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% X ¥ 2 rutaecarpine fv)l| 2 TMPZ &8
Puln 2 AE A Z 3P R B R4 A Mg 2
C A

gt $OEE 8, g
EILBERERBEHAH

B/E

LG FREE  REUETETERCACRARMGELERT RS
B—EHEBEY QAR - wBLIAR » Fik(dysentery) B otk Tl ety K
¥ i o (postpartum) - 58 # (headache)Fv A 4& & % 4% ik (amenorrhea) ¥ - & ||
B R R A Mk tetramethylpyrazine (TMPZ) » {2 it R G B R
WAE A - TMPZ 3758 & » Bacillus Sultitis a9 R84 » LT ey ER - &
fefo b T 1977 FHES - EFTBAM  —BANER S LEF &
# » TMPZ (40-120 mg/day) A iv E 4 #8 1-3 BRAtE » 4K 0% % &4
BA fA & 2 & myodynamic fo M B # - LA o/ NRRIER P » TMPZ X
#E &4 M4E0.5-1.5 mM) > BEER Fy¥ o MmARGIFH o MRRER
& - TMPZ <T 8A gty 49 %l & collagen (5 pg/ml), prostaglandin endoperoxide
analogue compound U46619(1 uM)#r 3| e #9328 R & < TMPZ #p#| ATP (20
uM), collagen (5 pg/ml) & U46619 (1 uM) Arifft ey R RIE » £ ICs 451
%038,1.240 1.3 (mM) o B sbF A & AH (fura-2am)Bk £ 2| do/]M IR b= B2 PY -
A M collagen RFL o /RN FEET - STXRERBET » LA
collagen (5 pg/ml)#k =T B9 BR &4 4% o /)N AR 40 B0 PS 69 658 T &1 30.5 + 1.43¥% jm B
221.4 £ 8.5 (nM) ~ @ iT 48 87 AR 69 45 8K 7 3¥ Ao =T BA BR &9 3% TMPZ Fridp#] - 5
—F @ AXBRERBET » RELeyh R HémBer e cyclicGMP 4 &
&A1& (7.98 + 0.49 pmol/10° platelets) » f£4& A nitroglycerin (200 uM)#4& ° T
BA BR42 4% 4m i P9 cyclic GMP B & &9 3% Ao (33.52 + 1.93 pmol/10° cells); % —
Fi o d KRS FRBT TMPZ 4 50-200 uM #4358 B §5 B 79 T 88 B8 & 3% Ao da
B cycleGMP ¢4 & & - B& » 4£ 50-200 uM &) TMPZ Z 4 F » o/ iR bm
B& P nitrate &8 4 A H (50 pM, 32.16 + 2.15; 100 uM, 25.37 % 1.19;

3



200 pM, 32.24 £ 1.52) - A L R ERE R BT » TMPZ ¥4l e MREBE R
RTRREGZFL NO ENEH N FRARBNETR- T BEH -
Rutaecarpine Z A7 S BRIVER FE Al MRBERRGHER | K&t
¥ %34, » rutaecarpine T BRI N ERHATE - SATRERET
rutaecarpine ##E ] 47 #| ADP 3| fg ¢4 S M A2 K K& © £ rutaecarpine # X
GBERBEEERE aFRGYES T > FRARR rutaccarpine (25 Fo 50
ng/g) thEl €4 0 € AMIE K rutaecarpine ¥ K G B WAL S Ik 49 ) o BF
B o & RE T rutaecarpine #9sE £ EM A A F AR LRTFME -

W42 : TMPZ, rutaecarpine, /g%, —HAL K, 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
(5 pg/ml). Furthermore, TMPZ (50-200 pM) 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 pg/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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ARG PEER 2R AL 2 TEBCACARBRAEERTRER
—sbBiE BB M KA R BB E R Ak (dysentery) R iR Sl AR K&
i fo (postpartum) ~ 58 /& (headache)fv A 4 £ ¥ 4% 1t (amenorrhea) ¥ (1) - & &k
BEHEREEL  ZEE A —LHBRNTRAGAKINKIEAQ) &
Y B RERQRRENARE A M IR HELGESHREOG). B
AT H — % B # quinazolinocarboline #y A M FH Z X X ARBRT T &b
At R 5 4o rhetsinine » wuchuyine » rutaevine > dehydroevodiamine  evodiamine
#u rutaecarpine ¥(4); £ ¥ — S A Y B ER LB KU TET - B
R : evodiamine £ KRG BB REGHRK T A AR 0 TREHR - £K
#7435 @ F b B b #9478 T L (K" Channel activation) (5) ; &)1 % ¥
PR B Z 4 3 & Ml tetramethylpyrazine (TMPZ) » T {2 # fo R 4 3B R A48
F & (6) - TMPZ -#73& & % Bacillus Sultitis 89X #t4(7) » L E e EE ~ 4b
fefndE e 1977 S#EL - AFTBERE —RANEGRIMM LT E
% » TMPZ (40-120 mg/day)sA i.viE 428 P 1-3 2HA%% » UH 0 %&y % &5
89 B &9 7L & myodynamic Fo 5" E £ (8) o Luetal. (945 » N B4 E R A
BN IE B L& o B 4 Wang (10)3881  TMPZ 26 R &M ERE L
K B2 & nail fold microcirculation 8945# » M B TMPZ R H A F AR &Y
R - AEMEREIE TMPZ A BB iuipdl b MMriEEe4ER
(11,12) » B 1R Ep Bk R 7 B 3% Ao B i % (13,14) B & K 8 Bk 2. 52(15,16) - TMPZ
) 85 4 By # T & microcirculation RV i F #BF M (1517) - &d& Liu
Fo Sylvester (18)&4 5 K4 & 35 1 » TMPZ & ¥ K8 F =T 39 %] w42 e 7 2%,
B TMPZ T #p 4] % # 75 4L 8|(o collagen, thrombin Fv ADP)Af 36 5 2 o /)s
BERE(9) R HipH T RGFR TR RENLHH T oo g ey 3
£ o A& > Hui et al.(20)% 3 » TMPZ X & 75 & — f&o,-adrenergic 5 78 44 3¢
STEALR] - Bk 3 TMPZ 4l MR BERRERTE R TR - &
RETES  @BHARHLREHAT  EHZ2EEF)N ERESL DB
BEEMEHEEN ALt @RRARGFESL » o/ RHE—E
BMEEZHAELE - B o RE LT b E(thromboembolism) ¥ A7 45 /%
HAE LRRLTHEARY B - FROAGR LR ER il - TKRE
Ko RBFaEFRAATRERESBEANTARBEZ — « Bth FRAK
MR ERA R EDHBRABWNIEF AT LY -

Rutaecarpine R X ZE ¥ AR BAHHERT TATSICH R L0k + X
i &Y #8557 rutaecarpine A F A A FREHM R MAMBERBTRR
endothelial nitric oxide-dependent manner (21) ; # &4 L #|l7f - AKX E X B
# nitrovasodilator (& # A 54 F NO EHEANBRNE €45 F L& NO
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R R)eh 8 o B i A T A rutaecarpine A & 4 4] A A da B 1Bk NO »
1 NO & i& — % 7% 1t guanylyl cyclase 3% jodm B 7§ cyclic GMP ¢4 E & M
| B o W R T 0 B iwh RN cyclic GMP &4 ¥ -

75 T 9 BR &9 37 4 32 2 K& - 48413k » TMPZ & &4 75 R B # nitrovasodilator
iy  c RENARARRLMT TMPZ HWHRGRRER B
endothelium-dependent & nitric oxide-mediated &) #$1(22) - Bl ot - & —F
344 TMPZ #u rutaecarpine £ i/ MR BE BRI H TR RO A ER AL F Hmeh i
@ AEAGEMARTES - A |



B MR R

— ~ T EH#

b ® A ¥z TMPZ R % ¥ ¥ Z rutaecarpine 4~ %] 8 & # Aldrich
(Milwaukee, MI) $= Toray Tech. CO. Japan « & ¥ & ¥4 dimethylsulfoxide
(DMSO) % # TMPZ A rutaecarpine i #-4°C F 454 °

= KBk
()~ AR IR FRG R4

S F %k fo B acid/citrate/glucose (ACD) HLEBRREH A2k 1.9 (V)
RA 0 BB (120gx 10 min) £ ER R (T2 o/ R4 3 )he A heparin
(6.4 IU/ml), prostaglandin E; (0.5 pM) 37°C F& % 10 4% - H .o (500gx
10 min) » B F & s\ 48 ° B A Tyrode's solution 7k =R » BB R PE R
% ml 4 4.5x10° 18 o/ IR <

(=)~ tafe IS5 T B9 B &

A 3.8 % sodium citrate & $75% fo | SR A 1:9 (V/v) Z R4 &
ERTILEP L 120 g B0 10 248 4§ 745 LB R Ao fura-2/AM (5 mM) Fo
PGE, 2 M) # 37CFT&@ % B% 1 /h#§ > B A EDTA(2mM) - i B — 4
B 10 o4 BRBEG MR EFRS T HEERTR S £ fura-2/AM
RIEBZ b R R AN TMPZ (50-200 pM)#E R Ca® E R A A W98 %
(Ex.339 nm, Em. 550 nm) A fluorescence spectrophotometer &2.4%k % ; & #b T 4o
TMPZ 8 fn Az P 658 T 64 B 4% -

()~ 8B W cyclicGMP 28R &

4 AR RGER AR 37°C 0 1200 rpm $EH T RS 1 448 0 fun IBMX
(100 uM) R A& 2 44 ' K % /o A\ nitroglycerin (200 pM) & 4RI &4 (TMPZ)
BRI A4S 5 BBpim AN I0mMEDTA %% » %A% 5 548 B2 A4 ZE 4
C &8 E IR ER K B cyclic GMP #4 EIA kits & £ & cyclic GMP #)
£

(W)~ 4afaP NO 9488 &

# fo R ER (3x10%/ml) S TMPZ (50-200 uM) #47R & (15 % 60
o4E) 14 SLEPIL 14,000 rpm B S 48 R LR RN EKEH (1:2) 35
R4 BN ACTA# 30 44k 5424 14,000 rpm B 8 4048 » LR
RAFR] - A EBFARMREEOHHNRE - R 10 ml 9HAMITARE
Y A VCL ZER B > A5 R 4 F &) nitrate (NO;) Fv nitrite (NO,) % 3%
B NO:» # A A% NO FA—ALR 4418 (Sievers Research Redox

- 8



Chemiluminescence Detector, Model NOA 280, Sievers CO. Ltd.) ¥ & & R
Ao BRI R LR S 600 nm 24 k& &K% Bk SA sodium nitrate # — R %
# > 5% NO s iK -

() * Rutaecarpine ¥/ & R & B B A TR

48 B 305 8 K F) 8 & 44 rutaecarpine 7 3 2484 0§/ G A B R E
% b » 3 3 Bp 3§ ADP (300 mg/kg) 20 ml T A B — AT - REL L
G REISHRNATE  HBELHESL ¥ T4 nommal saline FiTA
ADP - b E AT -

(X)) RMEEZBBHRBHIKZ 6o 85 ]

Y BERRBMAEIET SRRk R AR ’7}5'1#14’%%%67 3| 3| o R Fu
B o MBS TR WO IEETHAEREHREE K - A
A superinfusion 4 ¥ X, » A ZRBKERBBERABMEREHRK - &
£ H 48 4 150-200 mm &9 B R Sy Bk Z 0l EERRSE TR Bl e 85 R -
% % » 3% $ rutaecarpine (i.v bolus or i.v infusion) # * I#f L%  ERXF &
HEH M B S ELR 204 I ml A heparin (0.2 Uml) ¥
FEE URMEATXRNALRERAE  Lhi - G0 o MR ik
Fodn &, K Z 1L

(£) RBREHESATHE: BFRE (meant SEM)AT - S HERE
%] » B34 Newman-Keuls #iktbé & 4a ey £ B » & p<0.05 RIRTHE
B EF -



$-8X

— ~ TMPZ th¥p il s/ MRFRE R

EANBEH o RRIER T 0 TMPZ AR & 6948 M 4(0.5-1.5 mM) » B %
B & 6 3% ho @ A BA G Hp Bl AR BR R R (B —) - TMPZ ~T A BR e 40l &b
collagen (5 ug/ml), prostaglandin endoperoxide analogue compound U46619(1
UM)FT 5l Rty B & R © Bl 6F TMPZ 7R T # 4|4 200 pg/ml 984 % & R
(fibrinogen)#F 4 F » & ADP Q0 uM)Ai 58 8 o MR R R « B 8§ > 41
FE R TMPZ £ 4| ko R R E RS F B o 5 T¥#dw collagen A7k #
45 ATP B3 R & - TMPZ #p%] ATP (20 uM), collagen (5 pg/ml) & U46619 (1
M) FEENRERRE » £ 1Cso 25 % 08,125 1.3 (mM).

=~ TMPZ #} fo /R tm B 58 T S 9 B F

TMPZ 34l o MRBEERBRAT £ B L 3§ do /IR dm B0 6588 T 64 58
ey BAAZEAR (fura2am)R L2 o/ Ré=leN - A
collagen RF/Lf [RmpNe458F (B ADP EXRTHR I RERTHA
85 » #& A collagen R4EHFILE) - B K& RBET(B =) » £ collagen
(5 pg/ml)i4 T 9 BA Y48 o MR S B S 69458 F & 30.5 + 1.4 o3| 2214
+ 8.5 (nM) o )38 769 FA 69 458k T 3 Ao T 94 BA e 4 TMPZ Aid e - TMPZ £
0.5mM > ém PO By 458 FiRE 4 151.8 + 8.1nM; £ 1.0mM 6% 4% 1164 +
9.8nM; 4 1.5 mM éa e 458 TR ERKM T 61.1 £ 55nM (B =) Bt >

d A RSB~ TMPZ T 9 B e %0 #) collagen A 3% 5 &0 4m BB U 45 B 7K & ¢4
o -

=~ TMPZ # s/ iR 4 B2 7S cyclic GMP &) % &

fa R dm B P cyclic GMP R B 8938 o » TEA BR3Pl o MR BR £ R
B o Bt B sk —F 4 TMPZ & % 7T 3 hu cyclic GMP &R & i& M dp
$l o RBERE - R —ERET RELe /R H a8 P 84 cyclic
GMP 4 &8 1% (7.98 + 0.49 pmol/10° platelets) 4 3% A nitroglycerin (200
uM)# » T 84 BRAR 4% 4m BB Y cyclic GMP iR t93# fu (33.52 + 1.93 pmol/10°
cells); 5 —F @ * K& F M~ TMPZ 4 50-200 pM #hiRE & B 3T &
PR 3% futa P cycle GMP #9 & 4 (K —) °

vg ~ TMPZ #} fo /] 4% 4= B2 Y nitrate & R & B E

ARXEEH P F A A48 E A M ozone redox-chemiluminescene detector
B EREE o RSB A nitrate &R AR c £ R KB T LA nitrate 49 F
KEBEPNO EAHNEH - R 8RBT » £wA collagen (10 pg/ml)
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4% » ¥TOA BR &Y 3% Au 2.5 4% nitrate &5 4 &%, © 4 50-200 M & TMPZ F 4T »
o5 4= B 7Y nitrate &5 & A BRI Ao (50 uM, 32.16 £ 2.15; 100 uM,
25.37 £ 1.19; 200 uM, 32.24 £ 1.52) (k=) * % —H & * TMPZ #j solvent
control B} R % 4 4= Bk, P9 nitrate 894 (k=) °

B LTSRS RET TMPZ #r#l o MR R R B TREALHZFLN
O ffE cylicGMP iR B ¥ it fdpHlén o A58 T 8 (AR LR B g
EHBE-REMAE > 128 TMPZ ¢h5E T H hodb R B) > & M p 5] do oM R ER
ERE ENEHWOERRBRTE—F BRI -

% - Rutaecarpine ##& P/ & L& MHRERTHEE

Rutaecarpine Z A7 &M BMEX FEAwHl o MRERREER
23): EAHE ¥ ANBE—SERESCHIRA TR FAAAERR
R REHBRAKRA SN ZESTERB X » ADP (0.7 mg/g)it A/l
& BARM » ADP €75 bfn /R 0 W3 R oY fo o R B3P A 8 R A
P A RSREEMAT BHELRYARTE ARt ELETA
rutaecarpine % ' R E R L ERA TH RN XFALACE -

HHARSE R T(RE) £4T A ADP (0.7 mg/g)tk » £ 21 EE2 & FH
17 £+ AT ES 81 % - £ rutaecarpine (25 F 50 pg/g)ik -
rutaecarpine T SR BE &Y AR/ NG BRAKTE S B 81 % BE TS %35 %
(=) AT R8T  rutaecarpine #9587 4] ADP 3| Ae 6 S M2
ERE -

7 ~ Rutaecarpine # K& KB G L OB E"

A5 X E4E 1 rutaecarpine H A & A HRMB R E L rr R B E - M
EEROBRES R > LAMAETREL oM EtA K E 020
RESBLEAMAGHEN - SXBRERBT(RW) > f42 S 3 %) & (solvent
control) #9784 » & H e ef M (bleeding time)# 3.7 £ 0.4 (min) - AR
" rutaecarpine (25 #v 50 ug/g) WA €4 > THBNER B LR » 23 % 45
+ 0.6 (min) #v 5.7+ 0.8 (min) (k=) - &3 X KB4 RBAT * rutaecarpine B #p
o RBRERBEMEAHEEG KL G ARER -
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AR )

HEEORSRELE s TMPZ £ 05-1.5 mM 8B ET » THARBR&H
#] ADP> collagen #v U46619 Frif & ey o MR R ER B B K& RF 4o
R sl d Rt £ R B /E R TS NO £ M © B AT & 4@ nitric oxide
# enzyme T E 5 AR #EA NO 4 && %( indicuble nitric oxide
synthase ; iNOS) & B &% NO 4 s & % (constitutive nitric oxide synthase,
cNOS) o i fo/\ ik B 40 B4 L-arginine-NO % # * B & f MRIZEILE T
A5 ) 3 Ao NO &y 4 . (24); F) B Mehta ¥ AR5 R4/ ]MR 2 & cNOS (25); B
st TMPZ 3% fo o /MR8 & A B A R #7E1L cNOS A B - ARk
—5HE - Bk TMPZ ¥ #l b NRBRERE 20 F —EERARES
%46 NO » m H 3 NO it — % ;£ 1t guanylate cyclase Mg cylic GMP 4~ & 3%
fa 0 @ cylic GMP 4 &3 o » TIL{E bn U5 BE T AR IT D45 T 5 A
(calcium storage site ) » i 4& 4a 8 (cytoplasma) P3 &) 45 B -7 R B T 1 iy dep 4]
M RIRE RIE o @ TMPZ &4t NOS #4978 B 87 H 4 %) fo AR iR K
sheE % 8 8246 NOS £ R B il o MRS E R » THEH F K 404E A
8BS -

F—K @ BAISIER rutaecarpine (40-200 uM)#p & fo MR K R B &
48 & ¥ %) thromboxane A, 4~ 8 & phosphoinositide breakdown Ff 3| &2 < B 3t »
AR EFRMAKE—FTIFELEFGCRART —HREFIH ey Bt -
AHERB T mEX ADP-F R EMFIFREURRTHE
ek ey B o & & £ BT rutaecarpine ] [F1& ADP ATl Aei B R
Bt HRREREEB kY & & 8F f - Rutaecarpine f£7E 45 A 8y 3 fo 2
RA—FERTEASEARBROR L NRBEETFTHRS A-FTERETE
EhEReER  BARFALAFGL R BLEHUTRFTREZIRAR
WHERBE -
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1B~ SRmay

FRARERER TMPZ TR o MR R AR » 2hdE 5 R B T4
R NO A Ml 2405 £ 3 b 0 45 7 M 4 4o 9 o0\ 45 88 & TIb/I11a complex (4%
®EaRRXM) & cylic AMP, thromboxame A, 894 % * s J i A St £ 5
proteinkinase C ¢y B E T — & HAF 8B £ § 5 5F » 27 rutaecarpine 4 5%
P LG A2 4R A 6 FR4E - AP 215 4 8 S e (fluorescein sodium) & % 5
BEL - RREH fluorescein sodium ¥ % AMBEH » EKE — 2 eha
i’ﬁ%%iﬁ&ﬁﬁfm&h%ﬁﬁﬁﬂ¢ﬁm§i%ﬁﬁﬂﬁ$&

platelet plug formation ; EEKBMR BB EHNG AL R E 4 &R
E (-]
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kB~ %

% — TMPZ # f./\ 48 cyclic GMP Rty ¥ &
Effect of TMPZ and nitroglycerin on cyclic GMP formation in
washed human platelets.

Drug Dose cyclic GMP
(pmol/10° cells)

resting o 7.98 £ 049
nitroglycerin 200 uM 33.52 + 1.93"

DMSO 0.5% 8.68 £ 0.34
TMPZ 50 pM 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 uM) 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 * S E.M. (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 (uLM)

"~ resting 13.24 + 1.21
collagen 10 pg/ml 33.52 + 1.83°
DMSO 0.5% 17.61 = 2.40
TMPZ 50uM 32.16 * 2.15

100 uM 2537 * 1.19°
200 uM 3224 + 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). *: P < 0.001 as compared with the
DMSO group.
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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 (pg/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 (ug/g) Bleeding time (min) n

Control - 3.7£04 5
Rutaecarpine 25 45%+0.6 5
50 57+0.8 5

Data are presented as mean + S.E.M. (n). ** P <0.05 as compared with control

group (normal saline).
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B— TMPZ ##l e B BRERBABER B S
Dose-inhibition curves of TMPZ on collagen (5 pg/ml, O)-, U46619 (1
uM, V) and ADP (20 uM, [J)-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.E.M., n=4-5) ° .
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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 uM) 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.
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