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Synergic Effect of Xue Fu Zhu Yu Tang and rt-PA in Rat
Thromboembolic Stroke Model

Joen-Rong Sheu

Taipei Medical University

ABSTRACT

Stroke is a main mortal cause of vascular diseases, and affects healthy critically.
Pathological mechanisms of ischemic stroke were studied intensely, but did not have well
therapy of ischemic stroke because it is unpredictable. Traditional Chinese medicine formula
is used for stoke therapy clinically, but the studies of its effects and mechanisms are still
uncompleted and unconvincing. The Chinese medicine therapy method of promoting bleod
circulation and removing blood stasis is used in stroke therapy widely. Yilin Gaicuo is one of
the therapy formulas of promoting blood circulation and removing blood stasis and Xue Fu
Zhu Yu Tang is used in blood stasis syndrome widely. The aim of this study is to investigate
the protective effect of Xue Fu Zhu Yu Tang on ischemic stroke through completed study
models.

This study utilizes thromboembolic middle cerebral artery occlusion (MCAQ) model
to evaluate the effect of Xue Fu Zhu Yu Tang on MCAO-induced brain injury in rat.
Furthermore, we investigate the molecular mechanisms of Xue Fu Zhu Yu Tang through
Western blotting. This study also estimates the effects of Xue Fu Zhu Yu Tang on stroke
completely.

Our results show that Xue Fu Zbu Yu Tang (1.5 and 3 g/kg) reduced MCAQO-induced
brain injury. Xue Fu Zhu Yu Tang also inhibited MCAOQO-induced HIF-1a, TNF-q, iNOS,
and active caspase-3 expression. The protective effect of Xue Fu Zhu Yu Tang on
MCAO-induced brain injury may mediate through inhibition of HIF-1a expression and
sequentially suppressed TNF-c and iNOS expressions, and finally inhibited the

apoptosis-related proteins such as active caspase-3 activation.

Keywords ® ischemic stroke, rt-PA, Xue Fu Zhu Yu Tang



B R LA EY B E RN REN R AL E S HBE
BEREBARORBRBL SR RIS TRAFMA R — BRI L N E — i -
BT RN ERAG R E RS TR U RN R o
AR IR HARR AR B AR A M R R EE R RR AN RS
B RS E AR T EMRE  — RSB R RER LGN - kel B
P3 o Badl ey st R b6 JE © B TR E B 5 Ak bt Fo i do bk g A SR o
ARSI AEHBBE > FEHHZATABREM O FE  HamkisdRAY
WEPZ ot A EMERAOEER M TR EDG% Bl F i
Yehdndt & BAF Sty 48 -

— s P R (ischemic stroke)s ¥ 2 2 4 43

St PR — AL T 5 A A A RAEARE 0 R BN e AT AL Y R4 R
B fAE &% | B A TG BIR A G AL AR W ST 0 &
EASMEE  UBAMEAGBaBERARRSESRBTIRL KEER
A ER AR RABAA AT MM ELZRTFRER » UK bR TR
AEHAMBET -  BHEORT S uBIXEHRTR -

ot PEGBEAETY  AH 52 65m BN T E A KRS g
o BRIV AGR BRI mB R m A4 WRRK T EHF @ XL 50
LAt AR R+ AL L2 B EBEE R IS as 4 P
MEARCE A A FE4F SR ¥ %5 E (penumbra) > AR B AR T2 B
T ARG T S (core) B Bl e B3R 0 AR BARSHEMBEARLT > b E
(penumbra)@## ARG R - SR BAL o BENREE 288
MR DIEZERRIBEAE A » do R T UG5BS e i A% R A D2
P& o 3 PR AF A A8 dm B A A 0 T LA R %, oM 44 B AR5 E 48 4 (Obrenovitch ef al.,
1995 ; Strong er al., 2000 ; Phan et al., 2002)

Hin o B P RAERNGERGE —BRABORE  XEHEEREANA
TR A & A4 K B (hypoxia) B do #5184k (hypoglycemia) « & & 445 /& % M ¥ 54
ARE TR L AMRE @B RETRELN Y - ot
(adenosine 5'-triphospate; ATP) » & ATP TH X4 ¢ RS $ EE2 SRR 2
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BERAEREEEELRT  MBRABENGEAL  flbo - HAE@RBRE
Bl T P -t H A S R ATP 4R § M B L Z IR H 28 EL
KAREG(ATPase) » Elafbr s ATP o> Bk FH HeaoiE M M L5
b SRR T R B NET c REBTEM - AW RS R A EHARH
I LA A T R P ATAK AR o 73 A BT 3 38 4 (transporter) 3% ik P4 e A AR
EBTERNEBTHHRE  ELAFAFCRARENSHETANREER
Py 0 dodh— 4B 3 AR AR R AN — B A pE A 8 - £ R B (glutamate)t) K F
B SHABRBOTETSARBERI THRELE L LB T AW
# © A F i@ ¥ A (lonotropic glutamate receptor) # 4% 3 & (metabotropic glutamate
receptor) - & F @& EH A %  N-methyl-d-aspartate (NMDA)
2-amino-3-(3-hydroxy-5-methyl- isoxazol-4-yl) proprionate (AMPA) - kainate B
LR AKX HM A GTP-binding protein - #F 4 694 R B S ELEE LM
85 R THBEEMY S RETHBARELHFE  EER-SREN
RABRAPE AR ZEGEEEETEN L REAEIRNTLRRERTE
AEMHEEALHER (Arundine eral, 2003) - BEHF ErR T S8BT RAIT
EOIEM - BT UREARSESBH EmMEA » &—F & 4 Kif(edema) ~ 29
§ B 38 15 (plasma membrane failure) + 7 48 3 #&(neuronal necrosis) 45 F | IR b2
sh o B SR A L AR ARGRBESBET AT EN & ATP R F b
4% 8k T %40 Bh A5 § 4 #2 85 (phospholipases) + & & & (proteinases) & A 7 8§
(endonucleases) » # M HISE - EOERABBAETNH  URELEAELKEN
52 4838 B] HR T 69 fm B8 AR LB & %3 (Arundine et al., 2003 ; Moro et al.,
2004 ; Slevin et al., 2005) -

= bR T RZ B RRENE

b PR EBEERTUAYARAE | —  aRBAR - = WEREREYE
B o NEBRFMAB A E > EHEABNBFLERS 0 BAE— A X B FDA AT
& % 4 % recombinant tissue-type plasminogen activator (rt-PA) » £ & S fat ¥
BEME N PIRE rt-PA SR T A RN E T REK EFETABRKTOHNRAE
b BRONEEAFRZFTEAMURAEA RS EMMA TR t-PA %
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He L RBLENF T o A PAMERAZ ST R LME RIAEGERER
g REM A A Romdban AB B BN B e 8 5RO AR TR ho o 4 4g B
EMA R RTAELA S QAR AR > R 0 B AT O 8 H Fall do 42 5 47
B2 BB RE T T LAl TR aTERAL AR P oD o) &I4F F H ABX, -PA 2
e A—F @AW @i s Sohad e BEas A ahEELREhL
PG AR a2 E VB AR A S AT
T4 QU%ﬁzl&*f?f‘é‘?Ekmﬁmi&éﬁ@;‘&ini'ﬁﬁjé@%ﬁéﬁi???ﬁﬁmﬁ&é@:— BHE-HKm>
BHREMB ML BBk A E FERV o i RS SR e B A AT 5

oo BBATEHO &ML L H MR TERANARL I BAH UG
RSB f iR PR G TR - Bt BRSO TH N P ERER

G LB T IR F B0 —FR(Ren et al., 2004) -

— PRESAHFRMSH

PEEUHARR AR K S P BRI ST P B
FRZFERT RIS FRRIE S AR E SR REBNE - R
DRI > o Z HAENG - REREE  REMAAE RO BEESR LR A H
PR+ BEAKTR R M AR, » AL fERES » B ~ AT - B - BB MG ZW - B AN
BARAERT LT TE UMEFRL LB EAR BB AKX FH B
d B4R - PE S OB LN AGHR PRABAMERGE R ELABRE T O/ELRE
o BRAR L BRshdtt PR Bty RS EERA EhibiE LR T A
B i6% -

75 A AL B BLA R AT R AR AR B AE ~ B R BRI
B At MR o R B PL R BRI B IR AT E RS AR BB ERT
FRGAE L Z A > AH AT R 6 RN > g kB B 13 26 985 e B
MRADIET B H WML SR THE - b WK B i L ise R
G E RAEFS o AT HRUE AL o A FUAT 0 B R A HE R BN AP AR h AE MRAE AR T
TH > 5T iR PR L B B hoKEE ~ R ERA ARG LZENEN
e Rt FAER o Bt frshbdt PRAMH  APRESA e R L8 E e
NTESALR B G o RERARE ORISR - koBR R Y F B LR ~ BN -
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E AL BE R PR RS KR o B RIE TR R A e b RS 0 MR
da sk dn oo BT IR AME A E LB H Bl ke B LE B RR G~ B

BRI R ERN b KIS AR S ZHSHNE BB S AR
HT@%%@A {8 4 H R R a0 R BBk %%'#%Wﬁ%m £k
WMABTEER - ERAEAETRILALEAFBUAEHEAEANE > B
R A F e

LERRGHERAEPER  wFERFTREA SHBIEHEAAS -G Hoh
ERBREHELRE ok REMMER  MBARMEELL > DK E
i dnifi & MM e A% AR HAaRALTURE LT EN » HpH
foRERE BB BT ANER P HERAKBEANBRELER
BER  BERE MV EESE REZESHURKEER - b TR
KA AL ~ 4H4F R E ST O EEER - ATT B ROERA AN
PRMEERGE LB ARG AABBRAEL  AFREALLANHEL
AMALERANE BYHREIRVHARNAE B LRI FHadl FEEK
(thromboembolic stroke model) » sb— 844 X B 4 695 & ¥ A9k - 3+ B
HMESREBREEATENAREX AR L—BARARTFTBESEHR  HEP
BB PEAAMEL  BBRFENE RIELEALAERGFH R TES
PGBk MBS bR L P — 8412 AP b kR 0 BB rt-PA #ES
ARG LI —E 48 e b 4 R ECA G AB1E HIN A YRR r-PA 69 F A

BV REERAAL  BABARLBETOESR -



A MRy A
— o RRE RS R R PR B A X

AR R SER B B AR 250-350 g (& & Wistar) © 44 Krueger % A
(2002) 2 7 ik eA1% 4 & B A 3 % isoflurane GE# 95 % Os Fu 5 % CO,) f B2
e &5 B 3 2 % isoflurane 445 LAY < SHSR A b PRI - Rl b iR
Ak (right common carotid artery) ~ M3 5 9% (external carotid artery) ~ BLNE$)
Rk (internal carotid artery) > #§ AT — R #5472 K R i > & &SRB ARIEA £ N
SAEHAK 0 BPis R A KBS P 898k (right middle cercbral artery) 2 [ % (ischemia) »
RIRHEAHG O RN ARKEE - KMTBHAITANREDAREN RS
—Rley B ERsR o - ) agig 0 BREEE R 0 A1 r-PA(S my/kg)iE AL d ik AR
R AR (reperfusion) Z&h B R IK © = va o345 - IS M SR Tk
—FONA o Firaf Y ERBBMAEEEE 37C -

=~ BEREER (infarctsize) Z 3%

% B Bederson & Pitts¥ A (1986a) a4 F E R B » 45 =+ w i) dik B
AR 1% o 12 A chloral hydrate 200 mg/kg i A% £ B, » AR A 4 BT 45 AR 2 40Uk
ooz mdiktr A AR2mmEE < 2% TTC (2, 3, 5-triphenyltetrazolium chloride)
HBAEITCTFRE305451E 0 BEPHRALO % formaldehyde solution ] ;€ - [§ % -
Ravn i H #frA8# 848 (Nikon Coolpix 5000) » ¥t 4% IA $51& 547 $k 82 (Image-Pro
Plus) 3t H 8448 8 f 2 @ 5tk (% infarction volume) » % # Swanson % A (1990)
2 SABERR K R 2 T4

AT RMAEEF K (FBS) KT 1E @A

B #HRIAEFIR (28 M

AR BZIAE - (B—A)YB x100 %

ZCHEBRSHBRAAY EE
KRB F o o218 WL H £ 400 mgkg 7k 4 F.& (chloral
hydrate)fo XA FLEF » B 1L 50-100ml 2 PBS K A ¥ T84 0 24w

Gikd R B RBORE - KRAE S N OHRTABESEIHRWE » &
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RS ETTESL SR P4 H AE > IR 39 mm (0 E 0 B AR L A KBS F IR WRE RS
RASGHEEE T0°C #HA - mekd-70°C mE g o R 4°C FamA dysis
buffer (50 mM HEPES buffer, containing 100 mM KCI, 10 mM MgCl,y, 10 mM
NaH,PO,, EDTA 5 mM and protease inhibitors including aprotinin 10 pg/ml, PMSF
1 mM, and leupeptin 10 pg/ml, and phosphatase inhibitors including NaF 10 mM,
sodium orthovanadate 1 mM and sodium pyrophosphate 5 mM) 4w A&} - 4257 3
B 2 4 G 4°C ~ 10000 xg Fa#w 30 o480 oo EERFAAN
70°C - 4334 Wik ik Bradford(1976)y FixRIA L Z @ B4 ¥ LRAF 0k e
& & (bovine serum albumin, BSA) & 4% # & -

BTHREEARY UL T2 @B NE G T RYNUS: THRMLFI AL X
sample loading dye (350 mM Tris-base, 30 % Glycerol, 350 mM SDS, 175 uM
bromophenol blue, 600 mM DTT, pH 6.8) .4~ 4 » #4100 Cho# #5048 1 %
@ fdenature?s MR ERAEEDSHE  UBLUBRBRTHIHERAN
AH 0 &% A4 CF sA88i% 5000 mpmEcSa4Etk A o BL10 % SDS gel #
running buffer (25 mM Tris-base, 192 mM Glycerol, 0.1 % SDS, pH 8.3)F » EA200
V/80 mAR AT E kN3 - AL B E #transfer buffer (I M Tris-base, 20 %
methanol, 150 mM glycine, pH 8.3)F » 3470 V/300 mA & 47 ok &3/ BB
B 2% &% #4% % nitrocellulose membrane (NC; Hybond-C) # polyvinylidene
fluoride microporous membrane (PVDF; Hybond-P)# & ° KREis 4 s A AT £4°C
thblocking buffer (5 % non-fat milk, 10 mM Tris-base, 100 mM NaCl, 0.1 % Tween
20, pH 7.5)% » 3% %404 484 » IATBST (10 mM Tris-base, 100 mM NaCl, 0.1 %
Tween 20, pH 7.5 ) #Fk & EB3IR » HXR1004 > 2% o N — BT H (primary
antibody) » # %8 FIE A A2/ 8% - £ATBSTH A AB MR » HRTN4E -
Z % B Fm A 8 3 4 horseradish peroxidase (HRP) & — # . 48 (secondary
antibody) * A E B T RALNEE » BUTBSTH AR R » FRTH4H - KA
16 B A % R M #lenhanced chemiluminescence (ECL) Western blotting detection
reagent Rk K Bk MK B 8 0 RRIER o R AR B R HA
G » A% A # B (Bio-1D version 99)4 247 A 72 -



g~ FPLEERRG 54, (neurological deficits)

R AE Bederson % A (1986b) kA& Lee ¥ A (2002) A7 1k Z 4840 & 3146 K
NP R ES R RRE - AR s o e an B
B FFBMALAETRANTARL  ARARARLCNEHR - tbyrm$l A
Fiflde T FARILHBREFNER  URETHERSE RS S0
FEOF 35 4 -

HRBABAEANALCHELBHESEE - AR RN TS ¢ang -
HRRARAEREEE RGO E  FE2FBEN ey b esiing - 4
Fo e AR 0 8 BRI a9 A R G AF AT IE — PRI B4R 45 F 1k ¥
fl(contralateral) WL &% 5 M AT BROILKERE £ ARG 00 A2 B R ) M 2L - 48 B LK e
e BB E c BB FERIE A - MR A 6 i G
Mg - KEA LEREOATRKEELA Ry FHRAS | & AR
HACE W BB E R 49 K4 (counter protection paper, Kimberly Clarke) -
B FUANT B RINEM M FIEERGRE KB REUANEAT AR
Y AT R B B3 ot o RO S BRI R B ¢ T 4R M Bk 0 B RSB P LG KR
WK E 7@ ey A7 48 B 9484 A1 Fod P R e K R 50 R R B o 6
NGRS BRAE 2 R - BERARAbEEH > BEASLBEGTE
A RALRE B MAE S > AR 3 M- FAA LK AR RE®RNITE B
AR AR -

LR B RE A B2 3 M B 4648 (convulsions) 3¢ % 45 45 M & R AL
(sustained disturbances of consciousness) @ #F HEFR# K 5 ob - B B 9] 45 4 48 F i 4y
WA BN G A A MRS TS SR B s sk MR T R
4 &2 (Belayev et al., 2003) -

B KRR CHBRE N B aRTe
AREBRZEEERN BH R Wistar A ALK B 8] & 69 o 5 505 555 8 2 1
% HBITER Tomg A2om ()R 47 Fiir#l4a (sham group)-(2) &
B(FARMBEERT AT RBK) REAKETFHE #5K 4 F t-PA (8 me/kg) I #
o (3)F 478 EH L T rt-PA (B mp/kg) 4~ (4) PR AINE E R FE8E (1.5



o/kg/day) B 4T F 47 0 #1448 F t-PA (8 mg/kg) - (5) FAME S ®
do i R ARE (3 g/kg/day) 5 E 4% AT F 4T 0 MR T rt-PA (8 mg/kg) A1 0 (6)FR
kBB A R (3gke/day) KT T A LAB AL KRIE S
BB A RS AR E A A R &R T RSB R -

A BESH
B ESSIE % LTI {442 2% ¥ (mean £ SEM) AT » B B 8 b T IR

tpz ey £ R » T a4t B) L one-way ANOVA 4Lt 537 » EHERED
ol Newman-Keuls Hik b S e £ B 2 P<005S Al &TH ZE R £5]



%~ HX
— R R R A AT A S| AR B R B 6912 # falane

2) > rt-PA(B mg/kg)it B d A3 % 55 (1.5 & 3 g/kg/day )(lanes 4 Fv 5)88 88 69 3 Y
MCAO F 47 s ey BE SIS & > BAF sbBS 30655 & @ A 3 B Ao A s ook 40 3( ) —
B) o f g g(1.5 A 3 g/ke/dav)i# B rt-PA(S me/ke)sT 4 & £ B AL E4a kit
Byl MCAO F i35 s g9 RSB0 65 E = B ob 0 da BRR356F F rt-PA o) 41 %) (lanes
4 Fu S)AE B FEAE 8 B 0T 3% 9 (3 ghke/day) & rt-PA(8 mg/ke)#y 4 %] (lanes 3 o
6) > B2 F 2L ah b MCAO Fi#7:k s eh BS 2845 & -

= Bl BRI AT F AR ARG LG e SRS 8 it-PA 0 AR R IRST
FHTZAE B 40 ik AT ASAT A ERTE - B IR MR 34 solvent control (line o)A
R & T bk % 5(3 p/ke/day) + r-PA (8 meg/kg) (Jine m)&g 4 %) » 4 i B & ot
TR R ARG RAT A YA B8R BE G L £ R -

CERAFTERAG W -PA HR RGERIERET @B RIS TR R
TR - BIGBREB A ET MCAO F#i2 4z 44 (lane 2)8) X RUBSER
HIF-lo(l =)~ INOS ()~ TNF-a (B &) A& active caspase-3 (8 75 )69 & 3.5 ¥
RAE) 38 v o M fo T E 5 (15 R 3 e/kg/day M A rt-PA(8 mg/kg) &9 4 %] (lanes 4
Ao 5) » MBI R G 5 (lane 2)) K ot F & LA A8 B 6 R D KR
A& 3R B HIF-1o~ INOS » TNF-o & active caspase-3 &9 & 3. - % ¢h > B 4545 8 rt-PA(S
mg/kg)ey s %] (lane 3) > ABAERRIE B Y@ B (lane 2) + F 43t E R a9V F i
% A& 38 TNF-a (B Z)89 &3 2482 HIF-1a(B =)4& iINOS (B ra) & active
caspase-3 (] N)Z AR FE 43t Leh 2 2 0 BIBE M it 2553 eke/day )
Briagi(lane 6)  Agd 7 RRVE Bloh ) (lane 2) © A 43t & £ 40D F T 14 A% 2P
TNF-a (18 2)~iNOS ([ m@) & active caspase-3 (8 75 )69 & 3. 12 48 4 - HIF-1a(
=) X RBABA S L ER -



— s HAAFNT AR I AN A En T T Bk RS AR R A
(MCAO) 4B ta ki %, » BB A s Al 2 75 5] 08 47 FH11 - BRS040 h A b &
HATFHOEMNANBEGER  AARMBERNEMARNBESZ =T BHT
H— S ERERFATH - RERPABTESR  SREBETHRALRRHER
2 o 3 B A5 (1.5 & 3 g/kg/day)ig 47 MCAO F 47 » .45 A rt-PA(8 mg/kg)eh ta
FIAEBEAER s Mt FEE MR AT T ERAR
B B BN AR 3 R B (18 — ) BT S A R A B A rt-PA E T B AR e R SRR R A

s B =P K84 3B 4 solvent control (line o)A B T AT IR 5 % (3
g/kg/day) + rt-PA (8 mg/kg) (line m)ay 4 %] » £ B &t P BUARF FBAP L ETE ] A
FHEYILGER  BHMT LM ES - W T OB AFRBFH A n-PA G5
MR TER  EREEUAESGY T RETHEARABRR -

= BZEE 8 AEN AT e (lane 1) FBMREH LR
7+ MCAO F#7z =4 (lane 2) » 3 A& % ¥ HIF-1a ~ TNF-ofe iINOS # & 35,
B A AR MEERRE B E ot 2R 5.5 & 3 gke/day)h @8 e K
4.(lanes 4 #v 5)g2 4% %] a(lane 2)8#; » i34k MCAO 3| ¢ F B Foh A RNA
BERMH R AR soh - EZATOETR PSS A 4 5 B s € 5] 2 HIF-loudh
3% fu(Bergeron et al., 2000) - it — % HIF-la & % 4 %] hypoxia response elements
(HRE) L » i% &%, TNF-ofv iNOS &4 X & # #.(Matrone et al., 2004 : Chu et al., 2008) -
% ¢ TNF-a 7R 57 14 4] 28 iINOS 9 & 4 (Heneka et al., 1998)» @ INOS Ffig i &) NO
AEAELE CHARmBEYETReBA T E S active caspase-3 &) &,
(Chung et al., 2001; Stewart and Heales, 2003) » A7 BA & 932 4 rt-PA #f B o fF &5
FETHE A B ] HIF-1otg & 31> ik y 7 TNF-afe iNOS &9 & 4 - {245 NO
FRERFAEBR > MiFH T w234 G active caspasc-3 #h& 3, - EH|4R#E
Bt B A D B EMG E AR

g ~ FAE F AT BIHS T -PA (8 my/kg) AR AL FEHMR LFERS
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(3 glkg/day) iy Bl 12 3B AT F 474 Bl 40 o O Hl o Ay 35 5 R rt-PA B B 4F 6940 28 4%
A - EHEOTG R Al & BB A Sy B A 06 ek e M P BL0Y Ao AR L



ﬁ\‘;—.

& fF IR G -PA R4 L eI MCAO Far ik ey B SR % AR E
B A rt-PA R B E R TR B A AP EREIE R @R E A T
Ae 28 iy Hdp#) HIF-1og & 3 i fdpd) 2 F # % je 2 W %o TNF-a~iNOS
A active caspase-3 4L - A3 369 T H AT R R F AR ER FERFIAER
B TASERE S PRERFHANGHEIXNEAEERAAE - BLER
ReERABERRA L > AIEESHEBERERTH - RAoIAEFE -

242
)

ARG EARTAGELEZFERZAEGGTIESR
CCMP-97-RD-044)32 1t 48 & % 85 » 4k A3t £145 OBA] ST Ag 0 A bR -
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