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. BBB: Blood brain barrier

. BW: Body weight

. ET-1: Endothelin-1

. FA: Ferulic acid

. ICAM-1: Intercellular adhesion molecule-1

. LFA-1: Lymphocyte function associated antigen-1
. Mac-1: Macrophage -1 antigen

. MPO: Myeloperoxidase

. NeuN: Neuronal nuclei

. NF-kB: Nuclear factor-xB

. RT-PCR: Reverse transcriptase-polymerase chain reaction

. TUNEL: Terminal deoxynucleotidyl transferase-mediated dUTP-

biotin nick end labeling
4-HNE: 4-hydroxy-2-nonenal

8-OHdG: 8-hydroxy- 2'- deoxyguanosine
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%‘%¢@\gg%éi\ggﬁmﬁﬁﬁﬁ\ﬁﬁﬁﬁﬁmﬁﬁé
OO0 o g — dp &g e b MGR ISR 5 32°C 3 35.5°C 2 F » 5 P



Baa bp’ g mRi R Bt R F S 6 PR o T R
120 ) PV S KRS 2 JU AR 0 T b R B P e i
1 5 4 5 2 (neurogenesis) F1+ 4 epidermal growth factor (EGF) ~
brain-derived neurotrophic factor (BDNF) % glial cell line-derived
neurotrophic factor (GDNF) > 12 2 ICAM-1 - E-selectin = P-selectin 354+
UL ECECTIE ST UNIEE JE T Y SR I LN S
p w12 % 2 % (Milk vetch) ~ 7% % % (Mailuoning) ~ 42 % (Ginkgo biloba) ~
1 §7¢% (Ligustrazine) ~ 2+ % (Danshen agents) ~ n % if (Xuesetong) ~ & 1=
% (Puerarin) 2 {] 1 4c (Acanthopanax)® j # % 7 3 % # 5 0§l S s
Ao AP AR L B B frrrd D o iplt P Eival 4 gk diehe

12 B 4 g™
23 PRI Y
I7 46 & (ferulic acid; FA) & g »* 5 fa {5 4~ ch— fEfs e > e 29 &1 5

ek FRédswe R -PREIIPE - FH2 51844

N TSRV REY N I T NTURE T Ly

A

S S -4 RS S A AL S 1
GH ok EZFEFINBEicE 2L bt FE

7 ma P ARRT I AR S F R R Y Y L2 -

gl

U9, e — B3 % R e 2idf(cereals) & 4 ¢ AR E L s ) i 5

I 4 f% # fin (ferulic acid sugar esters) > %8 “h#7 7 2 T 7 & 58 7] Feg 1t 4 A4

(79 ,

2-3-2.1F fhfie 2 TR It
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PR v 8 &5 3-7 § A-4-52H p £/ (4-hydroxy-3-methoxy cinnamic
acid) > FH 4o -

HSC/O \ \0

OH

& _ﬁﬁaﬁ’;‘:ln\; ;7\: é» C10H1004 A ﬁ :‘—.:.. 194.18 » "":’]:’I‘#JT\‘.} 75 ”'E’:J_(\: 'f‘—"); ;\: 5
AP > E5N(cis) s & ¢ W kFr o K S(trans) i AL 4R R 0 - R *

S5 F N o a L 170~171.5°C [Pakft L% 5 A 3§ sy 090

2-3-3 P& 2 H T4 2 BB N
Rondini % ®Vr 4 rdipis & SD 4 & > HF WA S (5L | P B ’J" a
% & 3 FA-sulfate % & f 472 4 (9 50%) > @ 1.5 | PF{s FiR @ [ dhpie 4t

e g < 8 0 ¥ 2 FA-sulfate B & ft 2 2 B R D258 (5 1 40%) 2%

|

AP RET A RN RE e P ARGRE N T H A& AP

fi % FA-sulfate #7% 4 o Zhao £V A w|ék & X P 4LAL % [P 4L Je fig %7

e

FRPRK E2 X Bo R & TR AP RKE L LPARK
(FA-glucuronide ~ FA-sulfate 2 FA-sulfoglucuronide) 7z & » & &

FE R ARG e E . L ST AR PR S A
B2 4 A * 5 (bioavailability) i & & _P~;i-3% 4248 (saccharide moiety)
5 22 F o Zhao E VP T FMF AR T AL BT il BT Rt P
B fh P & IR A F D FEE - N B B iy 4c FA-sulfate -

11



FA-glucuronide % FA-sulfoglucuronide » & % 3 & 10 & & i #x H o
Rondini £®V#-SD + &4 % » & p A ujée s L K35 § HIP4HKG.15mg
FA/kg body weight (bw))% -|- & #5(wheat bran) (4.04 mg FA/kg bw) & 3
F 10 = > B F e HPR LD fﬁ% P Mg tE
- 5 A 74 P 4Lk 2 arabinoxylans bonds 3 A3t &4 > & » HP
24 RV E G R ERET L E Y RRPELPERETHEET
oo BRIl S LY 2 PAR T B d AT o T 4 kK R
ERT R Fa e pd AT E A 4 ZRHBAH o ¥ - m
Adam % ®F 7 F I A Y £ A BRI 4 A1 F o F

H_F]7 7 8 (fiber)dg &% arabinoxylans % ligins FE & 73k o

2-3-4. 7 Bt BT (FH
(D5 2 5 f 4
iﬁﬂiﬁﬁm%ﬁﬁ$ﬁéﬁ}ﬁ?‘ﬁﬁﬁﬁ’%*ﬁ%ﬁﬁ
20 PEXZE wre i3 iy 0 318 DNA 42474 > B 4% B R B
B o RRREEREY G PEA Ff”ﬁ#?ui“i‘é'lbi’é‘}%%éﬁﬁki
P AE o HwEE it a (HO,) &3 pd FKO)3F pd AOH)
23 18 LA A (ONOO")I=5 5 7] st 1e (P8 o Rukkumani % %
& p A a x B 20%FH (7.9 g/kg bw)E # *5 & 4 (15% heated sunflower
oil) (M # * £ 5 23 rfrrg Bp)FH 45 7 0 BEFRL R F
3T DAL T b L AL KO F (thiobarbituric acid reactive substance) ~ i ¥ it
@ (hydroperoxides) ' % 4 fréfh 3—v (ferritin)g % + 2 > ¥ - = & i3 i fis
¢ #= superoxide dismutase - catalase ~ glutathione peroxidase PP & 7 *% o
e R (s 2 QM%WEB%%&ﬁﬁ@wF%%ﬂ,ygw%aw@
fe 20 mg/kg bw % 40 mg/kg bw # JI5 R BF F ATF M fﬁ%\“ ERRL S

12



FREARAIG PR AIR B A PAMT ook Bk SRR
W25 AR e forgm i o R 2 § 1Y 4F 1 (oxidative stress) o 3 P % ®7
#-SD 4 B A PII A 60 A 15 BRI (7 R R AL R -

LR e s RERIF AR £ 24 ] R L IR R 4
f% (40 mg/kg bw)- 3 I i@ i AR 4 %5 % malondialdehyde 7 € *v £ i#n
1-24 /| PFEg ¥ + 2 > & superoxide dismutase > 6-24 /| PFP BT "% o @
BpLis K E PR BT 6-24 ) PR ¥ & ¥ " 1< malondialdehyde % #% 2
superoxide dismutase % IR » B or [P et~ BUAR el JB /8P F ¥ Fri
fd Az meeir i (ehA 4 o Sudheer ™04 B fx ¢ o ap
d1F © Z(lymohocytes)*r » 3mM A+ 7 k& 1 | FFoiofk (s 5] %)
o P R 4o~ [P BREE AR E A B 5 10-50~100~150 2 300 uM > ¥ & 150 uM
W BHF  R- AT REF R TR A TES
thiobarbituric acid reactive substance #* hydroperoxide - DNA 23§ % - ¢
PREE F " X0 N4 Mg it fr: superoxide dismutase (SOD) -~ catalase
(CAT) ~ glutathione peroxidase (GPx) ~ reduced glutathione (GSH) ~ Vitamin
A~E 2 Com P8ISR 2 (150 uM)B| 7 § 22" i+ B % # i = oh2
gl dEF I CDNA G2 ERAPN Iy tprZ 7R oA AR I
1 #g albino Wister * B+ £ T3 5 £ + 7 (nicotine) & % 2.5 mg/kg
bw i3 622 kA2 R 7 REF 2 EHIGF ioR (A2 B)RR
—FRFMT g E P YA 2 RAE 1020 2 40 mg/kg bw i F 22 3F o &
7 & ¢ FL p& " & fF (lactate dehydrogenase) ~ #& 1+ # 4 fi* (alkaline
phosphatase) 2 2 % (% ~ 372 §7)2 #5 7 £(2 7 cholesterol ~ free fatty
acid - triglycerides %2 phospholipids) » ¥# 4rig e kg ¥ + = > @ [P 4k 20
mg/kgbw isf ERIBEFDE T P2 G- HAPTFRIPER

TG P 2 gk raont kdedld Rw T i 2w g ® A
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Y- L AERANR F T RE Wistar 4 RS B (F A LT
SRS HE L 25 mgkgbwe - 5 % 0 fa‘, Y B 02 ¥E)0 @ s (A

)RR - R A Uk & P EEE AR S 20 mgkg bw & N-o fp
% & (N-acetylcysteine)#| £ 5 150 mg/kg bw o B %3 i3t & ~ W %
LR EEE Ry iy A BAF A > @ p 4 M superoxide

dismutase ~ catalase - glutathione peroxidase %# reduced gluthione 7 & 354

m-’;t’(,

TR ¥ R R e B F 4 R cyclooxygenase-2 2 NF-kB - 7

’%-‘3‘

LAc % N-2 fpd Beg Boipfr P ¥ 3 2k "% Mw je 9 2 M2 g iTiE %
it &322 : lactate dehydrogenase % alkaline phosphatase > *# s # DNA
single stranded break % micronuclei 7z & » fF pFdrd4] 3 9 (aak R R
cyclooxygenase-2 % NF-kB % 3 » gt b7 e = 5 0 % ~ 9 2 A7z o4 |4
fF sz g R T AT D 385 T8F -~ URF & DNA
FHEJEAPN I LT JHL v T TR 2 B HAE G ©0) 4

(2).¢ FAd iR T
Wang 508y 'E: e fEE SD 4 Bz @ A @ik 2 ) RIS R GBS
Padk - B RIE B B 0 ok PN AR B B L 2t bR 46 (100
mg/kg bw) > & EiE 2 ) BRI OB MOGAkn dF 0 TOTE GBI 6 ] PEF

ETTRS

2 -] P& RY BE ¥ $ < extracellular signal regulated kinase (ERK)F |4 tm %2 3%
WEFAR > fGFEET LK & ERK 2 & R 5% %4 5 f
i 2 2% o Wenk % ®V12 lipopolysaccharide (250 ng)#= » - & % = %% 3 &

% chronic neuroinflammation 3 $c%] » 3 -3 14 % {5%

A‘
£
3
T

(temporal lobe)¥ #c%% im#e (microglia)d & /5 (b o Jof 2 P& p £ T 3 8
P AL (30 mg/kg bw)EF A 14 X » B ILT B EF P4 M mre jE (L 5 gt ol

P 4Lfk 7t & ¥4 lipopolysaccharide 3¢ # 2 § 4§ 2 o5 & 4
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(hydroxyl radical) p & £ 2 »c* o Jin %“?r2 amyloid Pysas (AP) (10 pl)ix
B+ SD + Bl*% 3 X% neurotoxicity » 3] 7 2 {62 51 CAF®P & Kiw
"z (astrocyte)p? g5 it 2 (%% > ¢k IL-1B ~ IL-1f mRNA ~ p38 MAPK 7+
kg ¥ 4. 3L > @ phospho-ERK % phospho-Akt/PKB P& & & " o i fi% 3
b HpE p AR S PAFAIE 50~ 100 2 250 mg/kg bw(4 3 ) g His
FFaS | A7 4 sk kK s 2 IL-1B ~ IL-1p mRNA -~ p38
MAPK 2 B> ¥ = = & BI3 = 7 phospho-ERK # .o 7 4rfv #Lpe 7 3
d #r4] p38 MAPK % 3 < phospho-ERK # JLE T > 3t AR R3 *adf § 0
A ¢ B4 A g it o Wang £ g ez e SD % B¢ L ek 2
RS RTRIER 5 Padk ol - R JEGRG BCR F ER IR 2 o P
B MR PR 2L (100 mg/kg bw) o E B 24 | BV R Fr LA 5 8
# 1% Prd) postsynaptic density-95 (PSD-95)3t L H 2 X R B E 2 < &
2.4 > n PSD-95 &3 i ~ A SRFEHZE mre p L BER S
7 B Pgak o (8 PSD-95 F A 5w excitotoxicity Ik dmiE = o di
ENCE N ;gr} Frif] PSD-95 # 3 T fndk o 840 S iRz ot o X
B2 7 ICR | RERIGF RS RS 30 4 L IEIR 60 A 5 Madk s R B
AR B WA 0 T BRIP4 L (800 mg/kg bw)It Ak d woid FE G -
XA ER L) FFIRTEFE MG th malondialdehyde 7 & % &
superoxide dismutase % R > ¥ v [F & Bk %‘%’ d o FoM
malondialdehyde/superoxide dismutase * & » #r4]% * p d Aenffig 2 #
Sl 2 i R e FEOOY g e i Wistar £ B2 P g
Bo % 2 o] PEISGE T L BN 5 Tk - BN G B0 0 o (A 2 )
BT A W T B S i b 25% % B i1 5407 (20 mlkg bw) ~ P &L
(100 mg/kg bw) » 75§ jFle B PR et L igin T2 2 14 207 ¥
AFAEE R RITEMA R % K ECEkR) 2 B
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frghpirc® 4p1T  HRIFARET & LG Fioh N LB F 2 AR

TR A o

(3). o m F I
Fu v He® 3t 4goh wvvmme 4 i3 % (preconditioning) (% 4* %
wF 3R RE 1S
w20 AL RKR(BSER

3041 %5304 EREF3H) £

Sy
[
o

TR e eEam B F 043
1.68 mmol/L) > g% 3 | Prisfd REF o1 ) FFisv P E4r4] lactate
dehydrogenase -~ creatine kinase > malondialdehyde > ¢ F¥3% < superoxide
dismutase % glutathione peroxidase 2. # . o Yogeeta % ®%% 3 « &
isoproterenol (ISO) (150 mg/kg bw, i.p.)= & 1 = & FU3f 7 5 HA]  2 I
e ies g 5 B AR dE =5 o] %8 oK R -0 fi# (lysosomal hydrolases) (& 4%
B-D-glucuronidase ~ B-D-galactosidase ~ B-D-N- acetyl glucosaminidase ~ acid
phosphatase % cathepsin-D) > [~ P& = 5 3 ¥ 5 ' % (lactate) & & % s 3vim
¥ 5% 4 7 (phosphatases) (¢ 35 Na'-K' ATPase ~ Ca®* ATPase 2 Mg
ATPase)o @ 5 R SR>t s o 457 A& 8 [P 40055 (20 mg/kg bw) 2 Fuik o fid
(ascobic acid) (80 mg/kg bw)i2 § 6 = » F P e & Fuke fath kiR
AR fF Ao o R R ) MR R B PR R e b SRR 2
PR - HARE MM R PURE T BRI A
Rl E I (S 2 R o ¥ - 7 778 1SO (150 mg/kg bw,
Lp)s R RFE X Rwveq B B fice g ¥ T"&j‘fi’ﬁu?é ¥ 344 fis (NADH
dehydrogenase % cytochrome c¢ oxidase)i# |2 ~ tricarboxylic acid cycle
enzymes > ﬂ‘\’f_’;;j{%#m’? it fix % al::ﬂ]mg@iva # (phospholipids) » ¥ — * & R
O A %}fi’ﬂjl%ﬁ R E I %}fi’?!ju‘}ﬁ e FAR ~ = BaH b g £ free fatty
acids z & o M ioJ B P30 w45 A 8 [P 8.2 (20 mg/kg bw) 2 FU o
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fi% (ascobic acid) (80 mg/kgbw):2 F 6 = » RV R FE M P R ¥ > 4~
e e 4 1 15 2 Al 07 o Yogeeta %OV 1 ifdp ke < B vl
BHCA D @A e R w2 2 e s RO B  PFAEA
7 e (free fatty acids)Z P54 ~ fig 1* P2 TG 358 F 3 4e > b b i Mwnl
B2 gty FT 2 Pq f i 3fpF (lipid metabolizing enzymes) ° @ i@ i A Ak
8 [P £L.F5 (20 mg/kg bw)% Uik i ik (ascobic acid) (80 mg/kg bw)il i 6

xRV R F

“‘J\f—‘-t

HREY ST RS Pk [ ISO P

ey R K B4 Rk

O i
Srinivasan % ®?r2 CCly (3ml/kg bw)g i &+ B R34 § 5 #
Al o B T B F e S T 3{% #c (alanine transaminase - aspartate
transaminase ~ alkaline phosphatase % y-glutamyl transferase) % *5 5§ ¥
4p tr(thiobarbituric acid reactive substance - hydroperoxides ~ nitric oxide
% protein carbony content)4" %> Jf: EAFEE Y REFER e ¥ - 7 g i
3 1 p=(superoxide dismutase -~ catalase ~ glutathione peroxidase # reduced
glutathione) P>+ ¥ ok BT ™ "% o ooy e ] F P AR S [P (20 mg/kg
bw)i 5§ 90 X F LT F sude F M :Ff: ¢ A im e L 1L ip B2 Hwt_.%gf%i L
FilEs gt VP RIRAFERP Y iP5z £ - ¥ o &R
CCly % "mre 4 i #-A3] ¥ 5% PP B des 1 »T* o Srinivasan * TD g sy
< BUFme & B 4y SP&(y-radiation) 1 -] P AR S 5 7 kA 0 B
FiFme DNAFF S TF vy HREEZHE(1 22 4Gy)H4cd v & >
MR T LR F P B F R 4 0 ¥ - 2 6 reduced glutathione -
Vitamin A~E~C~ ik 2 £ & 5 % (ceruloplasmin) B P" 87 " o 55 5 (&
)R T A B4 2 [PEREL 125 2 10 pg/ml ¥ B F Frd e T b
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LEF A2 2 DNA G - ¥ 47 BEFH A i 1t fe(reduced
glutathione) ~ Vitamin A ~E~C ~ fife 2 E¢ JT%%L 72 2P k3
AHE H 10ug/mle &5 FF LLS PRMET FE o oy SHM 97

P42 AT o HRIP T WS MBS P F k2 bt A -

(5).3 %5 -3 Rk iE

Dong #*rs 8% ki % 3 SD + R % ¥ (colitis) 3 #3] » 7 4o
e 55 s 2 colon mucosa damage index (CMDI) ~ histopathological
score (HS) ~ myeloperoxide (MPO)i# {4 ~ malondialdehyde (MDA) - nitric
oxide (NO) ~ prostaglandin E2 (PGE2) ~ thromboxane B2 (TXB2) ~ inducible
nitric oxide synthase (iNOS) ~ cyclooxygenase-2 (COX-2)% NF-xB % ¥ }
= > @ superoxide dismutase ;&R 2T F o [FALA ISR (3 B A
L& p g P 4LAL 200 ~ 400 2 800 mg/kg bw #F 4 7 * R Ag Feo L b oaf
2 ’#a‘pﬁl— F w400 2 800 mg/kgbw { £ Frto B% Ty LA
fr 2 e %ﬁd i b s FrdliEt ’fﬁ f& (arachidonic acid) #* #+% NF-kB

J

A P ERLE Y R L 8% L - Badary % (00 5« g o i it
cisplatin (2.5-20 mg/kg bw)ik 3 #| £ & #f 1+ (dose-dependent manner) 7
TR AT o ok A BT A& S 50-200 mg/kg bw [P B 0 1§ T
BEF A B R T T R MR R A ERFART

%%‘E’ B4 p 2 w7 ”ﬁ’\% (prostaglandins) 1| % § ¥E#s o

(6). 47T s v

Kawabata % %911 & % #) £ T ;1 5 azoxymethane (AOM) (15 mg/kg bw)
- = 3 & P ROE F344 BUS Y R % (carcinogenesis) & 13 0 in R
(A 2E)EHHF L B[S F T AR 250 2 500 ppm 2. & - 3F
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558 FRESY EY gi]"\% J “(aberrant crypt foci ; ACF)& % ™ '
P gLt 500 ppm EiE- HERT EFE TS 02 ACF fice F 48
35 & ) o {Bavre AL S (50 2 500 ppm)EE EF Fra] 0 B R 4

fon

Foit- HF Y Frtk g PRE 100 mgkgbw ¥ B ¥k -~ BIF2 L5
b7 phase IT 4 # p# (detoxifying enzyme) : quinone reductase (QR) # i >

Jﬁﬂm@&?%éﬁhéiﬁ%mﬁﬁﬂMmi%%%1%%&%
% o Cione #!™Wpd « %4 s> ¥ A SRAR A W02 10~ 50
100 pM 2 FP 8 fa i3 i 2 % 0 (@ arlP 4 i £ 2 10-25 A 416 & AR 24
MR ZF AR A8 3 35 4 38 7L (mitochondrial permeability transition ; MPT)
Fiv o 1 /] pFis 8% cytochrome ¢ 2 4 > 24 /| B {8 18 active caspase 3
AR o WA AT & 4 e e Hi}l%ﬁ # j% (mitochondrial

pathway)z_ %z = > d P IPIRPRET o & § H4E 1 o B2 B

4 o

(7).56 e e F o 12

Sri Balasubashini % "1 streptozotocin (STZ) (40 mg/kg bw)*f "1 5+
RFHERI S R A B A R PR g PR R~ L]
fi: 2 F%5 i (phospholipids)3=kg ¥ + 2 » W&AR SR (4 2 )0 BG4
Epasmam 10 2 40 mgkgbw 4 45 % > 7 v sk LR

W B o pEZ 3 Pq e (hyperlipidemia) > ® & & (10 mg)+t B # & (40 mg)
{ E J »< o Thyagaraju'® >+ STZ (60mg/kg bw, ip)ik 3 W o BUHE ¢
A EpaRSFERMSOmgkebw 4% c BEFREE RE
1w (¢ Hphwme 2 R A e e EF S T g B E R R
HHEOLR > FRBEERT G oons R BROBTRELF G
(oxidative stress) °
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(8).Fimre k= (F%

grdse 509 L Wistar < BUEERIfad 0% S 4 48 ) P > B RIS R H
A2 A 24 L X AFFREFRI0ABEFTE L TPAEIL R
e g g EETE (4-vessel occlusion). A B RISE 5L E % 30 4B G 2 PR
% (global ischemia) #i= 4] - 7o %% & B] % 3 o FF w2 (ischemia
preconditioning){é » i o 30 4 Bk #7% /3 8P 4.2 (200 mg/kg bw) >
- ARETRATHERZ2 B S5E CAl %5 Firi] Fas 5t mbe 2
caspase 8 F-v & > P[P &Lpa ¥ 5 d Prd| Fas ~ caspase 8 2 ‘w"e /¥
SRR P G e o W FE 2 E B EF 4 (hydrogen
peroxide ; H,O,) (200 nmol/L)4e » PC12 ‘m#2 32 % 8 /| PFR % P %= 4
Bl > iR R EF AR R 1 ) PSS IR 4Pk (50-250
umol/L) » # 7 »x fr 4| av 7| Hf}i & = F & 2k F] -4(prostate apoptosis
response ; Par-4)% NF-kB(p65)4 > £ 3| 3 mfe 3R dve)g o ,#%
UDry 5wz pe 2 Wistar < B¢+ #doi% 2 | PR 7 R B 5 &1k
UGk w - BN AR R T R P < PR IR IE R e R R 2
X F PR A B M SR 84 (0. 1mg/kg bw) (£ 3 X ) E B T2 ) PE
W E RV EFE A TS Bax B RER A2 IUE- F]S Bel2 & I

Ty AT PR ;ﬁd # 2 Bel-2/Bax 't Fig s o E D Frg) = 2o o
Ke £®u g 2 57 3 $9% (infrarenal aorta) & G fE %7 /it 40 4 4& fs RLER
BT LG T R S F RS - ETRAR G B ik R R 1S A
&8 FF 'R

3 B IP 4L (50 mg/kg bw) > FRIPAR T L BN 1B T
X B Fprd)f T 1 $3¢ malondialdehyde % /= %]+ Bax 2 # > I

PF P ER R 2 superoxide dismutase % ik = %] Bcel-2 °
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(9) 4L £ E-1 iF%

i A % (endothelin-1 ; ET-1)& s # p L dmoe 974 0~ #8553 4 28 F
feqgrs o d 21 B ARt d o B4 % (ET-1, ET-2, ET-3)4 - 2%
peptide > @ ET-1 5 ° 4w A #8¢ &pj 4 du g o Wil g Y
BikR 2 ET-1 5145 23 A 2w jcig > W § 0 L T2 o
o F R B RF o e EREREE BSHERG ¥
ET-1 7 ¥ X3 §  fe(glutamate) & 2 B A4 S @ iL 45 B30 4 > A5
excitotoxicity » %274k HRGIE G A mred 2 eng 20 oo g g
(D) g e p A& ¢ A M5B % 5 03] o B4k B 12 /) PR 450 1
15 & &8 & W) "5 73 & IR 30 Fs (100 mg/kg bw) » 34k o {8 2 -] PFAg % "% i
ET % P % 3% = *% 47 % 7k F]4p B "k (calcitonin gene related peptide ;
CGRP) » o ptiaip|[P fpse ¥ %%'E’ # = CGRP #% "ox ¢ % #r4] ET 2 &
FolcdE > RIUGOHE R e B 2 2 o AT R0 e §
oA e (BMEC)E #8632 &% (6 = T3 2 p 7 95% Ny e 5% CO R & §
WRERERR 12 PFL &3 3 SFERPTLER R RE N~ PA
(¥ kR 5 100mg/L) » 2 ] BEie 3t~ ] 7 95% N, v 5% COL R & § 18
SRATRE 12 B PRAFAKRLE LT EEF4 ET1 2 ET-
mRNA 74 IR -
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1.7 b

AFT 3 $ % Sprague Dawley (SD)z2 44+ & - §2 & 4 ** 300-350 =
FoMp R gdye o o ok 4 ,%ﬂwyﬁ%ﬁﬁﬁﬂw’@%
FORR FAF LSS E5% FRAIFL2+2°C2F > 2 - X ¢ kR-2 g

12 ppEeiry ERF kM- A ZGRT pdehR e AFT TR %R

EAEsH HOE G AFFEAFES? L G2 RpTR -

3RFHEZEHERE
(1) Chloral hydrate (Merck, Germany)
(2) Hematoxylin (Merck, Germany)
(3)0.9% NaCl (R * HF1 £ irg "L 5 58
(4) Paraformaldehyde (Merck, Germany)
(5) Sucrose (GERBU, Biotechink GmbHD-69251, Gaiberg)
(6) Heparine (% & it £ @ Z% i 5 P2 & 5 573
(7) PE-50 tube (fa #c A H R EF L2 > 5 )
(8) EDTA tube (BD Franklin Lakes NJ, USA)
(9) 3-0 nylon monofilament (f F £ H R E 7 T2 & > 54
(10) KUBOTA 6900 (KUBOTA Co., Japan)
(11) Blood pressure monitor (Columbus instruments, BP-2, USA)
(12) Rectal thermometer (f ¥ 2 H K EF L7 > 54
(13) Cryostat (SHANDON, UK)

(14) Sterotactic flame (Stoelting Co., USA )
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3-3.7 & e PR IR 5 H A

AR S F 92N £ S (intraluminal suture)fE % ¥ & Fge t% oL wm Af
w19 g5 & Acif > % B2 § & -k pE(chloral hydrate, 400 mg/kg bw) "L ¥ix
bEREEAS > PE-50 46 » + %% RS g2 o B BRI BT
/% # %8 (blood gas)% x #E(blood sugar)4 7 o ¥ — PE-50 & R[4 » L #F7%
T it {7 1P 454 (FA) (Sigma, Cat:12870-8 , USA)2 i1 6435 o ¥ 12 (750
WP 27 & B SR A % (common carotid artery)# p §f # #% (internal carotid
artery) > #-¥ Bf & #% (pterygopalatine artery)4 3 fw éfigf e BRI 2
* % # poly-L-lysine (Sigma, USA)2. 3-0 k ¢ & & j&_* 55 # 7% (external
carotid artery)§ d §p A H %8 2 N FE %L 20~25 S B IF R RV &
P FL IR w G o B X QB AR R R 90 A 4E (s 0 B-3-0 LRI EEE M
BETRLEN o LB 24 )P EEEBEFHEETEFTEIEE oM Y <
PR 0 AL A FR A G P X B R e e PP e 3 2.5

mm % ®|FF {3 2.0 mm ) ﬁ’ﬁ?g‘ihﬁ’vu*‘ﬁﬁ'ﬁilm | & &k (DRT4,
Moor Instruments Inc. Wilmington, USA) @ P % % & & 2 ? + "g# "% n

’

i AR B iRl R R T sk R LR 9 500 H ot b E D e 15100

BT I d S gfmieg s Vo ERdL faE R g H

L4 iR 0 PR dF A 37.020.5°C 2o o

3-4.5 % 2
L A N (- S e e
3-4-1.5 - P4 Bx A 5 3% A-Bir C 40T #7if ¢
3-4-1-A. 9 % A
(1).# 4 & e
SDze 4 BA X2 > &6 &4 o 1) sham % @ & FF %2
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BoolwP AEgER T KRR 5 2) control B P & RGdHs KR
90 ~ 45 0 £ BN 24 ) FF 5 3) FAg %2 F control . fe st e X Pgds
P 45 9% 51 5 60 me/kg (bw) FA ; 4) FAg o ¢ b FAg & 0 2
APk R Es % JE R e PFEEE %1 54 80 mg/kg FA 5 5) FA o & F FAg
oo AP KRB IR IR R ol P %2 5 100 mg/kg FA 5 6) DFA
F control ‘& > fe3t¢ < Fad RIE R {8 30 A 48 "% L & 100 mg/kg FA ©

(2). 2 3230 1% 1R

k(e 353 pH~ pOy 2 pCO,y) -~ 2 #% ~ T 3285 7% B (mean arterial
blood pressure; MABP)fr. g i# 5 (heart rate)A %]t ¢ + g % FE & o
10 & 48 ~ 4 a1 90 & 48 % o 10 & 45 14 B o

The right distal MCA was exposed via a cranial A PE-50 catheter was then introduced into the
burr hole right femoral artery

MCA occlusion Monitor physiological parameters
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(DA LF R =R

LB 24 pFs >, F EEED 2 P A BRI FroAREAA
B RIT o A 58 & 5k #i(neurological deﬁcit—score)%ﬁ 0 & 18
> 0 ¢ 353 & $ (motor) ~ R ¥ (sensory) ~ T ffr(balance) 2 & ¥ (reflex)4w
amoerr o @ & Acif WiRk e L HREEY A (7 R AE SR
G 1A v R R SR Blied i 24 He Fe R o T AGEE S 3
A)E PRACE BUE T (i BLE W Jedi ] A 2 8BSt Seds ] A ER R ST
B 10 Rk | 2) o BAER%RE 53 HRIL AR e | )3 D
it PRI e 1 ) o RMIRT sk @ 45 0 2 BB R RIS
i 1A doie AR Rl - BT RPN RG24 ) e
BRI Ry D T RO RS 34 FRIBY AR
FREEHT R(RT AR EFTALE 40 F)) ol a 44 ERRT &
FiEt R BT KRBT AFRER S 204) 25 54 22 A
FRT AR 0 2 TH TR RS 604 F PR ERR YRR
& 37 B i gk S35k (pinna reflex) 4 RIzedk | 4 5 P2 & fjc s 5
3% (corneal reflex) 4% 3F Pl 3ed% 1 A ; Boiek S48 5% (startle reflex) 42 4F
Rliede 1 & 5 5 #4538 ¥ & (F(seizure) R|3edr1 4 o
(5). W74 SRk =

Reflex tests Beam balance tests
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(6).5% % "t & # 4
AEFREFTRLE > ERGIFRFRE R . K@ B0 2
Pat Al P R B R A 2 mm 2 RgFr B Brg s Bt 37°C T L 2%
2,3,5-triphenyl tetrazolium chloride (TTC, Merk, Germany)% ¢ 15 4 4&
e B R R R AR I ERE R R R o Y

microscopic image-analysis software (Image-Pro plus, USA):* & % 6 5 "4

R EG M SRR ER Y 2V PG ot oo

(7). F % A A28

control group: ¥ X & €1 G EI054F - i K24

l— DFA group: & # & it #7100 mgkg FA

ﬁzﬁfﬁﬁa‘w‘g
‘""""""""""'47‘);&@ v e -
TOUT T O T
0 min 30 min 90 min
0 min 10 min 24h
%H%MI& ﬁl;ﬁ L ﬁlﬁ
M~ R
o Fag group:Rt # ki & 60 mgkg FA 1
* BARH R
A FAy, group:HE %M.t 4 30 mg'keg FA # 47 TTC stain

— F A group: BT ¥ERGE 4 100 mg/kg FA

= Sham group: ¥ A€/ A FAE

3-4-1-B.9 % B
(1).A ‘o

SDzep~ MR A>3 5268~ 2hT™ 1)sham & %

FFREFIRE PNFEFIRES 0 2P <RI AFEE 5 2) control i P



LR R R 90 A4k 0 EBiR 2 ) B 5 3) FAyg = ¢ F control o
A & v % R & el PE 45 9% 54 100 mg/kg FA -

(2). Hydroethidium /& =4 ¢ % Hoechst % ¢

e AR E IR E w10 A 4L F %4~ 0.5 ml 2. hydroethidium
solution (Img/ml)» & &>+ £ jg % 2 ] PFRRAF © 44> € &4 200 ml 0.9%
24325 B-k% 200 ml 4%2 45 5 t(paraformalaldehyde, pH 7.4).55 < %
B B B R 2 4%48 5 R F 24 {6 2 30% sucrose PRk = X o
YE A W2 (5T B BB 1S um 2Rt oo B E NG Bt e
7 ¥ 11 2.5x10° mg/ml Hoechst 33258 (Molecular Probes)is ** PBS
solution * & 15 S 4% #F 44 » £ 14-K 3 (43 % B (Calbiochem,
Oncogene, Germany) 3 * o Hydroethidium + # 42 ¥ £33+ 5§ i =
oxidized hydroethidine  #o*» % 14 & = & ¥ -k & picsk(Leica TCS SP2) i i
oxidized hydroethidine (excitation 510-550 nm and emission 610-650 nm)f%
friamre st L B R WKW E T ARG o

(3). ICAM-1 ~ MPO % NF-xB (p50) & # = % i § » 47 3 &
(Immunohistochemistry staining; [HC)

iF P~ 4p #% hydroethidium % ¢ 2 *4*r 5 (& %2 n=5)12 Dulbeaco’s
phosphate buffered saline (1 x DPBS, Sigma, USA):E /& > 72 0.3%2. H,O,/
methanol /3 iz 15 4 483 “,f A EIE PR o T BT ERT
12 10% normal animal serum (Zymed, San Franciso, CA, USA)#2 % 20 4
b8 o FF %N P A 4°C 1 - FICAM-1 1:100 dilution, Santa Cruz; MPO
1:500 dilution, Cell Science Inc.; NF-xB (p50) 1:250 dilution, Santa Cruz)
overnight' £ 11 = 2 avidine-biotin peroxidase complex (ABC kit, Zymed,
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w7 % 12 3, 3’-diaminobenzidine (DAB):##[ & ¢ > £ 14

CA,USA)r % -
hematoxylin § # 8§ % ¢ > & (& 2 3% ¥ (SP 15-500, New Jersey, USA)3

§ 3T B 4t (Olympus, BX50F4, Japan) ™ 3 #ic 2 &

PR

(4) Hydroethidium % = ¢ 2 Hoechst & ¢ 7 % B
30% Sucrose
: Rats were removed 4% PFA
==p hrainsat2hof =——p —_— —
reperfusion
Fix Dehydration

Hydroethidium snlutimﬂ

| Hoechst 33258 | 3% H,0,/methanol
= @ @) - @ @J — -

Cut into 15  Brains were embedded
in OCT compound

Confocal spectral ~ Counterstain Bram section

microscope um sections

3-4-1-C.5% %% C

()4 o
4 18 5044 SD « BER A F 30 5 0 6 & oA o T
< M@ % T A FE % 5 2) control

= : 1) sham

Bl L FRERE N R ER 0
i,El_: ¢ X p\(f:‘f]ﬁ:’ F’T{ F_El_% 90 /\ g ’ /g T 24 )FA]()() Q,E'_: i control Q'El_,
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o3 X Agde PR I R e PEEF A% 3 8+ 100 mg/kg FA -

(2). ICAM-1 ~ MPO % NF-kB (p50 )% % 23k it 5 42454 ¢

FOgn 24 ) P> X EUFRMREE AR 0 BUGRER T
*ER G 15 um 2 %% 7 > & F i 7 ICAM-1 ~ MPO 2 NF-kB (p50)
Z AR AT R AT R R B B g

(3). ICAM-1 ~ MPO % NF-B (p50)# % 2% it #4474 ¢ 7 L M

30% S
Rats brains were A PFA “mse_ _
removed at2 and 24 = — — —
h of reperfusion
Fix Dehydration Brains were embedded
in OCT compound

| | ICAM-1, MPO and NF- £ B
DAB chromogen [ /_j | 3% H,0,/methanol \

@. - @J@ - @@J . @.

HE stain Secondary antibody  Primary antibody Bram section  um sections
and avidine-biotin
peroxidase complex
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(4).7 % B~ C in 4218

control group: ¥ X B €1k £ 90545 - Ak

Hydroethidium & #iz
A2 [“f.éjéfli@fi%ﬁi
(A TP S5 42 R R
- ¥ kg L) 1 T
mm : -----------------------

| | MO ameman MR

0 _min 90 min o

0 min 10 min 2 h 24 h
. |

L& LmBO SE E Ry ﬁ-zﬁ_:ﬁ ﬁ-z#‘_:ﬁ

n-~see% , | pETETIEE L
F Ay group: 5% # 065k 41100 mg/kg FA £ ﬁ#ﬂiﬁxﬁ
Sham group: ¥ X RS €& A ALE ,J

|ﬁ&ﬁ%ﬁ% rir 4 |
| BICAM-1 ~ NF-xB |
| (p50 ) B MPO

3-4-2.% - IFE
()4 o
AP SD zef < BliE g &~ &= % ! FA % ~control 2% sham % - ¥
B3t FA @ 27 ¢ L igd R Il & I P #7% 1 8¢ 100 mg/kg FA » FE % 90
Lkats o XEEGTREER2)EFESNI0)F 24 ) FE 36 ) EEA?#L%:}?L_ ;
- &+ control i‘ﬁ A FA b > HAepF R FRD8 FA 2iple 5 <X
B sham %% 7 2 L ¢ % Pade ik n ot 0 B &R S0 13942 control

FApk o

(2).2 24
AR BRiEALY 0 R EISU T AL A R 0 ¥R aiF A 37.020.5°C
Z FoeodAaa w10 »48% 3 8 {£ 90 A~ 451 B|H "% a ¢ pH~pO,~pCO,
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2o fEIE e

(3). RNA % B~

i Ca % 90 ~ 4ifs » X B(n=4)* L IB/8 2] PRkt
Wi BB 0 o A B4 * acid guanidinium thiocyanate-water saturated
phenol-chloroform mixture ;% !¢ 855 3 ] & B2 pkf(era 1.7 1
©1F {5 4.3mm)iE (T RNA 3B~ o ) Si4e™ > i B S E 5 8 i
¥ denaturing solution (4M guanidinium thiocyanate, 25mM sodium citrate
(pH 7.0) and 0.5% (w/v) sodium lauroyl sarcosinate) » t 5 327 & @& A 4e »
2M sodium acetate (pH 4.0) - water-saturated phenol (pH 4.0) %
chloroform/isoamyl alcohol mixture (49:1, v/v) » X & #-pL 0 & % § 33tk
15 & 48004 14000 rpm 3¢ 4°C T Zrew 15 A &P~ R Kk & (aqueous
phase) o #- 1 k& 'Kz B £ i {73 =t leder phenol (P 7z water-saturated
phenol (pH 4.0) ~ chloroform % isoamyl alcohol mixture ; " &] 5 25:24:1)
3B~ o B~ b R R ¥R (supernatant)se » & & 2 ice-cold isopropanol I T
F3-70°C T 35 15 A48 o 12 14000 rpm ##iE 4°C T Ao S A48 0 MUK
# (pellet) 2 DEPC-treated 2_ 2 3+ -K3 3 3 p7 7% 35-70°C 7k 5 7

4. £ 2§ F # & - F & f= 48 ;% F J& (Semi-quantitative reverse
transcriptase-polymerase chain reaction;RT-PCR)

1 pg RNA 4 » 7 5 0.5 pg/ul oligo dT ~ 10mM dNTP (Promega) %
DEPC-treated 4 33 -k 2 72 7% (&% 13 ul)® > 3t 65°C vk fa® 8% 5
LgBedeF Av ~ 7 4ul 2. 5xfirst-strand buffer (Promega)~1 ul of 0.1 M
DTT (Promega) ~ 1 ul of 40 U/ul RNasin (Promega)% 1 ul of 200 U/ul
superscript mr (Invitrogen);® & % » > 37°C T3 % 45 2 4 > 95°C T 18 %
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5042 4°C TRASPEETF BEF B -2 1l 2 F #4824 F (cDNA)
e~ 48 pl p 7 10 uM primer (ICAM-1 ~ Mac-1 ~ IL-1p ~ TNF-a &
GAPDH) (Invitrogen) (Table 1) ~ 10 mM dNTP (Promega) ~ 10x PCR buffer
(Promega) ~ 25 mM MgCl, (Promega) ~ 5 U/ul Go Taq (Promega) %
DEPC-treated 4 33 K& {7 R SN F Jl o @ B & fFdaN F i~ 4514
94°C it {7 12 4 45 % M (denaturation) » % 94°C T 1 ~ 45> 55°C * 1 &
450 72°CT 2 482 Bis 72°C TRITERISHER 6448 B EEF 33
2 35 ¥ B (Table 3-1) o B & frgdist & k& 7 >° 2% agarose gel T i 7 §
A £ EBr 44 - R & fFsasN F R AP 1 Gel-Pro Analyzer Software
EEFTEALY A B GAPDH 2 B 5 62 | AV 1B -

Table 3-1. Primer sequences

Primers (5°—3”) Cycles Product size (bp)
ICAM-1 33 234
Sense:

AGACACAAGCAAGAGAAGAA
Antisense:

GAGAAGCCCAAACCCGTATG

Mac-1 35 150
Sense:

CTGCCTCAGGGATCCGTAAAG
Antisense:

CCTCTGCCTCAGGAATGACATC

IL-1B 35 241
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Table 3-1. ¥

Primers (5°—3’) Cycles Product size (bp)

Sense:
CACCTTCTTTTCCTTCATCTTTG
Antisense:
GTCGTTGCTTGTCTCTCCTTGTA
TNF-a 35 196
Sense:
GTAGCCCACGTCGTAGCAAAC
Antisense:
TGTGGGTGAGGAGCACATAGTC
GAPDH 33 452
Sense:
ACCACAGTCCATGCCATCAC
Antisense:

TCCACCACCCTGTTGCTGTA
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B)L 2B F iR opvsasF o7 2B

Brain tissue +

denaturing solution
+ chloroform/isoamyl alcohol
Brain tissue ==—p + 2M sodium acetate (pH 4.0) mixture (49:1, va)
+ water-saturated phenol r(pH 4.0) r
Homogenize
+ ice-cold
isopropanol Supernatant
RNA
Centrifugation(14000 rpm)  stored at -70°C Centrifugation(14000 rpm)
. T f g
r ohLLLLLLLI ¥ denature
Reverse transcrlptlon *r - PCR \
I— TTmcDNA M
Pellet (RNA RT) RNA o
ellet (RNA) RNA+DEPC DNA annealing
treated dEiII{izot . . . product |§ MTIRITT Ly o 72°C
I StAIN = 2% agarose electrophoresis g - extension
el LLLLLI

(6). A sk it o474 4

T 90 A 4B X PR IE R {8 0 X BT E B2 (n=6) ~ 10 (n=5) ~
24 (n=6) % 36 -] FF(n=3) & $FRFrpFdEk4E o € &2 200ml 2 0.9%2
®aF-LE 200 ml 2 4%45 5 tR(paraformalaldehyde, pH 7.4).55 < %
ot Bl sg BB 4%A5 B 1R 18 1 30% sucrose oK = X 0 1Y
e BA e B2 (GT R AER IS um 2 Fetr P oo Rt U 7
0.01% Tween-20 2. Dulbeaco’s phosphate buffered saline(Sigma, USA)/¥ /&
£ 2 3% 2. HyOy/methanol /3 g iz i@ 15 4 4811 3 % ARy I ER R
(endogenous peroxidase activity) ¢ *&*7 5 12 10% normal animal serum
(Zymed, CA, USA)** 2 T 18 & 20 » 48 > & F & %2 anti-Mac-1 (1:200
dilution, Chemicon) % & * & % 1 | P ; anti-4-HNE (1:400 dilution,
MHN-100P, JalCA) 4°C —~ overnight ; anti-8-OHdG (1:100 dilution,
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MOG-020P, JaICA) 4°C © overnight - ¥ ¢} » Vi E B #7010 /] pF %

| P gk 422 "7 § 4 W] ) rabbit anti-active caspase 3 (17kD, 1:100
dilution, Chemicon)% mouse anti-NeuN (1:200 dilution, Chemicon)** 37°C
RS | BF o 42 ¥ 12 = FLE avidine-biotin peroxidase complex (ABC
kit, Zymed, CA, USA)#2 % > £ 2 3,3’-diaminobenzidine (DAB) % ¢ - &
{8 11 hematoxylin #2 % (active caspase 3 % NeuN X - iz g 7 "f H)
FHARALS o AL F 2 gt B w4t P B (Assistant-Histokitt, Germany)
5 o T AR s (Axioskop 40, Zeiss) T i A F I me 2 AT o B
A0 4R control .z Fgtr B g {T 3 f AR LB BRI F o4
Mac-1~ 4-HNE % 8-OHdG 2. negative control % ¢ ; ¥ ¢} B~4p #% sham
FERESR R B R A S “,f - R AL LA ERTF AT E F NeuN 2

negative control % & o

(7). V”th..‘@_f%‘i v oL d TR i (120

3000 Sucrose
Rats brains were 4% PFA
removed - — — —[j—
Fix Dehydration Brains were embedded
in OCT compound

Mac-1, 4-HNE, §-OHdG,

[ DAB chromogen ] Ective caspase 3 and NeuN

| 3% H,0,/methanol I
0
0! 0! o "
0 0 0
99)-[00]-[99]-[Q9]-
Cut into 15
HE stain Secondary antibody Primary antibody Bram section um sections

and avidine-biotin
peroxidase complex
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(8).Jm?2 &~ 4 ¢ & 45 (Terminal deoxynucleotidyl transferase-mediated
dUTP-biotin nick end labeling assay; TUNEL)

TUNEL A 45 % > fgia X BB % 2 { & 720 2 m% P DNA %74
(DNA fragmentation) < TUNEL % ¢ & j @ #® P 3 # 3 & 7
(Calbiochem) © #§ & #cift » Bo L a0 L S ik (v B 4 47 2 4p il Fg ™7 5 30
%98 T 12 20 ug/ml proteinase K 32 % 20 4 48 > 2 TBS B R {8 2 1xTdT
equilibration buffer ¥ /8 T 2 % 30 4 45 > #X {43t 37°C © 2 TdT labeling
reaction mixture ¥ & 1.5 -] BF o 4t » stop solution f= blocking buffer & >
Bt B %8 T 2 1xconjugate solution 35 & 30 4 45 0 £ 2 DAB kit &

§ o B its Mt B 11 methyl green § # F 4 4 o

9)..m%e &= A& 2477 7 @Y

| 20ug/ml proteinase K | [ledT equilibration buffer ETdT labelingreaﬂj

0 0 0
y ) )

99] - 09 - [ -

Stop solution and
DAB chromogen Ixconjugate solution
blocking buffer

F 9

69 - £ - 00

Methyl green stain
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(10). i&:@f%h CELTHEESS

Mok g eI F 2 4772 4 active caspase 3 2 s BT F T
2 normal blocking serum (Vector)i2 & 25 4 45 - % "%*7 % 14 mouse
anti-NeuN (1:200 dilution, Chemicon )— #>* 37°C T 3 % 1.5 /] pF » U
DPBS jix o # 14 diluted biotinylated secondary antibody % ABC-AP
reagent (AK-5002, Vectastain)# % ° %% *» 5 12 alkaline phosphatase
substrate solution (SK-5300, Vector Blue)#% ¢ ~ & iz & 23 5 W4t %
(Assistant-Histokitt, Germany) > *7 5 ® 2_ & % 5 4+ fo %2 17 B fc 42
(Axioskop 40, Zeiss):* #c 1 jp] o @ negative control % ¢ B E_% 4p 48
control f Pgr B 14 ‘frf active caspase 3 % NeuN % - Fuif (74ct i 4p

GRS PXT-S E R

ﬂUi&ﬁ%@%&ﬁ%ﬁ%gﬁ%QMD

| 3% H,0,/methanol | | Active caspase 3 | [ DAB chromogen ]
@@* '@*.@-’@' —

Bram section Primary antibody  Secondary antibody
and avidine-biotin
peroxidase complex

Alkaline phosphatase
substrate solution

0 0 0
(JO (JO OO
49 — (00— —
Biotinylated Primary antibody
secondary antibody
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control group: ¥ A RS € ML 4 - AR | RT-PCRA4 A ICAM-1 !
2~ 10~ 24536 /[ FF »| B Mac-l mRNA

l MR RE _ﬁ-zfzﬁ -l
1 l u ........................ l
0 min 90 min .
?min 2h 10h 24h 36h
ESLFRHRA B I.
A ~ 8 # AR AR RBEK ﬁ-zﬁnﬁ
FA group: i #5614 100 mgkg FA v l ;
# & iR RS
Sham group: + X B €196 £ fAE | 1
| R a2 A g ) | TUNEL assay {4 7] én |
| #Mac-1+ 4-HNEZ | | B :
| 8-OHAG , TTTmmmems

3-5.%u3* & 47 (Statistical analysis)
03 Bichp T B ELR R L (mean + SD)#& 7 0 2R Bk 2 Hedp g d
ANOVA = 3% 12 Scheffe's test & @_; M & - R Y B E % F R
% 4P %% 2. mRNA # JP| 17 paired t-test #& T_ P & -] > 0.05 Lin 7 2

PR LA
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-
5]
s
4

4-1.5 - PR P RS
4-1-1.% 4%

ik w w10 A48~ 4w {8 90 A4 E FJES 10 4 451 ] sham ~
control ~ FAgy~ FAgy~ FAjp0 2 DFA %2  pH -~ pO, ~» pCO, ~ blood sugar -
MABP % heartrate % I > % IR3D&E 5038 F ahd £ (all p > 0.05; Table

"

4-1) BT 2 S abdple cnd Bk RT i (FE K o

Table 4-1. Comparison of physiological parameter among the groups

Sham Control FA60 FAg() FA100 DFA

10 min before MCAo

Blood sugar (mg/dl) 103.0+23.1 115.2423.1 110.2+33.2 123.0+29.1 88.7+23.6 116.2+35.8
pH 7.31+0.03 7.32+0.04 7.31+0.02 7.33+0.04 7.31+0.03 7.31+0.03
pO, (mmHg) 106.0+14.4 95.8+10.9 105.7+11.3 105.5+9.7 98.249.9 95.0+8.9
pCO, (mmHg) 27.0+8.4 30.2+3.5 24.0+5.7 30.0+8.1 30.245.5 30.8+2.7
MABP (mmHg) 79.2+13.3 81.8+10.2 77.7£8.5 87.2+12.5 74.245.0 76.8+9.9
Heart rate (beats/min) 347+68 350+42 393+34 318+50 345445 324451
90 min after MCAo

Blood sugar (mg/dl) 112.7+30.8 101.2+15.2 114.2+15.5 113.7+£24.2 103.5+33.4 117.5+20.7
pH 7.33+0.04 7.36+0.03 7.36+0.03 7.36+0.03 7.35+0.05 7.34+0.05
pO, (mmHg) 92.2+11.3 96.7+11.0 97.0+11.5 102.3+8.3 90.3+8.0 92.5+14.3

Data were presented as Mean = SD. Sham: sham group; Control: control group; FAeo:
FAgo group; FAgo: FAgo group; FAioo: FA100 group; FAeo: FA100 group; DFA: DFA group;
MK: MK group; MCAo: middle cerebral artery occlusion; MABP: mean arterial blood
pressure.
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Table 4-1. 3§

Sham Control FA6() FAgo FA100 DFA
pCO, (mmHg) 27.8+7.7 27.1+£8.0 23.1+4.9 20.7+3.4 26.7+5.1 22.0+5.0
MABP (mmHg) 82.0+9.6 84.3+9.9 82.3+13.0 87.2+14.3 81.3+16.5 75.2+10.4
Heart rate (beats/min) 340+65 397+89 363+31 407+62 392+72 352+50
10 min after reperfusion
Blood sugar (mg/dl) 105.8+£32.9 99.2+19.8 108.3+25.8 115.7+24.8 125.2+£20.9 124.0+£33.4
pH 7.34+0.02 7.36+0.03 7.38+0.05 7.36+0.03 7.35+0.04 7.37£0.05
pO, (mmHg) 95.0+£6.5 90.8+5.9 100.8+11.4 101.7£10.9 95.8+8.50 92.0+7.2
pCO, (mmHg) 26.6+6.1 24.3+6.5 20.4+£3.3 19.6+5.4 24.3+4.9 21.1+4.4
MABP (mmHg) 81.2+12.0 84.3+14.0 88.5+10.2 80.3+14.1 88.5+17.8 77.8+8.0
Heart rate (beats/min) 342+52 43661 373+51 394176 414456 362456

£ L B

4-1-2. FA ¥ 1 jEEin 24/ p*
Fade R IR 90 A 4B fIBTE 24 ) PR R R Bk 27 o % (Figure
4-1A) o F i A ’H’%}P’ I control » FA6() > FAg() " FAIOO % DFA &2 ’I‘i E

¢

AR AP F < 3t sham ¥ (p <0.001, p<0.001,p<0.01,p<0.05p
< 001, respectively) ° 5@—"‘ 5'5 A ’}"’F ’;}B’ T FAg() N FA100 %2 DFA ¥ 2 ’fi % i 7?%
B~ B F -] 3t control d(all p < 0.001)% FAg £(p <0.05,p<0.01,p<

0.05, respectively) (Figure 4-1B) °
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(A)

Conirol

P e Q
@2 G
@8 G
-G @
- G G&.
-6 @

Figure 4-1. Effect of ferulic acid on cerebral infarct in

DFA

%,
. ’ l % I‘ - K T~ r

ischemia-reperfusion injured rats. (A) Focal cerebral infarct developed after
the middle cerebral artery had been occluded for 90 min followed by 24 h
of reperfusion in Sprague-Dawley rats. The 2,3,5-triphenyl-tetrazolium
chloride stain of the infarct area showed a white color, whereas the
non-infarct area was reddish-purple color. Sham: sham group; Control:
control group; FAgy: FAgo group; FAgy: FAgy group; FAig: FAigy group;
DFA: DFA group. Scale bar= 1 cm. (B) Comparison with the percentage of
infarct area among the sham, control, FA4 FAgo FA9o and DFA groups was
measured at 24 h of reperfusion. *p < 0.05, **p < 0.01, ***p < 0.001
compared with the sham group; ###p < 0.001 compared with the control

group; @p < 0.05, @@p < 0.01 compared with the FA¢, group.
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(B)

3'[}- oo
g 25 =
o
b
g 20 4
=
g
B 15
&

5
=
E 10 =
ar
By
5
0

Sham  Control FAs0 FAgo FAio00 DFA

4-1-3. FA £ i 24 - PFis A (58 7 5 4 Koz B2 58
E AT Y BRI 00 A dmo L BT 24 0 FEAS R ARR A E 2 A S
& 4% I control (13.5+0.8) ~ FAg (11.5 £ 1.5) ~ FAg(8.5+£0.8) ~ FAjq
(8.3+0.5)%2 DFA (9.8 +£1.2) 2 # 55 & 150 #d F + >t sham (1.2 +
0.4) = (all p < 0.001) > #x@ » FAgg~ FAjoo 3 DFA lez_#! 58 3k ik
$ckg ¥ <% control & (all p<0.001) ¥ “F » FAgy 2 FAjq 22 4 & & 3%

b Bt B F XY FAg 2 (p <0.001, p <0.001, respectively) °

4-1-4. FA ¥ £ j#r 2 /| pF {8 oxidized hydroethidine % £ % ¢ |+ w9 4
2 B

AR % Rl & & B P (immunoreactive; positive) i & 5 F 5
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g B0 A5k AN 2t e (counts/lmm’, Figure 4-2) o £ i 2
| ¥ > control B3t 4 BT RO BEHL & ® 2 oxidized hydroethidine # .35
5% % sham % (both p < 0.001); @ FAj 25 4 F& kT2 %
2_ oxidized hydroethidine # I.35%8 ¥ ™ >t control 2 (both p <0.01; Figure

4-3, Table 4-2) -

Figure 4-2. Representative photograph showed the brain coronal section
located on the posterior bregma 0.92 mm position. The square dotted line
within the cerebral infarct zone indicates the region for calculating
immunoreactive (positive) cells (vessels). cortex: the ischemic core of
cortex; striatum: the ischemic core of striatum. The length and width of

square dotted line= 1 mm.

43



Cortex Striatum

—
—-
Sham
“ q'
— .
Control
Alp— i el
h
lf—
— —
FA 4

Figure 4-3. Effect of ferulic acid on oxidized hydroethidine fluorescent
stain positive cells at 2 h of reperfusion. Sham: sham group; Control:
control group; FAjg: FAijg group; Cortex: the ischemic core of cortex;
Striatum: the ischemic core of striatum. Arrows indicated oxidized

hydroethidine positive cells. Scale bar= 40 pum.
4-1-5.FA 4+ i in 2 /] f& 5 ICAM-1-MPO % NF-kB (p50)H 1+ 4m 7% (i 8 )

Rfin2 [ P A T % %o ICAM-1 4% H {45 # #c>® sham-control
2 FAj &I gt 2 BF 3 g sest F b i B (Datanot shown) ° @
£ R 2] PRI R B o control 2 FAjgg 22 ICAM-1 %2 b {4k
¥ #cd AFF >t sham % (p < 0.001 and p < 0.05, respectively; Figure
4-4, Table 4-2) » 25 @ FAjoo 222 ICAM-1 £ 5 H 1 3 ficd A ¥ M50
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control £ (p <0.01; Figure 4-4, Table 4-2) - m %= MPO & 30 » 3t L B
% l'ﬂ';P( %ﬁﬁ % ?v L) FA100 f\-" control ig‘ig;tb Z_ FL!F l -,i/i?-' .?‘fbg‘l' § ’_F Eﬁi}r_.ﬂ
(Data not shown) ; ¥ #F & NF-xB (p50)#% 3> & > sham ~ control % FAq

EAHAFTZE RXERMTERRL2ZF T 8 0 F X 3 (Data not

shown) o
Striatum Cortex
ICAM-1
2h 24h 24 h
Sham
-~ \ /'- e
- - /
Control < ' fy ‘ o o
- e
” . N s - ’ ; 4
FA 4 ._ y A . s

Figure 4-4. Effect of ferulic acid on the intercellular adhesion molecule-1
(ICAM-1) immunoreative vessels at 2 h and 24 h of reperfusion. Sham:
sham group; Control: control group; FAip: FAjpy group; Cortex: the
1schemic core of cortex; Striatum: the ischemic core of striatum; 2 h: at 2 h
of reperfusion; 24 h: at 24 h of reperfusion. Arrows indicated ICAM-1

immunoreactive vessels. Scale bar= 40 um.

4-1-6. FA %3 i# % 24 -] pF15 ICAM-1 ~ MPO 2 NF-kB (p50)H |+ /m % (st
H)E 2 B
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BAFHERY £ ER 24 [ P control 2 FAjg 22 ICAM-1 4
FBMEL F A REF 3 sham 2 (p < 0.001 and p < 0.05,
respectively) » b — BFRF 2 FAgp 222 ICAM-1 &L A5 n ¢ 8k P&
% 143 control f(p <0.001; Figure 4-4, Table 4-2) » ¥ *F A X R & W
® s control 2 FAjp 22 ICAM-1 & B 15 a ¢ #ick A F = 3 sham
2 (p <0.001 and p < 0.05, respectively) ; 580 4ot » FA o 222 ICAM-1
o B BB o g #icdk IR 19 3T control 2 (p < 0.01; Figure 4-4, Table 4-2) -
MPO 2_ /& 45 » 24 i 3¢ 3 control 2 FA g 23 L B H & % 2 MPO % L&
% % *% sham 2 (p < 0.001 and p < 0.01, respectively) ; #5m FAjg 22
MPO £ ILJ| & ¥ <>t control ‘2(p < 0.001; Figure 4-5, Table 4-2) - ¥ ¢t
AR RHH E % oocontrol 2 FAjgy 222. MPO £ JRL{hpt 2 ¥ 7 @ 32+ § F
e B (Data not shown) o pt #F & NF-kB (p50) ¢ % 5 {+mPe 2_ % IR >
control 2 FA g 2t L T4 % % 2. NF-xB (p50) L A 15 L imPe 2 A ¥ 3
%+ sham % (p <0.001 and p < 0.01, respectively); m FA gy 222. NF-kB (p50)
%o M ve £ TR B MY control . (p < 0.001; Figure 4-5, Table
4-2 o § ¢F A IR control 2 FA g 250 Xk B & % 2. NF-xB (p50) &
F M mre £ A ¥ % Y sham %2 (p <0.001 and p < 0.01, respectively) ;
B - L4717 5w FA o 22 NF-kB (p50) & & 5 14 Jm P2 4 I 1% 43T control
i (p <0.01; Figure 4-5, Table 4-2) -

46



NF-#x B MPO

cortex gtriatum cortex
Sham
- 4
\ - - . # .
b o ¥ \ - - ’ 4 o
P ' -~ .
1 " - < - - f - F -
Contro e . i * @
. = v . »
- : J - ~ <58 -3 o Y 4
g A S - Y -
[ ] X o
F—
LY - - e
L ]
FA'IOO 2 - 3 5
- 8 - ¥ S .
- o

Figure 4-5. Effect of ferulic acid on the nuclear factor-xB (NF-«B) and
myeloperoxidase (MPQO) immunoreative cells at 24 h of reperfusion. Sham:
sham group; Control: control group; FAip: FAjpy group; Cortex: the
1schemic core of cortex; Striatum: the ischemic core of striatum; Arrows
indicated NF-xB and MPO immunoreactive cells, respectively. Scale bar=

40 pm.
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Table 4-2. The expression of oxidized hydroehtidine, ICAM-1, MPO and
NF-«B immunoreactive (positive) cells (vessels) (counts/1mm?)

2h 24h
Oxidized hydroethidine
Cortex
Sham 227.3+£28.6
Control 494 3+83.2%++
FA 00 284.6+49.7**
Striatum
Sham 216.7+£22.1
Control 527.8£139.7%%+
FA 00 308.5+62.4%*
ICAM-1
Cortex
Sham 0.7£1.2
Control 96.0+23.91++
FAi0 30.8+17.04%%*
Striatum
Sham 1.6£2.1 0.3+0.5
Control 42.0£11.6F1+ 78.8+23.1+%+
FA 00 19.0£9.1F** 30.2422.4F%*

Data were presented as Mean + SD. Oxidized hydroethidine: oxidized hydroethidine
positive cells; ICAM-1: ICAM-1 immunoreactive vessels; MPO: MPO immunoreactive
cells; NF-kB: NF-kB immunoreactive cells; Cortex: the ischemic core of cortex; Striatum:
the ischemic core of striatum; Sham: sham group; Control: control group; FAoo: FA 00
group; 2 h: at 2 h of reperfusion; 24 h: at 24 h of reperfusion. 1p<0.05, +p<0.01,
+1+p<0.001 compared with the sham group; **p<0.01, ***p<0.001 compared with the
control group.
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Table 4-2.

7h 24h

MPO

Cortex

Sham 0.5+0.8
Control 183.8+£21.2%++
FA, 77.04£52.9F %%
NF-xB

Cortex

Sham 1.3£2.0
Control 267.2+44.011+
FA o, 108.5£59.4F1*%*
Striatum

Sham 0.3+0.5
Control 307.0£94.6F1+
FA o, 142.5+£52.1F4**

42. 5% BRI HRE S
4-2-1.2 2tk
5 rak W 10 A 48R T ok 5 90 A 48R 2 4R ¢ 425 blood
gas(pH ~ pO, %2 pCO,)% blood sugar » % % {¥ & sham % - control = %

FA fdp i oo 2 B 4 45 4 50 & 5358 b 04 B (p>0.05; Table 4-3) -

49



Table 4-3. Physiological parameters

BS, mg/dl pH pO,, mmHg pCO,, mmHg
10 min before ischemia
2 h (n=6)
sham 119.0+29.2  7.30+0.03 97.5+10.9 28.7+7.0
control 1183+263 7.32+0.04 96.0£13.3 26.8+3.9
FA 1247+24.6 7.28£0.03 96.3+£5.8 26.2+6.7
10 h (n=5)
sham 111.8+24.1 730+ 0.04 104.0+12.9 284+5.0
control 944 £2.5 7.27 £0.03 108.6 + 8.2 30.5+4.2
FA 940+252 7.25+0.03 107.6 £ 8.0 33.1+44
24 h (n=6)
sham 120.0 £29.0 7.30+0.05 90.8 £ 6.9 209+3.2
control 116.2+233 7.29+0.03 103.2+£13.6 30.7+ 6.3
FA 118.8+16.0 7.31+0.03 95.0+7.3 29.7+£5.3
36 h (n=3)
sham 119.3+48.5 7.32+0.02 92.7+8.5 31.5+34
control 115.0+20.0 7.29+0.02 110.3 £8.6 26.7+£5.7
FA 983 +£28.6 7.27+0.03 105.7+9.9 252+2.1

90 min after ischemia

2 h (n=6)

Data were presented as Mean + SD. BS: blood sugar; sham: sham group; control: control
group; FA: ferulic acid-treated group; 10 min before ischemia: 10 min before cerebral
ischemia; 90 min after ischemia: 90 min after cerebral ischemia; 2 h: sacrificed at 2 h of
reperfusion; 10 h: sacrificed at 10 h of reperfusion; 24 h: sacrificed at 24 h of reperfusion;

36 h: sacrificed at 36 h of reperfusion.
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Table 4-3. i

BS, mg/dl pH pO,, mmHg pCO,, mmHg
sham 110.7+26.1  7.31+0.02 102.8 +£10.3 224+5.8
control 1047+ 185 7.33+0.04 98.3+93 23.5+438
FA 126.2+3.3 7.35+0.03 913+174 21.7+£5.9

10 h (n=5)
sham 1446 +433 7.33+0.04 87.6 +6.3 22.8+3.0
control 1282+ 11.8  7.34+0.03 93.0+11.8 22.6+2.1
FA 109.4 +£28.8 7.35+0.03 89.8 £5.1 26.6 £4.1
24 h (n=6)
sham 138.7+444 7.31+0.02 93.2 £8.7 28.3+4.0
control 135.0+28.7  7.34+0.02 93.2+11.2 234+43
FA 118.5+28.1 7.35+0.05 92.5+6.2 23.3+33
36 h (n=3)
sham 153.3+30.6 7.34+0.02 81.3+8.3 23.3+52
Control 112.0+259 7.37+£0.01 88.3+12.9 224+3.6
FA 120.7+34.2 7.37+0.03 93.7+7.0 20.7+ 1.1

4-2-2. FA ## i n 2 -] i ICAM-1 2 Mac-1 mRNA # 3z 3258

ICAM-1 mRNA * & B4 & % 94 3> % I sham ¥ - control =2 FA

EApg > @t 2 B X g 3 F P ahZ R (p>0.05; Figure 4-6) - m ICAM-1

mRNA ** %k 84T & % h 4 B 7 5 control 2k ](ipsilateral hemisphere)

% % & % % > sham ‘(2.1-fold, p<0.05; Figure 4-6); ¥ *} FA = |4

% % ICAM-1 mRNA # ZLR| & ¥ 3% control *(0.7-fold, p<0.05; Figure

4-6) > m #control ¥ > AL 538 IR P & % ICAM-1 mRNA
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gk LA E B 0¥ % (1.7- fold, p<0.05; Figure 4-6) - 4 ¥ & 47 Mac-1
mRNA % . &4 FH % ¥ % e ICAM-1 mRNA # 2 » sham %

control 2% FA ‘ejpfe > Btz FF T & 53-8 F ani 8 (p>0.05; Figure
4-6); X KMF R E ® * & > sham ‘2 fr control 2T & ¥i3+§ + i
2 (p>0.05; Figure 4-6) > m FA %22 Mac-1 mRNA # 3P| & ¥ <>t control
2.(0.5-fold, p<0.05; Figure 4-6) = ¢* *t » control (222 FA e g 2 Xk
L % % 2 IL-1Bf= TNF-o0 mRNA % 32+t 3o 23§ + a0 L B (Data

not shown) o

( ) sham control FA sham control FaA
IS EE— IS S EE—
c ipsi  cont ipsi cont ipsi cont < ipsi cont ipsi cont ipsi cont

Figure 4-6. The expression of ICAM-1 and Mac-1 mRNA in the ischemic
areas of the cortex and striatum were detected at 2 h of reperfusion. (A)
Representative RT-PCR signals showed the expression of ICAM-1 and
Mac-1 mRNA in the chosen areas of cortex and striatum. C: ischemic
cortex; S: ischemic striatum; ipsi: ipsilateral; cont: contralateral; sham:
sham group; control: control group; FA: ferulic acid-treated group.
GAPDH mRNA was used as the internal control. The relative expression of
(B) ICAM-1 and (C) Mac-1 mRNA was quantified in the chosen striatum
of the sham, control and FA groups. Data were presented as mean + SD.
*p<0.05 compared with the sham group; #p<0.05 compared with the
control group; &p<0.05 compared with the ipsilateral hemisphere. (n=4)
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Mac-1 #L 2 RA3TFE L 8 L 3R 2 e mie ¥ o B XL TRE LT~ K
AR E T £ B2 ] FF Mac-1 (% & X &3> sham % - control
2% FA %2 ;8 2 £ 10~24 % 36 -] B > ¥ sham % fp§& > control
2% FA 2z Mac-1 # 4+ m% P& ¥ & 3R (both p<0.01) » i&— ¥ & 475
o FA 22 Mac-1 5w & A ¥ X3t control ‘ez % IR (p<0.05;
Figure 4-8; Table 4-4)c A L LB % 2 R v ® ¥ L ¥/t 2 /] ¥ 4-HNE
Bitimee b B RILAN L o LB 1024 2 36 -] P > ¥ sham ‘e 4p i
control %2 % FA ‘.2 4-HNE F |4 % P& ¥ % . (both p<0.01) ; %1% 4o

“ > FA %22 4-HNE %} % % 3R 1% 43+ control % (p<0.05; Figure 4-9;
Table 4-4) o X FHFE2 L EFHw®? > 417 8-OHAG 5 [ w2 17 4v >
£ JER 2 /) pF 8-OHAG [F {4+ im%e > £ % 383" sham % -~ control ¥ % FA
w o BEIS L B 1024 % 36 ] PF 0 4p#R>T sham 2 > 8-OHAG 15 M4 ‘wm¥e
P B8 ¥ & 3T control 22 % FA ‘% (both p<0.01) > @ &t it & B 4p e pFRF
2> FA %222 control 2 4p 2 > & % % 1< 8-OHAG & 14+ 2 %2 2_ % 3R.(p<0.05;
Figure 4-10; Table 4-4) o

4-2-4. FA £ i 2~10~24 2 36 /] F#{s TUNEL B im%e 4 2 32 58
TUNEL % ¢ 3 & #* 3> W]k~ fmPe o L@ 2 | FENR S E
TUNEL it mfe st L el ® " 5 £ @0 10~24 %2 36 -] F¥ » £ sham
e Apf o control 2 % FA 22 TUNEL H M lmbe 3t L1230 % 1988 F 3 4o
(both p<0.01)> @ FA %22  TUNEL I {4 % P & ¥ i4>* control 4 (p<0.05;
Figure 4-11; Table 4-4)° & L B 2 R RMIL E %7 L /Bi5 24 % 36 /| P>
control %2 FA 22 TUNEL [ |+ w? #35% ¥  >* sham % (both
p<0.01) > #2m » FA % 2 TUNEL % |4 %2 {7 &g % 1<% control % (p<0.05;
Figure 4-11; Table 4-4) -
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Figure 4-7. Representative photograph showed the brain coronal section
(2,3,5-triphenyl tetrazolium chloride stain; TTC stain) located on the
posterior bregma 0.92 mm position. The dotted line squares indicated the
areas for evaluating positive cells. P: penumbra area of the cortex; C:
ischemic core area of the cortex; S: ischemic core area of the striatum.

Dotted square=1 mm?®
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Figure 4-8. Representative photographs depicted the expression of Mac-1 in
the penumbra and ischemic core areas at 10, 24, and 36 h of reperfusion. P:
penumbra area of the cortex; C: ischemic core area of the cortex; S: ischemic
core area of the striatum; N: negative control of stain; 10 h: sacrificed at 10 h
of reperfusion; 24 h: sacrificed at 24 h of reperfusion; 36 h: sacrificed at 36 h
of reperfusion; sham: sham group; control: control group; FA: ferulic

acid-treated group. Arrows indicated Mac-1 positive cells. Scale bar=100 um
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Figure 4-9. Representative photographs depicted the expression of 4-HNE
in the penumbra and ischemic core areas at 10, 24 and 36 h of reperfusion.
P: penumbra area of the cortex; C: ischemic core area of the cortex; S:
ischemic core area of the striatum; N: negative control of stain; 10 h:
sacrificed at 10 h of reperfusion; 24 h: sacrificed at 24 h of reperfusion; 36
h: sacrificed at 36 h of reperfusion; sham: sham group; control: control
group; FA: ferulic acid-treated group. Arrows indicated 4-HNE positive
cells. Scale bar=100 um
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Figure 4-10. Representative photographs depicted the expression of
8-OHdG in the penumbra and ischemic core areas at 10, 24 and 36 h of
reperfusion. P: penumbra area of the cortex; C: ischemic core area of the
cortex; S: ischemic core area of the striatum; N: negative control of stain;
10 h: sacrificed at 10 h of reperfusion; 24 h: sacrificed at 24 h of
reperfusion; 36 h: sacrificed at 36 h of reperfusion; sham: sham group;
control: control group; FA: ferulic acid-treated group. Arrows indicated

8-OHdG positive cells. Scale bar=100 um
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Figure 4-11. Repre—;éi% Eﬁ:@_()gra@ig ’@eﬁ}l{‘:ed the distribution of

TUNEL positive cells in the pen_b_ﬁra and ischemic core areas at 10, 24

and 36 h of reperfusion. P: penumbra area of the cortex; C: ischemic core
area of the cortex; S: ischemic core area of the striatum; 10 h: sacrificed at
10 h of reperfusion; 24 h: sacrificed at 24 h of reperfusion; 36 h: sacrificed
at 36 h of reperfusion; sham: sham group; control: control group; FA:
ferulic acid-treated group. Arrows indicated TUNEL positive cells. Scale

bar=100 um
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4-2-5. FA £ /# /¢ 10 /| PF {3 active caspase 3 % active caspase 3-NeuN [#
14 % mie 3 IR 2 fg{i
% active caspase 3 H jb4 ¢ ¢ - L jEr 10 -] FF active caspase 3 5 1+
‘n P ﬁ%"} DAt sham 22 L8 % P o F — PF R 27 sham % ¢ $isactive
caspase 3 M+ wm?2 >t control 2% FA 2 LIZZ T PIE ¥ & 3 (both
p<0.01) » m FA &>t L 2R % 2 active caspase 3 I |4 w% P &g F €30
control % (p<0.05; Figure 4-12; Table 4-5) - i& - ) & 47 active caspase
3-NeuN & 2 ¢ > 2% 8 38 NeuN 5+ < & 13 sham 22 L[4

2. % ¥ > @ active caspase 3 F {£w% o BF 4 + NeuN P 4 3L>* control %

W

FA % ¢ > H active caspase 3-NeuN B & 4 ¢ B w97 ] L2 Ao # #ic

s

A A& ¥ active caspase 3 H jbp% 4 ¥ #1 % 3R4p I (Figure 4-12) o

4-2-6. FA $t 3 7% 36 | P15 NeuN [5 | 5w %2 £ 32 B2 55

NeuN Bt m% < & 5 3 sham 2°¢ > a4 i B9 24 SR F &
45% = & 3k (Figure 4-13) » 4p#3T sham w2 L 2% - control 2
NeuN [ 4 ‘o e Bickg ¥ * "% (p<0.01) » 48 & ¥ > FA 2 4p #3% control e p]
B2 ¥ + 2 NeuN I {m % 2. % 7.(p<0.05; Figure 4-13; Table 4-5) - f A &
3R RMIT E % 7 0 £7 sham 2 4p# 0 control ® % FA 2 & ¥ % X NeuN
Ll & 3 (both p<0.01)> @ FA 2 NeuN [5 {4 m?z P 5 ¥ % % control
% (p<0.05; Figure 4-13; Table 4-5) -
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Figure 4-12. Representative photographs depicted active caspase 3 and
NeuN expression in the penumbra area at 10 h of reperfusion. Sham: sham
group; control: control group; FA: ferulic acid-treated group; I: active
caspase 3 single staining; II: active caspase 3-NeuN double staining; N:
negative control of stain. Arrows in I and II showed active caspase
3-labeled cells and active caspase 3-NeuN double-labeled cells,

respectively. Scale bars=100 um
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control

penumbra and ischemic core areas at 36 h of reperfusion. P: penumbra area
of the cortex; C: ischemic core area of the cortex; S: ischemic core area of
the striatum; N: negative control of stain; sham: sham group; control:

control group; FA: ferulic acid-treated group. Scale bar= 100 pum

62



Table 4-4. The effects of ferulic acid on Mac-1, 4-HNE, 8-OHdG and TUNEL
positive cells (counts/] mm?)

2 h (n=6) 10 h (n=5) 24 h (n=6) 36 h (n=3)
Mac-1
penumbra
sham 0.0£0.0 0.4+0.9 0.3+0.8 0.3+0.6
control 0.5+0.8 208.6 £ 30.5* 227.3+29.1% 319.7£49.4*
FA 02+04 99.6 £ 11.6*# 108.8 £ 27.7*# 156.0 £ 47.2%#
cortex
sham 0.0+0.0 0.4+0.9 02+04 0.0+ 0.0
control 0.7+0.8 173.0 +£24.5% 206.2 +41.6% 486.0 + 56.4*
FA 0.5+0.8 75.0 £ 12.9%# 90.3 £20.2%# 188.0 £ 32.1*#
striatum
sham 0.0+0.0 0.0+0.0 0.0+ 0.0 0.0+ 0.0
control 1.3+£24 116.4 £20.3*% 194.8 £ 45.0* 345.3 £ 86.5*
FA 1.3+24 47.2 £ 15.3*%# 84.7 £ 29.7*# 168.7 £ 28.0%#
4-HNE
penumbra
sham 0.0+0.0 1.8+3.5 0.7+ 1.0 0.0+0.0
control 02+04 208.0 + 18.3* 320.5+41.0* 302.3 £ 65.5*
FA 1.5+24 952 £ 16.7%# 175.5 £27.4%# 185.3 £ 11.9%#

Data were presented as Mean + SD. Mac-1: Mac-1 positive cells; 4-HNE: 4-HNE
positive cells; 8-OHdG: 8-OHdAG positive cells; TUNEL: TUNEL positive cells;
penumbra: penumbra area of the cortex; cortex: ischemic core area of the cortex; striatum:
ischemic core area of the striatum; sham: sham group; control: control group; FA: ferulic
acid-treated group; 2 h: sacrificed at 2 h of reperfusion; 10 h: sacrificed at 10 h of
reperfusion; 24 h: sacrificed at 24 h of reperfusion; 36 h: sacrificed at 36 h of reperfusion.
*p<0.01 compared with the sham group; #p<0.05 compared with the control group.

63



Table 4-4. 3§

2 h (n=6) 10 h (n=5) 24 h (n=6) 36 h (n=3)

cortex

sham 0.0+0.0 0.2+0.5 1.2+£2.0 0.0£0.0

control 0.2+0.4 289.0 +44.5* 333.3+£29.0* 401.7 + 24.6*

FA 0.2+0.4 126.0 £ 27.6%# 155.2 £33.2*# 164.7 £ 30.5%#
striatum

sham 0.0+0.0 0.0+0.0 0.8+1.2 0.0+ 0.0

control 22+4.0 214.4 + 34.0% 232.5+35.0% 260.7 + 50.6*

FA 27+£24 78.4 £ 13.2%# 104.8 £ 41.1*# 98.7 £ 17.5%#
8-OHdG
penumbra

sham 0.2+04 3.8+8.5 0.3+0.8 0.0+ 0.0

control 0.0£0.0 147.2 £ 23.7* 278.7 +48.0% 250.7 +£ 52.0%

FA 0.8+1.6 53.8 £ 15.0%# 102.0 £ 21.0*# 137.0 £ 28.2*%#
cortex

sham 0.0+0.0 0.0+0.0 0.0+ 0.0 0.0+ 0.0

control 1.0£1.7 155.6 £ 20.6% 334.7 £ 34.8* 430.3 +£ 25.9%

FA 0.2+04 62.4 + 17.0%# 140.3 £26.0%# 229.3 £ 7.8%#
striatum

sham 0.0£0.0 02+0.5 0.0£0.0 20+£2.7

control 1.8£3.6 90.4 £ 36.6% 234.5+42.0% 258.0 + 56.2%

FA 0.0+0.0 31.6 £ 9.2*%# 111.0 £ 37.0%# 142.0 £ 13.0%#

TUNEL
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Table 4-4. 3§

2 h (n=6) 10 h (n=5) 24 h (n=6) 36 h (n=3)

penumbra

sham 0.0£0.0 0.6+1.3 23+£2.7 33+£29

control 1.5+£3.2 102.6 + 20.7* 184.3 £26.4* 587.7+57.1*

FA 02+04 45.8 £20.0%# 93.3 £ 31.2%# 4453 + 27.6%#
cortex

sham 0.0£0.0 0.0+0.0 0.0£0.0 0.0+£0.0

control 02+04 25.3+£29.3 119.3 £ 26.6* 506.0 + 62.4*

FA 0.0+£0.0 16.8 £12.6 66.0 = 15.3%# 314.3 £49.2%#
striatum

sham 0.0£0.0 0.2+0.4 0.0+0.0 0.0£0.0

control 0.0+£0.0 222+9.2 104.0 £ 26.4* 657.0 + 46.5*

FA 02+04 13.8+09.1 60.2 = 11.1*# 4453 + 106.6%#

Table 4-5. The effects of ferulic acid on active caspase 3 and NeuN-labeled

cells (counts/] mm?)

10 h (n=5) 36 h (n=3)
Active caspase 3
penumbra
sham 0.1+1.1

Data were presented as Mean + SD. Active caspase 3: active caspase 3-labeled cells;
NeuN: NeuN-labeled cells; penumbra: penumbra area of the cortex; cortex: ischemic core
area of the cortex; striatum: ischemic core area of the striatum; sham: sham group; control:
control group; FA: ferulic acid-treated group; 10 h: sacrificed at 10 h of reperfusion; 36 h:
sacrificed at 36 h of reperfusion. *p<0.01 compared with the sham group; #p<0.05
compared with the control group.
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Table 4-5. 3§

10 h (n=5) 36 h (n=3)
control 115.8 £ 12.9%
FA 61.8 £ 8.9*%#
NeuN
penumbra
sham 1429.0 £ 139.9
control 815.7 + 147.6*
FA 1178.7 + 64.4#
cortex
sham 1624.7 £ 190.9
control 591.0 £ 105.1*
FA 1018.7 £ 151.1%#
striatum
sham 1650.3 £ 246.3
control 476.3 £ 36.5%
FA 924.3 £ 108.7*#
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EAFT S - FEEP o AP Y A R ORI R hfe BF 2 TS
FA &€ % 80mg/kg 2 100 mg/kg > @i 24 /] PFV 5 »c" MG &
BAF R e E A AR PR I FA Y L R R % {8 30 4 48
B B E 100 mgkg FE I ER FE LA GHE 2 AR APF %
R ARE T OB gL FA A &Y ARk Y B 5 Rk
PUM PG Fe ca o gL oh SV R R AT AT RE M P g d R e R ) P
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e

B tadk o L IEGE Y o 0 Hmie 2o g L e 2 g ’;f]l &
MBI ALZABR KR A GE BT AR IERIFEAT ;ﬁd
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injury)3 | 4 %k "f(brain edema)'>"* o p w4 F 4 FHE T L G fd
LA 2 FR TR EA SR okt o A ARRERE R SR L ¢ T S
MG 2 A (PO A AR $ ¢ oxidized hydroethidine F i+ in %z 5
FEHE R4 153+ B2 L2 ] B oxidized hydroethidine
P M dm e 3t gL %U KRR ERREF S o o8 FA ¥ 5 o2k drdlag
§ AT g ?{‘H}{% BRI e U KR FAVEELRSDE
ddrdl e FHE®RAZARLT BHPEF 2 0% a kg L2 ¥t
(antioxidative effect) o

ICAM-1 % SR flcst 8 20 L Jmoe b > St M EEIE @ A 956 0% e 2 47 6
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ICAM-1 # ¥ 3 % polymorphonuclear leukocytes (PMN)ZAL% it T o & P A
w0 o g 17 40 [CAM-1 R EAE Kfps o3 7> =~ FAg5 15
MIAFAF > B FF LR AFF AR - AL RSP EF > ICAM-
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» (33137(138) | hAFHY > MPO LM me st #in 24 | A ’F‘frﬁ
EPOR(EGEHEEERCRRME)EFIR Ak - PFF > FARF 3 2%
PRERMAEFHEFR2Z MPO LB Mime 20 - Rp 5% > APde
B E 2P ICAM-1 > R B & % TPV A F S0 o 3R adb g T
FRFEL A REHAN R EFES R EIATHET
R L RIAEI G LB ST R G o A F S o FA
et el ICAM-1 % Rk 48 UR 35 T 2 BEIR » pbon® Etpe b 5 it v
w FRA h AR 3R A > d P F A FA Futhdk o 4f 1 o BT LIRS
PBE o Jpat o ANV 3B - b daip] FA YL B 24 ) PEUE MG E B R

2ot LA S H D A Rk R EASPRRME G R DS
ICAM-1 % 3.2 »c%* o

LAE 2 B A AR o F e Ik g X e 5 ROS £33
=% > @ ROS %d e p § iU 3515 4% IxBo degradation » ) = NF-kB
fimre B 5 W F NF-kB & i Bdpstigdd w18 3 /) BF > T3040 5 12
16 - pFi£ 3] 3 ag (3NA40) vz v 3 NF-xB ¢ # ¥ (translocate) I ‘m¥e % > &

& FFRan} £ % ¢ 3 cytokines~ chemokines %2 adhesion molecules
ERAFnA 4 o T 30 R - R 0 ICAM-1 £ 2
NF-kB e it R I T ik AR (hoiT K- 7 5 iﬁ’*#FP,NFKB 3 A
el 0 NF-xB 3 5 245 /74 5§ %3 (neuroprotection) 2 £ 4¢ 1319 it
(neurodegeneration) s d ¢ B {54 LRI o g s g ap i
Hdp die e c s g < RY ¥ 3R drdl NF-kB 3 1 dio Wk iE
F|Fu e F & (anti-inflammatory) 2. 3% # (140)142) RWip ~ 7 k%5 EF
NF-kB f &t imie s L @ n 2 A B2 R E® itk o 2
BB 24 ) PER S 23 4o o SR 0 FA PIF 5 2 ] NF-xB L& 15 1
dnfg i be o B- 2T E A FA F %gé Lan LS B R R
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B %3] ICAM-1 e 7> i&— #0 R J@ik 24 - prdrd] 7 ICAM-1 2
NF-«kB ot 2 B &M 053k o d M F 555 % » A pdaip FA L @i g
FFrd] T EC® ICAM-1 2 NF-kB @t 5% #7324 cnig F &
o F A R o

FE T2 FA RIS P IrlAc s a0 > Y ORI
E % 4r4] ICAM-1 sh 35 ¥ FA 7 jid 34 % ICAM-1 & NF-«B

o
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— R EIR 24 [ EEFIHEC LB I AT HER RS

FA S lmre R o

™

BEHHITL S MR - SO RTBRE BTG L T 10 S 42
Padd i {8 90 & 48 1 P B % n % P pH~>pO,y ~pCO, % & % > % % sham »

control 2 FA ®35& S35 X 8 > Aop it n 422 FA 5357 3

n’

FARptR > 24 X HSAPPRAEPRTEETR &

ATy B R MY & g de ke {0 P ICAM-1 mRNA *+ £
Bon 1-4 ) EEFERWHE RV s s - 2 S oy
¢ R ICAM-1 mRNA 2 H g mffdal 350 L B 2 T TR
A EFRFPFRER > @ FA 5 0@ £ 100 mgkg »t ¢ < gd ke g B
YSPE 5  $E0%5 04 T AT F % (4 ICAM-1 mRNA % H L B fhs 4302
B2 PR E B2 AT M AR - BFR O B2 Mac-1 mRNA
ARG E R F 4R FAJ B £ 7 ¥ &L 7% < Mac-1 mRNA
2.2 E o BEARL DI L ENR2 ] PF FA T &EH % IL-1p fv TNF-a
MRNA & igdt 4k o {8 W F st PFA T &2 2% o - By aR 2 4p )
L5 LS ¥ Frd] ICAM-1 mRNA 2 % H L I Ol 1 P RO £
B TH R Ry IV o ma L e sy ipl R R 10-36

] B FA "X 2% 2 {2+ < % 3 x4 Mac-1(microglia /
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macrophages 2. #&3) & ot 7 HFICEL B S B (2 /] BF) FA ¥ ICAM-1
mRNA £ 7 #4973k o

ROS > L ig/n#p P L & 2 43051 6 w3 2 e iw?e » ROS & F 3
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Abstract

Both Angelica sinensis (Oliv.) Diels (AS) and Ligusticum chuanxiong
Hort., (LC) have been used to treat stroke in Traditional Chinese Medicine
for centuries. Ferulic acid (4-hydroxy-3-methoxycinnamic acid, FA), a
component of both AS and LC, plays a role in neuroprotection. The purpose
of this study was to investigate the anti-inflammatory and antioxidative
effects and mechnaisms of FA on cerebral ischemia-reperfusion injury in rats.
Rats underwent 2, 10, 24 and 36h of reperfusion after 90 min middle
cerebral artery occlusion (MCAo). First, the cerebral infarct and neurological
deficits were measured at 24 h of reperfusion. Furthermore, the expression of
superoxide radicals, intercellular adhesion molecule-1 (ICAM-1),
myeloperoxidase (MPO), nuclear factor-kB (NF-kB) immunoreactive cells
(vessels) were assessed at 2 and 24 h of reperfusion. Second, ICAM-1 and
macrophage-1 antigen (Mac-1) mRNA were detected at 2 h of reperfusion;
Mac-1, 8-hydroxy- 2'- deoxyguanosine (8-OHdG), 4-hydroxy-2-nonenal
(4-HNE), active caspase 3, NeuN and TUNEL positive cells were measured
at 2, 10, 24 and 36 h of reperfusion. Administration of 80 and 100 mg/kg of
FA at the beginning of MCAo significantly reduced cerebral infarct and
neurological deficit-score. FA treatment (100 mg/kg 1i.v.) effectively
suppressed superoxide radicals production in the parenchyma lesion, and the
expression of ICAM-1 immunoreactivity, I[CAM-1 and Mac-1 mRNA in the
ischemic striatum at 2 h of reperfusion; FA reduced the expression of
ICAM-1 and NF-xB in the ischemic cortex and striatum, also
down-regulated MPO immunoreactive cells in the ischemic cortex at 24 h of
reperfusion. Furthermore, FA reduced the expression of Mac-1, 4-HNE and
8-OHdG positive cells in the ischemic rim and core at 10, 24 and 36 h of
reperfusion. FA also decreased TUNEL positive cells in the penumbra at 10

h, and in the ischemic boundary and core at 24 and 36 h of reperfusion. FA
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curtailed active caspase 3 enhancement in the penumbra at 10 h and restored
NeuN-labeled neurons in the penumbra and ischemic core at 36 h of
reperfusion.

FA reduces cerebral infarct area and neurological deficit-score at 24 h of
reperfusion, and the neuroprotective mechanism may involve suppression of
superoxide radicals production and ICAM-1 mRNA expression in the early
reperfusion period, and the antioxidative and anti-inflammatory effects could
further down-regulate NF-kB, activated microglia/macrophages, oxidative
stress and oxidative stress-related apoptosis during the late reperfusion

period.

Keywords: Ferulic acid; Intercellular adhesion molecule-1; Nuclear
factor-xB; 8-hydroxy- 2'- deoxyguanosine (8-OHdG); 4-hydroxy-2-nonenal
(4-HNE); apoptosis
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