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TRERER > FALTRAF C&FM RS andrographolide 30
MQ/Kg T A sk 64 2L & B s e S O 40T 51 AR RS o B AR R P i AR, 84 B
%% ARG R R % 980 molkg 8 88 7 T A 2k D F 4
% R e RS 2R E - B andrographolidey 45 3% 1 A =T #4548 g 3 =& F &

& 3 Y E AL R f R SR M 4R 5 4 andrographolidey & /) AR 5t 4
B 6 o T AR TR, 0 4 F R F R &9 andrographolide (35, 75
LM) =T 52 B A8 B M 69 3 4] collagen 3] 45 & d o)\ AR Bk RUE B o o)\ AR 45
BT e E  PKC oy Eibde TXA2 g9 A& sk > B3l vk B b oy 5
# > 344 & cCGMP & CAMP 3] 3 VASP #8582 1638 v -
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Neuroprotective effects of
andrographolide and SHIEE FUU JWU
U TANG in brain ischemia-reperfusion

Joen-Rong Sheu
Taipei medical university

ABSTRACT

Stroke is a main mortal cause of vascular diseased, affects
healthy critically. Pathological mechanisms of melic stroke were
studied intensely, but did not have well therapysohemic stroke because
it is unpredictable. Researches of herbal medicioieshe protective
effects of ischemic stroke were ongoing but unceteal.

This project wants to establish a complete modeedbmate the
protective effects of herbal medicines of ischestioke byin vitro andin
vivo studies. Platelet aggregation and neutrophil attw play important
roles in the pathology of ischemic stroke. Thisjg@cb will make an
investigation of the protective effects of herbagditines in the two
important part of ischemic stroke byn vitro studies.

Andrographolide, an active compound Aridrographis paniculata,
may have protective effects in ischemic stroke ughoits free radicals
scavenging, anti-inflammation and neuroprotectivepprties. But the
research of andrographolide on ischemic stroketil absent. The
mechanisms of andrographolide in anti-platelet eggtion and the
neuroprotective effect are still unclear now. Besidwe also want to
investigate the effects of the chinese traditionabmpound
medicine-SHIEE FUU JWU IU TANG on ischemic stroKeéis project
will have a complete model to estimate the neuragtive effects and the
possible mechanisms of andrographoliderbyivo andin vitro studies.

The results show that pretreatment with androgriaghn¢30 mg/kg)
could inhibit ischemia reperfusion induced braiguiy, and feed of
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SHIEE FUU JWU IU TANG (980 mg/kg/day) for two week$so has
protective effect in brain injury. The protectivifeet of andrographolide
in ischemic brain injury may through inhibition akutrophil activation
and platelet aggregation. Andrographolide (35, M) could inhibit
collagen induced platelet aggregation activatiocoaganied by [Cd]i
immobilization, protein kinase C (PKC) activatiothromboxane A2
(TxA2) formation and free radicals formation. Andrapholide markedly
increased levels of NO/cyclic guanosine monophaspi{&MP) and
cyclic adenosine monophosphate (AMP), and cyclicFRavid cyclic AMP
induced vasodilator-stimulated phosphoprotein phosgation.

Key words. ischemic stroke, platelet aggregation, neutrophtlvation,
andrographolide, SHIEE FUU JWU IU TANG
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X, D 2=
®> A a

g Wz (intravascular thrombosisi 3] A2 2 % & fo & 7= R B9
FAbFE 2z — 0 AL (arterial thrombosisy) szt %)% (plaque
disruption) & % zt & M &0 % #01% 2% (acute vascular syndromesyLi
ALAE & (myocardial infarction) 7R 48 & s & & (unstable angina
pectoris) L & + & (stroke) (Fuster, 1994) % &= & MBS &+ &, (acute
ischemic stroke)d % & & # cardio- or athero-embolig) 7 #&, » & 2% 5%
Heym AR (Albers et al., 2001) 1 KA1 A B A P8 X & s
stk PR R FHER > AERAKMAENE DA E X KM
R moNRAEEATHAUN B E A e (progressive microvascular
thrombosis) &y}, % P& £ & A & (Choudhri et al., 1998) H A & &
SAMAEZ K% e i 0 B FE A lipid - plateletsfo fibrin (4% %
Ea) il o L eHBHETH KW N RE (Okada et al,
1994) » # pR 4k 1% Z MK E R E (I B no-reflow 3 %) » Brik
reperfusionft B4 4 > F 5 M T B RLBELI R E > BE
TR MR E— SR E RIE (Pinsky et al., 1994) {# A 4% 4 4 fity
%38 5 B —38 % 4% postischemic hypoperfusion) s 88~ » 4218 F
intraluminal MCAO (middle cerebral artery occlusiog 4 43 % 14 & o
M & & B - reperfusionit R € 4% CBF (cerebral blood flow)k 15 £ #
AT ey % (Connolly et al., 1996) £ & T BME T LK » &R
o & 3R 0% B9800 £ % R 2 31, degranulated platelet® & fibrin &y 2 #&
(del Zoppo et al., 199L)2R iy > #7785 3R B £k o 3 i, A2 BSR40 o IR
&4 plateletsZ # » & # microvascular no-refloves & i# — 3 B 4m i % 48
BIRE > RAGIRDIR;FRF AT (Abumiya et al., 20009

BRI ZRERSEN R T > BT LR RS MRS
leukocytes, 482 Hig 42 » A sksh i PR S8 X RIEH R
F % A &(Connolly et al., 1996) H 4 &1t A& 49 neutrophiljf & & & £
B HERSEA - A/t A A R EEN &Ik R NO &y L #H(Lipton et al.,
1999)> 1 4P 4% fm B SE T 3k AR T B3R 0945 F 5 B leukocytesE B2 A X
B g ay—FEsmip (stiff cells): KZEayEH AT ° PMN 89& 5%
F : P-selectilfe ICAM-1 > 5 %] 2 B & o LA & reperfusiongy aT 2R > &
X = 49 4 lenticulostriate®) ik 12 89 £ & & 3], > & leukocytes® & &
M E N K e dt B S HEAL 0 BRI B R R S e Fe reperfusionsy
no-reflowi, % (Okada & Copeland et al., 1994)#: 4% » # %45 £ &
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F #7 Ay 4% neutrophil depletion (Connolly et al., 1996)z & Fe &y
P-selectin  (Connolly et al., 1997}t & -V B&i 48 3£ 82 4% v 2 & B4 B& &
Aok 24k RE LR - 48 M F 2 > fibrinogen -
polymorphonuclear leukocytesgu k 7% 1t & platelets ik #% 42 B§ 2F
microvessels & &z microvascularraZ &y = £ % (del Zoppo et al.,
2000) 14580 ;B 538 M (microvascular patency¥ % -
%o i (Andrographis paniculat@d A M b X R £1R %
BB P RAAE A NGB RUR - RS X (laryngitis) ~ TF A
(diarrheajfv &2 B 87 % % % 9% (Chang & But, 1987) & #t % 4 R 28
T BECHRAMRGEEADRES $ ENEEEM > AT S
kb TR B s R (Yao et al., 1992 %A M %% & 489751k
(Purietal., 1993 sh4c - AER S EM AWk » KV AREFHE
48 % % &% B andrographolide H 1t 43 8 # bicyclic diterpenoid
lactone#z s 1L 44 ; & I #F 2 BE 5~ > andrographolidest 7 B 4
IR & P 5] A2 Y o B F F& 2% ¥t inducible NO synthase (iNOS)4 7, °
E A B 88 &34 7E M (Chiou et al., 1998) Amroyan et al. (1999 ## %
%ME andrographolideg- & #p 4] PAF A7 3] A2 &4 oo/ AR Bt 5 RE > £ AR 4K
BREETOG uUM) s E A ABEMIpHRENR > BT AEARER
andrographolide© #p#] reactive oxygen species (ROSk hydrogen
peroxide (HO,), superoxide anion (Q% 4 £, 8 & % &) # 4 (Shen et al.,
2002); m 4 2004 # ¥ %38, andrographolides 48 & 3 %] microglia sy 7%
TR AR AP L e B T RS 0 b8 & B 7B AL PIBK/AKT 2848 SR 3941 79
& % B v B (Wang et al., 2004, Chen et al., 20045 i1 &9 5 5 L IEN
&) 8% A% 2] andrographolidép#] X, ¥ &G K BEHE X B FTRALH
#84% F 1 49 F4&(Hidalgo et al., 2005)
AERAAZATCEINFG T EERAD FRZEME XL ST K
TR AZ T BEEFM GrEL, RA+TwW) bR H LA
I—E% i%@ﬂ%?ﬁm%ﬁwmgﬁ%%ﬁ E1ER > IEBINE
B RE B RAR R E R 65 fo B AR AR R T RE e AR A 0 M 8l OB
R BRGHR %lzﬂ"i%i‘fﬂﬁwl W EE R g PG K 6 E M B
AR EFERGEIMGEF AT —EEFTEENINS > BbRX
FERTRBERNETEIINEREAILE D T O —BHER
TREGIERFI IR MAEZTHER LI AN EFR R EMHE TR
EXEROBINGENREER  -MmbRFETMEBEEHNEY
andrographolidef <= & & F % MM YA RAKEATE > BIAIDLHR AT
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BLB AR BB B BRARE A4S 4a iR 09 2h Ae b dpB] T PAF A7
FlAL ey o MREEE RIE » EIEHIEAR RS ROIEIGE L RFA
ATy R M e #2471 E A0 9 &9 7 J2 B8 » andrographolide (5-20M)
G 2R L ) 3% o B sk ey #p h) &4 E LB (k0 ADP, collagen &
U46619) A7 3] A2 X AR fn MR EEE RIE R ATP 69 FE% R JE > AT B
AT ¥ » andrographolide £ st 7 @ & #t % £ R % > B # »
andrographolide 4o 47 ¢ #] f /s AR 5t & R JE 69 1F A # # &
andrographolidef 53845 £ 8 e R 3 F A A A e st - Bk o
R B ¥ F o B89 7E M A bk andrographolidedt £z dn b 5§48 & i
PRI BEERG B IREAER 0 KB RERAATRAEEN TR 0 R
CHBSIROIREER R ETRGER S > AR —TENA TR
WA REEBRERZAERIE PR ELR EANIER -

R~ AR A

ERIN TR
1.483¢ andrographolide s/ MRBEEEABBESZ KBS

(1) A R (platelet suspension; PS) ey $ 45

#& et ) Acid/Citrate/Dextrose (A.C.Ds 2 EREH 2 2L 1.9
(VIV)egee it e > £ 8T » SLBP2A 120 g 10 48 - R LB 5 2
f R 0w heparin (6.4 1.UImI) PGE (0.5uM) &4-% » % 37
CT 10442 ; B—>F A 500 gas 10048 " IR LE R - TR
Bp & fo/ )\ R BBk (platelet pellety A 5 ml & Tyrodeiz iz » pH 7.3 [NaCl
(11.9 mM), KCI (2.7 mM), MgGl (2.1 mM), NaHPO, (0.4 mM),
NaHCG; (11.9 mMywe glucose (11.1 mM), BSA (3.5 mg/mif] o -]~ 1k 38
RLATHX 1834 4 5 42 Tyrode’z ik + > apyrase (1 U/ml), PGE0.5uM)
#u heparin (6.4 [.U/mly # 37C F > &% 30 44 > 54 500 g# < 10
o Rk LRk > B A Tyrode k¢ s R BRAL 3T #L 0 apyrase (1
Uiml) » % 37°C F &5 10 4% - 3% 24 500 gég-w 10 548 > F LR
& wig A Tyrode Rk B mx foo R R F & 0 B 2L Coulter counter
(Model ZM)zt % > 4f do MR B F R 60 R E 4 BB 24 4.5<0° 18 fo )
R o BB 0 MR IFIR TASEEFIRE AR 1 MM e
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(2) f/ARFEF R ATP BB 6 B E

24 Lumi-aggregometer (Payton, Canié. - 4% % # 4+ &4 o/ ]s 48 400
nl Ao A48 silicone &R &9 /N3 3E F F 0 3 S0 EEAR MR 448 120042 &4
W o REREMIE 0 4 PRPR PSHB ML 0 Yol far] g
Bt & 0 oL PPP2 Tyrodeizik 69 & K B AF 4 & 100 % fo MR EEE - 2
1B 5% & R J& £./) #4T 6 /4% - Andrographolidelp | o]\ 4R 5t & 42 FE 44
% 7= 7k 14 £ /m A andrographolide # &) #t & £ & #0 K v A
andrographolide i a) ey 5t £ A2 0948 18 otk - ATP BRAREH
B 0 A& LA luciferase/luciferinge ATP R B P A A 8% % KRBl E &
IRFEMR E G RS 0 H A2 kB #HE & o

(3) FITC-triflavin $ 2-]n48 £ glycoprotein 11b/I11a complex & 4-& R &

WHABELNRBEFR > LALLMk E B 45110
platelets/ml> #x 0.9 mlay do MR IFREANRE F > 55 WAKRER
& &) andrographolidek, Tyrodesi% » 1 ;x4 &% BEARAR AL L ml >
£ 37C FiBists » @ A FITC-triflavin (2 ug/ml) R JE 2 548 » B o
A collagen (5ug/ml) » 8 444 A Flow Cytometer (Becton Dickinson,
FACS-can Sysj)| & » B#& X% 50,0008 /)N 48 5 #7

(4) fa R P35 RET & R &

L ACD.AVUSE B SL42 B AR 1.9 (VV)ZELEBRA » £ F8
I Bp A 120 g#ks 10 4% » PrAF LRk - B 2L 500 g#Es 10 542 -
Mtk BELEFER B TR R Tyrode Zig %52 » v
Fura 2-AM (5uM), EDTA (2 mM)fs PGE, (0.5uM) » % 37C F & 45
40481 0 B apyrase (1 U/ml) # — 485 5 o048 0 BiRBE
By d AR IFIRO T AR IFR o A2 Rty NaCl (136.9
mM), KCI (2.7 mM), MgC} (1.05 mM), NaHPQO, (0.4 mM), NaHCQ
(11.9 mM), glucose (11.1 mM), bovine serum albu(Bi® mg/ml) pH 37
2 7.35-

& Fura 2-AM R 3238 2 dn /MR B IFIR 0 [ v N EEE BE S48k T
V&R AT E A B % 6% B K 1& (CAF-110 Intracellular lon Analyzer,
JASCO, Japanj k= excitation wavelength (339 and 380 nm), emission
wavelegth (505 nm) k4% #] i Grynkiewictz et al. (1983 # /&3t B tm
B 458k TR
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(5) [*H]-Inositol monophate 4 g & & &

# LA A.C.D (119 VIV)B HLst Bl 69 AFR'E 2 o MR 8B T 30
500 g 10548 > I LR R » BT R o MRIEAK B FIN R 5T R
BSA & Tyrode 7% F » # 44 | mM EDTA & 75 uCilml &4[°H]
inositol - 7 37C T4 2 /N0F » B LA 500 gagw 4 548 » PRig el fo)s
wFAA A 2 BSA (3.5 mg/ml): &4 EDTA & Tyrodezk &% > &
BAEE A EEGXICMI) - % 1 ml & MREFR AL
silicone @ & &y 3.5 ml 3% 35 % b » 3 LU R 548 120042 8948
FE4FAE 3TCTF > KRigmwA 5 mM LICI R E 2 0480 HEF A
andrographolidek % % 2 &4 Tyrode;&k (¥ 8B 4) > £ 37TC FTRE » %
& F Ao RS F collagen (AQug/ml)F| it & R & > 6 5484 Ao
ANE B 10% (wivyk s e trichloroacetic acid (TCAR ¥ ik R JE > 3 3
X 1,000 g#Ew 4 542 0 ARAF EFR(L mi)e 2 E$(10 midd B 55 8
TCA =k > A 80C KRB HZEAFTEAZE > A 1 N NaOHAE %
PHIEZ 7~8> &M AMAAERBAE 4 ml> KKEER 35 Mo As
Dowex-| z & & F X kA5 £ 4 F(50 %> wiv > | ml) A F 2l iRR o
%] 3% % # [PH]inositol, [*H]glycerophosphoinositol, ’H]IP, > [°H]IP, #u
[*H]IP; -

(1) 15 ml  myoinositol (5 mM)

(2) 30 ml sod. tetraborate (5 mM) / sod. form@&(@ mM)

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

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

(5) 20 ml HCOON(1.0 M) / HCOOH (0.1 M)
W B AR E W E(EE | ml)iwA counting solution (atomlight)
#% > & Liquid Scintillation Counter (Beckman Model 2200)¢ A7 43 ¢
89 5% & - d % inositol bisphosphate (P& inositol trisphosphate (P
& 5 B AR » B 3k 0 4 £ 2L inositol monophosphate (JPg # — 3542 »
X, & £ 2F inositol phosphateg & &y & -

(6) s/ iR4mpE A thromboxane B, &4 3] &

AHE R %57 (0.4 mly 4.5¢10°ml) g2 andrographolidek, ;24
R e > A collagen (Sug/ml)3] 48 dn MR E AL » RIEEAT 6 44844 >
sm A EDTA (2 mM)fe indomethacin (5@M) £2 4 _E thromboxaney) 4 4
R & d B4 Sigma-201 M4E 14,000 r.p.nTF & 3 448 > Bl b
Fik o LiE®R T ATA 8 thromboxane Bgy & #] A thromboxane BEIA
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Kit 8] € 2 o

(7) % & ' =4 & 1t (protein phosphorylation) &y ] &

A A 5 B (ALC.D)A 9 1 1 (VIVIR 4 B4F PRPA& 4 32,000
rp.mags 10 4548 > 2T B o MRFEH & F#A 2 NaCl (140 mM),
Tris-HCI (15 mM)& glucose (5.5 mMgy Tris-saline 4 %7 + (pH =
7.4) FEHE doNMR3 B & 2x10° platelets/mbg > e 2 mM EDTA &
0.5 mCi/ml#4y phosphorus-32% 37°C T &5 60 4-4% > % 4% L Tris-saline
% 1R iP 2k 2 RBPFE AT €A% ® £ phosphorus-32Y fo/)vix o

i ARG R AE STC T BRI RIE - 850 R BRakst m
£ mig AN 0.1uM PDBuU R JE 20 548 > /m A 2 4% 85 Laemmli sample
buffer [3-mercaptoethanol (5 %), bromophenol blue (0.001 %s)s
(0.0625 M), SDS (2 %), glycerol (10 %); pH 628195 °C Au#k 25 P Aok
5m4E 0 AR EY 10l AT E KT R ©

# 12.5 % (w/v) polyacrylamide ged sk slab gels € 0.1 % SDS)
JEBAAFRME 0 B EERE 250RFEATEARIE - BARRIE
£ 0.1 % Coomassie Brilliant Blug /% (0.1 % Coomassie Brilliant Blue
R-250, 50 % methanol, 10 % acetic acid% & 1 /]\8F > H A2k (50 %
methanol, 10 % acetic acB& B h X5 % > U REM AT A Z IEEEL E
fopFEWZE LA G Y (83 97.4 kDawy phosphorylase b, 66.2 kDa
& BSA, 45 kDa#y ovalbumin, 31 kDa# carbonic anhydrase, 21.5 kDa
& soybean trypsin inhibitok 14.4 kDa#y lysozyme}t & #4 43 4045 £% 4
47 kDa-

# prr4s SDS-PAGEZ S | & #c#:4&8 % #% 4= Kodar X-Omat film_L >
f-70C F1& & % % 40/ 85> 224 i& 4T autoradiography? b > A image
analyzerk £ E & BKAF EHER » Uk F G B Leyf2FE o

(8) s/ iRémBE M cyclicAMP s cyclicGMP 28R &

#E g MR B F R AR 37°C 01200 r.p.mig #5351 44844 0 fu A IBMX
(L00uM) & JE 2 448 » K544 hu A andrographolide PGE =, nitroglycerin
K& B v A 10 mM EDTA%L » LBk 5 04 > BEAKBS T A5 0 i
2L ElA Kits - %] 8] & cyclic AMP £z cyclic GMP #3454 & -

(9) s iréafem NO &) 2 FRE
# R R Z 49 andrographolidegs fn /s g % ¥ 7k R B 4% > 3L Bp 2L
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14,000 r.p.migc 8 448 » B_E i 100p oA a4 B A% 60 B ACEHE -
MO B HF A ACA R 30548 Ak 14,000 r.p.m. 854
BEFRAR LB ARERRADTHEEE - B 10 ul STARE
1 > L VCl3 g B R B A4 84 F 89 nitrate- nitrite & & s NO »
FIA A 808 NO A — &AL R #4& (NO Chemiluminscence Analyzer,
Model 280, Sievers Co. LtdP ¥ & A R J& - it {8 8] R 1% F2 4 600 nm
BAE &y &k 3t sA NaNO; f# standard curvets sb =T 3 B 435 84 64 2 JE o

2. #3t andrographolide e P A hRENBERBRHFL A GE
RS Z BTy ik
(1) 5P aaRELRE

%13 Hsiao % A (2001 4) &) K 8 5 X o 1545 » AR & & A R
Ficoll/Hypague Fr i% sk & 78 FE # b B 7 ROF o8 1 & s Bk 48 4 B
AR FHLE R AREATRTEBAILHOBEREZESE THEAL
ey iEAL > #]A  lucigenin-enhanced chemiluminescence (L& R, &
Bl R BRI HY T BUREZETHGLIKGEN - b
eyt b G kiR B Hank's balanced salt solution (HBSB)g 474
&, F 4T R E) IR B & andrographolidé s Au A lucigenin R & it &
4 4% 4 4% (Orion®, Berthold, Germanyy 4% 2155 R o4 Hoatt A b —
a4&84% 0 he A fMLP (800 nM)sk, PMA (320 nM)j] s 3t &4k 4 R AE B
8 > HHMMTEINEIREBMAL - AR ALK 0 UAF 4
andrographolidei = 14 & e 3K E M e FH 4 -

(2) B ERZEH %

AE EA A Bruker EMX ESR spectromete(F g i 3k 4&) 2 B
TawmAeRR  BTEHEBHSEH T ¢ 3456 = 50 G; power of
0.635 mW,; a modulation frequency of 100 kHz; a iexacy of 9.663 GHz;
a modulation amplitude of 1 G; receiver gain of 8.80*; a time constant
of 81.92 ms; and a conversion time of 327.68 isF F A Ay E 4
& B % H,0./NaOH/DMSO# R J&(Yamaguchi F. et al., 1999)4 R J&
&)@ 42 F sw A andrographolide 23X % + & 48] & andrographolidet
FERENIrR B R EL - IpFtbpleE AKX A © 1 — [signal
height (andrographolide)/ signal height (solventtoal)].
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FHRAT R
1R BE ¥+ %) Bk oo PR/ B 3 B X,

ATRER TR E M AHKRE 250-350 g &% Wistar) &4
Longa % A (1989) 22 & Hwang % A (2002) = F ik hn A5 4h o £ &
LA 3 % isoflurane 57 95 % QFv 5% CQ) A AR fn BSMEEiE L 2 %
isoflurane#: 45 i &% - SASR & J§ 1 P & 7B > BB A RILLIEEIK (right
common carotid artery)s~3a € Bk (external carotid artery)sa g 38 £ Bk
(internal carotid artery)i¥ 14-17 mm+ & 49 4-0 2 #E 4% (nylon thread
A BRE—RYE) SO ABRIBEAZNAHIK > & R A A BB
% R AR KBS P # Bk (right middle cerebral artery¥ fa 2 (ischemia),
KRB eGa o 2R 8 REEE o &AM F A 4T A Bl (behavioral
test> ¥4 T) IR ABRN R E— RGBS s o fF— N BF
% BRERE R 0 % 4-0 BAR L T 4E ik B L (reperfusion) 2
b &R o —F /R o RS AR T HGE— S e o o FilTid
fi ‘1’ % bt\%g/miéj éﬁ-}})’z 370C

2B EE R (infarct size) Z AR

4 BB Bederson& Pitts% A (1986) &y 4 : BRI » £ =+ w /| \BF
44 o iR 7 4% 0 4 A chloral hydrate 200 mg/kg 8% & > WREA

SR THREEAKEE  BZERWA R2MMEE - 22 % TTC (2, 3,

5-triphenyltetrazolium chloride)e 7% B 37 C T % &,30-4% 1% » [ BP AN
10 %formaldehyde solutlcm;{ R Bt R A# e 8848 (Nikon
Coolpix 5000)> #& 1% M egE (Image-Pro Pluskt & fg4e 2= g2
wzB S (% infarctlon volume) £ #Lee% A (2002) FvSwansor
A (1990) =R > MBS K BEZ T8 -

A RIRIBSFIR (B8) RxiE @M

B: $Hulms ¥k (£88) @M

REZ K ZIEE - (B—A)B x100 %

3.5 E B At (lipid peroxidation) &R &

& BB Okhawa % A (1979) 89 F 7% 3t fm A5 45 > BAT R —BLES
(malondialdehyde 1& % Bs 4 & /b 354%) &9R & - 4% Wistar & & X
;E\éﬁﬂ“éﬂﬁﬁwlsrf'\ﬁ“‘ﬂﬁ s mi i F 3 E R 0 A Dounce Bt B
% B UL B A 4 F 69Kk A Krebs buffer [10 mM Glucose 10 mM
Hepes: 140 mM NaCl ~ 3.6 mM KCI

392



PREFR F27H F 1M

+ 1.5 mM CaCp ~ 1.4 mM KHpPOy ~ 0.7 mM MgSQ > pH 7.4] #o sA 5%
JE 35 G A AR RS BT B g o LA $23R 3000 rpmik s+ 4815 0 B EF R
TR 8 B AAL T B - 45 lycopenehn N R A EIRIESE STC T RE+ &

4 - [Bp A ERUA R (200uM)

R AT R E =+ 4% - siu 10l k4 trichloroacetic acid solution [4
% (w/v) in0.3 N HCI] &t £ R B4 > B v A Fifb Bt & B
(thiobarbituric acid, TBA) x & #| [0.5 % (w/v) thiobarbituric acid in
50 % (v/v) acetic acid] ?irﬂ‘ﬁ’\é%ﬁu’i%i &% > e 1 ml ETEE
(n-1-butanol) it B 2L E &R A E » UEBAS =+ 4B RIERE
R AR AR B 0 A A ok 4R (Hitachi, Model U3200)i%&
& 532 nm @& £ & n-1-butanol = & k& - A5 4 i@ E. 1L 2 B 1A
thiobarbituric acid-reactive substances (TBAR&)Z & F LA 4& -

ARBE HRAT - B~ 5 ERFE

REBZ AT RAT > o 1) R&BIEHa-2) &F R
# A~ 3) EEPER A - 4) é/\%{&ﬂ‘fﬂjg andrographolidéa & 5) # % &
#| & andrographolideés - #5 & B ) 25 2 R 3B 46 82737 5 M A8 PR

4h B 2L A |schem|a4§ 15 AR LARE R R 4140 % > ischemia 1) 8F
’fﬁ-@‘/gmv_ ) 24 NBHE A R AR B A BRI T R 0 B R BRHRE 0 RARR
MER B W RIFEREAREG R mMBRRRysar A1) K
AT FATIE S 40 ~ 2) AT FHTIE AR GAR R 8 ~ 3) A RIEH A~ 4) 4
T &% & andrographolidea ~ 5) % F % #| £ andrographolidea (5 &
Bl & 2 ¥ R ARIE 2 A1 A B andrographolide &F 7 v LA ] 7 - 48 535
# 4 5-30 uM ~ 82 P9 RER £ 2-10 mo/kge H R B € 4 AR
REEITERFEZSIRBE)6) & TECEERYE 7)) &F 0
FF& P54 R 8) 4 F th % aspirina 47 ¥ BB

3,

&ﬁiﬁ}ﬁ

B B E H A3 A A2 B3R 2 (meantS.EME R 0 dr 4l i
andrographohdeﬂzfaﬁ £ & /-3-%@ S B oA Student’s t-testr 43t 5
oo ERE N F B o) 43t Bl A one-way ANOVAE 43t \7})? 2R EA
£5] » B2 Newman-Keulsy /x tb g &4 i &9 £ &1 > 55 P < 0.058]
TR BROER
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S~ ERHHG

B AT S I KR F By Ak B PR S A(MCAO) & 41 B
B X 0 B AR 453 Wistar K B 838 FH7 2 1% > S Rami » #4T
BT R R R ARBNER  EAMRERENEBRARNAGT S ZI=
+ o BRT M EREXELTIT - T TiiT MCAO Fiir
&9 X & andrographolide (30 mg/kg}& 4 TBS 38t K 3 An LA 2 &,1% 5537, -
#F F % Es andrographolidest A x84 ik b B 3015 £ &) & Bk (Fig.
1) > ™ F 4B R 1% % Bl o i 3% % % (980 mg/kg/days 18 2 21 69 K
R ML R e BN A AR Y B3R ARE AR A (Fig. 2) -

BT R E % N Es andrographolides) 55 35 1% 2 /5 A 49
T REA SR > FT AR LR bl oE P G Bk e EA(Fig. 3)R Hp ] o] AR R
£ R E s VE A (Fig. 5) & - {2 # A5 4 38 AL 3t & 8A B ey % & (Fig. 4);
e F oS i NESZ AT 49 Fsm XH B - ey R R ERHILEA
iy 8 (Burgos et al., 2005; Mathad et al., 2006)F A =T #& & H A% 3R
REFRGER -

F s ik P9 BS ¥ o AR B R E 6 40 B4 B AR Z AT e B R SR
#,(Thisoda et al., 2006) 12 £ 7 F# & i #3¥ F K - £ R
KPR FoiEPE(35, 75uM) R A8 B M 693 5] collagens] 45
8 AR EE R RE 0 T AEER 2 R T (200 uM) 7% Ak 4] thrombin 3] 28
84 dn /) ARk £ (Fig. 6) > M Figure 769 & R R M ERECENES TR &
4 & $1 glycoprotein lIb/lllasz #4 &4 & & R ApF d MR &Y B E R ©
SR ER B Y & 435 Bk & glycoprotein lIb/Illas 82 64975 4L ik &
My P B TR 3B % B2 0 4o triflavin o skaEdp ] o iR B BE & (Sheuet
al., 1992); &K » AR B ey 2 o4 fibrinogen & & B4R
fibrinogen & — 18 —F 4 (dimmer) > & 4% RGD (Arg-Gly-Asp)+ )] »
v ¥ A A 1548 RGD & 7 48 42| 751ty glycoprotein lib/lllas 5 » 4%
fo N AR B 45 42 — #2 (Rooneyet al., 1998)-

fo iR % B collagenEibiz 2 A B ERIE » — B R&HFIL
PLCy4% %a e i _E &y phosphatidylinositol-4,Bisphosphate (P Uk ## 4 7k,
inositol-1,4,5  trisphosphate @P 2 1,2-diacyglycerol (DAG).
1,2-diacyglycerol (DAGE K & 3¢ suprotein kinase C (PKG}45 3k F &)
3 40 /1 > M4 protein kinase C (PKGY 4 754t 247 kDa proteirz #;
1b( Siess and Lapetina, 1989}% sz /N Ak 2 4 (Sshape change) 4=
B0, B 22 & ¥4k 5] (cytoskeleton rearrangement) & granulg® & £ g %
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WEAL o B P 458k TR K 4493% ho th R PKCa) B AL H 7 oMk 89 B R
JE A 1 B M &9 /€ A (Sanoet al., 1983)- frin Vitrosy 335 T 2 A #7514k
PKCF =] 25 4 fn/| 4k 84 %% 2 R JE (Siess and Lapetina, 1989)% T #% X
MR Z R 0 TXAM R 1B R & %49 A & (Borsch-Hauboldt
al., 1995)c TxA, & 2 1 % fm B 4} 81 o /N R B 4% % % 8% (thromboxane
receptor; TR)& 4 @ 7% 1bguanine-nucleotide-binding-regulatory-protein
(G-protein) - i% % Gqi& 1L PLCB #4542 ; 7% ¥T i i@ Gidy #] AC(adenylate
cyclase) ‘> cAMPZ 4 (Paulet al., 1999)> 3 bk K 248 5t & R JE B4
AR o XA FEH i F X ZRPLAKIEM A M > PLAT # e B L
&7k B '8 sk A2 2 AA (arachidonic acid) # # #£ & COX (cyclooxygenase)
B AARAE A R APGG/PGH, - A4 dgthromboxane synthetase (B$)E
A # mthromboxane A(TxA,) (Borsch-Hauboldt al., 1995)- # st gk 45
& o oo AR A PLARY & P 7T 48 o 3F % 3848 R 3A4E - collagend by il
2P e 4E m B A5 EE T A B3 ho - B Ca-dependent PLAE M 42
5 » H.collagent, & % & ik & 4 H,O, & hydroxyl radical (OH) » 3
% EALPLA L COXAE TXAL & A%, > B 89 & K K /AR & 1L R JE

( Wachowiczet al., 2002)-

BE&ERBRFT R NES AR K34 o MR EILE R ey TXA2
&9 4 m(Table 1% 458 798 i (Fig. 8) RFEEMER > RFRAF
i N ERHP ] TXAZ R458:Ta9RE L 7T At 2 B A H 4] PKC /&1L 8y
15 A (Fig. 9) B F i N EsHps] PKCEILeyE R - £ B tbta ey o1 5
¥ IR A B A 891 A % 3% (Shen et al., 2002; Hsu et al., 2004)

7 PLCy pathway#w PLA, pathway iz &34 s » CAMP o
CGMP 3R fn MR&JER LIy EEER AMHER YA E > CAMP fo
cGMP &4 & . » %)% 2| adenylate cyclasgw guanylate cyclasegir -
CAMP Fu cGMP &4 5 #2 % 2| A 5] A &9 phosphodiesterases (PDE: -
% CAMP 2, cGMP 4 &3% /v & i — 35 69 7% /& CAMP-dependent protein
kinase (CAK; PKA)z cGMP-dependent protein kinase (CGIRKG) -
CAK % CGK # 9] # vasodilator-stimulated phosphoprotein (VASH)%
1t (Butt et al., 1994); CAMP &4 45 i se ¥ #l o NAR 69 B & ~ R
(adhesionje granule release F] & > CAMP & cGMP 75 e 42 i# fn /MR
7 45 & F 89 # & (Johansson and Haynes, 19923k fn > CGK #p 41
thrombin g 3% & PLCy#y &1L (Azulaet al., 1996) i i ik b P9 453 F 44
32 a0 RV fo AR89 7EAL 0 B CAK & CGK 34 sE3p 4] thrombingr 35 &
P-selectingg & #,(Schwarzet al., 2000) #& -~ CAMP #2 cGMP 48 B &4 #%
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AL AE S MR EN o ERFINARER T TER > TR NES
@ F it NO 9 4 s (Table 2% & d cAMP Fv cGMP 2448 3% &,
VASP #4816 (Fig. 11, Fig. 12) H &AM 5 F o % /N Bs 4 ¥
NO-cGMP-PKC-[C&']i & cAMP, cGMP3] % VASP phosphorylationz
MRS E o REICREHE R RER -

Je o AR E R E B s A 0 i BAE T 0 MR B B R e R b
WiET Z% A & (Sheu et al., 1997; Chou et al., 2005F « % P &S 95
BReydrd Tk B ke (Fig. 10) sb—E R T RER Fuid
P B 69 Sl A AR R 2 — o

TRERER > FRETARF #F a4y andrographolide 30
MO/Kg =T 75 2 8 B & o bE T IR T 407 3] AL G o B R B P i 0 B B
%% MG R 5 % 980 molkgd 8 L 887 T A 2k D F 4
% R B RS 3R45 £ - B andrographolides 4% 3 15 F =T 5 48 o 3 4] & %
G f 3K B FE AL & foo R ERE 2k 5 42 andrographolided % ] 4k 5t 5
RE &) o F# BT R 0 4 F K Bk A &) andrographolide (35, 75
wM) =T 3B FE 48 B £ 69 405 collagen 3] &4 o]\ AR 5% 4 R E B dn/ N AR 45
BT o9REE - PKC &y & ibfe TXA2 894 g > B¥pdl s R B & A8
o 3 44 & CGMP & CAMP 3] 48 VASP t) 5} 81634 o R % % o[V AR
BERE o

b= ENRARBCGRX B REFRRENRERLERS  £RKL
AE R AR R T BN F O ik P9 AS AY B3R AR AR A R A ] A
B E B IR BT R T A TR RAR T o % N E5 8
RERRE  REERR AT -

ot
o

AR EARAZITHRBFEAZPERZ LG ¢GEE %%
CCMP-96-RD-023)2 4t 4& & % 8 > 1 A3t 245 LB F] 78 Az,
F LR H o
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Table 1. F .~ #% 985 % collagen #) 3 A $8 &/ IR B 2K
thromboxane B2 & #p# 2k R

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

concentration thromboxane Big/ml)
resting 04+0.2
collagen 1 pg/mi 17.3+3.0
+ andrographolide 35uM 9.0+1.6"
75 uM 65+1.6

HABE R FRT £V CTFALTARERENF RN
B5(35 and 75uM) & 32 = 548 » H oA collagen (lug/ml) sk do ] AR
## thromboxane A » MR F R NESY/ER ©

Washed human platelet suspensions (3.8r1p were preincubated
with andrographolide (35 and 7BM) for 3 min 37°C, then collagen (1
ug/ml) was added to trigger thromboxane, formation. Data are
presented as the means = S.E.M: §).” P < 0.05 as compared with the

resting group? P < 0.05 as compared with the collagen group.
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Table 2. #F . % P &5 ¥ collagen #] 3 A 38 &/ R B nitrate
A ELER

Effect of andrographolide and collagen on nitrate for mation
in washed human platelets

concentration nitrate (tM)
resting 0.3x0.1
collagen 1 ug/mi 2.0+0.5
andrographolide 35uM 04+0.1
75 uM 0.6+0.1

HABE D REFRTY AT CTFALTARRRENF RN
B5(35 and 75uM) & 32 = 548 » H oA collagen (lug/ml) sk do AR
FH nitrate > MR FCHENESHER -

Washed human platelets suspensions (2. ¥l 0were preincubated
with andrographolide (35 and 48M) for 3 min at 37°C. Addition of
collagen (1ug/ml) to platelet suspensions served as positivérgb Data

are presented as the means + S.Eidb). P < 0.05 as compared with the

resting group
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A : Sham
: Control
C 30 mg/kg

Figurel #H<HNEBEHMCAOFHERAAMREEGMREHR
Effect of andrographolide on MCAO-induced cerebral ischemia in
rats.

MCAO F #7424 N B i K BORBE B S Aw A1 R F &, SABLE R AGS
EE@m#E o THhoatns b= (A)RBITFHIEH A > (B)Estir
4 (C)F MRS 4T F & # M E5(30 mg/kgya

Coronal sections of TTC-stained brains in 24 hrad€AO-reperfusion
rats. Cerebral infarction in (A) sham-operated Kshan=3) or
MACO-reperfusion rats is from representative angralat received (B)
solvent (solvent; cremophor: ethanol: normal saline4,n=14) or (C)
andrographolide (30 mg/kg,=3) intraperitoneally.
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A : Sham

B : Control

C:980 mg / kg

Figure2. 4o &R HFHMCAOFHE MR BRI EHFRBMR
Effect of SHIEE FUU JWU IU TANG on MCAO-induced cerebral
ischemiain rats.

MCAO F #7424 N B % K B R BSECE S Aw A R F & 0 B H A3
BEaME BERoatyh=a  (A)RETFiHES QA (B)EgE
#l4 > (C)F4#raT mEEFEE R 0 RS T 25 %275 (980 mg/kg/day)
4 o

Coronal sections of TTC-stained brains in 24 hrad€AO-reperfusion
rats. Cerebral infarction in (A) sham-operated Kshan=3) or
MCAO-reperfusion rats is from representative angralat received (B)
solvent (solvent; normal saline) or (C) SHIEE FWWYUW IU TANG (980

mg/kg/day) oral administration.
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Figure3. FRNEBEHABRE PREAELKFLRBHFIER
Effect of andrographolide on respiratory bursts in  human
neutrophils.

WeE PG Rk 0 FEhL FEi(0.5% DMSOR KRB E M Euik

M E5(50, 75, and 10QM) = 4% > B Aew A fMLP (800 nM): #li#=¢ ¥ £ &
IR EFL ) DBREF R NENER

Washed neutrophil suspensionscA@ cells/ml) were preincubated with
the solvent control (0.5% DMSQO) or various concatndns of
andrographolide (50, 75, and 10®1) followed by the addition of fMLP
(800 nM) to trigger neutrophil respiratory burddata are presented as a

percent inhibition of the solvent control (meanS.E.M.,n=4).
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Effect of andrographolide on lipid peroxidation in rat brain
homogenate.

HEBREE TR > FAL T EEDMSO)RRERENF
< 3 P9 85 (50 and 10QIM) » KB+ 544 7 v A200uM Fe i Aifis 1
WAL > DB F CENBHER

The brain homogenates were preincubated with sbl{BMSO) or
various concentrations of andrographolide (50 ad@d [ @M) for 10 min
followed by the addition of 20QM Fe2+. Results are presented as the
absorbance at 532 nm/mg protein in brain homogendData are
presented as the means = SEM€M3J). **P < 0.01 as compared with the
DMSO group (resting). Andrographolide did not iféee with the
thiobarbituric acid test, since the color formatwas not changed if it was

added after the incubation with thiobarbituric acdgents.
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Figure5. % . i P &5 #collagen A SR o/ AR 5% 5 BB o 3 1 2 R
Effect of andrographolide on collagen-induced aggregation in human
platelet suspensions.

AR REIFRTY 0 FALTARRRENF R NEESS and 75
uM) R & = 548 4% » B hucollagen (lug/mi)f] i ) AR Bt 5 R ATP#Y
B BREFCHENESIPHIR -

Platelets were preincubated with andrographolide 48d 75uM) and
stirred for 3 min, then collagen (Ig/ml) was added to trigger the platelet
aggregation (lower tracing) and ATP release (uppeacing).
Luciferin-luciferase (15ul) was added 1 min before the agonist in order to
measure the ATP release reaction. The profilesegmesentative examples

of five similar experiments
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Figure 6. %~ 3§ P9 &5 3R R R R R 8dn /) AR 5% 4R BB o 30 1 280 R
Concentration-inhibition curves of andrographolide on
collagen (1 pg/ml, O)-, U46619 (1 uM, YV)-, thrombin
(0.05 U/ml, [])-, or arachidonic acid (60 uM, <>)-induced
platelet aggregation in human platelet suspension.

AR NARBIFR Y > FASTARRRENFwENE 37 CTR

&= 58% » BT R E B RIBEIR B MREESE BT O NES

B3P B R

Human platelet suspensions were preincubated withriows

concentrations of andrographolide (25-40@) at 37 °C for 3 min, and

agonists were then added to trigger platelet aggimy Data are
presented as percent inhibition of the control (mseaS.E.M.n=5).
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Figure 7. #IA AKX AREF CHENEY FITC-triflavin & 2]
AR MR AT A R HIs R

Flow cytometric analysis of FITC-triflavin binding to human platelets

in the absence or presence of andrographolide (35 uM and 75 uM).

(A) Bl X & 8952 FITC-triflavin (2 pg/ml) 4 E AfR @R e 3 R4

(B)El X & 892 F 04T EDTA (S mM) ~THphl itk R By ¥ R

CEADBREAGZF AL T RRIREGF & NEFH b —1FRA 4y

X b

(A)The solid line represents the fluorescence [@efi of only

FITC-triflavin (2 pug/ml) the absence of andrographolide as a positive

control; (B) in the presence of EDTA (5 mM) as tlegative control; or in

the presence of andrographolide (C) 38 and (D) 75uM. The profiles

are representative examples of six similar expartme
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Figure 8. & MBS ¥ collagen i 3 A J8 fo /)N 4R 45 8 F 4 &Y 3 41
9,3

Effect of andrographolide on collagen-induced intracellular Ca*

mobilization of Fura 2-AM loaded human platelets.

Wt R BEIR P 7 37 °C T AwA Fura 2-AM (5uM) & — 48/ 8%

BT REGEE W E % NE(35 and 7uM) = 44844 © suA collagen

(Lug/ml) Rlscs58EF o9 FER - BB F o MBI HI R -

Platelet suspensions were incubated with Fura 2(BMM) at 37 C for

60 min, followed by the addition of collagen |(&y/ml) in the absence or

presence of andrographolide (35 anduMd), which was added 3 min

prior to the addition of collagen. The profiles agpresentative examples

of five similar experiments.
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Figure 9. ¥ .1 a5 $tcollagen R ABA RPA7TR G K #4581

& 3p ) 28 R Effect of andrographolide on phosphorylation

of a protein of Mr 47,000 (p47) in human platelets

challenged with collagen.
AR FRT > FALTERARRRENF SHENE35
and 75uM) % - 4 su Acollagent] s PKCey 7E /L » 3t 3 M i R p4ThY #
BAb 0 AR By BEARE T w N ES HpATH BB LE I FI R
Platelets were preincubated with Tyrode’s solutmmy (lane 1), or
platelets were preincubated with isovolumetric eotv control (0.5%
DMSO, lane 2) or andrographolide (381, lane 3 ; 75uM, lane 4)
followed by the addition of collagen (ig/ml) to trigger protein kinase C
activation. The bar graph depicts the ratios ofngjtetive results obtained
by scanning the anti-phospho-47 kD and amntutbulin reactive bands and
guantify optical density using Bio-1D version 9%ige software. Data are

presented as means = S.E.NE3).
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Figure 10. #AESRERE F - & P &5 #collagen ] #h R B b X £
A& Wy IR

ESR spectra of the effect of andrographolide in hydroxyl radical
formation in collagen-activated platelets.
(A) R & 8 R o R BB 69 3= H1 48 > (B)AR & 89 R b NIE 4 84 75 4 4% 1
o (C)RD)REMAFLSL T ARREF < ENEE5 and 7uM) &9
Ko R4 > 838 R 3215 89 fo MR B F R B /v ADMPO (100 mMyL i
ATESRE S > UBRF R NESH A A ZE 4 ehdpHla Rk -
(A) Resting platelet suspensions or platelet suspessiere preincubated
with isovolumetric solvent control (0.5% DMS@B) or andrographolide
at (C) 35uM and O) 75 uM for 3 min, and then collagen (lg/ml) was
added to trigger platelet activation. The reactias allowed to proceed
for 5 min, followed by the addition of DMPO (100 mMor ESR
experiments. The spectrum is a representative eraofpthree similar
experiments.
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Figurell. A ) RFFR P 0 F &4 Fnitroglycerin (10uM) & R
RIE ) F s % W E5(35 and 7uM) 4% > 3t F] A cCGMPip F1l
ODQ (10uM) &9 45F > AT H BBARFET F O E NEF A
% 7T 42 1 CGMPaYy 8842 2R 2] VASP#y s BZ 1L -

Platelets were incubated with nitroglycerin (i) and andrographolide
(35 and 75uM) in the absence or presence of ODQ (M) and were
solubilized directly in SDS-PAGE sample buffer. Bploorylation of
VASP at Ser’ was detected by immunoblotting with a monoclonal
antibody specifically recognizing S&tphosphorylated -VASP.

415



PREFR F27H F 1M

R P | M  SQ+P SQ+M

phosph--VASP el I Y———

cetubulin | - T
_ + o

PGE1 (10 uM) — + -
andrographolide  — — 35uM  75uM  — 75 uM
SQ 22536 — — — — + +
(200 uM)

Figurel12. » s/ MrRE&F&R T » F 4 Fprostaglandin E(10uM) &

REEE 8 %% mEs (35 and 75uM)4 o it %] A cAMP

3 4] #1SQ22536 (100uM)eg4F » A fa F B2 E R BT

%0 3 N B & T 9T 48 B CAMPEY 3548 3R ) 3 VASPY 5 B

Ak o
Platelets were incubated with prostaglandin ELO uM) and
andrographolide (35 and {BM) in the absence or presence of SQ 22536
(100 uM) and were solubilized directly in SDS-PAGE samplaffer.
Phosphorylation of VASP at Séfwas detected by immunoblotting with a
monoclonal antibody specifically recognizing Séphosphorylated
-VASP.
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