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Abstract

Stroke has been shown to alter autonomic and cardiovascular function. The purpose of this
study was to reveal the molecular mechanism involved in brain - to - heart signaling triggered
by ischemia reperfusion (IR) injury in rats after bilateral carotid artery occlusion (BCAO).
Differential effect of stroke on cardiac damage was accompanied by a marked increase in blood
pressure during BCAO - IR, followed by a modest increase in % non - stained area after 2, 3, 5 -
triphenyletrtrazolium chloride staining (TTC). In addition, increased plasma and myocardial
nor - ephinephrine levels corresponded with a mild decrease in glutathione peroxidase (GSHPx)
and significantly increased protein carbonyl and inducible nitric oxide synthase (iNOS) expres -
sion after IR injury. p38 mitogen activated protein kinase ( MAPK) activity was significantly
elevated and positively correlated with terminal deoxynucleotidyl transferase nick end labeling
(TUNEL) in the myocardium after IR injury. We conclude that BCAO induced IR injury leads to
sympathetic hyperinnervation and oxidative stress induced myocardial damage through p38
MAPK signaling.

Key words: Brain - to - heart signaling, Bilateral carotid artery occlusion, Mitogen - activated
protein kinase, Norepinephrine
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MEHE & choninic acid (BCA) ¥4 W THIE L 7=.

B model

24 AW, HEME Sprague-Dawley J+ b (Charles
River Japan Inc., Kanagawa, Japan) (500 - 540g)
ERHW Ty MEAITO 2881245 72, Group -
N ; &Fi#F (n=5), Group-IR ; H{HIZES) Ik
FAZERE (n=5). IR E 7L id Ichikawa & D i
W12, MES, BioREEREVSY F
(Model: TP - 401, Gaymar Industries Inc, NY) %
FHVY, 37.5 CICHERR L 72, BRREIZR Y t oYL e 4
—J (30mg/kg) THERFL 7z . @ik ) v 7% H
WTEREEREBEL, 8 BN L 72, Ik
MARREIZARER 3R 5 FICE L L 7= 2 & THERE L
7o, BT #, HEHR» 520 v T 5ETL,
L5 % B & & 45 AR EER (IR) L7z I v
M IZBRER T CHSE, 7 D%/ OE A R LA SEERIC
By 7=,

EHMmMERE E TTC &

SEHILFE (mBP) (2 Power Lab System (AD
Instruments Castle Hill, NSW, & Australia) %
WEHIE (mBP) A#IE L2 B, LT 2,3,
5 - triphenyletrtrazolium chloride (TTC) 34 ¥k
EFRWTHIEL = 19,

HERED X — bOIERK

Dlgeft U, EEEEERRIEBICERERT
HAEPRTE L 72, Lysis buffer (50mM Tris HC1 (pH
7.4), 200mM NaCl, 20mM NaF, 1.0mM NasVO,
KO 1.0mM DTT) 12 THREDF 4 XU EDLERE
VWY T2 &Y Tay VEET o7 RN
FARFET— 80 CTRIFL 2. & FF v~
T F & —+¥ (GSHPx) EURTHNLARZN 7z
AEDRE ZRIET 5728, #fk% 0.85 % NaCl
THH®R, 1.15% (w/v) KCl&H &S 0.056M
Phosphate buffer {2 %% GEMMERE 1g/9ml) LU,
Polytron PT 10 - 35 homogenizer (Kinematica AG,
Littau Switzerland) Z#HWT O CTHEY > — b
EER L. RBORE VS ERBIBFIMET L
73V (BSA) HIZHEME & U CTH /= bicin-

NE € E8I%E

FREXL U 7= 4% B ON0 A ML 13 NE R HIE &
T— 80 ‘C TR L /=, M4E NE B X Lit o
N7z 1) X ICHNEEENES 3,4 —Ye Fas
YRVIUNTIvEL, BRILEREESE ROV
BREks v b5 7 14— (HPLC) THIE
L 7.

GSHPx ;&M DAIE

GSHPx & M 13 Wendell 10 o 5 ¥: 4 B\ 7=
1.15% (w/v) KCl &7 0.05M Phosphate buffer
HOAED L~ bO—E (04mg & ¥ /32) %
230ml % » 7)) VR (EDTAZF bY v A
33.6mg, NaN; 6.5mg, 27 L & F % » & JC Al
30.7mg, NADPH 16.7mg K U7V & FF VEIT
Al 100 ¥ A7 /50mM Tris - HC1 pH7.6 100ml {& &
W) v A4 osuarL—HRTRALZ. Z0H,
¥®E (&) % 0.05M phosphate buffer & Fi\» T
260ml (ZFHE L 7=. 1mM H,0, % 40ml fill Z 7= %%,
v 4 rsurFL— a5 XKEE (Labsystem
Fluoroskan Ascent CF, Japan) # Fi \» T & )%
(Ex.335nm/Em.465nm) % HIE L 7-.
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kS IchBEEROCTHRE L 18, ks
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FhwA4 Ty (91, v/w) T4C - 1554 v~
F 2 N— b L7z ZF0OF%, 10,000rpm T 10 45 FE
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TEEDO & VR REFBIEL, 2 VS0 RE %
PBS T Img/mliZFE L 7=. B (50041 %
2.5N HCl (10041) &H 10mM 2,4 —2 = a7
=)k ¥ (DNPH) THET 1EBKXIG
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X7z, ARBhD & vy RUEL BSA % 20 %
MY 7o ulEEg (TCA) TIHEX&, BE 4 /8
5 PRHE AW L, 4,1/100 41125H% L 7=, ELISA
DIZYUERHR % 40 1 g/ml BSA THI L 7zE2{L BSA
RV, —EME (0—40 %) ISFEEL 7=, FEBER
BO—E8 (100 1) RUEEWE (2 V232 4pg)
% 96-well R 7L — b AR, 4°CT—BA v
FaR—FLE, V-1 % 01% Tween20
(PBST) & A PBSTUE® L, EWT 2,
blocking buffer (PBST&#H 1% BSA) TA V&%
2= b L7 SIS &S —Puk [mouse anti -
dinitrophenyl (DNP) IgE, Sigma, St. Louis, MO]
T37CTF4KRMA V¥ 22— L, PBST THtiF
%, % Z_¥ifk (rat anti- mouse IgE, Southern
Biotechnology Associates Inc., Birmingham, AL)
T37TCPF1EMHEA YF2X=FLX. 3,3, 5,
5 =7 bIFAF ARV T Y (Sigma) 100 1% 0
ATRUAFRY E—ERIBEIT, 0.18M HpSO4
TREEIEDZ. v 42707 L —F1) =& —
(Model 550, Bio-Rad, Hercules, CA) % FH\Y,
450nm THRSEEE & HIE L 7=,
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F LB F — ¥ 1/2 (ERK1/2), p38 MAPK
EERY VR RIS R UEERI (L ERE
KR (INOS) DERRMENEREZHY, OFF
EVF—bMOYIZRAVTOy M EETo B
MAPK R I E 12X 3 % phospho - MAPK R 8 &
HIETAHZEICKD (B35 Z&i12&D)
MAPK {EME2EEL, YL T7ILFL F3 =Y
vBFTe Fusy ) —+¥ (GAPDH) #ME#EL LT
iNOS R E % I L 7z. Group-N ® MAPK 7%
MAE1E L &% V2 % 10 % SDS-PAGE
(JNK, ERK1/2, p38 MAPK K& Uf GAPDH) K U*
5% SDS-PAGE (iNOS) %t 7z. D, &
KB T=bukru— RIS (FVI30 %)
BELE Be5%8EHF>4IVsE8FH
TBS-T (20mM Tris, pH7.6 137mM NaCl, 0.5 %
Tween 20) THER M 1B 7wy F 2L, —X
PikE ANA VF 2 X— b XH7=,

ZPitk . Pt phospho INK 7 4 F R 1) 7 1 —F
LHUR, PLINK 73 £RY 7 o —FLdifk, #i
phospho ERK1/2 ¥ 7 2 € 7 7 1 — FL$ifk, i
ERK1/2 7% F5R8Y) & v —F L$ifk, $t phospho
p38 MAPK ¥ # ¥R ) 7 v — F L¥ifk, $ip38
MAPK w3 ¥R Y 7 v —F ik (Cell Signaling
Technology, Beverly, MA), #iiNOS ¥ 2 &/
Za—F itk (Sigma), T GAPDH ¥ ¥ &
v —F Lk (Santa Cruz Biotechnology, Santa
Cruz, CA) & 1:1000 (=&ML W72, —R$ifk
DA VF 2 R= g VIETH, #EEPUAE horse-
radish peroxidase ff & (B &) A& = X ¥l &
(Santa Cruz) &Kt x4, LB (ECL
Plus, Amersham, Piscataway, NJ) TkHi L 7=.

—~3FIPFRTIS—F (TdT)
(TUNEL) %%

LEDOINT 7 4 VAU & 3T 7 4 V0
L, 73— LVETHKN X &% D% 20mg/mL
TUFA4F—EKIZTA Y Fan—Yg YL
PBS T¥HiF1, 3% HyO, T5MA4 v F 2N —
va v L, BE PBS THi# L7z TUNEL $4&id
By b (Takara Bio, Shiga, Japan) % FW»
T2 VR EE AL, RFEEMBE THEL /2.

et g

BBy MR (SEM) TFE L, SO
AT 2RI ET I Tukey ¥ % B W 72— T3 BT
BT - 72, Group FIDME D H AR % B 5547
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KWMDEDERRBEL L=

S 3

mBP, NEBE & TTC &&

mBP (ZR I K% O FEREICZEL L7, mBP &
BRI ER U, BERRICTRLZ (R 1A).
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B, C ; B FERSHOIM P RO OB v ex 7 ) ViRE
D ; TTC Haiz 1 5 IEFueamEfE (P < 0.01 VS Group - N)
** p < 0.01 vs Group - N. Group - N: 5 F4fi##, Group - IR: K& M B

W% 105 TIRANE B o7z (161 = 21 %,
P < 0.01 vs. Group - N). Group - IR {2313 %0
D NE L)Lt Group-N & B L 16715 & F
BIZERULE (P<0.01) (B1C). ¥5iZ, TTC
PRIz BT, Group - IR B COIERLE IR
Group- N# & ¥ U T Group- IR # (5.7 =
03%) TLEHRLTWZ (R1D).

X b L X & MAPK &%

GSHPx (3 AEARNPIEBRLEER TH 5. Group-N
HEBMAZREL R LUAERZEIR a5
7= (B 2A). #V82DBRLIEH N R=IL & VI3
OFBHROEREN LRI 5. Bibx /37D
EThBEHANLEZNZ 37 ZR2BICRT LS

ICIRBOOEHEBTERICER L (18353 £
3.8 %, P'< 0.05vs. Group - N). —E&{L22% (NO)
DREEBZPET 2720, NO T —-F P HLiE
BIZKDAEKEN S INOSEERZHIE L /2. A
EY¥EYE & U C GAPDH # W, v x4 v 70
v PEICTEEZHIZE L 72#&E5%, IR# INOS RE
813147 £0.051% (P < 0.05, vs. Group-N) &
BRICEALZ (R2C). 7 v Mk 5 IR
® p38 MAPK, JNK K OF ERK1/2 &M IZ DWW T
&, O fh p38 MAPK ¥ ¥ i3 Group - Group - N)
EERBICEREL (B2D), INKEMS 1.10 £
0.023fFIc ERH L 72» (X 2E), ERK1/2 iE M X
Group-N L FLE U 0.96 = 0.029 f & k4> L 7=
(X 2F).
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] Group-N
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BFMiEE (Group-N) EREMBEEREE (Group-IR) IZH 587 — 4 —DH#E
** p < 0.01vs Group- N, * p < 0.05vs Group-N
TUNEL #8& R ICEE 59 5 B 28 R R M O R R

B LEYIF B TUNEL $e@k5 Mo 58 AT AOARVEELMLUSZEZEALASNTED,
MESE AR SAIZ/AR L 7. Group- IR TlZ F MR ZERIZE 2T neEEL ST
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Z = ME D —RRIZ EF L2, 2O & Mg

DNE VLB ERLEZ afwz SAINGENE DR
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p38 MAPK ;&4 (arb. units)

[1 Group-N H Group-IR

3 DS & TUNEL 346

A BEZBIT O (X 400)

B ; BHIZ I} 507D TUNEL S5 MR Ta %k

C ; ‘DA TUNEL Zetai5thfiaask &
** p < 0.01vs Group-N

BEB|XAZ L5 20— 24,

4 12 Group - IR 12 B W TOIEA D GSHPx
VAL TBDIZENI LR & VIS0 E
HERUINOS & VS HBOBEMABAHI 5 Z &
ZRAEFA L 7=, Bz R OFEFLRIEZ bk
DOBD D % L 7= Ondrejickova 5 DERL 25 &
B TH 5. ZOENIIRA DEBREDSHMOR
ELHKRLBLZ P L 22 KD EEICBES XS
IZAB L, BIMKFFAZEELZIRETLDZD
EEIobh5.

A SEBR T p38 MAPK i M1tk £ F A JNK & O

p38 MAPK W1t DOAEBIME S Z 7

ERK1/2 & tb#s U TUNEL e85 M4l Batk o #4h0
LEBEERE S DT LN o SHEORSE
T NE &1t 2 b L X DOk MAPK 7§ M D #4
KEBZARZ L2, BHCERWELHRL, &
ST O R MR X M7= 2 L AFFHI L
7=. :
K22 MAPK (3R — DB E 2 1o LEE &
BEER72 UTH D, MAPK SEWTRRE: (3G
B VIR RS D TREFEIED A FETH
32 &R L7z IR BRI ER O RRB R
EHEBLA L ZAE ¥R &N, DTS
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