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Modulation of ischemia-induced brain cell death by activated
glial cells: Effect of cell cycle inhibitors
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SUMMARY

I. Title

Modulation of ischemia-induced brain cell death by activated glial cells:

Effect of cell cycle inhibitors

I. Purpose

Much endeavor has been done to find the therapeutic way(s) for
neurodegenerative diseases through understandning their underlying mechanisms.
However, the role of glial cells that is the most popular cells in brain has been
neglected. In case of ischemic neuropathies such as cerebral ischemic stroke,
glial cells are found to be activated and produce a variety of biologically active
molecules. These molecules are modulating the process and degree of neuroal
injury. Moreover, activated glial cells themselves become more vulnerable to the
noxious environment. Thus, the specific aim of the present proposal is to
investigate the role of activated glial cells in cerebral ischemic lesion and to

develop the therapeutic way to suppress the neuronal cells injury.

[0. Contents and Methods

1. 1st year
(D Relationship between glial cells activation and neuronal cell death
» Observation, characterization and standardization of ischemia induced
neurobehavioral changes
» Staining with cresyl violet, H-E and acid fuchsin
» Immunohistochemical staining with anti-Map-2 Ab
» Immunohistochemical staining with anti-GFAP Ab
» Immunohistochemical staining with anti-OX-1, -OX-6, ~OX-18 or
-ED-1 Abs

» Immunohistochemical staining with anti-OX-42 Ab



» Ischemic insult after artificial glal cell activation.
» Basic study for the election of glial cell suppression

@ Screeing of cell cycle inhibitors in primary neuronal cell cultures
» Effect of prednisolone and wogonin on central immune cell activity
» Effect of prednisolone and wogonin on ischemia-induced cell death
» Effect of ciclopirox and mimosine on central immune cell activity

» Effect of ciclopirox and mimosine on ischemia-induced cell death

2. 2nd year.
@ Relationship between the depletion of antioxidant system in activated
glial cells and the neuronal and glial cell death in cerebral ischemic
nsult
> In primary cultures
- Glial cell activation by LPS / IFN-gamma or IL-1beta
- Changes of reduced and oxidized glutathione levels
- Determination of the glutathione levels after ischemia and/or
glucose deprivation
» In animal model(s)
- Activation of glial cells by microinjecting LPS (bug/5ul) into
corpus calosum
- Distribution of GSH and GSH synthetic enzymes
- Distribution of SOD-1 and SOD-2
- NADPH-diaphorase possessing cells
- Intracellular accumulation of iron and its distribution
@ depletion of antioxidant system in activated glial cells vs. neuronal and glial
cell death in cerebral ischemic insult
» (Characterization of cell death by using Fluoro—jade
» Role of iINOS in neuronal and glial cell death in cerebral ischemic  insult
@ Modulation of the depletion of antioxidant system in activated glial cells in
cerebral ischemic insult: Screening of the effects of immunosuppressants and
cell cycle inhibitors on the depletion of antioxidant system in activated glial
cells in cerebral ischemic insult
» Neuroprotective effects of DWN and DWE derivatives in MCAOQO
» Modulation by DWN and DWE derivatives of the depletion of antioxidant

system in activated glial cells in cerebral ischemic insult

3. 3rd year.
@ Relationsip between immunosuppression and cell death
» Roles of pro- and anti- inflammatory cytokines in augmented ischemic

injury by intracorpus callosum microinjection of LPS | Effect of DWN



series
@ Relationsip between cell cycle inhibitors and cell death
> Roles of cell cycle inhibition in augmented ischemic injury: Effect
of DWN series
@ Regulation of mitochondrial function : Effect of DWN series

IV. Results

We chatacterized the activation of glial cells In two animal models and
standardized the measurement of neuronal injury by using TTC, H-E and cresyl
violet staining. We selected two immunosuppressants and two cell cycle inhibitors
and studied their effect on cell death. We further standardized the measurements
of cell death or injury: LDH release, mitochondria function, ATP level. We
successfuly determined the relationship between the level of glutathione the
typical antioxidant in astrocglial cells and neuronal injury/death. We found that
the increased expression of SOD-2 was mediated through feedback-mechanism.
NADPH-diaphorase-containing cells, IL.e., microglial cells and neuronal cells, were
resistant to oxidative stress. The level of iron was found to be high in injured
cells, implying that the increased iron might be associated with the increased
oxidative stress. Microinjection of LPS into corpus calosum augmented cerebral
ischemic injury in MCAO model, which was largely suppressed by iNOS
inhibitors. Augmented cerebral ischemic injury after microinjection of LPS into
corpus calosum is well correlated with rapid depletion of glutathion. DWN and its
derivatives successfully protected neuronal cells from cerebral iscehmci insults and
inhibited the depletion of glutathione in iscehmci lesion. We characterized and
screened the protective effect of DWE and its derivatives on mitochondrial injury
in iscehmia. LPS highly increased the mRNA expression of proinflammatory
cytokines was highly increased in ischemic lesions. DWN and its derivatives
suppressed the migration of microglia/monocytes into cerebral ischemic lesion.
DWN and its derivatives repressed the mRNA expression of proinflammatory
cytokines increased by LPS in ischemic lesions. DWE and its derivatives
protected mitochondria from iscehmia/hypoxia and restored ATP level, resulting in
the neuronal cell protection.' DWEc and its derivatives were found to inhibit the
depolarization of mitochondrial trans —-membrane potential and the opening of

mitochondrial permeability transition pore caused by ischemia/hypoxia.

V. Application

The successful completion of the present research proposal may contribute for



the development of therapeutic agents of Alzheimer’'s disease, PArkinson’s disease
and brain trauma as well as cerebral ischemic stroke in which activation of glal
cells play important roles.

Further studies will be designed for the development of new therapeutic agents

with pharmaceutoical companies.
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c 787t AP R dAHo] oy nEZT ol grrgte] g I ABAE necrosis
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58 T wAEY 43t el B2 dFrurt o glov AstE wAEs) HE &
NAAZ e G| BE ATE old 2H HAY. FZ Hewette 52 A3 1A
X7t AARMAEL] Ao GFE vl F dve Ae FEIUS. (Hewette et al, 1994:
1996) 2y olg dATAEY ol g A&HH AT ‘—C' ]%:‘*01 17 Fds. & AFAE
19989 o|% &Astd JLHIJQ N7 & ]EE’J At #st A ko] Ao &
A3le AuAFo] s NMDA && xgdgo] 93t 4 73 ﬂE 4ol FUHEYE A W
glul 21 (Choi and Kim, 1998; Kim et al., 1999) (2% 2). o]3I3t AFAE AFE Z7}
¥ inducible NO synthase (iNOS) < ‘%‘?ﬂ%"*ﬂﬂ] 71138H= /\V_E w3 512 (Choi and
Kim, 1998; Kim et al., 1999).
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S
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1% 2. Potentiation of NMDA-induced
injury of cerebellar granule neurons by
co—culture with immunostimulated
microglial  cells. A) CGC  were
co—cultured with unstimulated microglial
cells without (a) and with (b) a
10—min exposure to 1 mM NMDA.
c—d) CGC were co—cultured with
immunostimulated microglia without (c¢)
and with (d) a 10—min exposure to 1
mM NMDA. Micrographs were taken 20
g n e o eesen e hours after NMDA treatments and are
T e s e representative of 4 separate
" ‘* experiments. Bar = 25 mm. B) Time
: T course of cell viability. CGC alone or in
/ co—culture with unstimulated microglia
= o or with immunostimulated microglia
,;Pg e e were incubated in the absence (time =
Lt s ey 0 min) and presence (for the indicated
T 3:3 times) of 1 mM NMDA. LDH levels
e it were determined 18 — 22 hours later.
N=6. =*x P<0.001l: compared to the
amount of LDH released f{rom the
co—cultures of unstimulated microglia
and CGC treated with NMDA at each
corresponding time point; analysed for
statistical significance using two—way
ANOVA followed by Scheffes test for
multiple comparison
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.
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3. &4ste nAE] F7Hd AE
H2 ATZEAE 58 T AAFAEER ohEt TAZE AMEEES 2. YutH

Zo BEEL AAEAMELA vty =& HoR &

g Al BAEIE QA Blste] WA FA doeE AR Baska

A F7vska 1S (Borlongan, 2000). & Al

AaFe A, YAy FF Ash At
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1% 3. Time course of cell viability. A. Control and immunostimulated glial cells
were incubated in the absence (GD) and presence of 5.5 mM glucose for various
periods of time. B — C. Immunostimulated glial cells were deprived of glucose for 6
h in the absence and presence of various concentrations of MnTMPyP (B) and
H2TMPyP (C). D. Glial cells were deprived of glucose in the absence and presence
of SIN-1 (200 mM) for various periods of time. E F. Glial cells were
simultaneously exposed for 4 h to glucose deprivation and SIN—1 (200 mM) in the
absence and presence of various concentrations of MnTMPyP (E) and H2TMPyP
(F). LDH levels were determined at 24 h (A), 12 h (D), 6 h (B and C) or 4 h (E
and F) after starting the glucose deprivation. N=5 (A and D), 4 (B, E and F), and 3
(C). *+xp<0.001: significant differences from the LDH releases at time O (A and D)
or from immunostimulated (B) or SIN—1—treated (E) glial cells deprived of glucose
in the absence of MnTMPyP.

4. 2A3E aAEe FAEA A" 59

AtA o7 WAES AEEL AFA X B]5H %% AoE 4#A g oldd WAL
o] 2 AEEL DAZ TS AE EstE ZoR g don A =FEA
2 (reduced glutathione)©] F& dAMzlr Al 07 ddH A US>

[e]
€ A7 d9g8dstd nAEE 34 AEe 28 Axy 344 SFEA e 549
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2AA H o] peroxynitrite?] A3AE E£Ato] GA HeFs] A= RS 2AsISUu et al,
2000). Peroxynitrited] 23t FTAES AEL vEFZEol =AY (mitochodnria
transmembrane potential, MTP) 9 & 3& FETOZA of7|Hperoxynitrited AL
A& 3t= porphyring 2o 28] AE AlE 4 MTP A7 A4AIH 312 (Choi et al., 2000,
2001) (2% 3). st 2 A7 843 d wAFxe AExU AJUR(ATP) FF9°] 371] A
3tE, o]zt A3t= NO % peroxynitrite] 28 wi7lgS F4H3 v 1S (Shin et al,
2001). &3 & A9 o] AT AHREA BYsE aAFEY TETF ZFF AE APEL o
YA AF=4< CreatineF8 2F 93] AAEE& &5t =. (unpublished results).

f 2
dH oz AAMTe] BAY ZREAL

o

j=)

FHE & TETOEAN BHUALT st
ABAZE Bosta e Zox delid e o8 wAErt dggdstd ¥ S4NaT
o] 4o €A FHefHA T Az B4 SFEAS FFl A AstEe L AAFAEY
Atdo] F7tH e Ae A dBaFa As
5. OFEEAAAY AFAIE I AXF7] FHHA

AZ L] AR HAMY AME (necrosis)TJr ol X EAIAA At (apoptosis) E tIEE. 53] o}
EEANEAY ALY Af S Dol AIAbE] Fodte AR AqAHY o dHd
g A Al st} MEAPEO] A E AOoZ Hol & £ UL, HZ 2E dFE AEF

71 AAAZE o8 R AR 2doA MEAIES dAlske AS=E Eﬂé‘}%ﬂ%.
Camptothecin & AZMEAPZoIV} AAAZJAAL AA F eko] == PC12 celld] A
mimosine, ciclopirox 5% G1/S phase blockerE°] ¢ A|s}% 5 (Farinelli and Greene
1996; Park et al,, 1997). & AFA= A4 ZAZ7E oA 2FA] WE A F
Al He Aol AxFAET JEFelzdt RS 9eldl 9% (Choi and Kim, 1998). wahA
ol g Bt WAEY MEAELE NEFIVE JATLEN ZHE F Y& AR A4
. FZ & dF4A+= mimosine, ciclopirox 2 G1/S phase blockerEo] ol# st &4 54
AE2] AEAFES AAlste AES LAson ASEQ AZAVE Ao #HsE 71ddA

6. s el 94?1* SFHGA A digt A dAA &3

FEL ATAE D AYAES EAE FEE AT ERLDAM TAXY G4 H
AAA cyclosporin A2l Fo2 AAHT T Elﬂ‘ﬂ 9L (Li et al., 2000; Wakita et al.,
1995; Kondo et al., 1995; Pakzaban et al, 1995). E3t olgst wAZo TA2
cyclophosphamideYt cytarabine(Cyt—A)°] JHAAME A H= Zo] B1HE(Gould and
Goshgarian, 1999). Cyclophosphamidel} cytarabine (Cyt—A)el] 21sF mA|E A 9|
= AZEYG Az 7198t Ao2Z K1Y Cyclosporin Aol &3 A
prednisolone® azathioprine®] HEFoo] st a7l FHHE Ao
(Pedersen et al., 1997). 12y ol&igt W dAAY MEZEE A F&E& 7HAe G (
T FgA) =0l s18A op7|He AAFAEY mHEL Atde] Adust S vA A
HA WA S
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1% 4. Effect of mimosine on the increased
death of immunostimulated and SIN—1—treated
astrocytes deprived of glucose. Astrocytes
o- pre— and co—treated with mimosine were
Glicose  + M : " exposed to SIN—-1 during a 4-h glucose
deprivation. LDH levels were determined 4 h

after starting the glucose—deprivation.

Y
e

LDH release (% of total)
»n
[~}

olAte] AT A 9 o AF AAEL FE 59 YA BHZANA E43E wAE
7} ARZANE U wAE A &Aool AME S T4 S S RAFT
Qe (2E 5). o]EF AFAIEY ZF7le AMAIY YA ZFEA LS F435] 242 <
3 doluts Ao=w HoA, e o]t MI AFES AEFI|AA 8 F2E £ o
o At Ql WA Ao sle] 1 Aol 2E EH & S BAFD YT

Ischemic insult
ischemia s Glucose

Lymphocytes  deprivation Excess
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1. 58 §2 SEEDNA ZAES 459 HAZY AHdHe 4a4d 47 (80%)
3y gn 4

- aAZ] B4358 HAE AlEY A v (30%)
A A A} MEF7IAAA L] B3k N (20%)

7h 88 7 FERDAN ZAEY 8489 HAx] AEae] 4Rd A7 (80%)
(1) #3518 24 3G 9 AP A58 d3

A o] o= 2EZwW wH §F PuEHdedoz Ao 3FE FAG IR AW

o] AL circle of williso] E¢%7] &) global ischemia modelZ ©]€%. 95 %°]4

Ha|do] dojd. T3 3 o] Yol A @540l A AHI, Fol XY A=
ol

AAE AT oE, dHSHeHeR Hdo] 32 AU dPTNM AAA,

gstux #=o o2& H£EZH Y2 o 17 mmo 4

1Azl ARWERE AAE 9T A3 429 27

29 ALAQ circling®]

73 mmE golsiA
=

N’
g

=Huld] (left hemiparesis) %
o, F£&£3 A= 90 % ol T2 A

T AN, T, & F circlinge] YoluA] 42 H=e dATAA A

¢l (transient) MCAO®] g3 H&AS AxpA oz HUlsr] Ysle] TTC §Ho=ZE
AL A (total infacrt volume)S = o
TTCE Aoz H A3 Aoz ALY, &4
7

7)

e 2Ago 2N RLEAY TEH] 4,

HEHAS. AA F4EHE s1E 1LA
G i RbrelA 2F (edema)o] FHEHZH, FFES 2414 %

— Global ischemic model

aimt (hippocampus) CA1E 9ol AAME £AFS cresyl violete 2 G st B2+

. 88§ ¥ 2947A SRS AFAET BEEHA dds.



Cresyl violet stain #-E stain

I 1 eSS AT AEARE

44X AAFMES] 9% (shrinkage) X #-8F (pyknosis)o] BA T, 47 AXE 424F
A, olgf s AAMEL 2AL 744 0= Friet] F4TH vlmste] oF 25 % ®Eo] EA)

39S (Fig. 1).

— Focal ischemic model

e 2AZ st AR wE x2AeE HIlE #EsaA cresyl violet E8E
T8 IS, AT dHAALe ZHFAM AF R FAF (molecular layer), SFAHF
(external granular layer), 29 gtn]=% (external pyramidal layer), W3##H3 (internal
granular layer), W3 &9 =2 (internal pyramidal layer) ¥ o382 (multiform layer) 2
2 TEHAL. AFA (striatum) & 9443 (caudate nucleus) @ Z7H8]¥ (putamen) 22
TAHL, ol AlXEE 93 HA Jdor Jhe AR thdo] FREHUE. 18 F 3A el
o] e FHAFY (ischemic core region) oA AAAEZ ZAs5-S. AlZko] A gl

z o

wel X Ado] F7hste] 1do|A = cresyl violetell @8 E AAFMEE0] FAHR kgke
o, dF ZAETo] #AHAS. FHAFAYL FAE olFE FHFES (ischemic penumbra
region) &} AZAMEAME AEXA A% W 335 sdo] HFHIUL. ¢, AxAAXE vt
2% 38 FTARYY AFAEEL cresyl violeto] GAHA] ggron FHPELof &AL
AMEZE0] BREHSUS. 499 AL 38 FHFAE FHOE doo] AT 8 el ¢
SAIZZE BEEHAS. 7oA olg AlEEe] ZHUR A&t AE7E 248 FHE F
Aoz HA EEIFE. ozl MEESY Hfol HA FHFAE oGS, T, A4n
AEgol Bl glial scarg B4t AAxAH &4xA 9 AAE o1F1 AL, ¥4,
15<deliMe 518 SAFAZTE 229 At dojut 3271 #EEHT FATYAAMT 7
MEEO] GAHAE. ¢, YA HA MCAONA H-E % acid fuchsin @4& F3to] AX
HAS s E. 24A 7oA 8 FAFAS) FAFHS FA FreAA #EEHIL
o, TAFHAM H-Eo A8 AAAEES A 243, IdF aHEEC] FAHUS



(4) 38 g NAFAE D AL gt A3 G4
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— Global ischemic model
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() AERAE

— Global i1schemic model

A sde] & diute] AAHAZ &4 st GAnAEze] 843 J=E Lotruxt
A2 A E 2] markerd) GFAP (glial fibrillary acidic protein) #AE o] &3lo] HoIx2A 3}
SAAS FASAS. FATY dvfeldE dH9g9d8Ed HErF FEFHA] A3 1o E
hippocampal fissure #92 MEZEoNA FAHJNOY & FH+ F4TH vlmste] xho)
7b BEHA 4sks. @8, 2¥lA #iutel 983 (polymorphic layer) ® EAF
(molecular layer) oAl BAFAA Mx7} F7hetr] Al&ste] 7oA mlS =4 F2EHA

o

% olE F49 AZES AZA © B719 wFo} FHSGOR, FHAORE F7H

— Focal ischemic model
UA] Al focal ischemic modeld]A] 217 A Z 2]
GFAPel tidt ddzAsstd s AAsigls. 34T
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— Global ischemic model

Ay s8] W& #lute] AAAE o didt] AmAEe 43 FIEE LotrzA
Isolectin B4% ol 43te} Wiz Assd NS +5AS. F4TY ot A998 A
b HFYA QS 494 AmkE TR AAGAE AL} Fohs] AFste] 7Y
AL W9 EA BEHNS. 0T ANE AXES AXA D E719) ¥F} TSP on,
FHORE F7FAS.

— focal ischemic model

He g g mA

0

O

Y
1o
e
o
o
o
ki

=
= 4
Jshe 0X—6 FAZ ol §3te] BAZHNNGAS FHFAS. IYT

class II antigeng 14 H = T
= XTF SE FF F 12A7A olE Ao ARk AEEo] #EHA ke 1Y
A4 FHE Suxe 7Y 9 I FHEHY AEdA AAHAS. olF HAFY AEES
A717F AA AN Z, B71E w9 AAY e AR #EAHAS. ol AdddE AEXE
< 4 TYAAE FARSE A7E BHES FHE, 7oA AxA e A 8 FHREL A
FAE AEZE FolA A1 B EVES 7 MEEC] BAS

318 ¥ major histocompatibility complex class I antigen® 7}2 mA|EE #elstu=x}
marker?l OX-18 A2 WAZAsSANE FH3S. 4T E 124200 dddAg
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71 9 AEZA 94 AgE 2eor gAsE FHE AFHPL.
(th LPSe B4 4 H4d Fo T 38 {FdA ABZAEAE T4 #ag, o3 2
global ischemia$} focal ischemia EFolA #2E. T8 LPS FoqF &4 FT e 59

of WE ANZAZAEY FAAAE 2apd 2 o AEIA GHA 439,

U A gE Al ZolA HAAAAY AXFIGAA & FA (20%)

~~

1) A A
WA A A prednisolone ¥ wogonin®] EAZE A WA FEoA NO, TNF—alpha?l 284,
FE AR 2 o]Ee the mRNA expressions A1

T F-aignad o m

g

g8

THF-aigba (pafm
EEE

g

- 8B

GO0 00 G 4.1 3 0 i
grta ot uld) 3t PEIDg wlign]

Fig. 3. LPS 843} A w A ¥E oA prednisolone®]| £% TNF—alpha 84 A

(2) MEF719AA

MEF7] GO/G1# S phase? transitiong® ¢
mimosine©] A 3E TMIENA peroxynitrited AL A FE= FHo
v AZF7] QA 98S 7T Yoy AE APEH #-¥3toIXE peroxynitrited] AA &
47} AEAPEGA 71 ez Az, Ciclopiroxs AEXF7] oA 988 711 oy AX
At #-EstolM e nEZEol 7le B Ego] o8 gujE A
g AFEHdE AEANA FEsY gL nEZ=oldAax 3

=]

.
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A2 A 2zPAE AR AT g 2 45

1. 8439 wAlZe FASAAE o AAME D FAE AME] ABAA A5 (50%)
Aatufde AEoA AYAA THE B3 & FAsA A HE AT
FH 7o TAEXE JIFF R B4 F FAIFAAH HE AF

2. 843te mAREY A AY Bt AFAEL L FAE AFEL ABEA AF(30%)
s RdolAd» HAZRAAE 2 ZHATL)AIEY H&s 57

» ZAstE FAEY FASAIAY B AAMAE W wAE AME
FHBA AT

3. A3 mAEY A2 B3 =H (20%)
SEEEEgol s E4stE wAXe] FAFAAY T tjg A A A
AEF7IGAA ] &3 A

(7H Lipopolysaccharide (LPS, 5 ug/5 ul)® corpus calosum®® microinjection 3F#
ipsilateral hemisphere® IME A F7} F5 2. 28 striatumo]t thE 5 e F YA
TAFHeMT mMEe] 37 vyehd. LPSE corpus calosum®® microinjectiond}to]
UetuE wAEe 843l ED-19]Y B4—isolectin® WY fAoz E uwf LPS FYX
sHEA 7+ ZstA YEhU Y A Z M E Y monocytes HEEH 02 5 (round—shaped),
AAEERFS H. 22y 39 o]Fo= ED-101Y B4—isolectin® BHFNAE7} k3l 1
B 4% ramified formS 2 whg,

b (2% 4A, 19 4B) LPSE corpus calosum®® microinjectionsty &% %
MCAOE 311 HEZ &4o] A dold. &A% LPSE corpus calosumo®
microinjectiondti 74 Hell MCAOE 3td Hx2 &4o] 37 E9%. o)gjs 4L
INOS 9J&& o2 dojur ZFER L g5y #AF ] Q8. webA INOS 232 44
olut olw SFEAE9 FFo] IA o] ol et 7Y Ax INOS Zdo] v
A1 Az N SREA 2] Fo] JFFHOZ sHEFo] 3.

Eal}

A)

- 24 -



B)

7% 4. A) LPS FUF 19 A MCAOe 9% Hz2
B) LPS 4% 74 A MCAO°] 9 Hzx

(t}h) LPSE corpus calosum®® microinjectiond T MCAOE 3hd SOD-29 & o]
A F7FE. LPS FUF Al7bo] Ay A SOD-29] ©o] <kt Frtels Aoz 2.
g A4S LPS Fo Tl MCAOE 3t¥ SOD-29 2ol 2A A4 A
AFetR oy AA SOD-29] #dol ZA F7HE RS, wWepA] ofutE BAFENEo] Yojd
RoZ B

() AT LPS o7 MCAO%}, LPS Fo3% MCAO#Q A% AAAIY JAAEL] AL
% AFAA A= fluoro—JadeE A3

(m}) LPSE corpus calosum®® microinjectiond ¥ MCAOE stH H&Ao] A F7tst
= Zlo] BAHEY ojgst NIZAIEY F7lE INOS £ non-—specific NOS A A
aminoguanidine % NS-nitroarginiec] 938te] AAE. olgd A= 53] 518 FHE
(penumbra region) oA O H&E3] Yelgs. oleld A= FAgad e /e 27

B2 g@as WA AV s

N

() DWN-series ¢FE2 7e3l ddox 28&& 7Ix1 o9 MCAO #& HAX ApE
| A ]

of sl s FE&S 71X DWN-0062 E4Ao] el ¢F

rir
P
o

= WY MCAO S HAE 5 = 135 28-S el (Fig. o).

DWN-006< =3t BxZz2A A AAMZ7 HxAo= HAygEo] o= AL 94 3= &

B35 7HR 3 913 BEAEY cAMPY AAS 7 AlA o8] 7R "W AE oA g
7

A BAE 7 A

r]

a9 5. DWN-0069] <3t
MCAO % =HAME AL
EH?E]: E__‘P_ —Fg'
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A3 A 3AEE AR A7 W 4 2

1. A MEATEGA SIS FBAA AT (50%)
HA oA o} AZAIE A ] FBABA T8
. pro— and anti— inflammatory cytokinesd 4 #2let MIZAIE AA|ste] AdHHA
AT
2. AXF7] 243 MEZAFEA ] AHBA A (256%)
| A

AEF7] 227 AZAPER A ZHBA A7
AEF7NzEa49 84 9 2d 47

3. MEZEgots 75 2] gt A (25%)
nEZE=gots] Vs ZE HE A7

7}. LPS &0 & & do) 93t HAFAIE | cytokines?] I E HAJA AL 5

LPSE Hu% U Fo ¥ 1dold MCAOE % ohd A#F 0 9 3AztelM RT-PCR,
RPA % wWaAzAFSFAMNS 588 pro—inflammatory cytokines¢! TNF-a, [L-1b %
IL-62] mRNAS #&@o] LPS(1d)/MCAOTAA &% F718t%+ (Fig. 5). DWN—series oF
2o ¥ WaddA 8L A2 92en LPS(1d)/MCAO #% HAME AbZe] tfste] X2
3 ZLe HAE Aol #F HUL (Fig. 6). £3) DWN-0062 SA40] vehtA] e ¥4
A LPS(1d)/MCAOLE BxzAd M dAIAEr HxFog & 2 A& 94 ¢
pro—inflammatory cytokines mRNAS 23L& ZAaA7|s RoE &3 €.

TNF-a
L1
116
GAPDH Eoll il el
Reperfusionty - 06 3 . @8 3 - 0 3
Saline 1PS LPS+DWN.805

1% 6. LPS FoF 194 g 3 954 AlolE71Y 2y
b F747F B2 DWN-0069] <siA Z4ag.

. AZF7] 243 AZAPEGA 9] ABBA AT

AEZF7) GO/G1# S phased transitiond A= ASE L#x ciclopirox %
mimosine®] BAsE FAH LA peroxynitrited EAE oAsE Zol TEE. Mimosine
= Ax2F7] A 988 AT dou AF Adn Bystel A peroxynitrited] AA &
Bt A ZAFEA A 7] H o2 7L Ciclopiroxes AEF7] 94 988 7HA T Aoy M=
AE3 #AHstiE EECgol 7% BEEgo] Fa% onE AUe FeE #EH. o
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23 dpdas DM EA EEdte] d2 uE
ciclopirox7} &4 AtAFol &gt g
2 (a8 7.

1o

600 - —— Control
—=— 500 pM H202
—o— 10 uM CPX+H202
500 - —4— 3 uM CPX+H202
—o— 0.3 uM CPX+H202
400 -
300 - A8
1 Mtc
200 , — . . .
0 200 400 600

Time (sec)

1% 7. CPX prevents Hzoz—stimulated m depolarization in cells. Fluorescence intensities
were measured every 15 or 30 min for 3 h at 530 nm (J—monomer) and 590 nm
(J—aggregate). Time 'zero'indicates the time of adding H202 and/or CPX after loading
and washing out JC—1. Data are expressed as the ratios of aggregate fluorescence to

monomer fluorescence. N=4,

o M EZ= oty Ve 2o g
2EYAA 5L nEZE ot dxge] H= ATPY AL dAsty ZadEs
o7 nEZZgote] A (swelling 2atA Ho n|EEEg ot &4 3 nEZE
go} & MEAE FEEHAY cytochrome CE #stAl 8. & A+32 A A
Az DWE FEAZ mEEZE=gote 7% A3tE AdAseA #ZF
100% WA "™, AEUY ATP level AdE AAstes, 5 1 a3de &
DWE #EZAlEs AZW mE2=gole] ot Fgo] ul$ AK3HA (F& el §Jﬂr ERD)
Uebd (2% 8). X3, mEZZ=gotd &4 vEZEZor Y (mitochondrial
transmembrane potential) ¥ u©lEZ=go} wF (mitochondrial permeability transition
pore) 8 Zhde] JEXH o7 dojd. DWE 5+
™ mebx ojF wEZE= ol BHdYg (MTP) & ©
Fogxn FagF UePE Zo® AtEE.

T 2 AZFZIGAANY 23
1

o,
o
N
o
it
L
Ru)
o

)~l

o 93 v|EZE=go}e] 48 o
[EESgol BFMPTP) o 2524
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—O— 10 uM CPX+1 mM H202

—— without Cell
—e— 1 mM H202

—a— with Cell
80
1000 -
800 60 -
600 -
40 1 7
400
= 20
200 | EX
e
)
0 — > £ 8 0 r : T : -
0.0 0.5 1.0 2 g 0 1 3 6 9 12
R > .
Time (hr) 3 Time (hr)

Flg. 8. CPX restores ATP levels depleted by Hapo. (A) H202 levels were determined in
cell—free culture media (open triangle) and cell cultures (closed triangle). (B) ATP
concentrations were determined in cells treated with 1 mM HZ20Z2 in the absence and
presence of CPX (10 uM). In cells treated with H202 in the absence of CPX, ATP levels
were measured only up to 1 h after addition of H202 due to cell injury or death. Data are
expressed as a percent of the ATP level in control cells (not treated with H202). Sister
cultures were used for both experiments. Data represent mean S.E.M. of five

independent determinations.
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