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ADP
a2
BSA
cAMP
COX
CRP
DAG
DMSO
EDTA
FcR
GPCR
GPVI
HEPES
HRP
ICso
1P;
ITAM
LAT
MAPK
ODS

PAGE

adenosine 5’-diphosphate

integrin o,

bovine serum albumin

adenosine cyclic 3°,5’-monophosphate
cyclooxygenase

collagen-related peptide

diacylglycerol

dimethyl sulfoxide
ethylenediamine-N,N,N',N'-tetraacetic acid

Fc receptor

G protein-coupled receptor

glycoprotein VI
2-[4-(2-hydroxyethyl)-1-piperazinyl]ethanesulfonic acid
horseradish peroxidase

50% inhibitory concentration

inositol 1,4,5-trisphosphate

immunoreceptor tyrosine-based activation motif
linker for activation of T cells

mitogen-activated protein kinase
octadecyl-silica

polyacrylamidegel electrophoresis
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PKC
PLA,
PLC
PRP
SDS
SLP-76
TBST
TCA
TMPPA
Tris
TX

TXS

phosphate buffered saline

prostaglandin

protein kinase C

phospholipase A,

phospholipase C

platelet rich plasma

sodium dodecyl sulfate
SH2-domain-containing leukocyte protein of 76 kD
Tris-buffered saline containing Tween 20
trichloroacetic acid
B-(3,4,5-trimethoxyphenyl)propionic acid
2-amino-2-hydroxymethyl-1,3-propanediol
thromboxane

thromboxane synthase
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Figure I Model of thrombus formation.
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TXS:thromboxane synthase

Figure 2 Mechanisms of collagen-, U46619- and thrombin-induced platelet
aggregation.
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Piper longum L. ethanol extract
(1.07 g)

| ODS column

50% MeOH fraction 70% MeOH fraction 100% MeOH fraction Acetone fraction
(131 mg) (378 mg) (451 mg) (34 mg)

Figure 3 Preparation of several fractions from the ethanol extract of Piper longum L.
by using ODS column.
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Vehicle Collagen Vehicle U46619 Vehicle Thrombin
+ \ 4 .1 +

o oy

5

Extract Collagen Extract U46619 Extract Thrombin
v ¥ + + 4 +

\

Figure 4 Representative traces of collagen-, U46619- and thrombin-induced platelet aggregation
with or without ethanol extract of Piper longum L.. The ethanol extract (100 pg/ml) or vehicle
(DMSO; final concentration of 1%) was preincubated for 5 min before the addition of collagen (3

pg/ml), U46619 (3 uM) or thrombin (0.05 U/ml) in the presence of 1 mM CaCl,, as shown by
arrows.

Aggregation
50%
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100% MeOH 7 7 7 ¥ = > ix a7 — 7 U EERME M/ MR SO 2 A B 0] L
7= (figure 5), F7=. 50% MeOH } X 100% MeOH 7 7 7 3 2 13 U46619 #%
PRI RERER SR 2 A S Hd Lz, — 07, itk O ho 7o 72 a >
b b a B M MRS RS A ] L 7R Do T,

120 ¢ 120
$ §
S 100} & S 100f E
2 o _
33 8ol 379 8of
5 E # ® £
T C E-]
8 eof 28 60 #
S u > ‘06
- 3
S8 a0} £2 4t #
5 o #
o © L
g 2t . g 2
9 # =}
o 0 # L L L 0 L

i EtOH 509 70Y 100 Vehicle EtOH 50% 70% 100% Acetone
Vehicle O MCH MoOH Mooy Postone extract MeOH MeOH MeOH

- -
(=3 N
o =]

-3
o

»
o

Thrombin-induced aggregation
(% of control)
[ (-3
o o

Vehicle EtOH 50% 70% 100% Acetone
extract MeOH MeOH MeOH

Figure 5 Effect of several fractions of Piper longum L. ethanol extract on collagen-, U46619- or
thrombin-induced platelet aggregation. Platelet aggregation was measured by turbidimetric
method.  Piper longum L. extract and fractions (100 pg/ml) or vehicle (DMSO; final
concentration of 1%) was preincubated for 5 min before addition of collagen (3 pg/ml), U46619 (3
pM) or thrombin (0.05 U/ml) in the presence of 1 mM CaCl,. The extent of aggregation in the
presence of Piper longum L. extract and fractions was normalized to vehicle. Results were means
+ S.E.M. of four independent experiments (P < 0.05 compared with vehicle, Tukey’s Kramer test).
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[1] (4Z)-Dehydropipernonaline

FW :339.4 °

[3] Pipernonaline

(o]
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(o]
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FW :273.3

[7] Methyl piperate
(o]

OMe

FW :232.2

[9] Piperine

(o]

SO0

FW :285.3

[2] Dehydropipernonaline
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SO0

FW : 3394

[4] Piperundecalidine
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[6] 5,6-Dihydropiperlongminine
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(o]
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[8] Piperlongumine
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MeO
MeO

veo  FW:317.3

[10] B-(3,4,5-Trimethoxyphenyl)
propionic acid (TMPPA)

[0}
OH

Me0 FW :240.3

Me!

Figure 6 Chemical structures of (4Z)-dehydropipernonaline, dehydropipernonaline, pipernonaline,
piperundecalidine, piperlongminine, 5,6-dihydropiperlongminine, methyl piperate, piperlongumine,
piperine and TMPPA purified from Piper longum L. extract.
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Table 1 The ICsy values of the compounds from the Piper longum L. extract on collagen (3
pg/ml)- or U46619 (3 uM)-induced platelet aggregation.

IC;, values (uM)
Compounds Collagen 3 pg/ml U46619 3 uM
[1] (4Z)-Dehydropipernonaline 57 175
[2] Dehydropipernonaline 64 137
[3] Pipernonaline 34 120
[4] Piperundecalidine 39 81
[5] Piperlongminine 51 > 200
[6] 5,6-Dihydropiperlongminine 23 > 200
[7] Methyl piperate 57 > 200
[8] Piperlongumine 14 50
[9] Piperine 88 > 200
[10] TMPPA > 200 > 200
Thrombin Thrombin
M Hmmuh:ﬁ
A A
Vehicle Piperlongumine \

h

N

Figure 7 Representative traces of thrombin-induced platelet aggregation with or without
piperlongumine. Piperlongumine (200 uM) or vehicle (DMSO; final concentration of 1%) was
preincubated for 5 min before the addition of thrombin (0.05 U/ml) in the presence of 1 mM CaCl,,
as shown by arrows.
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PE i IREEEE SO 2 38 < -5 2 E BB B0 72, £ 2T, T OO
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e/ MR TR, 22 7 — 7 RO RRZ AL e QAR OS5 s il S vz
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} Pre-stimulation Collagen
4 0 sec
Vehicle
Collagen
[ T . -y
%
Piperlongumine
=
a
2|8
51w Time
(=] e
<L 5 min

Figure 8 Observation of platelet morphology by aggregometer and scanning electron microscopy.
(A) Representative traces of collagen (3 pg/ml)-induced platelet aggregation with or without
piperlongumine (100 uM). Piperlongumine or vehicle (DMSO; final concentration of 1%) was
preincubated for 5 min before the addition of collagen in the presence of 1 mM CacCl,, as shown by
arrows. (B) Platelets were preincubated with piperlongumine (100 pM) or vehicle (DMSO; final
concentration of 1%) for 5 min before the addition of collagen (3 pg/ml) in the presence of 1 mM
CaCl,. Samples were fixed by 1% glutaraldehyde at 0, 90 or 270 sec after stimulation.
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FRNVEDOBHERS & R EIRFICHI L7z (figure 9), LA L, EXp 73
e MESIL RO 22T — 5 U ER M RRZA L A I L 7o e,
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Piperlongumine 100 pM Mm

Piperlongumine 30 uM MM\"‘

Piperlongumine 10 pM

{
DMSO

[ =

L)

T

o3

=1 i Time

o

8 5 min

Figure 9 The effect of piperlongumine on collagen-induced human platelet aggregation. Washed
human platelets were preincubated with piperlongumine or vehicle (DMSO; final concentration of
1%) for 5 min before the addition of collagen (3 pg/ml) in the presence of 1 mM CaCl,, as shown by
arrows.
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Figure 11 Mechanisms of platelet aggregation and antiplatelet drugs.
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Figure 12 Concentration-dependent inhibition of collagen-, U46619- or thrombin-induced platelet
aggregation by piperlongumine. Piperlongumine (3 - 500 uM) or DMSO (-) was preincubated for
5 min before the addition of collagen (3 pg/ml; o), U46619 (3 uM; @) or thrombin (0.05 U/ml; m)
in the presence of 1 mM CaCl,. The aggregation in the presence of piperlongumine was
expressed as a percentage of that in the absence of piperlongumine. Results were means = S.E.M.
for four independent experiments (#P < 0.05 compared with (-), Dunnett’s test).
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Figure 13 Representative traces of collagen-, U46619-, thrombin- or ADP-induced platelet
aggregation with or without piperlongumine. PLG (100 uM piperlongumine), SQ29548 (3 uM) or
vehicle (DMSQO; final concentration of 1%) was preincubated for 5 min before the addition of
collagen (3 pg/ml), U46619 (3 uM), thrombin (0.05 U/ml) or ADP (100 uM) in the presence of
1 mM CaCl,, as shown by arrows.
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3-3-3 ag—FUFERETXBEEICHTAE a7 v
DIEH

BN a S I TXAZ A RERER 13 0 a7 — 7 VR MR
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Figure 14 Effect of piperlongumine on collagen-induced TXB, generation. Platelets were
pretreated with piperlongumine (3 - 1,000 uM) or DMSO (-) for 5 min, and then incubated with 3
pg/ml collagen (o) or control Tyrode-HEPES solution () for 5 min in the presence of 1 mM CaCl,.
The reaction was terminated by the addition of 25 uM indomethacin and 25 mM EDTA. Results
are means £ S.E.M. of three independent experiments (#P < 0.05 compared with (-), Tukey’s
Kramer test).
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— 7 UERMEDTXAEEIZ B W THL R EE 2 > TV HCOX-1 JEPEIT T
TAHENa S OER AR L,

Z DR, COX-1 DEREZ COX FHEHKTH L7 A" > (100 uM) (34
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e 7 I L COX-1 BHEEHZARA LTV RN EXR LMo T,

125 |
>~ 100 —
$9
.§§ 75|
X © 50
O
O ~—

25| #
0 | |
(-) 10 100 100 (uM)
Piperlongumine Aspirin

Figure 15 Effect of piperlongumine on COX-1 activity. COX-1 was preincubated with
piperlongumine (10 or 100 uM), aspirin (100 pM) or DMSO (-) for 10 min, and then incubated
with arachidonic acid (100 uM) for 2 min. The reaction was terminated by the addition of 1 N
HCI. Results are means + S.E.M. of three independent experiments (“P < 0.05 compared with (-),
Tukey’s Kramer test).
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SNDTXADEELZRS Ted, AV RAZ TV UAFE T TlTo T, ZOREE., =
Z—/4r (3 ugml) FIEIC X > THESNE[MCIT 7 % N UBRERER G 2 2
0 R TR EREICIE LT (figure 16), F72, BXm 7 I VHMT
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Figure 16 Effect of piperlongumine on collagen-induced ['*Clarachidonic acid liberation.
Platelets were pretreated with piperlongumine (3 - 300 uM) or DMSO (-) for 5 min, and then
incubated with 3 pg/ml collagen (©) or control Tyrode-HEPES solution (e) for 5 min in the
presence of 1 mM CaCl,. The reaction was terminated by the addition of 25 uM indomethacin
and 25 mM EDTA. Results are means £ S.E.M. of three independent experiments (#P < 0.05
compared with control, Tukey’s Kramer test).
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3-3-6 o2T7—FUFERMPLAY VR bzt AR S
T U DOEA

AT =T UHERMEDT T x N UBIERESTY IR EINK O REE TH D
CPLALIC L » THE SN D, cPLAITMIAC 1 E |- F K& U'mitogen-activated
protein kinase (MAPK) %713 % U U bIC L o TIEMERIEI S5 728, cPLA,
U AICR T o8~ FI VO A Y = AZ T ay T 4 U7k T
Mat L7z, E£72, BeHIA v RAZ SV UHFIE T TITo e, TORER, Xy
JIFaT—4r (3 pgml) BREMEDCPLA, Y “ERL A R EARIFRIZ I L

7= (figure 17), —F5. EXa 7 I VM TIIcPLA, U U EMLIZ 2 % 5 2 7
Nl
. Sy, e p-cPLA,
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Figure 17 Effect of piperlongumine on collagen-induced cPLA; phosphorylation. Platelets were
pretreated with piperlongumine (3 - 300 uM) or DMSO for 5 min, and then incubated with collagen
(3 pg/ml) or control Tyrode-HEPES solution (-) for 5 min in the presence of 1 mM CaCl,. The
lysates were fractionated on a 12% SDS-PAGE followed by immunoblotting with anti-phospho-
cPLA,; antibody or anti-cPLA; antibody as described in "Materials and Methods." The results are
representative in three similar experiments.
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THENTo T U OfER

a7 =7 AIRKRICHE G, PLCRIEM I L 514 7 & b= U UIREK
FREOR NS DRIV RA v ¥y —EAEZ N L CCa IR & OPKCIEM: % il
#4252 & T, 7T F FOBIERERIS K TADPRE 1 b = U i 7e & R~ 1F
WIBEZITO, £ T, a7 =7 UfHRMEA /v b= U IR KIS %
ToHeXur I voEME, PHIA /2 b —/VEERk U= M & o Clget
Lo 70, BahHIA v RAZ T UAHE TR TIT ol TORR, ©xXm 73
N T =7y G ugml) FBEEOA Vb= ) UHRE KRG % R AT
Al L7z (figure 18), — 75, EXm 7 I VEUMTIEA /v h— ) VIR
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Figure 18 Effect of piperlongumine on collagen-induced phosphoinositide hydrolysis. Platelets
were preincubated with piperlongumine (10 or 100 pM) or DMSO for 5 min, and then incubated
with collagen (3 pg/ml) or control Tyrode-HEPES solution (-) for 15 min. The reaction was
carried out in Tyrode-HEPES solution containing 10 mM LiCl, and was terminated by the addition
of TCA (final concentration of 5%). Results are means + S.E.M. of three independent
experiments (P < 0.05 compared with control, Tukey’s Kramer test).
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Figure 19 Concentration-dependent inhibition of convulxin- or CRP-induced platelet aggregation
by piperlongumine. Piperlongumine (10 - 200 uM) or DMSO (-) was preincubated for 5 min
before the addition of convulxin (20 ng/ml; o) or CRP (0.5 pg/ml; e) in the presence of 1 mM
CaCl,. The aggregation in the presence of piperlongumine was expressed as a percentage of that
in the absence of the compound. Results were means + S.E.M. for four independent experiments.
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Figure 20  Effect of piperlongumine on convulxin-induced phosphoinositide hydrolysis.
Platelets were preincubated with piperlongumine (200 uM) or DMSO for 5 min, and then incubated
with convulxin (20 ng/ml) or control Tyrode-HEPES solution (-) for 15 min. The reaction was
carried out in Tyrode-HEPES solution containing 10 mM LiCl, and was terminated by the addition
of TCA (final concentration of 5%). Results are means + S.E.M. of three independent
experiments (P < 0.05 compared with control, Tukey’s Kramer test).
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Figure 21 Effect of piperlongumine on convulxin-induced Syk phosphorylation. Platelets were
pretreated with piperlongumine (10 - 300 uM) or DMSO for 5 min, and then incubated with
convulxin (20 ng/ml) or control Tyrode-HEPES solution (-) for 3 min in the presence of 1 mM
CaCl,. The lysates were fractionated on a 10% SDS-PAGE followed by immunoblotting with
anti-phospho-Syk antibody or anti-B-actin antibody as described in "Materials and Methods." The
results are representative in three similar experiments.
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Figure 22 Effects of piperlongumine and Src inhibitor PP2 on collagen- or thrombin-induced
platelet aggregation. PLG (100 uM piperlongumine), PP2 (10 uM) or vehicle (DMSO; final

concentration of 1%) was preincubated for 0 or 5 min before the addition of collagen (3 pg/ml) or
thrombin (0.05 U/ml) in the presence of 1 mM CaCl,, as shown by arrows.
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