
NaH2PO4, 26 NaHCO3, 1.8 Cad 2, 0.9 I\/gCI 2 10 HEPES, and
10 gly g@ﬁ?Zre &PHB %e%ltatérnﬁ‘é%ﬂﬂlQEth) Plardidbles ang histology
eqw rate fo 5 Slice cuI ures were rinse
wene a‘n‘ﬂlweﬂ Py vieway 486Xy 4ewitt 2dogihoc dbsvnhareKeBSS) correct for multiple
transfer rﬁd to.an.air- tlloglht chanber

cgmpgrisons. Post-ischemic neurological scores were anallyzeg %y the M]ann Whitney U
test. Values were considered statistically significant at *, p<0.05; **, p<0.01; ***,

p<0.001

Results

AMPK is expressed in neurons post-ischemia

Brain tissue sections obtained from mice subjected to 2 hours of MCAO followed
by 2 hours of reperfusion showed prominent neuronal staining for both AMPK and
PAMPK (Fig. 1, n=5/gp). They were also stained with NeuN (for mature neurons),
GFAP (for astrocytes). Confocal microscopy demonstrates co-localization of NeuN and

AMPK/pAMPK, with absent co-lacalization in astrocytes.
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gas (5% CO2, 85% N2, and 10% H2), and nai ntai ned at
37C for 60 mn. Controls were rinsed wth BSS and

wWo eass$2958 ed to a normal aerated i ncubat or f orPdI/K82005/009797

The period of anoxia was term nated by returning the
cultures to fresh nedium (50% MEM 25% HBSS, 25%

heat t hor,s I e, .
o IR RO B AR R RN e B ARG e
Diﬂ)jloﬁa?limlieﬁ cmwl RORDS ﬁlﬁﬂlefrﬁhﬁdlmmblfﬂ agesl WECA) distrdbution, as
and 24 hours (as above). Control and OGD-treated
slacrvvla: b dowitle 19bRng, a@@umﬂvéa%ﬁer@ﬁ pEmR e mare peuronal marker NeuN.
FAEAE L b B BB RO NN 0P i1

BRphess ﬁdclae& amdagntophkiic ilﬁinnﬁmcmtamgng ﬁbr thatiigdibes. Widle AMPK
hi st ol ogy were anal yzed by 1-way ANOVA with a post-hoc
el kinigally CEBRER N POR strmlﬂlﬁﬁe&aétrw%an infagidrain, previous
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'***, K |
tisyeias PaLTS hran ey seed a4 Sod SHHGHS A0t MEAEHon oo 22dours of
ej;emu%h% defermiftoWhan @ ANMPRGs f ﬂe%efaqln B¥froR QHft s%foke There

eperfusi on showed prom nent neuronal stai
Wbsbhlymvﬁh@na]rrd) -losdiZigli (FDHGFAP witlb AQPHK off" pAMR/Bé ﬂéloafsafter MCAO

a' E‘i&fgsﬁlg @Egoﬁegger%% Sgg?};ﬁu %Q{ psclsﬁgsn fcoor—localization of
AMPKQ)@ @AMPKIV% gl ANewdy s@aﬁimﬁd‘é%k QAM%{&S et Elrélé?ﬁ(?{gt 1 P-R). In

co-lacalization in astroc tes. Confocal m Croscop

adkbﬁ@msmr@tlebelmgaaf eRhPKAVEEKgor nAMP(@ with (ﬂlqﬁmpthetlﬁl rgarker von
al | 0] t he ddl.e
WLEhEp@ PR ASAVF PR EOIE &nﬁcb o f385erhid R (e i Shom): 7o
dbtabﬂﬂne Rthispaeel dﬂmmsmﬂﬁmm dalizdtida watretafet eeiomadly, low
mar ker NeuN. Hi gher ni fication of cortical neurons

PPYRALIFRFEEH P HRAME andelﬂw Aentakbrlipg-pigre Obt@ﬂ atddwgrs after

11{%%#181‘? Q%rf éf %ﬁ}a‘%ﬁr@@a@ (Efg@g Oo%}rﬁlaple@glls of I’sta @eréa Feen in both

thearortsk i(Fiigl 2A€0) adithohiphesanmpus |(E1tga21t) By mth prqmmentmﬁsMPK co-
di es_ have. f qund AMPK | noreactivity in _cultured
163@?%1% . Ry oy Fefapst NS SAIFS SRR CORTONSRHIRR Fithout
o B R e ARG i
egfressed prifrarityt ingreufaans iR both tRQisblnamis anfl non-ischemic brain, where it

may function in a cell-autonomous manner to influence neuronal energy balance.

AMPK is increased after MCAO

Male wild-type (WT) C57B16 mice were subjected to 2-hour right MCAO or
sham surgery with varying reperfusion times. Physiological parameters, such as
temperature, were held constant. There were no significant differences in physiological
measurements between each treatment group compared to respective vehicle in C75 and
Compound C (Cpd C) treated animals. MAP and LDF are shown averaged over the 2
hours of ischemia. AICAR treated animals had a significant reduction in MAP at 15

minutes (p<0.05), with no overall difference over 2 hours of monitoring. Reductions in
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AMPK

as detecte

p@lr&_sﬁgp Igﬁpe n 4/ I%f 2{%’%@@&\@‘@,&%& elevated in the

Appropriate elevations of hsp-70 were seen in the ischemic hemisphere although these

were most notable at later time points (ie., 6, 12 and 24 hours). B-actin served as a

loading control. The global increase in pAMPK levels suggests that AMPK is activated

secondary to metabolic derangements and compensatory responses not only in the

ischemic area, but also in the contralateral nonischemic side.

AMPK is activated after OGD in vitro

In addition to the in vivo findings, we also determined whether AMPK was

activated in vitro in hippocampal slice cultures after oxygen-glucose deprivation (OGD),
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.activated in the

CC NIH, respectively), compared to pAMPK levels in either hemisphere in the sham
brain (PC and CC) (Fig. 5B). pAMPK levels in the ischemic core (CC in the ischemic
hemisphere) were lower than in the other areas of brain, but were elevated compared to

surgical shams (Sham CC and PC).

It is possible that the lower level of AMPK in the core represents failure of protein
synthesis and energy-dependent phosphorylation in the ischemic core of the infarct.
However, expected increases in heat-shock protein 70 (see, Kury, et al., Eur J Neurosci

19, 1708-1720 (2004)) were seen. Alternatively, AMPK activation could represent a
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these factors to stroke outcome.

Additional groups of vehicle or compound C treated mice subjected to either 2
hours MCAO (n=6/group) or sham surgery (n=4/group) were sacrificed 4 hr (Fig. 6B) or
24 hr (Fig. 6C) after infarction for determination of AMPK and pAMPK levels. Lysates
from either the ischemic (right, R) or non-ischemic (left, L) hemispheres were analyzed

by Western blot analysis in both stroke and sham surgery animals. The anticipated
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pAMPK levels in both sham and stroke mice prominently 24 hr following stroke (Fig.

7C, lanes 1-4 vs. lanes 5-8, respectively), indicating a more lasting central effect of C75

(compared to compound C) in reducing pAMPK levels.

As shown in Fig.5A, there was a significant reduction in total and regional
infarction volume seen in the C75-treated group (P<.001). There were no significant
differences in intra-ischemic or reperfusion blood flow blood flow as measured by laser

Doppler nor were there any differences seen in MAP, pH or blood gas measurements in
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Loss of nNOS prevents stroke-induced elevations in pAMPK

As ONOO (peroxynitrite) is a significant contributor to stroke-induced neuronal
damage, and AMPK is activated by ONOO as well as hypoxia i vitro, we evaluated the
role of neuronal NOS (nNOS) in AMPK activation after stroke (Fig. 9). nNOS knockout
animals have significantly smaller infarcts than their wild-type counterparts, primarily
due to a reduction in ONOO production. We confirmed the neuroprotective effect of

nNOS deletion in our MCAO model (total infarct: 55.8+4.9% in WT; 31.944% in nNOS-
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i nf alct s. Theimetbehefeclaim 1. hetersin dheceanposmi s MO aqrepDNOD other

f t j I\I((ilﬁ kcient mce lead to the
bg)éﬁ?‘ggagio\}/g{bg?égﬁyf%t&gn oag%K activation. W claim 1.
A nmet hod of neuroprotection which conprises

adm i st erk n C und,tq a.subject whog.i

expe?’i enc ffﬁa g%q?h% aéwcg‘?gg%’iwgrﬁ’ﬁ%ﬂﬁbé %’Pi‘f%ﬂ?&g l%¢7%t her
interruption of cerebral blood flow by other

eti ol ogi e the c und, bei n n AMPK inhipitor. 2
The fiat hod 16 SEhal o i afhsrein Hise opmynd RCPRPHT G
pepti de or other biological or biologically-derived
material. _3. The had of .claim 2, wherein the
compdund {I‘ie@p@hodl&to{m@ %ré‘fbr%"dng}e MRS 1S R &SR t he
ceffpeasde i s Conpound C. 5. The nethod of claim 2,

wherein the conmpound is not C7/5 or Conpound C. 6. The
met hod of claim11, wherein the conmpound is a snall

mol egul €. The nidRRASIBRARUL, MR keif IR oA i
t reat nent o? stroke, corrﬁr“?g%feﬁg an m&ﬁﬁiﬁﬁélgﬁpl?ﬂe'
A pharnmaceuti cal conposition according to claim7,

e e RSBt St Bl AU, coftorfing an
AMIRK enlnbitdre AMPK i nhibitor is an indirect inhibitor.

8. A pharmaceutical composition according to claim 7, wherein the AMPK

inhibitor is a direct inhibitor.

9. A pharmaceutical composition according to claim 7, wherein the AMPK

inhibitor is an indirect inhibitor.
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