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Antiplatelet and Antithrombotic Activities of Piper Plants

XIA Meng-yuan' , WANG Li'* ,WANG Yue-hu*
"Yunnan Agricultural University;> Kunming Institute of Botany ,Chinese Academy of Sciences , Kunming 650201 , China

Abstract: Among medicinal Piper plants used as traditional Chinese medicines, there are about 1/3 species with the
function of promoting blood circulation ( Huoxue in Chinese). Crude extracts from 20 Piper plants are active against
platelet aggregation. Fifty-one antiplatelet compounds, including alkaloids (47% ) , lignans (24% ) , phenylpropanoids
(22% ) ,eic ,have been isolated from the genus. Kadsurenone, eugenol and hydroxychavicol acetate showed significantly
antiplatelet activity in vitro. Moreover, pellitorine , piperlongumine , piperlonguminine and eugenol possessed anticoagulant
and antithrombotic effects in vivo. Further study on antithrombotic mechanisms and activity screening in new antithrom-
botic targets of Piper constituents is warranted.
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Table 1  Antiplatelet activity of crude extracts from Piper plants

1Cs, 3K
e Ll w PRIy RAGRID e N o
name name Part (extracts) Platelet ( concentration ) ICsqor Inhibition rate  Ref.
('sample concentration )

HRAH P. aduncum L. M EFsy AKCRED WK ERL AA (50 pM) 149 pg/mL [19]

U o177} S/ @ 1-4111D) T B ADP (3 uM) 196 pg/mL (19

SR S €11 D) JA B U46619 (1 pM) 168 pg/mL (19]

ot gl @aﬁi’ezf?ﬁfum (Miq. ) H g % PAF (7.2 nM) 35.21 pg/ml. ()
K5 I v AA (350 pM) 98.4 pg/mL (21]
KA L i ADP (3 uM) 85.7 pg/mL (21]

e P. beile L. wF HE e AA (100 pM) 207 pg/mL (22]

1wy i 7 Je i (10 pg/mL) 335 pg/mL [22]

HALTI P. flaviflorum C. DC. K . H PAF (7.2 nM) 40.74 wg/mL [20]
KA A e ADP (3 pM) 201.7 pg/mL (21]

g4 P. hancei Maxim. o CH, Cl, H PAF ® >70% (10 pg/mL)  [16]

AR i e PAF © 81% (10 pg/mL) (17

ES i e PAF (0.13-1.3 uM) 40.34 pg/mL (23]

FSil i e AA (66.793.3 pg/ml)  345.46 pg/ml (23]

e P. kadsura. ( Choisy) Ohwi ARA CH,Cl, B PAF * >70% (10 pg/mL) [0
ES L i PAF (7.2 nM) 31.6 pg/mL (21]

PEW(BEXS) P. longum L. S| M e PAF (7.2 nM) 60.26 pg/mL [20]
K L H ADP (3 uM) 194.5 pg/mL (21]

E ] fx D".”g[;‘:m Buch. -Ham. KA ZB % PAF (7.2 nM) 64.43 pg/mL [0
KA B h AA (350 uM) 28.7 pg/mL [21]
K L % ADP (3 pM) 114.5 pg/mL (21]
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Chinese Latin Solvent Inducer e
Part Platelet . ICsyor Inhibition rate  Ref.

name name (extracts) ( concentration)
('sample concentration )
T4 P. obliquum Ruiz & Pav. M EERAY K ORI KB AA (50 pM) 164 pg/mL (]
Hh 1y 7K CRE ) KRR ADP (3 pM) 106 wg/mL (19]
M 1 ER 53 K (A JKB U46619 (1 pM) 188 pg/mL (9]
FHREE P. pedicellatum C. DC. FH L % PAF (7.2 nM) 153.35 pg/mL [20]
& IR P. polysyphonum C. DC. PNl 2 e PAF (7.2 nM) 30.45 pg/mL [20]
1Bt P. sarmentosum Roxb. KA CH, Cl, e PAF ® >70% (10 pg/mL) [16]
[ &L P. semiimmersum C. DC. AN L T PAF (7.2 nM) 60.57 wg/mL [20]
W 15 - i Piper sp. P l| 21 # PAF (7.2 nM) 32.59 pg/mlL [20]
KA - % AA (350 uM) 70.1 pg/mL (1]
P Piper sp. K YN - ) PAF (7.2 nM) 42.74 pg/mL [20]
EIVE Piper sp. RA N B PAF (7.2 nM) 43.05 pg/ml [20]
PNl Py -3 % ADP (3 uM) 87.4 pg/mL (21]
A E K Piper sp. ESl i i PAF (7.2 nM) 103. 68 pg/mL [20]
HiL P. taiwanense Lin & Lu R T st A s (10 wg/mL) 3.6 pg/mL (18]
sRAIR st | Mot (6P s % PAF(7.20M) 108,69 pg/ml. )
AH I H ADP (3 uM) 91.3 pg/mL (21]
P.  wallichii ~ ( Miq. ) o . N [16]
fmi Hand. -Mazz. A CH, Cl, % PAF 70% (10 pg/m)

T DT A JE B (10 pg/mL) 88.8 uM (18]

eSO A 4 I R 5 PR B

Note ; “The concentration of the inducer was not presented in the references
S AWy 5 I AL G P R A B R B
SRIEACT ARNE R AN R, 16 MR 1Y 2 taiwan-
namide C(3) , HCAHI I S 755 A i /MR 2R R 1Y 1Cs,
{4 8.9 WM o ACHE 2 G A B ok AU
HH )T IXUIEE TR ( kadsurenone ,25) , HoA ] PAF 55
G/ MR SERY 1C, {515 2.6 wWM'™ JKY FEHk
BB/ IR R B IE PR W, T (eu-
genol ,39) X} AA 53 B A I/ MREREEA W E i 1E
H, 1Cs, 3% 8] 0.5 pM™5 % K BB
( hydroxychavicol , 4-allylcatechol , 37 ) F 5 & &1 A By
£ FE g (hydroxychavicol acetate ,38) X it 51755 19 A

[16,17]

;P positive control.
MR AEAT BRI HIVE A IC (50908 5.3 uM
F12.1 pM™"™ . Tognolini % fff 5 % W1 , H ¥4k ith o
EISENRs ¥y RN IR T® 5 ST e W E PSR
TR FEL /MR TGP I E v, RN R B
ARR AR RTER — LR A=Y

TESAABUR A2 BT PUBE MBS - 19 1/ SR 4
Dy fiE R BESE BOR, BE K T (piperlongumi-
nine , 17 ) %€ M A5 S /)N BRUIAL /DN 2R 6 AT AL
MM B (piperolactam B, 21 ) XI5 Ifil Al 175 5 ) G IfiL /)N
HOR A — S I

xk2 HAREEYHEFHRM/NMUE SR EDRE (1 ~24)
Table 2 Antiplatelet alkaloids (1-24) from Piper plants

1050 2%
ey K ; y P (e R, -
P fi K ke PEIORE s ) ok
Compound , Inducer 8} o
Source Platelet . ICsj ornhibition rate Ref.
name ( concentration )
(sample concentration )
taiwannamide A (1) P. taiwanense Lin & Lu e eI (10 pg/mL) 33.6 uM [24]
taiwannamide B (2) P. taiwanense Lin & Lu g BB (10 pg/mL) 17.3 pM (24]
H AA (50 pM) 30.9 uM [24]
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T , C ESR G G .
Compound R M/ Inducer R ( # %(Z%JE ) 3k
name Source Platelet ( concentration) 1Csj ornhibition rate Ref.
('sample concentration)
A PAF (2 ng/mL) 64.5 M (24]
taiwannamide C (3) P. taiwanense Lin & Lu g s (10 pg/mL) 8.9 pM [24]
# PAF (2 ng/mL) 53.5 uM [24]
1-cinnamoylpyrrolidine (4) P. taiwanense Lin & Lu H AA (50 pM) 30.5 uM (24]
P. sarmentosum Roxb. (Piper lolot C. DC. ) e AA (100 pM) 7.3 pg/mL (30]
lli;l(irrlz_rélgt)hoxycmnamuy” pyrro- P. taiwanense Lin & Lu % 5 (10 pg/ml) 17.4 uM (24]
A R (10 pg/ml) 17.4 uM (18]
piperlotine A (6) P. sarmentosum Roxb. ( Piper lolot C. DC. ) A AA (100 uM) 15.2 pg/mL (3]
piperlotine C (7) P. sarmentosum Roxb. ( Piper lolot C. DC. ) % AA (100 uM) 26.6 pg/mL (30]
piperlotine D (8) P. sarmentosum Roxb. (P. lolot C.DC. ) e AA (100 pM) 43.4 pg/mL (30]
piperlotine E (9) P. sarmentosum Roxb. ( Piper lolot C. DC. ) H AA (100 pM) 11.5 pg/mL (30]
H PAF (5 nM) 58.6 pg/mL (30]
{3 5558 ( sarmentine, 10) P. sarmentosum Roxb. (P. lolot C. DC. ) 1 AA (100 pM) 49.4 pg/mL (30]
P. sarmentosum Roxb. (P. lolot C.DC.) A PAF (5 nM) 52.6 pg/mL (30]
pellitorine (11) P. sarmentosum Roxb. (P. lolot C.DC. ) # AA (100 uM) 53.0 pg/mL (30]
futoamide (12) P. taiwanense Lin & Lu A R (10 pg/ml) 48.3 pM (s
philippinamide (13) P. philippinum Migq. h 5 (10 peg/mL) 60% (100 pM) (1]
;Va' r’;‘l’:;f"lrzl)"ﬂ -0-methyldo- P. philippinum Miq. e JEJE (10 pg/mL) 84% (100 M) (31]
fﬁ; )ﬁ B 1t ( piperlongumine, P. longum 1. % AA (100 pM) 76% (150 pM) (3]
i JEJR (2 peg/mL) 50% (30 pM) (32
e PAF (10 nM) 100% (150 uM) (32]
P. wberculatum Jacq. A AA (20 uM) 100% (200 pM) (33]
A ADP (4 puM) 52% (200 uM) (33]
A JB s (2 pg/mL) 59% (200 pM) (3]
P. arborescens Roxb. oA AA (100 pM) 53.7 uM (29]
7 R (10 pg/ml) 21.5 uM [29]
AL ( piperine,16) P. longum L. e AA (100 pM) 54% (150 pM) (32]
H AA (100 uM) 134.2 uM (34]
B PAF (10 nM) 76% (150 pM) (32]
A JEJR (1 pg/mL) 158.0 uM B
BESE T ( piperlonguminine , 17) P. longum L. /IR eI (3 U/mL) >50% (30 uM) (28]
pipernonaline (18) P. longum 1. 1 eI (2 pwg/mL) 82% (150 puM) (2]
e PAF (10 nM) 56% (150 pM) (32]
2-hydroxy-1-methoxy-4H-
dibenzo [ de, g ] quinoline4, 5- P. taiwanense Lin & Lu H AA (100 pM) 100% (20 wg/mL) (35]
(6H) -dione (20)
il JE s (10 pg/mL) 66% (20 pg/mL) (3]
SN AL B (piperolactam P. taiwanense Lin & Lu A KJE (10 pg/mL)  90.8 uM (1)

B.21)
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Compound Inducer s .

Source Platelet . 1Csj ornhibition rate Ref.

name ( concentration ) ’
(sample concentration )

P. arborescens Roxb. H AA (100 pM) 31.7 pM [29]

e e 5 (10 pg/mL) 29.3 uM (29]

oA BEIMLAG (0.1 U/mL)  83.7 uM (29]

A [i¢ ipe ; . .

?fj;)' V1B piperolactam P. taiwanense Lin & Lu % e (10 pg/mL)  98% (50 pg/mL) (351

piperarborenine C (23) P. arborescens Roxb. % AA (100 pM) 88.5 uM (29]

oA JJE (10 pg/mL) 60.3 uM (29]

piperarborenine D (24) P. arborescens Roxb. i eI (10 pg/mL) 82.8 uM [29]
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Fig. 1 Chemical structures of antiplatelet alkaloids (1-24) from Piper plants

®3 WIWEEYHEARMNMUEERAREE (25 ~36)
Table 3 Antiplatelet lignans (25-36) from Piper plants

7535 IC5o 5%
4 Y R S N > N
e i K b (I AR
n;)me Source Platelet Inducer IC5qor Inhibition rate ’
/ ( concentration ) (sample concentration )
W XUBE R ( kadsurenone ,25) P. kadsura ( Choisy) Ohwi 1 PAF ? 2.6 uM (25]
H PAF (2 ng/mL) 8 wg/mL (36]
H AA (55 pM) 28.3 uM (7]
denudatin B (26) P. wallichii (Miq. ) Hand. -Mazz. e PAF (2 ng/mL) 10 pg/mL (36,38]
neotaiwanensol A (27) P. taiwanense Lin & Lu A JJE (10 pg/mL) 63.9 uM (18]
taiwandimerol A (28) P. taiwanense Lin & Lu A JJE (10 pg/mL) 55.8 uM (18]
taiwandimerol B (29) P. taiwanense Lin & Lu A JE )5 (10 pg/mL) 72.5 pM (18
-) - O [=YiT=y -) -
) T%‘F*XTHE'M[( ) P. wallichii (Miq. ) Hand. -Mazz. e PAF (40 ng/mL) 520 uM [39]
syringaresinol ,30 ]
( +)-diayangambin (31) P. arborescens Roxb. g PAF (2 ng/mL) 65.4 pM (29]
piperphilippinin I (32) P. philippinum Miq. 7 AA (100 pM) 56% (100 uM) (1]
piperphilippinin II (33) P. philippinum Migq. 7 B JE (10 pg/mL) 57% (100 uM) (31
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P 7 5 G 2
feai K /M (1) MR CRERRIE)
n:me Source Platelet Inducer ICsyor Inhibition rate
( concentralion) ( sample cnncentratmn)
piperphilippinin IV (34) P. philippinum Miq. 1 AA (100 pM) 81% (100 uM) (1]
R JE I (10 pg/mlL) 58% (100 pM) By
piperphilippinin V (35) P. philippinum Miq. 1 AA (100 uM) 69% (100 uM) [31]
(-)-3",4"-0,0- o . -
demethylenehinokinin (36) P. philippinum Miq. H AA (100 pM) 100% (100 puM)
9;-, JBEE (10 peg/mL) 58% (100 pM) (1]
VE: SCHRTT e A VR0 PAF (31
Note : “The concentration of the inducer PAF was not presented in the reference (%1

MeQ
e Tyt

25 R=p-OMe
26 R=0a-OMe

,%H 5O
é;

34

3

/(b 32 Ry =R,=
Rs 33 Ry =R, =

Ry 35 R(=H,R,=
36 Ry + Rp=

B2 WHEEY P/ MRE AR (25 ~36) B4

Fig. 2 Chemical structures of antiplatelet lignans (25-36) from Piper plants

Ry =OH, Rz = OMe
OH, Ry + Ry = OCH,0

R4 = OH, Ry = OMe

OCHz0, R3 = R4 = OH

x4 WMBEEVHEAHRM/MUEEHERE (37 ~47) REEM 5 (48 ~51)
Table 4 Phenylpropanoids (37-47) and other constituents (48-51) with antiplatelet activity from Piper plants

FHEEH 1Cso 1Y
L4 c A o
canh i ML (o) MR o
napme Source Platelet Inducer ICsyor Inhibition rate
’ (concentration) ('sample concentration)
¥ b ‘havic N |
E%Eﬂﬂ% (hydroxychavicol, P. taiwanense Lin & Lu A JE (10 pg/mL) 5.3 uM (18]
) AA (100 pM) 9.9 uM (35]
TE R XN Y . - . -
(hydroxychavicol acetate,38 ) P. taiwanense Lin & Lu A JE )R (10 pg/mL) 2.1 pM J
=y 7 AA (100 pM) 3.5 uM [35]
T (eugenol,39) P. taiwanense Lin & Lu 1 AA (100 pM) 20.2 uM (3]
A #] A AA (1.0 mM) 0.5 uM [26]
BEY (2-hydroxy-5-( prop-2- )
enyl) phenyl acetate Fl taiwan- P. taiwanense Lin & Lu A (10 mg/mL) # 8.8 uM (40
ensol C,40 F141)
YELA . -
4 Caivanensols A il B, P. taiwanense Lin & Lu A BRI (10 mg/mL) * 35.2 M (0]
42 Fi143)
EINTRTHE (44) P. sarmentosum Roxb. (P. lolot C.DC.) H AA (100 pM) 53.4 pg/mL (30]
B PAF (5 nM) 83.2 pg/mL (30]




1682 KIRTPIRF I 5 & Vol. 28
VN il 1Cs5o 2%

feai K M () BRI

On:::lel Source Platelet Inducer ICsyor Inhibition rate ¢

( concentralion) ( sample (’nncentratmn)

3,4-WF W A4 B P I (45) P. philippinum Migq. 1 AA (100 pM) 86% (100 uM) (1]
%34’;’)5 - WU B P. arborescens Roxb. % JEJEL (10 pg/mL) 58.6 uM (297
# PAF (2 ng/mL) 77.7 uM [29]
( +)-bornyl caffeate (47) P. philippinum Miq. e AA (100 pM) 75% (100 pM) (31
i JE ) (10 pg/mL) 58% (100 pM) (3]
iéﬁ‘;?;;i}f;f ;f:’(izg‘;"’xy' P. sarmentosum Roxb. (P. lolot C.DC.) 4 AA (100 &) 19.0 pg/ml. r30]
3-(4-methoxyphenyl )-1-(2, 4, & PAF (5 nM) 61.0 pg/ml. i
6-trihydroxyphenyl ) propan-1-  P. sarmentosum Roxb. (P. lolot C.DC. ) # AA (100 pM) 31.2 pg/mL (30]
one (49) tH PAF (5 nM) 71.4 pg/mL (30]
5(03 )RR [+ ) kavain, P. methysticum G. Forst. A AA (100 M) 78 uM (41]
L3RR (ursonic acid,51) P. betle L. A AA (1.7 mM) 260 uM [42]
A PAF (0.8 puM) 190 pM (42]
] ] T kP A AA (1.0 mM) 14.5 uM (26)
T SCERCOT i G R R B TT R R R
Note: *The concentration of the inducer collagen may not be correct in the reference!*) ;" positive control.

R‘IOD/\/

R,0

37 Ry=R;=H 42 Ry=Ac,Ry= H
38 Ry=Ry=Ac 43 Ry=H,Ry=

39 R1=Me, Ry = H

40 Ry =Ac, R2

41 Ry=H,Ry=

Ho
OH O 48 R=H
49 R =OMe o

RO N N
1 D/\/\OMe {3 WO
R,0 OMe 0 45

4
HO N
DAio
= HO 47

B3 SMEEYRINMUEERRR (37 ~47) RETRS (48 ~51) HEBR

Fig. 3 Chemical structures of phenylpropanoids (37-47) and other

3 WWEEMEELERSTHT
E iz iE A

VU e 7 (il AU (211 X I 2% A T ) 7K B
e Wy . 2 A A N I R 525 I TA] (recalcification
time , RT ) | #E Il iff J&= i [B] ( prothrombin time , PT ) I
E IfiL A 8] ( thrombin time, TT) , 7% I AR SMILEE I
PRI

A=Wy pellitorine (11) B #ET 7 (17 ) 7EAR ST g
A NI 4355 A 3508 70 B3 1L 355 T [F] ( activated par-
tial thromboplastin time, aPTT ) F1 % ifil fif§ J7 B [A]
(PT); FEMA N, BER T = 0.413
mg/kg, IRk ) 2% pellitorine (36. 5 wg/mouse, & Jik 3
S ) B AE /IS BRLT JE o i ] 25

L I

(8. 25 pg/mouse

constituents (48-51) with antiplatelet activity from Piper plants

TERE R (114 wg/mouse ) T'EF IR (13.2 ny/
mouse ) 175 1/ BRUIT AR ASE AL | 11 il SO mg/kg 5]
H A EEZ ik e ( piperlongumine , piplartine , 15) {47 3
F7 48% T R 50 mg/kg BT HI VLK, J5 F 53R
J339% . AESN B E R (isoproterenol ) 5 G
Wistar A fCr JULRE SERC RS o, T35 13 (39) (50 mg/
kg, FUAR) SR HY T HE R A I AR ROR

4 TARBEYLFER SRS
Mm% 8y 4E R HLH

B ASU A 0 vl oI AL S W RV R AL
HilF R AF 5T, L i 4 B 5 TNy, BE A T M
(15) 22 A, (thromboxane A, , TXA,) Z{EF530
FT A R B, B TR /N R A S 1)
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T3] 2 48 A B ( cyclooxgenase, COX ) 7% 14 I [ 11K
TXA, WIS I

EEXR T (17) I pellitorine (11) Bk REA ] ¢ 1L il
ATEALEE I PR 7~ X (FXa) 7 ¥, [a] i 5 400 i 58 1.
BEA FXa 78 A58 bk P9 52 40 e ( human umbilical
vein endothelial cells, HUVECs) R AR S

HARRR (16 ) T 1 /AR 3R AR AVE 2 Iy ix A1k
AV REIN I M BB RE S A, (cytosolic phospholipase
A, ,cPLA,) FIl TXA, & BB 1% P, 100 30 A A B 1
(COX-1) Ayl A i ™

VR IXUBE R (25 ) %5F COX-1 A5 He A8 i 4 4900 1 7
(ICsy = 25. 6 pM), i £ B B A T 22 1] S5 A4 4
denudatin B (26) ",

FRALEIAR (37) BB AA BRI 500 1
/MECTXB, B, 165, 7391 4 0. 91 = 0.32 uM Al
1.2 + 0.4 pM, FEEIHIE XS COX-1 A1 COX-2 1y
A MHIE, IC5 2350 8 79.8 = 2.8 pM Fi
64.8 £10.5 pM, X MEAYILREME AA(IC, =
3.9 = 0.8 pM) sk JF A T M/ Ca®" 3l 5
(mobilization) , Xt #E Ifil BF 75 5 (19 Ca®" Bl 51 5% 0 42
N

T (39) % TXA, #] A MR  E
AT P EEPENH] COX-1(1C,, = 59.3 = 10.6 pM) ,
X COX-2 i1 AR S , R B2 500 M I, 41 F8 4L
19% %7,

5 WWMEEMIMmERIEKRF

BRI R IR FR BH A0 m e (SCRR T 4 i
FIT %492 Piper wallichii B4 H 1) A SC 44 2 0 XUBE
ARSCUARLT 44 R o) o B85 ) 28 i ok 23, % 60 9
DGR N B FER 73, 2% (41/56) , B 3 %
23.2% (13/56) , AR 96. 4% (54/56) 0 H 4
B X i LA V6 T SRR 69. 8% (44/63 ) , ML H
17.4% (11/63) , A %K 87.3% (55/63) "1 &
AV XU 1) WO e 37 ( 01 T DX 6% A0 T XS i e )
o AL A A VAT

6 FHitERE

e, A TG R A S USRI 11 A, 2
M EEON 173 224, R kB, — T FAMUE
TP B R H B /i SR B 1 P, R
L A R AN XU ) S e SR L, A e B
VA SR O S ER B, T PR AR o XU R e TR 1Y
Prim SR AE IR R L Ag 2 A . B Er, NSHUR

R B2 55 5 T P/ NAR SR AR B 1 M 43 51
A SRR 47% ) KRR ER (4 24% ) RN
KON 22%) %, Hop, g X EER (25) ., T &b
(39) JRHESARE £ FRIER (38) 25 BT I/ N I PR 54
k3 pellitorine (11) BEZ[ERK (15) BEJ T2 (17)
AT AW (39) SERBUH TR N PLEE BT IMmAR 15

FE AR BIFFE Hf 36 BRHE i XU 8 /N A i A
B A, ANl A Tk VLI 3-384 ( phosphatidylinositol 3-
kinase , PI3K) FIEE Il [FF XT(FXT) 5 S A bR
R A A PEA T 900 300 345 Pk 0 2 , 78 R T & B T
KA TEY o AR NG B AE RS 7 1
WAERANFIE .

S 3k

1  Wang HR,et al. Comparison of therapeutic effect of recombi-
nant tissue plasminogen activator by treatment time after on-
set of acute ischemic stroke. Sci Rep,2015,5.11743.

2 Xing JH (JIfUR5E) ,et al. Advances in antithrombotic drugs.
Prog Pharm Sci (252 3/&) ,2014,38.174-184.

3 Huang ZS,et al. Salvianolic acid A inhibits platelet activation
and arterial thrombosis via inhibition of phosphoinositide 3-
kinase. J Thromb Haemost,2010,8 :1383-1393.

4 Liu L,et al. Salvianolic acid B inhibits platelets as a P2Y
(12) antagonist and PDE inhibitor; Evidence from clinic to
laboratory. Thromb Res,2014,134 .866-876.

5 Sun FZ ($MRFE), et al. Advances in Huoxue and Zhixue
effects of Panax notoginseng ,a traditional Chinese medicine.
J Med Res (20972455 ) ,2013,42.24-26.

6 Xiang QL ( [a] k¥ ), et al. Protective effect of panaxatriol
saponins on cerebral ischemia. J Sun Yat Sen Univ ( Med
Sei) (HIIRZ AR BRAE B2 ) ,2008,29 :705-709.

7  Chen JW ([&f#SC) ,et al. Promoting blood circulation by re-
moving blood stasis of panaxatriol saponins. Trad Chin Med
Pharmacol Clin (25253 515 PR) ,2008 ,24 :3841.

8 Lau AJ,et al. Antiplatelet and anticoagulant effects of Panax
notoginseng ; comparison of raw and steamed Panax notogin-
seng with Panax ginseng and Panax quinquefolium. J Ethno-
pharmacol ,2009 ,125 :380-386.

9 Hao HZ,et al. Antiplatelet activity of loureirin A by attenua-
ting Akt phosphorylation:in vitro studies. Eur J Pharmacol,
2015,746 :63-69.

10 Xin N,et al. Dragon’s Blood extract has antithrombotic prop-
erties , affecting platelet aggregation functions and anticoagu-
lation activities. J Ethnopharmacol ,2011,135.:510-514.

11 Tseng YC,et al. Piperaceae. In; Wu,ZY, Raven PH, Hong,
D. Y. editors. Flora of China. Beijing/St. Louis: Science
Press/Missouri Botanical Garden Press, 1999. Vol 4, 110-



1684

KIRF=YIBE R 5T K

Vol. 28

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

129.

Wang YH, et al. Anticancer principles from medicinal Piper
plants. J Tradit Complement Med ,2014 ,4.8-16.

Editorial Board of Zhonghua Bencao’, State Administration of
Traditional Chinese Medicine of the People’s Republic of
China ([ 7 B2 244 LR (P AR A ) 25 22 2% ) . Zhong-
hua Bencao ( H4EANKL) . Shanghai; Shanghai Scientific and
Technological Press,1999. Vol 3,424-449.

Wu ZY (#4F45) ,et al. Xinhua Bencao Gangyao (fifEA
Y%L ). Shanghai: Shanghai Scientific and Technological
Press,1988. Vol 1,190-196.

Li CL (Z=K ) ,et al. Anti-PAF effects of about 100 tradi-
tional Chinese medicines. Physiol Sei (4 FEF}2%),1987,
7.316-316.

Li CL (Z=EK#) ,et al. Anti-PAF effects of more than 100
traditional Chinese medicines. Chin Pharmacol Bull ( F1[E 245
PRS2 47 ) L1987 ,3.298-298.

Li CL (Z=RK#%) , et al. Anti-PAF effects of alcohol extracts
from Piper hancei. Physiol Sci (4 FRF}*2),1987,7.316-
317.

Chen S, et al. Neolignans and phenylpropanoids from the
roots of Piper taiwanense and their antiplatelet and antituber-
cular activities. Phytochemistry ,2013,93:203-209.

Guerrini A et al. Bioactivities of Piper aduncum L. and Piper
obliguum Ruiz & Pavon ( Piperaceae) essential oils from
eastern Ecuador. Environ. Toxicol Pharmacol,2009 ,27 .39-
48.

Shen ZQ (3L55E) et al. PAF-antagonist screening from 12
alcohol extracts of Piper species native to Yunnan. Acad J
Kunming Med Coll ( BWHEE#Fe 4R ) ,1997,18:23-25.
Shen ZQ (PLA&3R ) et al. Study on antiplatelet activity of al-
cohol extracts from Piper species native to Yunnan. Nat Prod
Res Dev ( RERF=WIttoE 59 &) ,1999,11:27-31.

Lei D, et al. Antioxidative and antiplatelet effects of aqueous
inflorescence Piper betle extract. J Agric Food Chem,2003,
51:2083-2088.

Zhao SF (#X#{Z%) , et al. The inhibitory effect of alcoholic
extracts of Piper hancei on platelet aggregation. J Cap Univ
Med Sci (G HPEPBEH) ,1996,17 :28-31.

Chen IS, et al. Amides with anti-platelet aggregation activity
from Piper taiwanense. Fitoterapia ,2007,78 :414-419.

Shen YZ et al. Characterization of a platelet-activating factor
receptor antagonist, kadsurenone ; specific inhibition of plate-
let-activating factor in wvitro and in vivo. J Chin Pharm Sct,
1994 ,3:59-64.

Raghavendra R et al. Spice active principles as the inhibitors
of human platelet aggregation and thromboxane biosynthesis.
Prostag Leukot Essent Faity Acids,2009,81.73-78.

Tognolini M, et al. Comparative screening of plant essential

28

29

30

31

32

33

34

35

36

37

38

39

40

41

oils ; phenylpropanoid moiety as basic core for antiplatelet ac-
tivity. Life Sci,2006,78 :1419-1432.

Lee W, et al. Anticoagulant activities of piperlonguminine in
vitro and in vivo. BUP Rep,2013 ,46.484-489.

Tsai IL, et al. New cytotoxic cyclobutanoid amides, a new
furanoid lignan and anti-platelet aggregation constituents from
Piper arborescens. Planta Med ,2005,71 :535-542.

Li CY, et al. Isolation and identification of antiplatelet ag-
gregatory principles from the leaves of Piper lolot. ] Agric
Food Chem ,2007,55:9436-9442.

Chen YC,et al. Lignans,an amide and anti-platelet activities
from Piper philippinum. Phytochemistry, 2007, 68 . 2101-
2111.

Park BS, et al. Antiplatelet effects of acidamides isolated from
the fruits of Piper longum L. Phytomedicine 2007 , 14 .853-
855.

Fontenele JB,et al. Antiplatelet effects of piplartine,an alka-
mide isolated from Piper tuberculatum : possible involvement
of cyclooxygenase blockade and antioxidant activity. J Pharm
Pharmacol ,2009 ,61 :511-515.

Son DJ, et al. Piperine inhibits the activities of platelet cy-
tosolic phospholipase A2 and thromboxane A2 synthase with-
out affecting cyclooxygenase-1 activity ; different mechanisms
of action are involved in the inhibition of platelet aggregation
and macrophage inflammatory response. Nutrients,2014,6.
3336-3352.

Chen YC,et al. A new aristolactam alkaloid and anti-platelet
aggregation constituents from Piper taiwanense. Planta Med,
2004,70:174-177.

Teng CM, et al. Comparison of the actions of some platelet-
activating factor antagonists on platelets and aortic smooth
muscles. Eur J Pharmacol ,1991 ,205:151-156.

Ammit AJ, et al. Platelet-activating factor ( PAF) receptor
antagonists inhibit arachidonic acid induced platelet aggrega-
tion in rabbit whole blood. Lipids,1991,26.1189-1192.
Han GQ (#if:Fk) ,et al. The isolation and identification of
PAF receptor antagonist from Piper wallichii ( Miq) Hand-
Mazz. J Beijing Med Univ (LI ERI K44k ) ,1987,19.;
243-245.

Shi YN, et al. Lignans and aromatic glycosides from Piper
wallichii and their antithrombotic activities. J Ethnopharma-
col ,2015,162 :87-96.

Chen S, et al. Three new phenylpropanoids from the roots of
Piper taiwanense and their inhibitory activities on platelet ag-
gregation and Mycobacterium tuberculosis. Chem Biodivers ,
2014,11:792-799.

Gleitz J, et al. Antithrombotic action of the kava pyrone
( + )-kavain prepared from Piper methysticum on human

platelets. Planta Med ,1997 ,63:27-30.



Vol. 28 HA IR IRURAE BT L NSRS AR TG PO T 20 J 1685
42 Saeed SA, et al. Triterpenes and B-sitosterol from Piper betle ; nent, inhibits platelet aggregation by suppression of cyclooxy-

43

44

45

46

47

48

49

isolation, antiplatelet and anti-inflammatory effects. Biochem
Soc Trans,1993,21:4625462S.

Yang ] (#5:) ,et al. Chinese herbal medicine research of
antithrombotic effect. Nat Prod Res Dev ( KIRF=HW 575
&) ,1997,9.17-20.

Ku SK, et al. Antithrombotic activities of pellitorine in vitro
and in vivo. Fitoterapia ,2013,91.1-8.

Lee SE, et al. Proteomic evaluation on antiplatelet activity of
piperlongumine derived from Piper longum. Mol Cell Toxicol,
2010,6:295-303.

Mnafgui K, et al. Anti-inflammatory , antithrombotic and car-
diac remodeling preventive effects of eugenol in isoprotere-
nol-induced myocardial infarction in Wistar rat. Cardiovasc
Toxicol ,2015 , Accepted.

Iwashita M, et al. Piperlongumine, a constituent of Piper lon-
gum L. ,inhibits rabbit platelet aggregation as a thromboxane
A 2 receptor antagonist. Eur J Pharmacol ,2007,570.:38-42.
Coy ED,et al. COX,LOX and platelet aggregation inhibitory
properties of Lauraceae neolignans. Bioorg Med Chem Leit,
2009,19:6922-6925.

Chang M, et al. Hydroxychavicol, a novel betel leaf compo-

50

51

52

53

54

genase , thromboxane production and calcium mobilization. Br
J Pharmacol ,2007 ,152 .73-82.

He ZY (fa[{EZ) ,et al. A preliminary study on the treatment
of coronary heart disease with total flavone of Caulis Piperis
Futokadsurae. Chin J Integr Tradit West Med ( 1 £ 45 &
Z%i5) ,1983,3.271-271.

Zhang JM (5§ FE35) et al. The treatment of 87 cases with
cerebral infarction using total flavone of Caulis Piperis Fu-
tokadsurae and animal experiments. J Apoplexy Nerv Dis ( /1
W22k ) 1987 ,4.:180-182.

Jiang M (ZZ87). The clinical application of 38 cases with
cerebral thrombosis using self-made modified Siteng decoc-
tion. Mod Med Health ( BLAXER 2 T /1) ,2010,26: 1708-
1709.

Yu HW ( EEH;) et al. Coagulation factor XI,a new target
for antithrombotic therapy. Prac J Med Pharm ( SZFHEE 2474
i) ,2014,31.170-172.

He ZL (fA[75J¥) ,et al. Research advances in antithrombotic
new target of PI3K. Pharm Biotechnol (25¥)H ¥+ A),
2014 ,21.373-376.

(L% 1675 1)

61

62

63

64

65

66

67

de Bono JS, et al. Prednisone plus cabazitaxel or mitoxantrone
for metastatic castration-resistant pros-tate cancer progressing
after docetaxel treatment:a randomised open-label trial. Lan-
cet,2010,376:1147-1154.

Paller CJ,et al. Cabazitaxel ; a novel second-line treatment for
metastatic castration-resistant prostate cancer. Drug Des Devel
Ther,2011,5.117-124.

Diéras V,et al. Cabazitaxel in patients with advanced solid
tumors : results of a phase I and pharmacokinetic study. Eur J
Cancer ,2013,49(1) :25-34.

Shionoya M et al. DJ-927 ,a novel oral taxane, overcomes P-
glycoprotein-mediated multidrug resistance in vitro and in vi-
vo. Cancer Sci ,2003,94 ;459-466.

Saif MW , et al. Tesetaxel ,a new oral taxane,in combination
with capecitabine; a phase [ , dose-escalation study in pa-
tients with advanced solid tumors. Cancer Chemother Pharm-
col ,2011,68 ;1565-1573.

Bouvier E, et al. First enzymatically activated taxotere pro-
drugs designed for ADEPT and PMT. Bioorg Med Chem,
2004,12:969-977.

Plazuk D, et al. Synthesis and biological activities of ferroce-

nyl derivatives of paclitaxel. Med Chem Commun,2012,3 .

68

69

70

71

72

73

74

498-501.

Chen M([#&HH) . Design, synthesis and antitumor research of
novel taxane derivatives. Xi'an: The Fourth Military Medical
University ( 58 JUZEE K2%) , PhD. 2014.

Mei M ( #§#f§ ) , et al. Resistance reversal effect of a novel
taxane compound NPB304 and its collaboration with vera-
pamil. Acta Pharm Sin( Z§2¢2#4R ) ,2014,49:1279-1288.
Sparreboom A, et al. Pharmacogenomics of ABC transporters
and its role in cancer chemotherapy. Drug Resist Updat,
2003,6:71-84.

Lu HF,et al. Synthesis, cytotoxicity , metabolic stability and
pharmacokinetic evaluation of fluorinated docetaxel analogs.
Eur J Med Chem 2011 ,46.1743-1748.

Chang J,et al. Design,synthesis and cytotoxicity of novel 3'-
N-alkoxycarbonyl docetaxel analogs. Bioorg Med Chem Leit,
2013,23.:6834-6837.

Zhou Q et al. 1x2-32¢,a novel taxane derivative ,exerts anti-
resistance activity by initiating intrinsic apoptosis pathway in
vitro and inhibits the growth of resistant tumor in vivo. Biol
PharmBull ,2012,35 :2170-2179.

Zhao Y ,et al. Synthesis, cytotoxic activity,and SAR analysis
of the derivatives of taxchinin A and brevifoliol. Bioorgan

Med Chem 2008 ,16:4860-4871.



