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AprmOFE TR oy i Tk kA s aR (ferdic acid, FA) &
Sprague-Dawly (SD) * Blit i dk b -F JEIRIE B el B o ol S A4 SR 0 B N
Ao fS LR 2 P PEPECE R B R R AA L P AT E IR AR R R 0 e R RE ML Al (
striatum) # = ¥% < % eintercellular adhesion molecule-1 (ICAM-1) # 2 5 gt ¢k » FA & &
B odk et LB 24 /) PEPERE ML BT & 79 ® nucelar factor- £ B (NF-«xB) ~ ICAM-1 2
myeloperoxidase (MPO) % i o ]t » A F= 5 ehp B 4F3 FA S 3 0 S L @I 2 prF e 3
B el S i3 i o % g vpp W& B Spragrue-Dawley (SD) + Blen® & g vg o pr
FEg o4k 90 A ddfs » A BT REIR 2 P~ 100 PF ~ 24 ) PR 36 0] PERR - BUgRAE -
AiEm 2 R 2 2§ RT-PCR 4 ip| £ ICAM-14r macrophage-1 antigen (Mac-1) mRNA
kR oo LiEE 2 P~ 10 ) PF - 24 o) pFc 36 ) FRFRIE Mac-1, ~ 8-hydroxy- 2'-
deoxyguanosine (8-OHdG) ~ 4-hydroxy-2-nonenal (4-HNE) ~ TUNEL - active caspase 3 4~ NeuN
Lé Himre o LR ER 2 ) FEEE > FA (100 mgkg, iv.)Frd] Rk 4 ICAM-1 4-
macrophage-1 antigen (Mac-1) mRNA &4 3 5 & @ 7% 10 /) pF ~ 24 /| pF{r 36 /] PFPF » FA
A w e fod B % % Mac-1 - 4-HNE - 8-OHAG #. % % ¢ B i imee ; >t @i 10 ) p*
PF o FA & g drdlato B L AR % TUNEL BB idiimre > 10 2 301 @ o 24 4v 36 /] PP FA
Frdlak b o frd B R TUNEL B ftimie 5 52 E 08 10 ) ppF s FA R D426 B B 214
¥ % active capase 3 i 4r > AL B 36 | R IRGFA LR R FLIEET D
NeuN-labeled #¢ 5 m%e o

%2 _FA B 5 ICAM-1 mRNA fr microgliaddmacrophages s # % 3 " g F e #7518 2
FOdE B2 0 MG TIoE 2 apoptosis v 4ot iRl FA Gk -F EIRIE G < RELS
ICAM-1 MRNA srdr#] 3% 40 S g 7% o

M 437 : Ferulic acid; Intercellular adhesion molecule-1 mMRNA ; Macrophage-1 antigen mRNA ;
8-hydroxy- 2'- deoxyguanosine ; 4-hydroxy-2-nonena (4-HNE) ; Apoptosis



Abstract

Our previous studies have known that ferulic acid (FA), a common component of Angelica
sinensis (Oliv.) Diels (AS) and Ligusticum chuanxiong Hort., (LC) can reduce cerebral infarction
volume and neurological deficit induced by ischemia-reperfusion injured in Sprague-Dawley (SD)
rats. FA also can reduce superoxide anion of ischemic core area, and intercellular adhesion
molecule-1 (ICAM-1) in the ischemic core of striatum at 2 h after reperfusion. In addition, FA
reduced nuclear factor-xB (NF-xB), ICAM-1 and myeloperoxidase (MPO) expression in the
ischemic core of cortex at 24 h after reperfusion. Therefore, the am of this study was to
investigate the temporal and spatial neuroprotection of FA during reperfusion period after
cerebral ischemia Rats were underwent transient MCA occlusion with intraluminal suture
technique. After 90 min ischemia, rats were subjected reperfusion and sacrificed at 2, 10, 24 and
36 h of reperfusion. ICAM-1 and macrophage-1 antigen (Mac-1) mRNA were detected using
semi-quantitative RT-PCR a 2 h of reperfusion. Mac-1, 8-hydroxy- 2’- deoxyguanosine
(8-OHdG), 4-hydroxy-2-nonena (4-HNE), TUNEL cells, active caspase 3 and NeuN were
measured at 2, 10, 24 and 36 h of reperfusion. The Results indicated that FA (100 mg/kg, iv.)
inhibited ICAM-1 and Mac-1 mRNA expression in the striatum at 2 h of reperfusion, and reduced
the performance of Mac-1, 4-HNE and 8-OHdG immunoreactive cells in the ischemic rim and
core a 10, 24 and 36 h of reperfusion. FA also decreased TUNEL positive célls firstly in the
penumbra area at 10 h and later in ischemic boundary and core areas at 24 and 36 h of
reperfusion. Additionally, FA curtailed active caspase 3 enhancement in the penumbra area at 10
h and restored NeuN-labeled neurons in the penumbra and core areas at 36 h after reperfusion.

In conclusion, FA decreased ICAM-1 mRNA and microglia/macrophages performance, and
also down-regulated oxidative stress-induced apoptosis, suggesting that FA mediated via
inhibition of ICAM-1 mRNA to provide neuroprotection in ischemia-reperfusion injured rats.

Keywords. Ferulic acid; Intercellular adhesion molecule-l mRNA; Macrophage-1 antigen
MRNA; Deoxyguanosine (8-OHdG); 4-hydroxy-2-nonenal (4-HNE); Apoptosis.



N

BT A FRAE T L Y B Y B R AR
hEmRFIFRE L ARG M Tt 2 Ea <<%§5ﬁzswg>> vk (
1995) > i A= Fn Mo b % 5 Agn e N E oy fFe s T FE %’%J}f;%—% Bz
KA m o B 0 eb T (1 1999) R ey e A AR
fe (ferulic acid, FA) (M7 E4fce @£ 1995) AP sk g Lo g7 57 %% ¢ & FA
80mg/kg f= 100 mg/kg we 7 ° ~ Bk m - JBIAE  F E o oA KA oFA YA 18
» BB 2 PERE € fe PR MU B8 R rihdt o R 042§ £ 45 (superoxide anions)k & o
R ORE R R (strigtum ) 5 F &k F] S intercellular adhesion molecule-1 (ICAM-1)
F A5 b FA Y RgE v (8 0 TR 24 ) PE PR L $7 4] nucelar-factor-kB (NF-xB ) ~ ICAM-1
% myeloperoxidase (MPO) % % 3. (Chengeta.,inpress) o d % [CAM-1 & 4 6 & 3f-p
Atz gkt (leucocyte-endothelial adhesion) » g ¢ w IR e F #% B 58 » PGdd n F 4>
- B s E£& a4 d (Connally et d., 1996; Zhang et a., 19995a; Xu and Feng 2000) »
anti-ICAM-1 Fufi#r4] v o sk ez (infiltration) " ¢ X Sg# e g X Bavgil & o
(Zhang et a., 1995b; Vemuganti et al., 2004 ) > F] 2t 4&3% FA B > "ol & o ## &2 ICAM-1 5 %
7 B 4 o-MPO £_v w T2 B4 1 5o F - B 3e(Connolly et a., 1996; Zhang et al., 1995a;
Xu and Feng 2000) - NF-xkB #_ pro-inflammatory cytokine tumor necrosis-a ( TNF-a) 4=
interleukin-1p (IL-1B) 3t 25 > F]pt4a3h FA B 5 Mol & o fod! 54k 4522 2 #¢4] ICAM-1
fo NF-«B 7% - Bl i¥*  (anti-inflammatory action) 3 B -

FATL AR Gy AR A v e TR K (lipid bilayer) 8§ 174 v % (
arachidonic acid) 2 = 4-hydroxynonenal (4-HNE) > £ %5 i § it 2 4 G {hic - 42§ 1545 §
48 i %z % DNA » 25 = 8-hydroxy-2’-deoxyguanosine (8-OHdG ) - _DNA § i 4F i ek
e & wmfe chapoptosis 3 B (Zhang et al., 2005; Hayashi et al., 2005; Nagotani et al., 2005) - ¥
SRt L IY SRR RS LB 3R A EPC w7 4-HNE 2 8-OHAG %
o mizfERIFFIELEST X (Miyamoto et a., 2003; Hwang et al., 2004; Zhang et al.,
2005; Hayashi et a., 2005; Nagotani et a., 2005) o ¥ ¢k > *4 7 h {8 Wgp F Benim®? g (
cytokine) 7 TNF-q, IL-1p % interferon-y (IFN-y) > izt % % € i - % %% ICAM-1 3¢
& g P Az < & & (Dustinet al., 1986, Sobel et al., 1990; Wellicome et al., 1990, Wang et
a., 1994; Yang et ., 1999; Ding et a., 2003) « ICAM-1 3% & & ¢ /& 1t 6 i A" ~ i3 2
BHIRNEPRCH I LBAPFREGEGHFL D ET o Ft HPEFRARLE
g7 7 % R IL-1~ TNF-a~ IL-6 2 ICAM-1 2 mRNA % IR & dk w8 3] 7 T B F 3 4o
(Wang et al., 1994; Yang et al., 1999;Wang et al., 2001; Berti et a., 2002; Zhu et a., 2006) -
NF-xB 5 {g#Esr7+ » 7 5 IL-1B 2 TNF-a #m34% > @ NF-xB * ¥ wifep kigsx IL-1P
2 INF-a 2z 2% gt 2 P58 - T w AR (2> A JF~ 7 %67 h (82 L F & (Betieta,,
2002) -

=~ 3 Beh
AFFUEFAP LD ST - HIF FA B S — BRI e o

Wl o NP ELE - B S B e? < R 2 FA Fumicrogliddmacrophages ¥ it 45 %
(oxygenstress) > 1 %2 § i 45 i 4p B 7% A= (OXygen stress-related apoptosis) e
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(=) B 25} F
AET Y B SpragueDavaey (SD) zet++ & - #8 & 4 > 300- 350 Fo2 R o PLE &7
7}%@#7}4#:” 3R P R [’I%é‘% Bopr v ooty X &”.‘?’Eééw— S =R
» ¥ p oo Aok o ﬁ’ft[&?ﬁﬁ*ﬁﬁp B e g PR BRI W%ﬁﬂ Bop? vt | ¢
FLUE o T ?%Eﬁz?—a}_?}ﬁ@ ? Wﬁf < it Aiﬂ’iﬁ g AFET -
~ g i@ * ferulicacid fE% *t £ B (USA) Sigma = & o

?\Et

(= )& a - B dp G "e i & & 4 #-4) auE = anintralluminal suture method (Zes-Longa et
al., 1989).

B L #-300-350 vz 2242 SD « & fEE ~RIE IR RS 0 & £ -kfE (chloral hydrate,
400mg/kg) % atropine (0.1ml) P vpid s¢HR-~ SUFRAS - 2 16 %~ BLPEg I8 H 2 2 M F 2
R ow Ly PRECEINAEREZ AT 9P o AT 20 mm -~ B]:F 25 mm & R
e TR (EE3mm:e FR 05mm) . R EF RET g L~ K BB > KT
st & AL ®E (Laser Doppler Blood-Flow Monitor, DRT4, Moor instrument Ltd., England ) *x
BOCEEER R ORY AR R gl ) /Em (& % >500 min/div) -

H= o 4 BWR > + 57 uf_j LRI Y BAREL Y 25 o0 0 A
I IR E R B LR o 2 1 KTuiR heparln (25U/ml) 7 PE-50 % & » % # "% ¢ » @ PE-50
¥ ¥ - iR pha BRIE & (0093-101L, BP-2, columbus Ohio, USA ) » i+ & mmﬁ, i

& B o ¥ ek s % — 1% PE-50 ?4@;,\5; ST o @ Y - HITLANES Y o HEY L S
JE & BEERne fsﬂ*)’ BH915cm: % &4 ? FEHEELFREN > LAPRFAE ok AN 5
o MmN I Es KR EE 2 N Fp A% A4 L BB S % (ptergopaatine) o #A fs 1L #0% &
%%H%EL; 5?%?%iﬁ°#*ﬁ?“i@%5ﬁm%"Q{iﬁwwm“ﬁi

v > #-%aik3 poly-L-lysine (Sigma, USA) 1 3-0 & 3744 (AREFUHELS ) 2 r > £ 1Y
6-0 sk s (slksuture) E 2 A L7 v o #-3-0 L F0 MRS FFRBPRAS R ESE A N FE
B7% 1.8~22 CM > % 2 JREFL ¥ % Puds L IRER o 2 F M-S £ Y 5 L pET b Mﬁaw
L ESEIRE O T o R B B efRze T % 3 100 min/div 14 T s J'JEE?;’?%}%ML Bl (e
ARQEIR A ) N oo P K ReE Pk R fEET 00 A4S 0 B30 RATEMB D F R B (

FIBIR ) AP BT XA GE R GRIRETE o~ JLET 00 A 4EPF 0 2 BB 10 A 4EPE A B kR
SR s w B T3 B~ 0.3ml K PR o fE JL/]Q—?F o+ (pH~PaO; ~ PaCO,) %2 > w
Pl B 56?@%&.‘,&"5 R AL A > S BAR £ 3 36.5~37.5C 2 & o

(=) ?ﬁ%;}-}v&\ Rl
#-SD + BAgE A 5 = BdeT
1. B+ 52 (shamgroup) : % i
2 £=#41 % (control group) FE.
3. ek (FAgoup): = i F
it FA 100 mg/kg
AEF LB R B2 (n=6)~10]pF (n=5)~24 ] pF (n=6) =36 ] BF (n=3
) PR RPN 0 TR R o

7
we £, RN . 2 . e
0 kB 00 A s 0 2 {s BT o
) 3T ¢ A R R R R TP PR ORI L

(2) ;g&%«&ggggg;tﬁ 2. % 2 RNA (ribonucleicacid) £ P
PegrL ¢ % rgde g n 00 A4S o L Bin 201 B (n=4) pEr & & -kpE (400mglkg)
£ &jpﬁ-g’bﬂ-ﬁfr’ = w\)ﬁ‘ﬁ &'/imﬂﬁ }‘Jq—""’ /E/H“W ’ﬂ@g"gé’k)v%)?&:’?‘lfﬁﬁl'?
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mm I % F {8 43mm 2 Bl o Xk e B0 A BB R e L TR B i e
B0 P~ 0.06~0.1g 2 *afw 25 E ~ 0.8ml 2 solution D (4M Guanidinium thiocyanate, 25mM
Sodium citrate, 0.5% Sodium lauryl sarcosinate) @ - #-% ' 32§ (homogenized) » £ & Ji 4
~ 60ul 2M NaOAc (pH 4.0) , 600ul water-saturated phenol (pH 4.0) % 120ul
chloroform/isopamyl alcohol (49:1)> B3tk 15 a2 48> & 5 s+ 4R & 15F) o 2R{s U
14000xg 4°C ™ = 20 A~ 4& 0 B~ Fik o 4o » & £ ice-coldisopropanol - iR & 323 » § ++-80C
Fkfa b 15 4 4o 2 18 14000%g 4°C T A 15 4 40 B iR 2 “f » g 12 1ml 2 ice-cold
75% ethanol ;% % RNA B 5. - 12 14000xg4°C ™ 3w 5 42 48 0 2 *‘f_P ko £ ;‘féé{ﬁi’g%‘;ﬁgﬁ&
(SpeedVac) iz ° B {é 4c » 50ul 2. RNase-free DDW > -k 65C 5 4~ 45 -

(7 ) ICAM-1 mRNA 4r Mac-1 mRNA # 3.2 ¢ &
2 Aug RNA # ficd5 o 4e ~ 0.5pg/pl oligo(dT)eprimer 2 10mM dNTPs » -k g 65C 5 #
480 2818 B 3tk 5 4 4B e 4 » Bx First-stand buffer~0.1M DTT ~40U/ul RNasin % Superscipt
II>-kix 55C 1 ) o &%~ }»/5 70°C 15 » 4838 (7 F 4k o 2 & = 2. 7 4 DNA p7133-80C

ki aE oo IL-1p & w3l + 5 5-CACCTTCTTTTCCTTCATCTTTG-3’ » @ if » 3l + &
5’-GTCGTTGCTTGTGTCTCCTTGTA-3* (Zhai et al., 1997) ; TNFa & = 351 3 3
5’-GTAGCCCACGTCGTAGCAAAC-3’ ’ i s 3l =+ &
5’-TGTGGGTGAGGAGCACATAGTC-3’ (Zhai et al, 1997) ; ICAM-1 & & 51 3+ 3
5’-AGACACAAGCAAGAGAAGAA-3’ ) Mmoo e 3l 3 & 5’-GA

GAAGCCCAAACCCGTATG-3’ (Kawai et al., 2000) (TagMan). GAPDH 3 ~ - 2. 3241
&2 > GAPDH z & w» 31 3 i 5-ACCACAGTCCATGCCATCAC-3> » @ i w 31 3 %
5-TCCACCACCCTGTTGCTGTA-3’ #- 10 mM dNTPs~ 10xPCR buffer~25mM MgClI2~5 U/ul
Tag 2 IL-1B & & w51 3% (& TNF-a ¢ ICAM-1 & £ % 313 )4 » b 7 1l cDNA 2. B & fissér
U F E(PCR)R & 384 ¢ (25ul) - 94°C ™ i& 7 % |4 (denaturing)l 4 45 > 55°C ™ & {7 % /4 fie ¥
(annealing) 1 445 > 72°C ™ & {74a 1 E (extension)2 ~ 45 > + 33 & 35 #%k » % # (s 72C
Tig(T4aN B 64 480 3 IL-1B (TNF-o 2 ICAM-1)2- DNA 2 £ -PCR A 4 >t 2%z agarose
gel &7 7 & o 72 1-kb #-,% DNA % 1% 2% (Gibco, BRL) » # {¢ DNA 12 ethidium bromide %
d B o

(=) f&smi-Frir3 4 (immuohistochemistry strain, IHC)

L BT PEETE X M@tk on 90 A 4Bs 0 BB 2/ PF 100 PF 2 24 ) B 36 /) PERE
» * & &-kpE (400mglkg) = w\”ﬁ.’i”"ﬁ B B “\}ﬁ'ﬁ‘r feiig 2 200ml 4 72§ B-KiEfF
" %iéﬁ P AR ”mKL ek E 1S > £ 11 4% paraformaldehyde ( MERCK, Germany ) 200 ml

5 /E/n T T e T’a‘« 9 10 4~ 45 > 13‘\ AT ’“”FK IR A PFEBRG o BB E R E %z%
4% paraformaldehyde 2 S EE P ¥ 56 % » FH = > H# 4% paraformaldehyde
i) *‘f #% % 30%Sucrose ( GERBU, Blotechnlk GmbH D-69251, Gaiberg) 4C T = % » F &%
TN FRE RSB B Ry 0 R gty £ B 0 E B F P a 1L.00mm -~ & B F 10.00 mm st
e {8 430 mm -~ B B Fa 4.70 mm/a"@a”m...f_f?\« ek E P2 Fple ok w b {S T
FEAdAERARSI2Z)FEY o sr?-‘« ¢ @& (TRIANGLE BIOMEDICAL SCIENCES
Durham, N.C.) & 3@ o #-k 32 &P~ 41 1 4 i & #% (SHANDDN SCIENTIFIC Ltd., UK
) BT ER 15um 2 57§ o TRer B T4t gelatin coated 2 gk B oo e BB Y BTCE
Bir 1044 (13 “f K)o BEggz g B R AL B R T 4P P EG Ix DPBS (
Dulbeaco’s phosphate buffered saline, Sigma ) ;B /2 - ﬁf’—?—i)i BO2EST oM ’*‘k’ﬁ 0.3% H>Os/methanol
2. Z4® 15 04 (1132 *‘f N 2 M2 peroxidase) > £ =t 12 IXDPBS # e Rk B R (s Tk



A F £ F 2 10%5 F ?ﬁ%‘#’ﬂi 7# (10% normal animal serum - LsABKit, Zymed San Francisco,
CA)ZRTERiR 20 248> L4 » iRl AFflizz £ 30 #45 RS T v L
12 DPBS 0 e - N =t /w\éfl L R 7fﬂ =E N EE - ﬁ be blotlnylated - Ry
BAZET 1044 & F 1 EHHE 4 » LSAB-peroxidase complex.3s & 10 4 45> &2 DAB
(Liguid DAB substrate klt, Zymed, San Francisco, CA, USA) & ¢ & fis— &4 0 1-Kjad
i F O o B fé 11 hematoxylin (HARRIS hematoxylin solution, MERCK, Germany ) ##% %
¢ (counter stain) » F ARy g 0 £ U PR (histological mounting medium, Permount

SP15-500, New Jersey, USA)#t 5 o #-4 ¢ 3% = = 2 g ¥ B¢ jiess (Olympus BX50F4,
Japan) Z_§E > 2 400x 3p & > 14 optica imagine : mg%] AR 2 A 47 BB (f o 3 400X T B i
B (R %‘r; KA FL A HERCR)FAEs A (Imm?) BEFERRLEL S B me o

B Mac-l £ 4 ¢ Biimbe » 4o » - #mMac-l(l 200, Chemicon) ** /8 T % 1]
o i DAB LR ¢ R L 344 BERAHNE 5 47 BB 1w » B4 » — FL4-HNE (
1:400 ; MHN-20, JICA, Shizuoka, Japan) ** 4C * 2 % 24/ P » & {s DAB % ¢ pFfF 5 3 &
4 L% 8-OHAG &% % ¢ B » P4 » — 3 8-OHdG (1:100 ; MOG-20, JICA ) *+ 4°C
TRERX24 )P R DABR S R L 344 AT LA LS B ficiE 1 counts/l mm?

(= ) Terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick end labeling (TUNEL)
assay
TUNEL assay was used to identify cells with nuclear DNA fragmentation in the penumbra
and ischemic core areas. TUNEL stain was subjected according to the manufacturer’s instructions
(Cabiochem). Briefly, adjacent brain sections from 2, 10, 24 and 36 h of reperfusion time points
were incubated with 20 ug/ml proteinase K for 20 min at RT and rinsed with TBS with 1xTdT
equilibration buffer for 30 min at RT, then was incubated with TdT labeling reaction for 1.5 h at
37°C. After addition of stop solution and blocking buffer, sections were incubated with
1xconjugate solution for 30 min at RT and TUNEL positive cells were visualized with a DAB kit.
Finally, sections were counterstained with methyl green.

(~)IHC ## %4 ¢ (doublestain)

Brain sections that had been subjected to single staining of active caspase 3 were incubated
with diluted normal blocking serum (Vector) for 25 min at RT. Sections were incubated with
mouse anti-NeuN (1:200 dilution, Chemicon ) for 1.5 h at 37°C and washed with DPBS. After
incubation with diluted biotinylated secondary antibody and ABC-AP reagent (AK-5002,
Vectastain), sections were stained with alkaline phosphatase substrate solution (SK-5300, Vector
Blue), dried and mounted with mounting media (Assistant-Histokitt, Germany). Finaly,the
immunoreactive cells were detected under a microscopy (Axioskop 40, Zeiss). The negative
control stain was subjected to the same IHC double assay on the adjacent section in the control
without active caspase 3 and NeuN antibodies.

(4 ) s3tAdr
BEHEEN T B HER T L (mean+SD)’ H TS g8 s+ (ANOVA) 2z
Scheffe’s test & T " i & 2 X B » T % P<005RzuE 3 st £ -
N k.
1. ICAM- and Mac-1 mRNA et i {6 £ i@in = | PFRFad IR

~4~



ICAM-1mMRNA t g B4 5 % ihd L fFe s drdlefr FA 2 = 22 i R
R RF R AL (p>0.05) fpd e p vkl (striatum) 4 5 ¥ 32 J 1 |CAM-1
MRNA # 33H 4e > @ FA SR i > a4 (p<005)e ¥ ¢h o et dd i e
ICAM-1 mRNA 4 3t 8 (p<0.05)-

Mac-1 mRNA % .27 ICAM-1 mRNA % J4p iz » 3 4 %ﬁmi % ¥ i1 Mac-1 mRNA
ZIMEE e s prdlefr PA o 2 B2 B BR3P R R A (p>005) e iR ik
it s B Mac-l MRNA 43R B jirefeipdlies 2 Bl F L8 (p>005
)> @ FA i Mac-1 mRNA £ I3t 34 (P<005) o m*& % e IL-1p 4= TNF-a
MRNA 2 7 FA e foipdlie » & X2 B ¥ L8 (P>005)-

2. o (6L 2 ~10 ) FF ~ 24 ) P 36 /| FFPEF > Mac-1 ~ 4-HNE {- 8-OHdG #
KA I mre
Wk (SR ORI 20 PR B R S g e FA Bt ook il ik b s
(ischemiccore) fe% B L 128 T (pneumbra) Mac-1 ok F ¢ B Egric @ il
EfeFA e3tak s (SR 10 ) pF ~ 24 /] PF{e 36 /) FFPF Mac-1 amebOId cdls B+
e B4 (p<00l)- FA 2 Mac-l £ % ¢ Bitme it irdle™ (p<0.05)-
Wike FenB oo R o A e SR E 2 PR 4HNE B e gk AR
e s fpdlern 2 A BaRS T 2 AR 0 @ FA ﬁrtﬁ KRS SO oI N i 10 P
~24 ] pE{r 36 /| pERE A-HNE 12 dmie 2 R E jisie qnd s P AR 40 (p<0.01)> iz FA
pe4-HNE B (iwmie vt frdl et (p<0.05)-
Wake FenB g oo R ki (S B 2 o] PFPF 8-OHAG 15 1 im e m i AR
£ iFiE s :]f’bﬁ? ‘f\f’ FA . E')K 5‘§j F A m FA ‘f\-"ﬁz# KRR xfri /Em 10 -} 22
24 ] pE4r 36 /| pEPF 8- OHdG 13- Mimve 1S e dp g P AR 4 ((p 0.01) & FA
.9 8-OHdG r% Mamiz o prl et (p<0.05)-

3.TUNEL % ¢ Fidimee hdkot {5 iR 2] B¥ ~ 10 /] B ~ 24 ] prfr 36 /| PEpF 0 7,
ko f L UBTE 2] PR R g E s g e FA Bt L B o Rk ik 1w B
9 TUNEL % ¢ B gmis o afpdliode FA ik % fenX B % 2t ab i 15 L i
10 /) p¥ ~ 24 /] P 36 ] pEPF TUNEL % ¢ 5 (2 ime 1t £ jieie 7 B3 4 (p < 0.01)
v @ FA e TUNEL % ¢ Bt drdle i (p < 0.05) 0 *t 4k (6L g 240 B
- 36 ] PEPRE > & FA foirdles o o § r"ﬁTUNEL Bt mre e 54 e 5 (p<0.01
) fe FA e TUNEL % ¢ 15w vt 324> (p<0.05) -

4. Active active caspase 3 v active caspase 3-NeuN *t4x x {8 £ @ n 10 /] pFpFend 3R
Active caspase 3-labeled cells »t 4% 5 16 £ @ 10 ] PFpF > FA mqodrd] 2t B4 i
B PR 4 (p<0.01)e fdbw {6 £ j#0n 10 -] p5 ¥ > Active caspase 3 -labeled cells
o i R ;% LR Rodkp FA et ipdle 53 £ & (p<0.05)- 2 i g m
f i e s 3F 5 NeuN-labeled cells # i - Active caspase 3 -labeled cells co-localizing
with NeuN staln i FA e fofid] e 34 % fr Active caspase 3 -labeled cells 4p iz ©

5. NeuN-labeled cells 4% n {5 £ i i 36 /| PFPF e IR
BB i 0 2 H BT BT ¥ G NeuN-labeled cells - # s ¢4 5 tm e H
qi%iﬂ%’ﬁfri b o #’ff: @k % L 12 % o NeuN-labeled neurons 1§ i1* i
£ et (p<0.01): @ FA ¢ NeuN-labeled neurons v #2412 % (p<0.05) - FA
RER Le sl VLR B8 LR SpmNeuN antigenicity v &< iFe kb (p < 001), @ FA ‘8

~5~



NeuN-labeled neurons #cp 342 %2 (p<0.05) -

NPT 7S S BT Ak o 1S L EE 2] PFPE ICAM-I mMRNA Ak 84k o % ek TR
Hde o BB %csmﬁ FA 100 mg/kg ie B > o ¥ #F > FA » e P> Mac-1 mRNA 14 3
AP nE R B RTEEE Y R R IEE B 5 A B ICAM-ImMRNA fdd o (8 g 1~4
| PEREF R S endE £ - R (Liuetal., 2001; Storini et al., 2005; Khan et a., 2007 ) - 4% & & £
BidE G 0 ICAM-1 ey v 7 0051 4 ATk ¥ cho b SR AE B N RSB N I SR B
Aeq L F & (Kapadia et a., 2006) - 3% % #7 3 4F £ © dp i3t g end  dr ] 1ICAM-1
MRNA iIfLE‘E ] $ R (recruit leucocyte) ihv w I » 4w R R B % (Liu et a., 2001,
Storini et a., 2005; Wang et al., 2006 ) - Mac-1 4. # %4 ¢ H {4 'w*s _microglia/ macrophages
cfhie FlP4Edh FA ST LB 10~36 ) PR A w o frd B B XA R o Mac-l f B
24 r%:kt,zmve H 7% ICAM-1 mRNA sdrd] o ICAM-1 & 0 # 4 F 2 0 F R 1RSE recruit
leucocyte # 4 E i 3 %% (reective oxygen species, ROS) (Vemugant et al., 2004 ) -

¥R fﬁ% ROS:}E GA Féﬂj$-4-HNE 1o 8-OHAG ha A 4 » T Bl A fdd i
SREMN3 ) A 3 f%” /|- P ( Hayashi et al., 1999; Nagayamaet a., 2000; Gordon
et al., 2005; Leeetal 2005; Wangetal 2005) - AF 3 Bpor Bk {8 L e 10~36 ) PF
A F ARk e frd R LA R 2 actlvated microglia/macrophage f- % i 4§ i
(oxygen stress) t%zz 4 4-HNE fr 8-OHAG 3 4v > @ FA /5 i ° 3ot 3 4 0 3P FA &t
Havg LA EF LG

TUNEL % ¢ BB mz (X & 'm?e k= (a@poptosis) > *#7 7 el % B £ i 10 /] pFps
i ¥ BLE LT D apoptosis e 112 *‘“ﬁ Eon 24~36 | PEREE P fri B R D
apoptosis * £ 34 xR EE - B AnapT P - R (Yamadaetal., 1999 ; Hu et a.,
2002)° — EF 7 4R 4 ’?Eﬁ.a‘? ik f8 B EAE B d A (freeradicals) sc#m?e = & 4 & § 1t
I A mapoptoss(Sakurai et al., 2003; Xiaet a., 2004, 2006 ) - ~ 3 # g (L &G 4
ERE TR R Ak n (SR BIORE 97513 0 gpoptosis (Miyamoto et al., 2003; Khan et al.,
2004; Wang et al., 2005 )~ FA ;é»‘)%‘;)\é‘ LT e 10 /) PERFAL & ¥ iF ¢0 4-HNE and 8-OHdG
[ apoptoss’ Z PRI L BN 2A~36 ) L Fir Rk n o TR o

T A E Ap 21 Fadk i i;r: 2_ 4-HNE & 8-OHdG # % 4! 3 'm ¥ apoptosis ¥? caspase 3 7

e i "ﬁ 2 M % (Zhang et a., 2001; Awasthi et al., 2003 ) - Active caspase 3 ¥ - B & & &1

Apoptosis 1 17 - FlAzim e 3 ¥ i3 hw#e 7k M5 fr DNA 77 (Choetal., 2003; Shinet dl.,
2006 ) - 2\ i 7. active caspase 3-labeled cells =3t 4! & ke 3k i+ 27 gpoptosis (i B — K

s FA a3 R B 10 ) PR A L B L f—f—,\? ¥ P &g g active caspase 3-labeled cells
o et Ja#h FA it "% 1% active caspase 3 3% 3 74! & im ¥ apoptosis # i — B A T IREITH o

NeuN H_= 3t & imre e I E & éﬁﬁv#ﬁ ehkm e §8 e (Unal- Cewketal., 2004
Yo A FE Y R BT L 36 ) FFRFH E enfrou 2 R % NeuN ghdum 14 (antigenicity
) PR Rt o om FA Jp A § iR g NeuN 3] fE frdm i o 2P AT L g 36 ) BF
P2 35&-"&11?’ apoptosis f= NeuN =14 Ifur;z b— Bh TR B G o fime b M2
T FH S e & NeuN m:;"m}%' HE IR @ FASRT UFLE o 558 ik FA

S 2 E‘*E‘*v‘;{% ¥ Ligd anti-ICAM-1 mRNA frix Mac-1 mRNA 7 &7 activated
microglia/ macrophages é"%ﬁvﬁ:}ﬁ et o H=x o FA B0 v ("8 4HNE 2
8-OHAG) » 11 % j& > § (L 45 i #7345 o apoptosis > i 4 45 ik (7% o
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