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# andrographolide #£ 3t % @& K E KR % - A7 andrographolide 4o {7 #p &) fo/ MRFEE R
JEth4E A ## & andrographolide #HA3E T AR MR BER AR AMAAR > st £ F
BOHBEREAL—BEAUAFTAE  SARHETEHEH T BREAN Bl o250 FHEI
HEGLEER > Bt R FEHFEMN L HéE andrographolide R T BB R4 H
Bl RRFHE MR EAMERAENEENREAR B ERITRRATRNE
B RIFIFHCHHEWAREERRETEOFERRY > UMEA — LA LRS-
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P H R 2 F R EAE & andrographolide (35, 75 uM) 7 5% B 48 B 4 49 3 %) collagen 3| % #Y
S RBRERE R /M RESEE T 98B H - PKC #3751t TXA2 th4 i Bipdle g da ik
R g8 d cGMP & cAMP 3| % VASP 8 e B b3 fo
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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. Researches of herbal medicines of the
protective effects of ischemic stroke were ongoing but uncompleted.

This project wants to establish a complete model to estimate the protective effects of
herbal medicines of ischemic stroke by in vitro and in vivo studies. Platelet aggregation and
neutrophil activation play important roles in the pathology of ischemic stroke. This project
will make an investigation of the protective effects of herbal medicines in the two important
part of ischemic stroke by in vitro studies.

Andrographolide, an active compound of Andrographis paniculata, may have protective
effects in ischemic stroke through its free radicals scavenging, anti-inflammation and
neuroprotective properties. But the research of andrographolide on ischemic stroke is still
absent. The mechanisms of andrographolide in anti-platelet aggregation and the
neuroprotective effect are still unclear now. Besides, we also want to investigate the effects of
the chinese traditional compound medicine-SHIEE FUU JWU IU TANG on ischemic stroke.
This project will have a complete model to estimate the neuroprotective effects and the
possible mechanisms of andrographolide by in vivo and in vitro studies.

The results show that pretreatment with andrographolide (30 mg/kg) could inhibit
ischemia reperfusion induced brain injury, and feed of SHIEE FUU JWU IU TANG (980
mg/kg/day) for two weeks also has protective effect in brain injury. The protective effect of
andrographolide in ischemic brain injury may through inhibition of neutrophil activation and
platelet aggregation. Andrographolide (35, 75 uM) could inhibit collagen induced platelet
aggregation activation accompanied by [Ca®']i immobilization, protein kinase C (PKC)
activation, thromboxane A2 (TxA2) formation and free radicals formation. Andrographolide
markedly increased levels of NO/cyclic guanosine monophosphate (GMP) and cyclic
adenosine monophosphate (AMP), and cyclic GMP and cyclic AMP induced
vasodilator-stimulated phosphoprotein phosphorylation.

Key words: ischemic stroke, platelet aggregation, neutrophil activation,
andrographolide, SHIEE FUU JWU IU TANG



4 4

- LY SO PN
"~ A &

% P 4 (intravascular thrombosis) &3l A% % OB RBAAREHF X

— > e $h Ak M ;A (arterial thrombosis) #4983k %]% (plaque disruption) & ¥ 3% &

M fn % #% 4% B (acute vascular syndromes) ° € #5 o FLAE E (myocardial

infarction) ~ R4& & M 4% (unstable angina pectoris) LA & ¥ J&, (stroke) (Fuster,

1994) o % M &= fo }4 B F B (acute ischemic stroke) i# % & & # cardio- or
athero-embolic 897 &%, » B KBS IR ey B FAE (Albers et al., 2001) - 31 F R A A &

HoYBA LR OETROARTER > ERAMEENEZ M LT Z R

BN R o O NARAE AT N E A 4 ¥ (progressive microvascular
thrombosis) #93. % ¥4 E €& A & (Choudhri et al., 1998) B & £ B LAk EZ
K 6y A3 0 354 F 4 lipid - platelets fv fibrin (4k 4% &) iz R > &
ik BB E T A N (Okada et al., 1994) » i gk &1 o 1% Z AR FULE
(7R Bp no-reflow 32, %) » B4 reperfusion s B4 > HF M I T ERXBEXE
SRR E > LR % RbMREGE— SR ERE (Pinsky et al., 1994) > & B4
i % IR 5 B — I8 % 45 postischemic hypoperfusion &3 Ba-T » £ 4E A

intraluminal MCAO (middle cerebral artery occlusion) & 4 43 % 1t &k &1t F &
% > reperfusion i R € 45 CBF (cerebral blood flow) k18 2 #: b AT &5 4% £
(Connolly et al., 1996) ; £ & FAAMET HBRE » LAEREH O ERROK 0
% ik 2 3, degranulated platelets A & fibrin & £ #& (del Zoppo et al., 1991)- 25 f »
B ARG B ik R AR RS IR B R &Y platelets B #& 0 33X microvascular
noreflow MR E—H B X B R L > RAEFNRDFTAAENEE
(Abumiya et al., 2000) -

B ERRG ZRE R R T 2T LR R 6 & RSN 0 leukocytes 4
SEEBE  LABBRLEAFTTFHMRERXRER K ER A &(Connolly etal,
1996) » X ¥ 7F4L A5 69 neutrophil T E L HEX A G RRFER — AR 6 -
&9 % 31,1 & NO 89 L #(Lipton et al., 1999)» {# ¥ & tm B FE ¢ %, T BS SR 8945 £ 5
@ # leukocytes R K BB BAE M —Hkafs (Siff cells) » K& &R IKMT -
PMN #4% Ft 5 F : P-selectin v ICAM-1 » %~ %) f& B &k o LA & reperfusion &) AT #A
€& K E &4 lenticulostriate ByBk 14 &9 o B & 3, » 1# leukocytes & TR M £ /9
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Kénfp it B E ML > B84 BB 4dafo reperfusion &) no-reflow 3%
(Okada & Copeland et al., 1994); 8 2K » 5% % 35 & 4& F #7 BT 4% neutrophil depletion
(Connolly et al., 1996) » 2% & FA#7 P-selectin  (Connolly et al., 1997) » 45k 2V BS48
ERBAUERRIE R T 0l B5 85T 2 RM R - 48/ % 2 fibrinogen
polymorphonuclear leukocytes ju £ /&1t #4 platelets 4% £ 8% 2F microvessels’ & &
2 microvascular FAFE &9 = £ % (del Zoppo et al., 2000) » {& 4344 /s fo. & 64 95 38 14

(microvascular patency) # % o

#oif (Andrographis paniculata) B4 M HE X9 R ARG T RBE ¢ ¢
GIRAMAR ARG BB R R 8 X (laryngitis) ~ F i (diarthea)fo &R 14 B &
% % 7% 7% (Chang & But, 1987) o &y #1354k R BET » th B o M A 4d B a0 55 1k 4 My iy
BASEHRETMN  LoaTHRHE K FEF HB HR& F(Yao et al,, 1992) &
RIBAR N %Ik % 469751 (Puri et al,, 1993)% 048 - AR RS FMA DB T > #
RAHERBEEHRBLSER %6 E /B andrographolide » H 1L & 4% B » bicyclic
diterpenoid lactone # &91b6-47 ; & & i 69 5F % 88T > andrographolide ¥ 7 8 %
WRSUAR 5] A2 Y £ 8 F M .4 #F inducible NO synthase (iNOS) &y 4 &%, » B4 #8284
#p#] 7% M (Chiou et al., 1998) ; Amroyan et al. (1999) % ## 7, 4 3, andrographolide £
A #p %] PAF P73l Ae oy fn MR BB R > EABRHEE TS uM) #8245 A 4p
# &M > 5 SR A # %K % 3R > andrographolide T #p%| reactive oxygen species
(ROS) 4 hydrogen peroxide (H,0,), superoxide anion (O,)%4 & B a4ty E 4
(Shen et al., 2002) ; M 4& 2004 5 £ 3, andrographolide € 4& & #p %] microglia #4
EEMAREA LRI > e BB EIL PIBK/AKT 2548 R34 P9 & o i
&) 8 (Wang et al., 2004, Chen et al., 2004) » & if &4 5F 7 b 38 A &) B A2 3|
andrographolide ¥ #| X T M & K BR Y XA FTAAR G O HBS B FH T
(Hidalgo et al., 2005) -

ATRRAZAMCEIFGTELER PRI HHE KX L OFIRAETHR
WAEZTRBEFR 8B, RATO) bR HFEEEZTL —BRrEat R
FERYHE R ERENTEER > KRERITRRERRBRE R F0E
VR EER TR MBS MEOGHNIEREBRAOMAE » RIE R MR
BRETHEARGEREMOEREREROBIGEFHET —EAEEE



ZhE 0 BRALNERAZEHEIRHBAFTRIATREAFIREED DT O —
BRERTHEORSGIEN > HAZRTRELIPABOEIREEDHEL TR
K RIS G TR R - Mmebk3t EArEE e E4 andrographolide i 4
RAEESABMOARKEITE  RARARATCRAGANES - REXKRT
BARHAY & m e Th hE ] T PAF Fr3lie s MREEE R » EERMEE
s e s G EL  RHAARFHORR  MERMKRLED T 95 RET
andrographolide (5-20 pM) ki % /R & #4938 o o A 2L 3 ) & F&7F LR (3w ADP,
collagen & U46619) 73|42 A MMrikE R ER ATP 89 BH K& R
B AT #1#> andrographolide £ st 7 @& R EF % > B #H# andrographolide 4o
o) do /MR B E RE 69 48 A #4388 & andrographolide #AS3R 45 £ A #6815 A
RAEAAMAOTR Bk K2 T oEey/EH A Wik andrographolide #t#&r
M RSAR R AT RIS A S TR SR REBERATRATRATR
RIPECHIE OB EER RE T ER MBS UBIREA — T ENARTKF
o RE|EZBREAZSEXRE  HPEkRLE ERNOER -

A~ ARk

EFRIT®
1.4 3t andrographolide i f MRBEERABRBEFZTRY &

(1) A% R 7% 3 (platelet suspension; PS)&) &/ 45

4% L8t B Acid/Citrate/Dextrose (A.C.D.)$L4& f L FaE X 2 44 1:9 (v/V)#5EL
BliRb LFEBRT > SLBPIR 120 g 0 10 048 » RER T4 R 0 o
heparin (6.4 1.U/ml) ~ PGE,; (0.5 pM) &4 » #» 37CTF 10 4% ; Hi&—F A 500
g #1048 R E LR R > TR BP A f ] iR (platelet pellet) » A 5 ml &9
Tyrode 3% » pH 7.3 [NaCl (11.9 mM), KCI (2.7 mM), MgCl, (2.1 mM), NaH,PO,
(0.4 mM), NaHCO; (11.9 mM)#v glucose (11.1 mM), BSA (3.5 mg/ml)]#§ fo /s 4z FR
RLIT B 18238 8 5 4 Tyrode /8% F » apyrase (1 U/ml), PGE, (0.5 uM)#v heparin
(6.4 L.U/ml)» # 37°CTF » 85 30 48 » AL 500 g 3w 10 548 > R X LR &R
B A Tyrode /&% 4% fo /AR FAK 3784 » apyrase (1 U/ml) » % 37°C F &5 10 454% »
BEUS500g 80 10 948 > FR ER R > REA Tyrode ik Be s fn MRRF
#& > & LA Coulter counter (Model ZM)3t & /MR B FRARELHABEHS
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4.5x10° 18 a1 AR o bBF 0 do ]MRIBER PASEE TR E TR I mM o

(2) o/ MRBEER ATP BER B &R E

XA Lumi-aggregometer (Payton, Canda)i]Z - #§ & #4789 fo /)N 4R 400 pl Ao A
& silicone &R/ PNFEIBE F 0 3 LU ME S48 1200 e IBH o RERE
ty3tH o 4 EU PRP & PS 9B & E A 0 Y%ty o M gEE & » 2L PPP % Tyrode i&
BRAOBRABEAFEMA 100 %t o MREE > BERERBE LV HIT 6 448
Andrographolide ¥p#)] fo /R EFZE 8 TR L uA andrographolide % & %t
& 2 B Fo R oA andrographolide (¥} 8B 4a) &y 5k £ R E 6948 H B H tb - ATP BHR R
BB E » & LR luciferase/luciferin Fv ATP R B4 AT E A 898 % > RB T o/ IR
BRRBG KR EREREEEEAF

(3) FITC-triflavin $& f2.-Js48 E glycoprotein IIb/Illa complex & 4-&4 ] &

R A f MR IFR  BAE SN REB A 4.5x10% platelets/m] » B 0.9 ml
8 f MR IFR BEANRE F 0 5 5] /AR B R E 69 andrographolide 3, Tyrode ;%
RoOBREETBRALALS 1 ml> £ 37°C FiRis#4 0 8 %o A FITC-triflavin (2
ng/m)R B 2 5%-4% > H v collagen (5 pg/ml)> 8 4-4% 4% sX Flow Cytometer (Becton
Dickinson, FACS-can Sys.)#| & » B %Rk % 50,000 18 do )N 4R 5547 ©

(4) s/ RAISHEET &R

VA A.C.D. B st B S R Adnid 1.9 (VV)Z bl A £ Ei% FILBP L 120 g
B 1054 AT ERE  BIAS00gEC 10 048 Mk  RELEFER BT
J& #) s\ AR LA Tyrode 75k 8% 2 » 3 Av A Fura 2-AM (5 uM), EDTA (2 mM)#=
PGE, (0.5 uM) » # 37°C F & &% 5 40 4574 > H oA apyrase (1 U/ml) > 3t — %
&5 o BREBREERBIFROT L VHER IR - AL KA 40 F: NaCl
(136.9 mM), KCI (2.7 mM), MgCl, (1.05 mM), NaH,PO, (0.4 mM), NaHCO; (11.9
mM), glucose (11.1 mM), bovine serum albumin (3.5 mg/ml) » pH 3§ & 7.35 -

% Fura 2-AM RIZBZ o MRBIFR EHNRER GBS TFRAMEL
B9 % & UL 8 5 AR (CAF-110 Intracellular Ion Analyzer, JASCO, Japan)zt4k 2
excitation wavelength (339 and 380 nm), emission wavelegth (505 nm) » % #| B
Grynkiewictz et al. (1985)2 F /&3t B ta B 458 F R /& -
(5) [’H]-Inositol monophate % g & R] 2

AF L ACD (1:9 vIV) B i BRI 69 AR E 4 o MR o 7 08 F 3w 500 g 10
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pEE O BRELERR OB TE o MRBRRIFEN R8T R BSA # Tyrode 3R
% 5 i 4ppo | mM EDTA & 75 pCi/ml #9[°H] inositol « # 37°C FiRi& 2 /85 » B
B 500 g Bk 4 448 0 PG 8 AR FER A 4 BSA (3.5 mg/ml) » R4 EDTA #9
Tyrode ;5& 8 %22 » KL BB E AR EGX10%m]) - 4% 1 ml &9 f MR B FR
e 4& silicone &,7K 89 3.5 ml 3K I E P o Bl EEEER 4 48 1200 B
E43FL 3TCTF o KA SmMLICl R E 2 448 3% v andrographolide
A% EH Tyrode BR(HBRE) £ 3TCTRE > REBwA o/ REE A
collagen (10 pg/m)3| HRERE » 6 HsEHE A ANFH/HE 10% (WV)KEH
trichloroacetic acid (TCA)BA ¥ 1k R J&E » #3514 1,000 g B3 4 548 » ARIF LFR
(1 ml)2A Z&%(10 ml)k B3 769 TCA =k i 80°C g KB M 15 6H TEEAT &
Al INNaOH $H#¥ pH M E 7~8 > %14 A A /KHEEHZE 4ml > A% HR 3.5ml
pa4 Dowex-l Z 18 8 F L8R5 £ 4L (50 % > w/v o L ml) A 513 Uk 2 %) i
i # [*Hinositol, [*H]glycerophosphoinositol, [*H]JIP, » [*HJIP, #a [*H]IP;

(1) 15ml myoinositol (5 mM)

(2) 30 ml  sod. tetraborate (5 mM) / sod. formate (60 mM)

(3)20ml HCOON;, (0.2 M)/ HCOOH (0.1 M)

(4)20ml HCOON;, (0.4 M)/ HCOOH (0.1 M)

(5)20ml  HCOON, (1.0 M) / HCOOH (0.1 M)
SRR A AR B W E (% 1 ml)Au A counting solution (atomlight) 4% » 2A Liquid
Scintillation Counter (Beckman Model 2200)/8] & A7 23 5t 2. 89 3% £ ° & inositol
bisphosphate (IP,)& inositol trisphosphate (IP;) &4 & #RRAK o B b > &R
inositol monophosphate (IP)) % # — 45 4% » 4%, % £ 2f inositol phosphates 4 R 8 & °

(6) o/ ix4mhE Py thromboxane B, 93] &

A$R fn R B8 5% 5% (0.4 m1 > 4.5x10%/ml)# andrographolide %84 R ML » Au
A collagen (5 pg/ml)3] % fo R 7EAL » RIEEAT 6 24814 > Ao A EDTA (2 mM)
#o indomethacin (50 uM) 2L 4t thromboxane &9 4 4 5%, 48 &9 3.0 4% Sigma-201 M
£ 14,000 rp.m F &t 3 448 0 R EF& o LiF & ¥ A28 thromboxane B, 49
& #] A thromboxane B, EIA Kit ] & % -

(7) % & H 548 1t(protein phosphorylation) &y R &
A SR B(A.CD) 9 1 1 (v/v)iR4 > B4F PRP &1L 32,000 r.p.m. &3
10 548 38 F B o/ ]MR A B8 £ 7 4 NaCl (140 mM), Tris-HCI (15 mM) & glucose
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(5.5 mM)#4 Tris-saline 4 7% ¥ (pH = 7.4) A & do /MR # B % 2x10° platelets/m!
#& » /v 2 mM EDTA & 0.5 mCi/ml & phosphorus-32 # 37°C F &% 60 9-4%
#R1& 2L Tris-saline 4 f873% % o 2 R Bp 4% €42 & Lk phosphorus-32 #4 fo./ ]\ 4g

Ao R FERAE STCTRFRMRIE > BisFMRTHREME ML
N 0.1 uyM PDBu RJE 20 % 4% > Av A 2 44y Laemmli sample buffer
[B-mercaptoethanol (5 %), bromophenol blue (0.001 %), Tris (0.0625 M), SDS (2 %),
glycerol (10 %); pH 6.8]# 95 Chu#h % ¥ hu#h 5 548 » ASPER B4 10 pl # 47
TAEE - ,

A 12.5 % (w/v) polyacrylamide gel #4 s, slab gels (4 0.1 % SDS) » £ B A48
Wit AEIZER 250 REF#ITERRME - EBRR ML » X 0.1 % Coomassie
Brilliant Blue %3%(0.1 % Coomassie Brilliant Blue R-250, 50 % methanol, 10 %
acetic acid) » Zi8 1 /NBF 0 H LAk (50 % methanol, 10 % acetic acid) &M B B 2
HFE UARBYMAMAZERNAC S FEHZELZTOE(ALHE 974 kDa #
phosphorylase b, 66.2 kDa & BSA, 45 kDa # ovalbumin, 31 kDa #j carbonic
anhydrase, 21.5 kDa &) soybean trypsin inhibitor & 14.4 kDa & lysozyme)tt ¥ 14 13
%0{ Bz & 47 kDa o

A Fi4F SDS-PAGE 2 B h & 3¢ 3% #% % % 4 Kodar X-Omat film > #£-70°C F
& E & FE 40 /) 0§ » 2048 47 autoradiography ; 5B $h > £A image analyzer & & & &
BREHAENEE  RBREOSTHBILHRE -

(8) s/ MR %A cyclic AMP $ cyclic GMP 4 &84 R &

A AR R FE R AR 37°C 01200 rp.m E 358 1 94874 Ae A IBMX (100 puM)
RI&E 2 %48 > K% AvA andrographolide ~ PGE,; 2 nitroglycerin [ Bf /o A. 10 mM
EDTA 4% > SLBP & i 5 748 > B B KB b 447 38 24 EIA kits 2 %) 3] & cyclic AMP
1 cyclicGMP 44 & -

(9) &/ iR&mALAN NO 942 &R 2

# R FB] iR B &9 andrographolide $2 fn /N AR B8 %R R B4 > SLEP 2L 14,000 r.p.m.
BEw 8 o048 0 BREFIR 100 pl fo N R4S B0 BKIBH P MO BHE B E
Je 4°C 4% 30 S48 > B #Ew 14,000 npam. 8 248 BRE S RAR 0 B AR E
HRHFIZEEH - R 10 pl T ARBE T > X VCL ERERA  $5R4H T8
nitrate ~ nitrite B R & NO > #| B LA MH NO # A — £.4t £ 5 # & (NO
Chemiluminscence Analyzer, Model 280, Sievers Co. Ltd.) ¥ #1 & &, & J& » 3t 48 8] R
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JE4% 12 600 nm SA k#9480 3 24 NaNO; 44 standard curve » b7 B 458
Wy o

2. #£3} andrographolide ¥ ¢ v M G K EMN Y ER B FREBRENZIT
B ik
(1) % FHbeaRFHAR

4% B Hsiao £ AQ001 F)HWEHRIAmAEMH  FAARHDEHERER
Ficoll/Hypague #f i i # i B 46 JE 60 B0 7 KO8 F 1 & o SRACHR AR 9 Ao F 4
LR EZEEHRTBEACHHBEREAZ EFTHERGHFL > FA
lucigenin-enhanced chemiluminescence (LCL)#yF &, R 2 F i s9iB R 1L &)
BoBUREREEPHORRGFNE - b dReyE PH LK EN Hank’s
balanced salt solution (HBSS) ¥ #4748 » F &4 F R F)/R & 49 andrographolide
# » e lucigenin R & jﬁﬁ%{i%}é\y"é%(Orion@), Berthold, Germany)¥ &5k #8038
AR e A A S — 2484 0 so A IMLP (800 nM) s PMA (320 nM) ] i 3 4454
REEN 4 AT AR AREE > AR RLEER > RiF sk
andrographolide #}°% ¥ 1+ & R EMHBE -

(2) BEERREF *

A E 5% # B Bruker EMX ESR spectrometer (& FIiE#E £ IRB)R AL A A
&R B ERER B L E T 3456 £ 50 G; power of 0.635 mW; a modulation
frequency of 100 kHz; a frequency of 9.663 GHz; a modulation amplitude of 1 G;
receiver gain of 6.3 x 10™; a time constant of 81.92 ms; and a conversion time of
327.68ms. RXE F B8 A6y E 4R 57 H,O/NaOH/DMSO # & & (Yamaguchi F.
et al.,, 1999) - f£ R JE &9iB %2 F so A andrographolide » £ % ¥ & # 5?‘] E
andrographolide R F & A thipHl B A E 4 - IpHtbpldBRE LKA °
[signal height (andrographolide)/ signal height (solvent control)].

ERNT®
1. KBS &) Bk do 2 PR/ 3 S X

AEHEAB TR BRI 250-350 g (L% Wistar) » %% Longa ¥ A
(1989) X & Hwang % A (2002) Z 7 ikho k546 o % & 1A 3 % isoflurane (E#

95 % O, %7 5% CO,) £.8%:8 %0 % Bt 3 1R 2 % isoflurane 445 Bt - SASF L B &
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FHRIM X B A RLIFEEIK (right common carotid artery) ~ #F 88898k (external
carotid artery) ~ $2 P§ S8 #)Ak (internal carotid artery) » #% 14-17 mm & E & 4-0 &
R4 (nylon thread > AT B E — R & B) > B HIIEHIRIGAEZ NEHIK » ¥ A
WM A eFBp ik A & R KBS F # Mk (right middle cerebral artery) z fa X
(ischemia) » R4z & A5G0 > fE£ B B REEE o KRIVEH A 47 4 5 3% (behavioral
test > ¥illdo T) FERRKBRNRAGE— RGBS o 5 — o5 BRLE
ZR B 4-0 RAEL RS ok BE R (reperfusion) Z4mESEIK - —+m
IR AR T ME— S oM o FRBR T RIS ®E 37C -

2. B EE K (infarct size) Z R %

%-BBederson & Pitts¥ A (1986) t9H kR BIE » 5=+ /|58 fn ik B
4% » 1% A chloral hydrate 200 mg/kghi 8% £ &, » MR A A 8 T 45 A B 48 8 Bk
& BRI A A2 mmB E - 242 % TTC (2, 3, S-triphenyltetrazolium chloride)
FLBEITCTF & &300481% » K EP A AL0 % formaldehyde solutionBl & - [& % »
Fatnh A #Arta #8848 (Nikon Coolpix 5000) » k44 tA %514 5 #7 #:8% (Image-Pro
Plus) #+ H A8 E M2 B 4 tb (% infarction volume) » £#Lee’s A (2002) #u
Swanson% A (1990) 2 /AR, » AR IS KAEZ F3E

A FIRIBSFK (BRE) RZHBEDH

B #AmRFER (L8 a6

REZWIEXIER  (B—A)B x100 %

3. BlEH B A4t (lipid peroxidation) &3] &

&k B Okhawa % A (1979) 89 F ik 3 ho A 5 86 > B 47 B — & &
(malondialdehyde » 4 2 fi5 & i& AL 69 3542) 898 & - 4% Wistar & & K & 89 A8
BRIPRIEE Sl a ¥ EF k% 0 A Dounce #1E BELAMME 15
&9 7k % Krebs buffer [10 mM Glucose * 10 mM Hepes ~ 140 mM NaCl -3.6 mM KCl
* 1.5 mM CaCly ~ 1.4 mM KHPO4 ~ 0.7 mM MgSQy » pH 7.4] Ao LAHF B 35 E 16
AR A Bt B R o LAS%R iR 3000 rpm B0+ 484 R EFRUBAITAS T B R T 5 o
#§ lycopene An NiR G ERABE 3TC T RIE+ 5048 > KEBP A 24855 (200 uM)
RIBESTRIEZ+ 548 ° ju A 10 pl k% trichloroacetic acid solution [4 % (w/v)
in0.3 NHCI] #.t H R B4 > BiwABALE L% 8 (thiobarbituric acid, TBA) &
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JEX A [0.5 % (wW/v) thiobarbituric acid in 50 % (v/v) acetic acid] ° 4+ & %-4& ho 3
Z éfﬁ Aa 1 ml iE T & (n-1-butanol) 3f 5| 5’[%5;%_/% BE s BRSSP
DEEBORBER -  REBFABRERY > EH A 45K A#¥ME (Hitachi, Model
U3200) ;% & 532 nm )% £ & n-1-butanol Z & K1 - A5 H B 8 L2 E X
thiobarbituric acid-reactive substances (TBARS) 2z & & F LA P4% o

4T3 - L BRBE - BH > S aRITE

AERBARIITRAT & 1) RO BITH@A-2) &FRHBA3) &
A4 48 - 4) & F1& B § andrographolide % & 5) #F & %€ andrographolide
0 BRI RIRE A RMBI A EAT L AN RARZ 4 BRI A ischemia £ 15 &
S8 F AR E 4140 % > ischemia 1 /542 B R 0 24 /N IF B R R BS A ERT
Rk REE > RERBEMBEINRFEHBEEASR D M AR
Batan A L 1) KRBT FHENE - 2) BT TS ARMEES - 3) BHIER
4~ 4) & -F1& B & andrographolide 48 ~ 5) # - & & & andrographolide #1(%1&
B & 2 F| R ARIF X AT A M| andrographolide #9757 7 o LA # B - A& 5} 354 42 5-30
UM ~ BB PRERAF £ 2-10 mg/kg » HEMEY B Eahiie > REBITERMEZ
SREE)6) BT FOEERME 7)) &FaFERGER8) 4T %% aspirin
MEITHE
5 H

TR S P3G E 4R 3R £ (meantS EM) & ® » E4/4a 82
andrographolide 48 % &4 £ & » 7582 9N B % 24 Student’s t-test #4304 » 7588
S E B & 431 B B4 one-way ANOVA 4k #.51 \iffr EEEEER B
Newman-Keuls ik tb 8 &l ey £ B4k - 5 P<0.05S RIATH ERMH L] -
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%~ BRuH
BB R I RS F Bk 1R/ B R X (MCAO) ) 49 B8 &,

TRBBR Wistar ARGBFH2% > AHBaEBAR  BTKIMALERSE
ABMER  EAMBENORALABTSZ=1  BATh—HHETHRER
FER AT © F R4 T 47 MCAO F47#9 X & andrographolide (30 mg/kg) > #47
RGBRin R Aok B4 83 0 #&F F o # M A5 andrographolide #5743 89 8% 7V S
W64 E B B(Fig. 1) M FRME1F Y% H B ot Z 55980 mg/kg/day) & 18 £ 27
WK R, S4B e BT 9 B 4 RS S0 4% 2 48 A (Fig. 2) -

HT ARG RERF & NE andrographolide ¥ BS 2R 1% 45 B 89 7T 45
o TR dip$°E ¥ 4 G IR 6y EL(Fig. 3) R4 do /MR 5 & R E 8945 A (Fig.
SR 2K BALEEARNIYEFig 4): MRFCENBEZANOARS
B Rgm ey X R R LA byt E (Burgos et al., 2005; Mathad et al.,
2006) » WA THEALEIFIFEERAHER -

F o if P9 BS # AR BR R RE 8 3 4K B AR 2 AT 89 B K €308 3 (Thisoda
etal,,2006) 2 H N FHMBELFZTHAR > EBRMOAE P HER > FoBNEs
(35, 75 uM) AR 3% 48 B M 69 4 1) collagen 31 B du RSB E R B MAR HRE
F (200 uM) 7 A& 4 #) thrombin 3| £ 8 d /[N 4R 58 2 (Fig. 6)> M Figure 7 89 4 £ 5% 179
BRFCENEEL R GLEM glycoprotein IIb/IMla 52 &4 & A R 3 ) do/ | AR &
BRERE  fREEE 6 KA B3R glycoprotein ITb/ITla & 82 #7518 » w352
B A RMABEELH > Hldo triflavin > AEIP S fo ) AR B9 EEE (Sheu et al,
1992) 5 2 > dno| AR 2 P 64 %k 4 & A fibrinogen & + RJ4542 » fibrinogen & — 18
= J 4 (dimmer) » 4% RGD (Arg-Gly-Asp)& 7] » & 32 4] Fl 148 RGD /4 7
¥4 2)751uey glycoprotein 1Ib/Illa %82 » 4% fo /] A% B 4 £ — A2 (Rooney et al.,
1998) o

dno R X BlcollageniEAbig & A& 9B E RIE » — B4 2 & & 75 /LPLCYE o g
B2 L &) phosphatidylinositol-4,5 bisphosphate(PIP,) 7k # 4 s inositol-1,4,5
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trisphosphate (IP3)$21,2-diacyglycerol (DAG). 1,2-diacyglycerol (DAG) & K & 3% Av
protein kinase C (PKC)#t4% 3 - &4 # 40 /7 » f{& protein kinase C (PKC)% 5 &1L %
%47 kDa proteinz &} # 1b( Siess and Lapetina, 1989) » i% s, - ]N 4R 5 ik 2 #(shape
change) » 4= i, 42 & #7 3k 5| (cytoskeleton rearrangement) » 424# granulef# i £ 9 &
BEAL o B T ASBE TR B 438 A A RPKC ) 75 L $ 7 do ] AR B FERR B A 1) )
M ¢4 4F A (Sano et al., 1983) - fLin vitro#g 3B 35 F & H #7EALPKCR T4 4 &/ MR
44 5k 4 R & (Siess and Lapetina, 1989)« & 7&K A s/ R Z R E 2K » TxA89 8 H
¥R & 28 A &.(Borsch-Haubold ef al,, 1995) - TxA, & F H £ 4a o B 5P H2 fn /]
)k b 4 & % 5% (thromboxane receptor ; TR) & 4 M@ #F 1t
guanine-nucleotide-binding-regulatory-protein (G-protein) * i% i% Gq 7% {6 PLCP %
48 3 7T i iBGidp #] AC(adenylate cyclase) » & cCAMP & 4 (Paul et al., 1999) »
SR EE SR E R - XA B R % X RIRPLA#YE A B » PLAT
9 tm B B b 8 EE RS ' Kk A% A AA (arachidonic acid) b # # £ & COX
(cyclooxygenase)¥ AABE 1L 4 ik B PGGy/PGH, > f 4 & thromboxane synthetase (TS)
&9k B # s thromboxane A, (TxA,) (Borsch-Haubold et al., 1995) - & X fk4s i * £
JNARPIPLAL 8 75 M 7T 48 B3 3F % 342 R 4L © collagenF AL 6982 F & 1F 4a fg P9 55
B F K B3 0 B3 Ca’-dependent PLA, 7E M 32 % » Hcollagen, & 4| /MR
# % H,0,& hydroxyl radical (OH') » 3 % £ {tPLA, 2 COXAE Tx A, & A% > B 89 &K
X fo o R 7E AL R B ( Wachowicz et al., 2002) -

THRERBERF CHENERE KO o RFILE RS TXAZ 6% &
(Table 1) & 458k F &9 #% & (Fig. 8 RFEFRE R RPN A F L & AlsHH| TXA2
RA5EEF B TAe R B A L4 PKC Zte94E A (Fig. 9) » B F & M BsHpH]
PKC 7Fibth1E A » £ R ibta o ey 71 R ¥ IR A ElAk 89 4F A 4 % (Shen et al., 2002;
Hsu et al., 2004) -

& 7 PLCy pathway Fv PLA, pathway i& Hy & 342 4 » CAMP Fo cGMP {23 3E
f PR FEBREHEZEZAMERANGAE  cCAMP Fv cGMP &4 R 2 5 % &
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adenylate cyclase Fv guanylate cyclase 34E » CAMP fuo cGMP &4 4-#2 % 3] R B )
phosphodiesterases (PDEs)#f#: - & cAMP % cGMP 4 E# ve it — F89iE4L
cAMP-dependent protein kinase (CAK ; PKA)z cGMP-dependent protein kinase
(CGK ; PKG) » CAK & CGK #R 7T #¢ vasodilator-stimulated phosphoprotein (VASP)
HiERAL(Butt ef al., 1994) ; cAMP .3k 35 i A Hp ) do ] AR B B 4 ~ & M4 (adhesion)
#o granule release ° ) B » CAMP & cGMP 7F 542 i fo /N AR P9 45 88 F 89 HE
(Johansson and Haynes, 1992) - ZAf » CGK #p#| thrombin £ 3% % PLCy# %4k
(Azula et al., 1996) » & i) RE58ETF 8438 ho - RV fo R B97EIL » B CAK &
CGK #se#p 4] thrombin £f 35§ P-selectin &) % 3,(Schwarz et al., 2000) > 857
cAMP £ cGMP 48 B 69 M BAE S PFIE o AR TEME - LA BRI ARE R PR
B FoobES €A 2912 8 NO 89 4 & (Table 2) & & &5 cAMP #o cGMP %48 i&
A% VASP & &% 8 1t (Fig. 11, Fig. 12) > B b %K MR A T o % 5 &5 4+ 3
NO-cGMP-PKC-[Ca*']i & cAMP, cGMP 3| % VASP phosphorylation i /4% % % &
PR EACRRIEHE HER -

Lo RBERBER RO RBET » /M REBANBRENET E
49 B &(Sheu et al,, 1997; Chou et al., 2005)> F & % PYESBABA A #p %) T fo N 4R B
B & A (Fig. 10) » sb—1E A AR T AE & F o 36 PO 85 49 du A2 75 ARAE FA R 8 2 — o
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B HRAdiy

RERERBER LS F KA T #EEM RS andrographolide 30 mg/kg T A
MR ER O BERFHII LKL TEEMERGKRNEGE > NEERR AL
&R 980 mgkg A EM T T AR FlERGBAEHFE 1
andrographolide 1% # 4k A TR @ b4 45 P & oK TR o MREE S
R ; £ andrographolide %% & MRHRERBH FHRBEHRTHER £ FXE
/8 & # andrographolide (35, 75 uM)=T iR & 48 Bfi 14 89 ¥p %] collagen 5] 4% &9 & MR
BRERER o RSSEETF B L - PKC 8975 bf TXA2 ¢4 % » B¥pHla iR
BEAHER  Be8d cGMP & cAMP 3| VASP #954B 1638 ho R % % fn /)
WEEERIE -

- ENRARRRX OB RRFPEENRAERS  AARLEERAA
BLZ o RTIEMNFCENESMEIREER RS 0 REERORBIRE
S BTRTTUHYTRRARFCENENLRERRE  REERARTRE

2 2
e

AARHEARARZRFTARBEAZTFRERLZE G (FESL R
CCMP-96-RD-023)42 £ && & % 8h > 48 A3+ 2145 LOBEF) 52 Ak > EFsb B3t -
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Table 1. ¥ & 3% X &5 ¥} collagen f| 3¢ A 38 £ -]s 4% #2734 thromboxane B2
& ¥ ) R

Effect of andrographolide on collagen-induced thromboxane B,
formation in washed human platelets

concentration thromboxane B, (ng/ml)
resting 0.4+0.2
collagen 1 pg/ml 17.3+3.0°
+ andrographolide 35 uM 9.0+1.6"
75 WM 6.5+ 1.6"

MABRAARBIFRY > £3T CTFALTARREHF #ENESBS and
75 uM)R 3 = 548 > B o collagen (1 pg/ml) #| % fo ) 4k 582 thromboxane
A CBEFCEAEENKER -

Washed human platelet suspensions (3.6x10%ml) were preincubated with
andrographolide (35 and 75 uM) for 3 min 37 °C, then collagen (1 pug/ml) was added
to trigger thromboxane A, formation. Data are presented as the means + S.EM. (n=

5). " P <0.05 as compared with the resting group; * P < 0.05 as compared with the

collagen group.
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Table 2. % % P985 3 collagen 33 A8 fo N 3RFEK nitrate Y HHFL
X

Effect of andrographolide and collagen on nitrate formation in
washed human platelets

concentration nitrate (uM)
resting 0.3+0.1
collagen 1 ug/ml 20+0.5"
andrographolide 35 uM 04+0.1
75 uM 0.6+0.1"

HABRPRBERT  £37 CTEALTRARIRENF & PMEE(3S5 and
75 UM)E 32 = 448 » A& Ao collagen (1 pg/ml) f| 4k N ARFEHK nitrate * REF
ik B EYAE A o

Washed human platelets suspensions (2.4x10%ml) were preincubated with
andrographolide (35 and 75 pM) for 3 min at 37 “C. Addition of collagen (1 pg/ml) to
platelet suspensions served as positive control. Data are presented as the means +

S.E.M (n=5). "P < 0.05 as compared with the resting group.

24



A : Sham
B : Control
C: 30 mg/kg

Figure 1. ¥ S#ENEBEHMCAOF AKX AMEEHFERR

Effect of andrographolide on MCAO-induced cerebral ischemia in rats.
MCAO F #1424 N BF I R ARSI B Em A %6 » UBRBREEEEESD
B BRa@As A=t (ARBTFHEHE > B sa  OFLK
PEEGT4T F S % I E5(30 mg/kg)4a o

Coronal sections of TTC-stained brains in 24 h after MCAO-reperfusion rats.
Cerebral infarction in (A) sham-operated (sham, #=3) or MACO-reperfusion rats is
from representative animals that received (B) solvent (solvent; cremophor: ethanol:

normal saline 1:1:4, n=14) or (C) andrographolide (30 mg/kg, » =3) intraperitoneally.
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A : Sham

B : Control

C:980mg/kg

Figure 2. o7 %57 5 HMCAOF 4#iris s A B2 B oy AR

Effect of SHIEE FUU JWU IU TANG on MCAO-induced cerebral ischemia in
rats.

MCAO #7424 N K A AR E A £ e RBRELBENGET D
Ho RBRyafsh=m (AR FaiEsla  B)yaiEsia  (CO)F 4
RAE A FFH R O AR 4 P ot &5 5 (980 mg/kg/day)éa °

Coronal sections of TTC-stained brains in 24 h after MCAO-reperfusion rats.
Cerebral infarction in (A) sham-operated (sham, n=3) or MCAO-reperfusion rats is
from representative animals that received (B) solvent (solvent; normal saline) or (C)

SHIEE FUU JWU IU TANG (980 mg/kg/day) oral administration.
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Figure3. F R NEHAB S PR O RZFILRESIH R

Effect of andrographolide on respiratory bursts in human neutrophils.

ek A hIK T F L FIEE(0.5% DMSO) R R B K 89 % o 3§ Py 85(50, 75,
and 100 pM)Z_ % » & hu A\ fMLP (800 nM) 2 | % F M @ 3k 8975/ B R F

i BEERIIER o

Washed neutrophil suspensions (2x10° cells/ml) were preincubated with the solvent
control (0.5% DMSO) or various concentrations of andrographolide (50, 75, and 100

uM) followed by the addition of fMLP (800 nM) to trigger neutrophil respiratory

bursts. Data are presented as a percent inhibition of the solvent control (means +

S.EM., n=4).
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Figured. ¥ H NEHAETRALHBELR

Effect of andrographolide on lipid peroxidation in rat brain homogenate.

P BRI E bR T FAL TE(DMSO)R T RIRE# F o i FEE(50
and 100 pM) > K&+ 542 %% & Ho A200 uM Fez+i%ﬁiﬂé‘ HFiBEAL 0 UBREFCE
SEELR= &

The brain homogenates were preincubated with solvent (DMSO) or various
concentrations of andrographolide (50 and 100 pM) for 10 min followed by the
addition of 200 uM Fe2+. Results are presented as the absorbance at 532 nm/mg
protein in brain homogenates. Data are presented as the means £ SEM (n=3). "P <
0.01 as compared with the DMSO group (resting). Andrographolide did not interfere

with the thiobarbituric acid test, since the color formation was not changed if it was

added after the incubation with thiobarbituric acid reagents.
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Effect of andrographolide on collagen-induced aggregation in human platelet

suspensions.

AR DRRBREFRTY  FALTARREHF EPE(3S and 75 pPM) R E =
7-4684% » HhuAcollagen (1 pug/ml)f) & fo MR E RATPHER > BRECH K
B e H#p w2 R o

Platelets were preincubated with andrographolide (35 and 75 puM) and stirred for 3
min, then collagen (1 ng/ml) was added to trigger the platelet aggregation (lower
tracing) and ATP release (upper tracing). Luciferin-luciferase (15 pul) was added 1
min before the agonist in order to measure the ATP release reaction. The profiles are

representative examples of five similar experiments.
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Figure 6. F o S MBS H AR A A Mo M REERBHIH B X
Concentration-inhibition curves of andrographolide on collagen (1 pg/ml, O)-,
U46619 (1 pM, V)-, thrombin (0.05 U/ml, [_])-, or arachidonic acid (60 uM,
{)-induced platelet aggregation in human platelet suspension.

WA NRBERT > FALTFARBEGOF NS 37 CTRE= 74
% BETRE RSB R S MRS REF SHRAESIHIMR
Human platelet suspensions were preincubated with various concentrations of
andrographolide (25-400 uM) at 37 “C for 3 min, and agonists were then added to
trigger platelet agg;egation. Data are presented as percent inhibition of the control

(means £ S.E.M., n=5).
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Flow cytometric analysis of FITC-triflavin binding to human platelets in the
absence or presence of andrographolide (35 pM and 75 pM).

(A)E K& & & FITC-triflavin (2 pg/ml) &4 F A& MrREGH B (B)E A%
MRFRLETEDTA(S mM) THH L EBERBHBE (OB A(D)E KA
RERSTRARES T BNEH b — R O PE - |
(A)The solid line represents the fluorescence profiles of only FITC-triflavin (2 pg/ml)
the absence of andrographolide as a positive control; (B) in the presence of EDTA (5
mM) as the negative control; or in the presence of andrographolide (C) 35 pM and (D)

75 uM. The profiles are representative examples of six similar experiments.
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Effect of andrographolide on collagen-induced intracellular Ca®" mobilization of
Fura 2-AM loaded human platelets.

Wt AR IER T 0 A 37 CF AwA Fura 2-AM (5 uM) R JE — 1B/ N 8% > 248F R
FlRE & F i NES(3S and 75 uM) = 44874 » Aw collagen (1 pg/ml) R 3k458k
FHBRR > REF SR NEMNIPHIBR

Platelet suspensions were incubated with Fura 2-AM (5 uM) at 37 “C for 60 min,
followed by the addition of collagen (1 ug/ml) in the absence or presence of
andrographolide (35 and 75 uM), which was added 3 min prior to the addition of

collagen. The profiles are representative examples of five similar experiments.
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Figure 9. % 3% P &5 ¥ collagen #] 3 A fo NRpATE G H 2L 69 Hp 4] 2 £
Effect of andrographolide on phosphorylation of a protein of Mr 47,000 (p47) in
human platelets challenged with collagen.

AR NARRRIFRT > FAL T AERARRRRE S % #8535 and 75 pM)
1% » f£Aw Acollagen ] PKCeY &L » 3t it ik RpA7 89 85 BL 1L #1 A & F B 255k
MR F O i Py 85 HpaT ey s 8L eh 4 Bl R o

Platelets were preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5% DMSO, lane 2) or
andrographolide (35 pM, lane 3 ; 75 uM, lane 4) followed by the addition of collagen
(1 pg/ml) to trigger protein kinase C activation. The bar graph depicts the ratios of
quantitative results obtained by scanning the anti-phospho-47 kD and anti-o-tubulin
reactive bands and quantify optical density using Bio-1D version 99 image software.

Data are presented as means + S.E.M. (n=3).
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Figure 10. #| A ESR# & 7« % P9 &5 $fcollagen ] ¥ f MR B & K & 4 &3 Hl2L
x

ESR spectra of the effect of andrographolide in hydroxyl radical formation in
collagen-activated platelets.

(AYR & 09 R Ao Rl Bl s 38wl > (B)RoR 89 R Ao NiE ey s iz w4 > (C)& (D)
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#% o d AR B SR B Av ADMPO (100 mM) 3L # 47ESRE &% » A E ¥ i N &5
HAadmKELENIHIRR -

(A) Resting platelet suspensions or platelet suspensions were preincubated with
isovolumetric solvent control (0.5% DMSO) (B) or andrographolide at (C) 35 uM
and (D) 75 uM for 3 min, and then collagen (1 pg/ml) was added to trigger platelet
activation. The reaction was allowed to proceed for 5 min, followed by the addition
of DMPO (100 mM) for ESR experiments. The spectrum is a representative example

of three similar experiments.
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Figure 11. 7 fo /g B IFR F 0 F 4 Fnitroglycerin (10 uM) &R B 8 & ¢4 & oo
# M E5(35 and 75 pM)4 » 3£ 4] cCGMP#p 4| £/ODQ (10 uM)&h 44 F » 24 # F R 8
EREBER F B R T T8 b cGMPHY 48 R I 3 VASP &) &5 B4 1L

Platelets were incubated with nitroglycerin (10 uM) and andrographolide (35 and 75
nM) in the absence or presence of ODQ (10 uM) and were solubilized directly in
SDS-PAGE sample buffer. Phosphorylation of VASP at Ser'”’ was detected by

immunoblotting  with a  monoclonal antibody specifically recognizing
Ser"’ 7-phosphorylated -VASP.
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Figure 12. Mt Mg ER P » F 44 Fprostaglandin E; (10 uM) R R Bl iR B 49
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Platelets were incubated with prostaglandin E; (10 uM) and andrographolide (35 and
75 uM) in the absence or presence of SQ 22536 (100 uM) and were solubilized
directly in SDS-PAGE sample buffer. Phosphorylation of VASP at Ser'” was
detected by immunoblotting with a monoclonal antibody specifically recognizing

Ser'*’-phosphorylated -VASP.
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