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Tetramethylpyrazine (TMPZ) R4+ &) Z 69 = 2BMHEHL - £F7F
B o HIVEFRE TMPZ #iiid [ MREESN - EAHE AR NIRT » TMPZ
(0.5-1.5 mM) T 4 & & 6448 B M M dp %] F F) &9 & AR EAEE] (40 ADP,
Collagen #v U46619)7F 3| A2 & fo /[N AR %% 5 ROME Bc ATP R & - TMPZ (0.5
mM)R & # & fo MR fa SR 0GB BPRR A & B LS ml\ﬂ DI M
TMPZ (0.5-1.5 mM) =T & #| & #5948 B+ @9 #] collagen A7 3] A o vk [°H]
inositol monophosphate &35 : % 4+ » TMPZ (0.5-1.5 mM)H]ﬁT'fi{ﬁ’l.‘%éf]#ﬂ
Mt m¥p 4l collagen fr 3] A do AR PI45 09 FEH » HE o TMPZ (0.5-1.5 mM)
AR T # 4| collagen Ff3|A#) thromboxane A2#44 A o £ & e9iRE(1.0
mM), $A3F 4R TMPZ T 1% FITC-triflavin & 4 %] ﬁll**&[ﬂm LG
% 88 glycoprotein [Ib/Illa complex. Triflavin & —f&&& 4% & G Trimeresurus
Sflavoviridis pr#bib i &y glycoprotein ITb/Illa complex &5 & — P4 Bl B —
- F i@ TMPZ e 84889 R B F (50-200 uM) » £ A5 5 Twil'ﬁ%ﬂ?rfaﬁ}&ﬁ'l

$ ¢ 38 Ao M 7T 9 BA #) 4% i nitrate & cyclic GMP ¢ & 4 - & A5 % B8~ TMPZ
Wb RBREEA TS O REERKE (1) E&8EeIRE T (50-200
uM), TMPZ 42 # o/ [\4% NO 49 #8% » % 5 cyclic GMP, # o o B A fm 5, 79
§58EFRE - Q) AR FHHRET05-1.5 mM), TMPZ T 4 &] o /] 4R &)
phosphoinositide &4 7~#2 A & thromboxane A, &4 A%, + it /) [ (& bm B PY 65 B
T fHp ) AR ER T R - |




BisgE): TMPZ, & g4, thromboxane A,, phosphoinositide 2%, — £,
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Study of antiplatelet activity of TMPZ, an
alkaloid from Chung-Chong

W -

Joen-Rong Sheu

Graduate Institute of Medical Sciences, Taipei Medical College

ABSTRACT

Tetramethylpyrazine (TMPZ) is the active ingredient of a Chinese herbal
medicine. In this study, TMPZ was tested for its antiplatelet actiyities in human
platelét suspensions. In human platelets, TMPZ (0.5-1.5 mM) dqgse-dependently
inhibited . both platelet aggregation and ATP-release reaction| induced by. a
variety of agonists (i.e., ADP, collagen and U46619). TMPZ (0,5 mM) did not
significantly change the fluorescence of platelet membraneT labeled with
dipheylhexatriene (DPH), even at the high concentration (1.5 mM). Furthermore,
TMPZ (0.5-1.5 mM) dose-dependently inhibited [’H] inositol monophosphate
formation stimulated by collagen (5 pg/ml) in [’H] myoinolsitol lpaded platelets.
In addition, TMPZ (0.5-1.5 mM) also dose-dependently | inhibited the
intracellular free Ca™ rise of Fura 2-AM loaded platelets stimulated by collagen

(5 pg/ml). Moreover, TMPZ (0.5-1.5 mM) inhibited thromboxane A, formation

. stimulated by collagen. At a higher concentration (1.0 mM), TMPZ has also

been shown to influence the binding of FITC-triflavin to platelet glycoprotein
IIb/I1la complex. Triflavin, a specific glycoprotein IIb/Illa complex antagonist
purified from Trimeresurus flavoviridis venom. On the othe% hand, TMPZ
(50-200 pM) significantly increased production of nitrate and cyclic GMP

formation in human platelets within a 15-min incubation period. It is concluded

that the antiplatelet activity of TMPZ may possibly involve two pathways: (1) at

a lower concentration (50-200 uM), TMPZ may activate the nitric oxide and
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cyclic GMP formation. (2) at a higher concentration (1.0 mM),TMPZ is shown

 to inhibit phosphoinositide breakdown and thromboxane A, formation in human

platelets.

Keywords: TMPZ, platelet aggregation, thromboxane A,, phosphoinositide
breakdown, nitric oxide.
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Tetramethylpyrazine (TMPZ) & & + # “ )| 8 ” (Ligusticum Wallichii
Franch) © A 5B B A MER 2 A ik M) ERG AT Beyiig
BZe& L5 EEA 2,000 £ b LA LA Ligasticu[m Rhizome % -
Chuanxiong Rhizome » B ¥ 8 (Ligusticum Chuanxiong Hort) #3523
B LHANIERRBERBE RS (Beijing Institute of Pharmaceutical
Industry, 1977) « TMPZ ¥ 284k 5% 3938 & % Bacillus Sultitis ¢ R E 2 —
- (Jeffreys JLAD., 1970) - ££5 & #| & » TMPZ 7F &3 Jatropha odagrica #ji&
& P skt R (Ojewole, 1980) » #K @ + TMPZ #9 5 H ~ &h/b 1L R 4L 4
e e F7 1977 F kRS R (Beijing Institute of tPharmaceutical
Industry, 1977) - 2 % % TMPZ R E B 4 84 b % 2 B 69 B8 AR 305 2,
PR BARIR < TR 156 5 8 B4R T A 20 B
HIRH R OB AR ERBRT  £48 TMPZ (40-120 mg/day) #8ki#:x 1-3 £
BR  HF % AR THREAELE SR EFREEE %ﬁi’tafiﬁk' (Beijing
Institute of Pharmaceutical Industry, 1977) - & » 30 & & ﬁim‘s BRBEZHRB
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R OTMPZ 6 # » 8 90 % #97% &4 & k& d8 69 %8 (Beijing Insitute of
Pharmaceutical Industry, 1977) - Lu et al (1978) 7r45 £ 3 Zjﬁ B BH 5
B BB thk - Wang (1984) 4, ) #3858 TMPZ %%%—H%*QEZ% BT
B &£ nailfold 2 IE5E - Bk > R EARBRLETHD > TMPZ #74:
fE2Z S hERRER LR % -mE TMPZ MEEAR 4B it SR %
Z#4EM - Hoetal (1989) KB P42 T TMPZ T# ot th ¥ 2 B 5
Mongolian gerbils é’J/ﬁ-a§$ ° | . ‘

HMALERBRE  ZAREREES  AHH TSR T TMPZ BH &%
s B Fodp ) do AR EEE 6945 B (Beijing Institute of Pharmaceutical Industry,
1978; Ojewole, 1981) » it A f& A 2 b B8 8 BR R A Hﬁiﬁﬁuﬁ}%;ﬁx% (Zeng et
al, 1982 ; Feng et al, 1988) R 7 # & Ak & 7% (Beijing Institute of
Pharmaceutical Industry, 1977 ; Dai and Bache, 1985) ; Dai %ufache (1985)
Ri&—Fiath TMPZ £XBRMEAMBHEL Z0BUBEEZREADSHAR




AR T R R - MmERREAE A P-blockers, ganglionic blockers
%, catecholamine depletion B4t R & H AL E o 5 s TMPZ F A B
HEMBERR BB oF eyiBiA M (Beijing Institute of Pharmaceutical
Industry, 1977; Xue, 1989): £ £ 484 F 8%+ TMPZ Tt & &M R [E 44

Fit 1% % 89 & o B % 4% (Cai and Barer, 1989) ; &% » TMPZ <7 6A faibip 4] -

ADP frfit 2 s B R & (Beijing Institute of Pharmaceutical Industry,
1977 ; Nie et al., 1985) - Liu #= Sylvester (1990) ## %35 » WE B EHR A
HReENRA TR TMPZ THE RO A a7 TMPZ T4l %
& NARERED (Fo collagen, thrombin fv ADP) FRf 2 /iR EE R
F& o & Hoap il A2 8970 AR T A B L o ARG B E KB H B - ™ Hui et al
(1987) # 3R, > TMPZ K 5 IF & —# o,-adrenergic £ & &3R4 751LE « B
sbie ] TMPZ #p il ARSI ER BB THELH FHRE 2812

BHAAAMRRESEL  TMPZ # N H A REER A — %
endothelium-dependent A nitric oxide (NO)-mediated #4944 # (Peng et al.,

- 1996) - iy TMPZ A & A& 4k b 3 K B # nitrovasodilator (&K & 4 -

FNO: SHEANBRECHE ST Lo NO B R &Y - BsA THE
TMPZ A& & 8P A= EK NO - @ NO &k — #F %1t guanylyl
cyclase f3giutaf cyclic GMP #9148 » RN 58T A0 RE T %
E M H AEUBERIE » o MRRE £k R NO 4% 0
TEABR AP B R JE -

Rt KAt Eskie—H 5 TMPZ £ AL PR FEIL NO 9
. RL8dRHE cNOS #EH (activity) T2 H#B R v cNOS gene &
BB REAXBBRELE L FRFEL NO AABFHARGHSEA
A REEXY NO 4B FART#RBE AL (Silkeetal, 1998) -
H sb A3t EHF g 383 TMPZ 04l o R EAE A a9 B IR 3 -

VP Ty
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¢ #4)] B2 TMPZ 8% & % Aldrich (Milwaukee, MI) = & & & 1L

dimethylsulfoxide (DMSO) 5 # TMPZ # #-4°C F 77

— - RBF ik
(—) > AfEh RBERG B H
#§ du gk i ) acid/citrate/glucose (ACD) S LB £ &4

A 1: 9 (viv)

BA 0 BEEe (120gx 10 min) R EE R (5 4 &4k &2 3% ) e A heparin
(6.4 TU/ml), prostaglandin E; (0.5 uM) 37°C F @74 10 5-4%  A#o (500 g x
10 min) » BT & - & * H A Tyrode‘s solution 3 =R » S AF BRI E R

% ml 4 4.5x 10818 do] 4R o

(=) ~ b fle PO 45 8 T ey 9 2

B 3.8 % sodium citrate 2 5% o B S B A 1:9 (viv) b4 4
TG F B 120 g fees 10 2048 743 L& iR An A fura-2/AM (5'TaM) Fo

PGE; (2 uM) » # 37 C F @ #4255 1 /8% » H oA EDTA (2 m
mas 10 S48 BARBES O RBIERGFFUBEIER
EHBZ R ERANA TMPZ #8 Ca" kA4 ¢

M) It B —ff
& fura-2/AM
148 % (Ex.339

nm, Em. 550 nm) 24 fluorescence spectrophotometer 4%k 2 élxtt?f%u TMPZ

o s NARPS 65 BT 64 B 1% -

(Z) ~ FITC #:4- 2| triflavin ¢4 % 3%

# triflavin (1 mg/ml);E# £ 0.2 ml 4% sodium bicarbonate

L(0.1 M)% ;%

4k + 5 FITC (1 mg)i&f DMSO (0.1 mi)# » B 20 ul & FITC B3R v A E
triflavin A% R » £ EBTFTRE | N6 £ ReFES » mEFHhoA 20 pl
#, B 4F 65 hydroxylamin (1.5 M ; pH 8.0 ~ 8.5 KR /& 30 44 © &AM

FITC-triflavin &5;R E ¥ 4 1 mg/ml -

(v9) ~ FITC-triflavin $2 #1248 k. glycoprotein 1b/IIla complex & & &4 8] &



HEARE L PNRE TR B LA RSB B 4.5x 108platelets/mi ]
0.9 ml &y fo MRRIFERBEARE ¥ 5 3 he N F R K 89 TMPZ & DMSO
BER G ERBETHRBTEESL I ml £ 37CTFRBHE  BEA
FITC-triflavin (2 pg/ml) R /& 2 448 + H ho A collagen (5 pg/ml) » 8 74814 A
Flow Cytometer (Becton Dickinson, FACS-can Sys. ) & » B 4 ik £ 50,000
18 o AR A A

(£) ~ fo MR fa B B R B 1 64 B 2

A BEE A B ACD. (9:1 vW)iR4 » HH A b MRBITR - iR
BB A S 45 x 10° platelets/ml » 4% 0.9 ml o/ MRBIE R EARE N » Ao
ANDMSO BRARERES TMPZ, 6 NRBOEZLEL ]l ml RE
B B R B Btk F M & 0 4% B de N diphenylhexatriene (DPH) 1 uM » R
10 2048 0 L BRIE W Bk » B30 3,200 rpm ik 10 4548 - BChAT
FX EERFEBKR > L PBS buffer 3k =:k% » #1 B Fluorescence
spectrophotometer (Hitachi F4500, Japan):a] & H & # 7& E;(excitatibn A 363

nm ; emission & 400 ~ 600 nm) -

(7%) * [’H)-Inositol monophate 4 g & 38] & |

| HILACD (19 vV)BILE B 69 AK S 4 fo MR o 3E 7 F 38 F 8.0 500
g 10 568 RELER B TRONRBEHBENR 5458 TR BSA &
Tyrode #& ¥ > 3 %M | mM EDTA A& 75 pCi/ml #4[’H] inositol = # 37°C F
MBIE 2 NEE o B S00 g B 4 o548 ATAT A S NARERAL A 4 BSA (3.5
mg/ml) » R4 EDTA # Tyrode R M %2 » RIEFBBE AN IEEGX

10%ml) e #8 1 ml &9 do/ ]\ AR I8 % 7% Ao A silicone &K 69 3.5 ml /358 % &
3b AN EERAE B 448 1200 e e dE A 37C T 0 R e A SmMLICI
BRI 25048 % N TMPZ % 4 849 DMSO R (H B a) £37CTF
R JE » R E BN fo RS E B collagen (10 pug/ml)3] 4B &£ R » 6 448
1% e NF B 10% (w/v)ik & trichloroacetic acid (TCA)IX ¥ L R /& 5 3
2L 1,000 g & 4 448 > A74F L E k(1 ml) i 2 &8%(10 ml)dk B3 4769 TCA =
R A 80°C BB RAF 6 L84 A » B | NNaOH 3% pH 16 £ 7~8 -
G R ABAREEERZE 4ml » KL 3.5 ml fund Dowex-l 2 [&8EF %

SR T RO A LT




A HS AR T (50 % » wiv e | ml) B4 F B & 4 51 A H]inositol,
[*H]glycerophosphoinositol, [PH]IP; » [*H]IP, #o [’H]IP;

(1) 15ml myoinositol (5 mM)

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

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

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

(5)20 ml  HCOON; (1.0 M)/ HCOOH (0.1 M)
bR B R F MCE (B F 1 mD)AuA counting solution (atomlight) % + 24
Liquid Scintillation Counter (Beckman Model 2200):R| & A7 & # AT 4% &9 3%
JE o &7 inositol bisphosphate (IP;) & inositol trisphosphate (IP;)| #54 & #F 1&
& o B gk » & £ 8L inositol monophosphate (IP,)& # — #5 4% » 4%, & £ £F inositol
phosphates 4 s &) = °

(&) ~ o/ 4R %= B2 thromboxane Bj &9 8] &
A SR MR IR (0.4 m1 » 4.5x 10Yml) g TMPZ iR R » hon
collagen (5 pg/ml)3] 4 oM REAL + R #4T 6 5484 » se A BDTA (2 mM)
fo indomethacin (50 puM) 2L & b thromboxane #5 4 & A& ° r’@—i il RN
Sigma-201 M /£ 14,000 r.p.m Fé#Ew 3 4548 BRI EFH R - LFRTAEE
thromboxane B, & & #] B thromboxane B, EIA Kit 8] & 2 o

(/\) ~ fmBa A cyclic GMP 42 &9 &£

92 fo MR R A 37°C 0 1200 rpm B4 FBis 1 548 | e IBMX
(100 uM) R & 2 448 & 1% Ao A nitroglycerin (200 uM) éif!?riﬁ']rsif’:} (TMPZ)
RIE 45 %5 > BEEP Ao A 10mM EDTA 4% » 3L H % 5 4548 > AR E 4
T @B R ERIR &MU cyclic GMP # EIA kits # & & cyclic GMP #
Ca

g

(f) ~ tmfE g NO 898 2R & :

4 do AR Rk (3 x 10%/ml) £t TMPZ (50-200 pM) # 45 RHE (15 &
60 7-4%) 7% SLEpIA 14,000 rpm & 5 o4E 0 BLE B R AN B AEM (1:2)
MYRA  BWACTA#30 548 0 &1 14,000 rpm & 8 548 > L




B dhm e U EASAMREFALTHATAE - R 10 ml 95 AMBITAR
REAg 0 A VCL F R R A > 454584 1 nitrate (NOs)- Fu nitrite (NO,) %
FE AR NO # B &84 NO B A— &L 8.7 # 1 (Sievers Research Redox
Chemiluminescence Detector, Model NOA 280, Sievers CO. Ltd.) ¥ #1 & &K%
JE o 3488 R AE B E 600 nm LA F &) & 0 18 R sodium nitrate 4 — R
ek HFENOERE -

() ~ fa MR 4B N ecNOS protein & 34134
(a) Western blot analysis

BT Ak iRk (PRP) $1 TMP #4474 0.1 uM tetrahydrobiopterin
(BH4), 1 pM FAD % 1.5 mM NADPH ##HFAETREKE 15 %30 %
48 BE 4 3,600 rpm. T EE 10 448 0 FRE EFER > A R A
Tyrode BEE kR A L ml &g (1% SDS; 0.1 % Triton X-100
Fu 10 mM Tris-HCl; pH 7.4) 4 Aw— & proteinase #9#p #|#%| (%o PMSFE,

aprotinin, chymotrypsin, leupeptin) ;&## 2 ; #£ 4°C 30,000 r.p.m. T &< 60

o4 B LFER -
(b) Immunoprecipitation analysis

W MR BRI S Tyrode JER (A5 R4 (TMP) RER » 2L RIZ LR
EAR% (41 % Triton X-100; 150 mM NaCl; 10 mM Tris; pH 7.4 & 1 mM
EDTA; 1 mM EGTA; 0.2 mM PMSF; 0.5% NP-40) &8 2 . f£ 4°C A 1,200

rpm. TFE.0 30 948 B2 EERERAE. (1 ng mouse monoclonal

antibody against human ecNOS) 4 4C F R 2 /p8F > 3% ju A protein A
(10 pg) » 4°CTFRIE 2 /[ o574 » B0 3-5 448 ) B L 2 B AR F % 3
2+ Ae 2x sample buffer » B LFH& -

48 % #4547 2 protein # 47 E k8 (8% SDS-PAGE) ' # # # 47 Western
blotting » £ AMAB A Ley & G H e 2| nitrocellulose (0.45 micron) E -
blotting buffer # 4 &40 F : 25 mM Tris-HCI, 192 mM glycine, 20 % (v/v)
methanol, pH 8.3 ; # E7 &4 454+ & 30 V, 40 mA & T i@ &R KK - #47 blotting
# » BUF nitrocellulose f A AKX ZH B EZ04E45F S%BSA, 1%
Tween 20, 10 mM Tris-HCI, 0.5 M NaCl, pH 7.6 &9#%& 7 2 /6§ © B A &8
Kikidk  HEEZ0LESH —RMHE (L human ecNOS peptide sequence
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1030-1209; 1:250 dilution) = F3fi/Emk ¥ > AE R THRMEELZ 115, B4
1 % Tween 20, 10 mM Tris-HCI, 0.5 M NaCl, pH 7.6 éﬁi‘é‘"—ﬁi)ﬁL LAZ Bk S
x5 #% b nitrocellulose & /8 48 4 F — 4L 8% (anti-moutse horseradish ,
peroxidase-conjugated antibody) #9583 (5 % BSA, 1 % Tween 20, 10 mM
Tris-HCI, 0.5 M NaCl, pH 7.6) ¥ » f& £ /8 F 38 4% 4 & 1 /) 8% % 41 % Tween
20, 10 mM Tris-HCI, 0.5 M NaCl, pH 7.6 #4:5& ho BiZ 0545 5 2% 0 #1 A
Amersham /2 3] i £ Z enhanced chemiluminescence (ECL) We[ tern blot kit j##
nitrocellulose L &) protein 2 & # R - HF| B 1% 547 & 4 (ScanMaker IIsp)

Ao A E EH—18 band BHrEHEE o

(+—) BERBEETUFHMEL BE®RE (meant SEMIAT - 2K & 5
Z£%] » B Newman-Keuls Fikth 8 &gy 2B M 2 P < 0.05 Bl &5
FERHER -




58X

FEANBE S R FER P TMPZ WA % 26948 MPE(0.5-1.5 mM) » R 2
BES oA RS o REEREE ) - TMPZ T e 40 %] &
collagen (5 ug/ml), prostaglandin endoperoxide analogue compound U46619(1
M)A 5 Aty B R R R - BleF TMPZ 75 T #4148 200 pg/ml &9 4% & &
(fibrinogen)#F £ F » &8 ADP (20 pM)AF 85 5 o b MR R R E » Bl 8% > $4M
437 TMPZ Jedp ) o MRER R &5 B 85 0 IR T4 %40 collagen A7 35 4%
# ATP #23% RJ& - TMPZ 47%] ATP (20 uM), collagen (5 pg/ml)& U46619 (1
uM) AT R R ERE - B ICso 45 % 0.8, 1.2 v 1.3 (mM) -

FESLIRET » TMPZ R ¥ E o R b BEBL 6 iR B 1A (B =) 5 PP A%
RERGE 1S oM ©AFABRAGZE - SRATALRET » TMPZ # b
NAR B R G i PR AE AT 4m B B 35 38 M (permeabilization) &g 2L % o st 9 - TMPZ
(0.5-1.5 mM) 7RG 2 % & 6938 ho m BA BR 69 ¥4 collagen (5 pg/ml) #735) e
[’H] inositol monophosphate # 4 (& =) @ B4/LE#49RE T » 78 &40 %
~ collagen Fi3]ALt sy thromboxane B, Z W &(k—) A £HEE
(1.0 mM) F » TMPz 7F & %4 8869 % % FITC-triflavin 1 fo /iR R @ 2
glycoprotein (GP) IIb/Illa complex & % 4 (B m) : Triflavin & &
Trimeresurus flavoviridis ¥ % ‘F’fﬁ st ey B as peptide, ¥ s /|M iR fm B AL £
&) GPIb/lla & HEA F—Eeh /e A - b b R ¥ TMPZ &
CBSHRETITRAESHED L k& glycoprotein IIb/llla complex "R
phosphoinositide breakdown & thromboxane A, &4 ° .

B—F & f R cyclic GMP B B 8938 hoe] 84 B8 49 4 %l do ] 3R
BERME - B bR IFski& — 534 TMPZ & F 973 fw cyclic GMP &5 &
M H e REERE - R _HERBE T RELe iR > Ll
M # cyclic GMP 4 8 f&4& (7.98 + 0.49 pmol/10° platelets) » 4 4% A
nitroglycerin (200 uM)#% » =T ¥ B 4% 4% fa #i, 3 cyclic GMP 5 A &) 5 Ao (33.52
+ 1.93 pmol/10° cells); 5 — % & » h KBk & £ 8= TMPZ 4 50-200 uM #9iK
BEHENTHENE mai A cycle GMP 8 & £ (k=) ; b R ~aLF
cyclic GMP &9 & £ T f5 # nitric oxide #H M -

#2 M H B4R S A ozone redox-cher.iluminescene detector #9 77

e A3 R o e o i



B R E B N R 48 B P nitrate A R & 40 o £ A E B P M nitrate 89 '%R:ﬁ:
P NO 2 £ 691 - R =& R > 42w collagen (LO pg/ml)ig -

5] 898 BA &4 3% fu 2.5 4% nitrate 854K, © £ 50-200 uM &4 TMPZ F4£7F » fas]s
A% 4= B, P9 nitrate &9 & K HBAA I He (50 uM, 32.16 + 2.15; IO(E)‘pM, 2537

1.19; 200 UM, 32.24 £ 1.52) (R =) 5 — % @ » TMPZ &) solve

t control 8| R

% % tm o A nitrate 894 AR Z) - BT RE R BT - TMPZ #p # fn /MR HE

£ R BT 4 41551 NO f4E cylic GMP B 3% o it f 39 4] 4m

45 B8 T 55

& EmipH o MREERBEEMN - o AR RLAFELE

B9 NO 4 7%, B2-% (constitutive NO synthase, cNOS) i & 3% & %!

NO &t &

(inducible NO synthase; iNOS) ; sbof~ % TMPZ &4t NO» FTRE R & B 7E

it cNOS M2k - &— ¥ ¥ 87 TMPZ {187 K& TF(50-200
B3 o dn AR cNOS @A R(BR) - 3 HAI T BRAT T

UM)TF & 9

AP ££ 50-200

UM &R B FTeAMEIL cNOS» Mt NO &4 &3 wikdiZ1t
soluble guanylate cyclase » # 2 cyclic GMP & & 3 Ao & el o MREEF

RIE -

& AR BT TMPZ fi s MRS EFR TS d REFR AR (1) £

84K # R T (50-200 uM), TMPZ <T{R it R NO 6938

» 2 cyclic

GMP 3 fa f [ 16 WL P 45 B F R (2) % @ iRLE F(0.5-1.5 mM),

" TMPZ =T #p#1 fn.-]\#% & phosphoinositide &) %-## 2A & thrombo
% » B85 75 & % & fibrinogen % 42| glycoprotein IIb/Illa com
do MRER SRR - S

xane A, &4

plex i @ #p

15




#

B EROTRERT4 > TMPZ £ 05-1.5 mM #98 T » TERBa 39 |

#] ADP> collagen #n U46619 Frsf st o MR B R B B8R i3 4o
H ¥ ) o DR E R B e R M T 565 NO A B - B %7 € 40 nitric oxide
¥ enzyme [ E 5 AR HEA NO 4 s £( indicuble nitric oxide
synthase ; iNOS) & Bl & %! NO 4 s B # (constitutive nitric oxide synthase,
cNOS) o ) fu/\#g €40 B % L-arginine-NO % % > B s /N R4 75 1L44 7T 2R
85 4 3% /2 NO 894 7% (Radomski et al., 1990); F) & Mehta % AR 3 2 /4R
4A cNOS (1995); s AT MFEFT LT - Bk > TMPZ edph) o ] In st £
RIE» 2V F—EAERLEHZEL NO» mEH NO #— %1t guanylate
cyclase M4E cylic GMP 4 &3 /v - M cylic GMP 45 38 fo » 7] {4% tm Bl 45
BTk 4T ©IE5 Y BT /355 A (calcium storage site ) » #4E 4a B (cytoplasma)
PO A S5 T IR T MM dp 4l do AR & RUE - @ TMPZ 7516 NOS 898 /£ 18
R H I H MR GIRE 0 LT E R E540 NOS £ R B sldp R
BERE > THESHE R4/ REE A (e ¥4 @) Ik 69 phosphoinositide &9
4 B2 A B thromboxane A, #94 R + BB & % % fibrinogen % & %]
glycoprotein IIb/IIla complex) °
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1~ BmBER

4&5&’5‘& £ ZIEF TMPZ ToABa#p 4l s MR R R AR KRBT,
" do MR BE%E [IbAlla complex (#4%E &R %H) AR cylic GM
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% — TMPZ #} fo /4 thromboxane B, 7 89 % &

Treatment Thromboxane B, (ng/ml)
Resting 6.3+ 0.9 (4)
DMSO (0.5%) 8.1% 1.3 (4)

collagen 21851 314 (4)
+TMPZ 0.5 mM 111.8% 21.87((4)
+TMPZ 1.0 mM 117.8+ 17.4" (4)
+TMPZ 1.5 mM 90.3% 8.4 (4)

TMPZ (0.5, 1.0 and 1.5 mM) was added to human washed platelet suspension
(4.5x 10*ml) 2 min before the addition of collagen (5 p.g/mlﬁ. The reaction wa

termined 6 min after the addition of collagen and the platele{ suspensions wer
collected for the determination of the thromboxane B, level. Data are presente
as meanst S.E.M. (n). *: P < (0.05; **: P < 0.01 as compared with collagen (.

ug/ml).
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% = TMPZ # $1./ & cyclic GMP 4 & &) % &

Drug Dose cyclic GMP
(pmol/10° cells)

resting L 798 * 0.49
nitroglycerin 200 uM 33.52 * 1.93"

DMSO 0.5% 8.68 * 0.34
TMPZ 50 uM 26.73 £ 0.71
100 pM 27.82 + 0.84°

- 200 uM 38.37 £ 2.94"

Washed human platelet suspensions were preincubated with various
concentrations of TMPZ (50, 100, and 200 pM) or nitroglycerin (200
pM) for 1S min at 37°C. Addition of nitroglycerin in platelet
suspensions was presented as a positive control. Data are presented
as means £ S.EM. (n=4). ": P < 0.001 as compared with the DMSO

group.
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& = TMPZ #f fo.-]s#& nitric oxide & & H &

Drug Dose NO (uM)
resting 13.24 £ 1.21
collagen 10 pg/ml 33.52 + 1.83"
DMSO 0.5 % 17.61 * 2.40
TMPZ 50 uM 32.16 + 2.15°

100 uM 25.37 £ 1.19°
200 uM 32.24 + 1.52°

Washed human platelet suspensions were preincubated with various
concentrations of TMPZ (50, 100, and 200 puM) or collagen (10
pg/ml) for 15 min at 37°C. Addition of collagen in platelet
suspensions was presented as a positive control. Data are presented
as means ¥ S.EM. (n = 4). : P < 0.001 as compared with the

DMSO grbup.
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ATP release

TMPZ{L.SinM)

4

DMSO TMPZ0.5mM)
4 ) : L
1

‘cullagen

B —

TMPZ # 4l iR R £ & ATP BRE BB
Typical patterns of inhibitory effect of TMPZ on platelet aggregation induced by
collagen and ATP release of human washed platelet suspensions. Platelets (4.5
x 10%ml) were préincubated with TMPZ (0.5, 1.5 mM) at 37°C for 2 min, then
collagen (5 Og/ml) was added to trigger aggregation (upward tracing) and ATP

release (downward tracing). Luciferin/luciferase mixture (20 Ol) was added 2

min before the agonists in order to measure the ATP release reaction.
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Fluorescence emission spectra of platelet membranes labeled with DPH (0.5 uM
in the presence of (A) DMSO (0.5 %) or (B) TMPZ (0.5 mM ] The lower curve
in each panel is a representative background spectrum of membranes without

labeled DPH. The profile is a representative example| of four similar

experiments.
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Inositol monophosphate x 107 {c.p.m.)
i

restmg 0.5 1.0 15
TMPZ (imM)

Collagen

. B= _

TMPZ # collagen 3] A2 fn./)»4& phosphoinositide #-#2 &4 % %
Effect of TMPZ on collagen-induced inositol monophosphate formation in
human washed platelets. Platelets were labeled with [*H] inositol and stimulated
with collagen (5 pg/ml) in the presence of various concentrations of TMPZ (0.5,
1.0 and 1.5 mM). Data are presented as means+ S.E.M. (n=4).*: P < 0.05; **: P

< 0.01 denote a significant difference compared with resting.
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Flow cytometric analysis of FITC-triflavin binding to human platelets in the
absence or presence of various concentrations of TMPZ (0.5 rmd 1.0 mM). (A)
The solid line represents the fluorescence profile of FITC-triflavin (2 pg/ml) in
the absence of TMPZ; (B) in the presence of EDTA (10 mM) as the negtive
control, or in the presence of (C ) TMPZ (0.5 mM) and (D) TMPZ (1.0 mM).

The profile is a representative example of five similar experiments.
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Western blot analysis of platelets with mouse monoclonal antibody against
human ecNOS from the solvent control (0.5% DMSO)-treated for 30 min
(lane A), TMPZ (50 puM)-treated for 15 min (lane B), TMPZ (200
uM)-treated for 15 min, and TMPZ (50 pM)-treated platelets for 30 min
(lane D). An equal amount of profein (10 pg) was loaded onto each lane.
This Western blot analysis is a representative example of four similar

experiments.
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