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ARG TEEE AEULEF LTRSS CRCARRMERET RS
AU T @R ¢ ke B3R 0 Fk (dysentery) R 4454 3] e 4 K
¥ th o (postpartum) ~ 37 /% (headache)fv B 4 B % 4% ik (amenorrhea) % - & JI|
2P R IRZH M L Yk tetramethylpyrazine (TMPZ) » T4 itt f 35 45 38 B
BRI - TMPZ F #1357 & Bacillus Sultitis #9455t4 > BT # KR ~ 4
eAo AR TR 1977 FAEFES o P BAME » — A2 706 B &M A8 b % %
# * TMPZ (40-120 mg/day) i v i 538 M 1-3 28948 » 9 0 %W &4
BA BR ) 2 & myodynamic fo B B #E o £ AR SR BB + 0 TMPZ 14
Bl E &4 B AL(0.5-1.5 mM) » BEF B 693 po M A BR MY 8l o IR B £ R
f& - TMPZ <T 8 BR &4 % & collagen (5 pg/ml), prostaglandin endoperoxide
analogue compound U46619(1 pM)Fr 3l s eh 5 £ R A& - TMPZ %) ATP (20
HM), collagen (5 pg/m) & U46619 (1 pM) AR BB E RE » & ICs 47
%408,1.2% 1.3 (mM) > BsbH F &2 8 (fura-2am)iZ & 3| fo /Mg ba B 9 -
# M collagen RiFI\bb (M RWBNGSET - SFREELET » LA
collagen (5 pg/ml)#4 =T ¥ BH 6948 o/ N AR fm B IS 69458 F &5 30.5 + 1.4 3% po %)
221.4 + 8.5(nM) 35 4 % 8R40 4588 T 3% o 5T A B a4 4k TMPZ P ) - B
—7E ARRERET 0 RE R 0 B8y cyclic GMP 4 &
BAR (7.98 £ 0.49 pmol/10° platelets) » f£4% A nitroglycerin (200 uM)# » <
ABRAAE e Y cyclic GMP R #94 Av (33.52 + 1.93 pmol/10° cells); -
7 & KRR TMPZ 42 50-200 1M &4 38 B $6 B P9 =T 88 Ba 44 3 fu dm
B cycleGMP th £ 4 - B > 4 50-200 1M & TMPZ 24 F » fo /35 b
B P nitrate &9 A 9384453 An (S0 M, 32.16 + 2.15; 100 pM, 25.37 + 1.19;
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200 pM, 32.24 £ 1.52) « dy A b 69 T8k BB - TMPZ 49 5] fo o) AR 3t 4
RTHRALHEL NO EREHmegEARBN R — S BE S -
Rutaccarpine Z A7 S HAVEE T E A sl MRBERBEOHER ; g
EH B, » rutaecarpine < 5 85 64 K15 & R a5 BT o MATHRLELES
rutaecarpine #3487 ¥4 ADP 3l e S MR ERAE - 4£ rutaecarpine # X
GRBRBEGRE GO BESH  HRAERS rutaecarpine (25 #o 50
ngle) WIEER - €RME K rutaccarpine H A G BRI G M6 ok
e} o e Mo R F rutaecarpine #3575 8 1 A 4 A BRI B I5 1k o

B4 3E: TMPZ, rutaccarpine, s /bRB%E, — AR, @i
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In vitro and in vivo antithrombotic effect of
- rutaecarpine and TMPZ

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 activities in human
platelet suspensions. In human platelets, TMPZ (0.5-1.5 mM) dose-dependently
inhibited platelet aggregation induced by a variety of agonists (i.e., ADP,
collagen and U46619). In addition, TMPZ also dose-dependently inhibited the
intracellular free Ca™ rise of Fura 2-AM loaded platelets stimulated by collagen
(3 pg/ml). Furthermore, TMPZ (50-200 uM) significantly increased production
of nitrate and cyclic GMP in human platelets within a 15-min incubation period.
These results show that TMPZ stimulates nitric oxide production in human
platelets. Furthermore, we also found that rutaecarpine was also effective in
reducing the mortality of ADP-induced acute pulmonary thromboembolism in
mice when administered intravenously at doses of 25 and 50 ug/g. In addition,
intravenous injection of rutaecarpine significantly prolonged bleeding time as
compared with normal saline in severed mesenteric arteries of rats. These results
indicate that rutaecarpine is a potent antithrombotic agent in in vivo.

Keywords: TMPZ, rutaecarpine, platelet aggregation, nitric oxide, thrombosis
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ERGTBE RARRETETRASOCACARRGEIERT 6%
— AT B AT @A ER ko BLAER 0 ALk (dysentery) B 1k 3l Aty A B
i fn (postpartum) ~ 8 4 (headache)fv B & & %42 ik (amenorrhea) %(1) - A b
FEMERELEL REXELEE4HE - L@y TRPEAGHNRERAQ) : &
WY & o AR () BAR ML L4 /7 Fo 38 S LAY 6 FHESHFEEAB)- B
R % — 4§ % quinazolinocarboline # 4 M F#H ZE LKA I ER & 4
4t i & 5 4 rhetsinine » wuchuyine » rutaevine » dehydroevodiamine ' evodiamine
Fv rutaecarpine ¥ (4) 5 H F — b 4 Mydb of 8 59 5 M b, T AL FEE -
R © evodiamine ARG R BREHRTH REA LS RKE » 0
T B BEAbfn & b 6478 T FL18(K" Channel activation) (5) ; & )I| & &
Pt R B Z K % A 4h#h tetramethylpyrazine (TMPZ) @ T2 38 o % 45 38 B i 42
FJR(6) - TMPZ F-H33R & 7 Bacillus Sultitis 945 8H45(7) » R e ey ~ 4
oo dEaE &t 1977 Faksksr - AFBEAM  —RAMNSHELEMELE 5
# > TMPZ (40-120 mg/day) s iv. x4 88 1-3 28148 » 45 90%% B &4
B #A 4 7 £ myodynamic fo &% B #(8) - Luetal (945 » N} B &y EERMWAE
BG83 o 7 9 Wang (10)3% 88 - TMPZ 26 AN B EREF >
A B2 & nail fold microcirculation #9175 » M B TMPZ K& & 4 4 68 85 44
BlYERM - AHEPMRRENEL TMPZ BE MR aRfolpf b MR BEM/AR
(11,12) » B4R 8 Bk IR ) BLEE Ao B $o. % (13,14) & 58 ik B ARk £ 37 (15,16) « TMPZ
F) BF A By 72 3 microcirculation R &0 % f & 658 HE M(15,17) - &9 Liu
Fo Sylvester (I8)#4 st R4 46  TMPZ G HEHR F T iz ey 5
& # TMPZ T4 4] % #7546 % (4o collagen, thrombin F= ADP)Ff 3% 55 2 fa. /s
WER) KA ird B AN ER TESTRENEIS T o/ Mre st
% o B4 » Hui et al.20)% 3% » TMPZ A & 7 & —# ay-adrenergic % B &4 4F
o EACE] o Bk o #R TMPZ e RO RERRTEELETRE - &
UETES  SORRHMLEMAAE  BEEE LN Y4 LMY
RIS HEHNEN At o BERORHRES L L/ RHE 1
HMEEENAL - H4 0 oo MRAE B F e (thromboembolism) & 7 4 5%
BAE LARFTHEMRAO—IR « T RS AR E B oIS nid - Tk
b 2BlF oL ERTRAERLEBETRAOTRAERTZ — « Mt > AN
fnir XA P DR B ERE BT E S -

Rutaecarpine R # A X % ARBALBRT T AGL R Ry 2 i 5 &
W HF BT rutaecarpine A A A a EHHAR > MARBERATRER
endothelial nitric oxide-dependent manner (21) ; # & F # B » L X 5 X B
#> nitrovasodilator (%3 A5 548 NO» §HEAHEAE €445 F L& NO



Bl Ry % d - Bib 7T 48 rutaecarpine A & € F1A & 0 025K NO »
i NO & i — 3% 4t guanylyl cyclase i 3% jo kg f I cyclic GMP &34 & &/
FH N HaMRAE ) F Ak MREEA cyclic GMP 4 & -
Tl HER S SR ERE - fa i - TMPZ &) 4 # 75 K & % nitrovasodilator
BBRY  EHEMNAMRREBET > TMPZ W e Rt A A
endothelium-dependent & nitric oxide-mediated &5 #41(22) - BH sk » A & — ¥
#F4% TMPZ #» rutaecarpine £ s/ MR BEE I H P H RS A ERHE B ma ik
8o AL ESS -
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PEMNE 2 TMPZ R % ¥ ¥ 2 rutaecarpine 4 %] B& & # Aldrich
(Milwaukee, MI) #o Toray Tech. CO. Japan o &% % 24 dimethylsulfoxide
(DMSO) i # TMPZ & rutaecarpine it 3-4°C FE4F o

=~ FRIE
(=)~ A R By B4

#F FuEk o F| acid/citrate/glucose (ACD) $L & BRIEE 2694 d 1l 1:9 (viv)
Re r EES (120 gx 10 min) £ ER R (54 s MR 38 ) hn A heparin
(6.4 IU/ml), prostaglandin E; (0.5 uM) 37°C Fi& & 10 54 - A (500 g x
10 min) » BF & fo/] 4% > % A Tyrode's solution %t =k » S48 4RI A &
# ml 4 4.5x10° {8l /N 4R

(=)~ tafe N&SEET Rl

¥4 3.8 % sodium citrate 2 5% 0. ) SL4E B A fn 1:9 (VV) 2 b g8, 4 » I
ERT IR LU 120 g 8 10 2048 #8745 £ B R fu A fura-2/AM (5 mM) #o
PGE (2 uM) # 37CTF & %25 | ok > HAuA EDTA 2 mM) » it B —4%
&6 10 548 0 BRBUGLRBEIRG T H LB BIER £ fura-UAM
RILIBZ o [N ig I 3F A o N TMPZ (50-200 uM)#4 8 Ca® 46 i £ 4 093 5%,
(Ex.339 nm, Em. 550 nm)$ fluorescence spectrophotometer %2.4% 2 ; & b7 4o
- TMPZ $1 o /|5 45 79 45 8 - 64 Bl 4% -

(£)~ =N cyclicGMP 4283 %

A dr AR F R S 37°C 0 1200 rpm B T8 1 948 0 fua IBMX
(100 pM) R A& 2 5-4% » B 4% /o A nitroglycerin (200 uM) 3,43 &4 (TMPZ)
RIEASE BB N I0mMEDTA % » 5l 5 948 B9 28%% 4

C > @EBECHIRER®K » FLcyclic GMP # EIA kits £ % & cyclic GMP &
GE -

(W)~ eI NO 4 BT

AR B ER (3x10°/ml) g2 TMPZ (50-200 uM) i#47 R & (15 % 60
4E) 180 LB 14,000 rpm B 5 548 IR LB R o A B KE R (1:2)
FRE BN ACTT A0 204 » AL 14,000 rpm B § 548 » B F /B
AR AEBBE MM EEETHATAE - ] 10 ml 4R Hir A M
HWE L VCLEERE B4R b 84 nitrate (NO5) Fo nitrite (NO,) %38
B NO: # B f.4,5% NO A — 84L 94715 (Sievers Research Redox

8



Chemiluminescence Detector, Model NOA 280, Sievers CO. Ltd.)) v # 2 & K
B AR R EE R 600 nm X L&y & % 548 ¥ sodium nitrate # — {2 %
i FFHENOWRE -

(#) ~ Rutaecarpine /& & &M iz B L TR

48 B8 HRGE A R ) B & &9 rutaecarpine 7 3 4844 0 350G BB TR
CRELE BUBH ADP (300 meke) 20 ml iTA S — K AHKY c BR i
M ERAIPENMETE  HEBEAEHLE EY normal saline HiT A
ADP : thgt RAarsa T % -

()~ REXLEHBEEIKZ 3 & 85 .

A EEBRSHATIHE BFREIKF AR HAEE A5 2 B 0 R fv
LI WHEBATEYH BB FE AL BB RS -
A superinfusion # 5 &, FARRBE/RKERABIRBEHE LB - E
FAZH 150-200 mm Y AF RS ME 2 BT RS THRE N LR -
7 5b » 3% ¥ rutaecarpine (i.v bolus or 1.v infusion) & » MI#f L %E » FXTF &
HEHAER B4 SRR EL LA S04 1 ml A heparin (0.2 Uml) &
B ARERHAN G RERE b3 5o kiR ©écdk
Fosdn &, F 2 %4t - E

(£)~ EHEHE TS EL BERE (meant SEM)AT - XHELRE
%+ B el Newman-Keuls Fiktb 8 & 2B » 5 p<005 MIEATHE
HeE R
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— ~TMPZ 33 #l o MR E R

BN NRRER T 0 TMPZ B B ¥ 48 BME(0.5-1.5 mM) » kg %
B8 &y 38 o @ B BARY 30 H S AR SR E BB (B —) - TMPZ T 55 88 64 37 %) oy
collagen (5 pg/ml), prostaglandin endoperoxide analogue compound U46619(1
UM)F 51 A g BE R R AE » BI85 TMPZ 78 T #p il 4 200 pg/ml sy 845 & &
(fibrinogen)# £ F » &5 ADP (20 uM)Af S 85 ¢4 o MR B R JE © F 8% » 3549
TER TMPZ f i %] o MRBRE BB R & » T #%] &o collagen i3
& ATP S R & » TMPZ #¢4{ ATP (20 uM), collagen (5 pg/mi) & U46619 (1
WM) FrERORERRE > £ 1Cso 251 % 08, 1.2 F0 1.3 (mM).

=~ TMPZ ${ o MR fm B 558 F B B e B &

TMPZ ¥p b DARBERERF LR B s R bn B N5 EE T 09 B
By by B A B B L E (fura-2am)iB £ 8 bR S BL Y » B A
collagen RF L& MR N AS5ET (B ADP £RATH ¥ A L& R
B> A collagen RAFBZLE) - S EHREREF(E ) oA collagen
(5 pg/m)#% T HABA M E fu /MRS BB PI B 458 Ty 305 + 1.4 S jug]| 2214
T 8.5 (nM) - d & #288 BA 04 45 B F- 3% /o 7T 84 BA 493k TMPZ Adq ] - TMPZ 4
0.5mM + fa i R #5458 TR E & 1518 + 8.1nM; £ 1.0 mM 85 5% 116.4 +
9.8 nMi £ 15 mM fa i Pa458 TR A RMTF 611 + 5.50M (B =)« Bk >

@ A7 5 B TMPZ =T 90 86 64 30 4] collagen AT 3% 25 64 4a B R 4588 F 32 B 1)
3 ho o :

=~ TMPZ # /MR 42 f8 A cyclic GMP 83 &% &

IR A cyclic GMP RE @3 Ao » THBESIH o MRBEER
B o B B4 7F s — 5 3065 TMPZ & % T 3 4w cyclic GMP #938 & & m iy
Mo MRERRE B A — 8RBT R F Lk MR B b e S # cyclic
GMP & & k4% (7.98  0.49 pmol/10° platelets) + 4 #& A nitroglycerin (200
HM)#k - 7T A B4k m B A cyclic GMP iR B 698 o (33.52 + 1.93 pmol/i0°
cells);% —F & Eb-’g?gﬁ%%ﬁﬁ;ﬁ TMPZ £ 50-200 uM é’]/%_ﬁ§ﬁ,@ P3 #] 84
FAM) ¥ mtmBo A cycle GMP 89 F £ (£ —) »

W~ TMPZ $} do/ s 3R 43§82 P9 nitrate & e 5 &

L AT E T M A B85 E M 8 ozone redox-chemiluminescene detector
B R R A E dno AR S L nitrate A% 65 816 o £ A K B P X nitrate 89 &
RAEBANO FLANH - & & SR BF > £ collagen (10 pg/ml)



% > 7T P BR &Y 3 Au 2.5 4% nitrate 854 A%, © & 50-200 pM &) TMPZ 2 4F
fo /MR %8 BB A nitrate &7 F A ARG F hn (50 uM, 32.16 £ 2.15; 100 puM,
2537+1.19;200 uM, 3224 +£1.52) (k=) - B — % @ * TMPZ #4 solvent
control R R % & 4= B P9 nitrate B4 R(Ek =) -

B EAERERE T TMPZ il e MR BRERBTHAA LG EMLN
O % cylic GMP jR B ¥ fvit fadpdlinfo ro458: F1 8 GRALR B
 E MBI E-RE ML 1258 TMPZ ek 7T 5 Ao b RAE) » 1 i 3 do /oA
ERE ENEH N ERRBRER— S BIRH -

%~ Rutaecarpine &V G R EHHRERTH LY
Rutaecarpine Z AT E M AMERT T EF Mo R BERESHA
(23): AT AMBE-— SRR AFAGMEXTREFEF B BN
aZHER c AERAKAEHARES TR - ADP (0.7 mg/g)it Ao
& RAEN 0 ADP €54t f MR 0 B 8K E & do ) IR € R AL B B BR AL S
F@fE B RSREEMAT B E LR TR AR ELATA
rutaecarpine %o RTEREATCHELERELCE -
EERHEA(KRT) £3T A ADP (0.7 mg/g)th » £ 21 E£E v H
17 %f&t » RACES 81 % o 3% M rutaccarpine (25 Fu 50 pg/g)ik o
rutaecarpine [ EABR QS IR N E RN TR 55 & 81 % B ZE 75 %Fv 35 %

(=) - I RFHE F T rutaecarpine #9FE T3 ADP 3| ety S M AR
ERE -

7% ~ Rutaecarpine # A & BB RB &N ad ey ¥

AE 5 X BIE 3 rutaecarpine R & A G X RS IR E e HE - 8
%f@ﬁ OBERBEGRE  EEMETHE NS 34 E 8B adb
R LFENERE - STRERBET(RW) » £3% 813 4] 4 (solvent
control) #4925 i %% » £ £ 85 [ (bleeding time)#) 3.7 + 0.4 (min) - £45 R
' rutaecarpine (25 v 50 ug/g) 9B 4 > TRHERLE R B LFR > 55 B 45
£ 0.6 (min) #v 5.7 £ 0.8 (min) (Zw) o & AFEE RBA~ » rutaecarpine FH dp
Hl f AR R R R T 50T B SR B AR Y e 0 R B BRRE & -



B 3%

B LM THLERE S TMPZ £ 05-1.5 mM 048 B T + =T 9 85 4 4
%] ADP> collagen #v U46619 Fi s th b MR B E R B B B & L4540
Hipdl o AR E R 945 BB TH 8 NO £ B - B 37T & 4 nitric oxide
& enzyme [ E 5 AR HEA NO 4 &8 %£( indicuble nitric oxide
- synthase ; iNOS) & B & # NO 4 & & % (constitutive nitric oxide synthase,
cNOS) - @ ook B 4o B4 L-arginine-NO 4 4 + B ¥ oo/ R4 E /L4 T 84
BAt A NO 894 % (24);F) #f Mehta B AR R 4R 2 F cNOS (25); B
8t TMPZ # fo sn MR SR AT R A B REL NOS A - AR LR
— SRR - Bk TMPZ $hdr b DR R ERE 20 HF —BHERALE D
FALNO » i %22 NO & — ¥ 7% 4t guanylate cyclase Mg cylic GMP 4 & 1
#o > f cylic GMP 2 E 3 Ao » T 4L 4E b BE 45 8 T 3 47 © 45 64 BT 75 35 A
(calcium storage site ) » #4¥ 4o i % (cytoplasma) Py &5 45 8 F 5 & F 1 i $p 3
fo AR R R o T TMPZ E4L NOS 8938 B BN sl s MR e E R
Sooh T 3 R B IE L NOS 7 2 sl oo MR B E RAE » TR S & R4k B
ABBLA o |

F—F & 49 IR rutaecarpine (40-200 pM)#p F) d R EEE R A
£ & 194 thromboxane A, 4- 5 & phosphoinositidé breakdown £7 3] A2 « B gk »
AN ETTRMNRE—FIFILEEFTEART B H Rl oz
A EHRA TR HWER  ADP-3 R EH N FREURR BB R
BB Rk dn 85 f] 5 w5 4 F BB A< rutaecarpine 7 848 ADP Af 3| R 2
REFETERIERBGYEHME &850 - Rutaccarpine ££ 75 85 3 f i
R —TERTEAFEARBRAR L IMRBEEMS F—FRECHKE
FRERER BARNAFL R BLESWMERTTLING
eI tfER AR -



B~ HRERH

AR ERIEE TMPZ TR F o MR ERE » B ERETA
Y NO A M ZMNHE 23 taty 1 A M 4o H o[ IR §E & TTb/AT1a complex (4
$EBE %) & cylic AMP, thromboxame A, 844 7%, @ miE AL E Z
protein kinase C #) % & it — % HF @M K 5 A9 » P rutaecarpine &7
TR AR R MR - KA BB L& 5k % (fluorescein sodium) R 3% 45 .
AL - LFEEE fluorescein sodium &% KM EHR AL —E &8s
o mAkRERRELT N ARt o MR ELEI Mm-S ER
platelet plug formation ; EEEFHREX F AR BEFTFANAT bR ELNME
A o
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F&— TMPZ # # o} 38 cyclic GMP # R s % &
Effect of TMPZ and nitroglycerin on cyclic GMP formation in
washed human platelets.

Drug Dose cyclic GMP
(pmol/10° cells)

resting . 798 * 0.49
nitroglycerin 200 uM 33.52 + 1.93°

DMSO 0.5 % 8.68  0.34
TMPZ, 50 pM 2673 + 0.71°
100 uM 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
uM) for 15 min at 37°C. Addition of nitroglycerin in platelet
suspensions was presented as a positive control. Data are presented
as means * SEM. (n=4). ": P < 0.001 as compared with the DMSO
group. :
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Effect of TMPZ and collagen on NO production in washed human
platelets.

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 2537 + 1.19°

200 uM 32.24 + 1.52°

Washed human platelet suspensions were preincubated with various
concentrations of TMPZ (50, 100, and 200 pM) 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 = SEM. (n = 4). 1 P < 0.001 as compared with the
DMSO group.



& = rutaecarpine # £ A & UM R EI LA TCHBE

Dose-response of rutaecarpine on the mortality in acute pulmonary thrombosis

~ induced by intravenous injection of ADP in mice.

Number of death  Total number Mortality (%)

" normal saline 0 5 0
ADP (0.7 mg/g) 17 21 81
+ rutaecarpine (ug/g)
25 15 20 75

50 7 20 35
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Effects of rutaecarpine on bleeding time in mesenteric arteries of rats.

Dose (ng/g) Bleeding time (min) n

Control L 3.7+04 5
Rutaecarpine 25 45+0.6 5
50 5.7+0.8 5

Data are presented as mean + S.EM. (n). " P <0.05 as compared with contro!l

group (normal saline).



¥

Inhibition (%)

100

o]
o
L

(o2}
o

By
(o)
'

20

0.0 0.5 1.0 1.5 20

TMPZ (mM)

B — TMPZ 04l MEBERBH BRI ER B i
Dose-inhibition curves of TMPZ on collagen (5 pg/mi, O)-, U46619 (1
KM, V) and ADP (20 uM, [)-induced aggregation of human platelet

- suspensions. Human platelet suspensions were preincubated with various
concentrations of TMPZ (0.5, 1.0 and 1.5 mM) at 37°C for 2 min, and
aggregation agonists were then added to trigger aggregation. Data are
presented as percentage of the control (meanst S.EM., n=4-5) »
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B = TMPZ # e [ A5t R SSB T R X E
Effect of TMPZ on collagen-induced intracellular Ca®* mobilization of
Fura 2-AM loaded human platelets, Platelet suspensions were incubated
with Fura 2-AM (5 pM) at 37°C for 30 min, followed by the addition of

collagen (5 pg/ml) in the absence or presence of TMPZ (0.5, 1.0 and 1.5
mM), which was added 2 min prior to the addition of collagen.

min



