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+ & f% (xanthohumol) £ ¥ jF - (Humulus lupulus) =g & Ak 3¢ = &
2= o & P g g dg 8 xanthohumol 3 49 4%~ Ful ~ 3 1 o
FLFAME SR EF BELELE ;@ xanthohumol ¥ 1§ »afrd|imre
Fz4-(initiation) o3 4 (proliferation) » P v c7%7 3 il B¢ OAH FURfri
F i 2 g anE s A @ xanthohumol fx | 47 F (hZE @ & s A P
FE o Fp A G R 4F 31 xanthohumol 7 o[ 4775 L iE AR 0 04
B2 G oprd] T o

F 7 %% Ko 0 xanthohumol®g ¥ )k & 73§ ¢ (0.5-10 uM) » it 7

Rl

»xdr4]collagen (1 pg/ml) ~ arachidonic acid (60 uM) #7351 3 en -] 45 5%
B & J& ; xanthohumol (1.54=3 uM) ¥ %f % #r+#lcollagen (1 pg/ml)3! 4= e
fore 4T S A B e ATPH 2 & Ji o Xanthohumol (1.54v3 uM) § #r 4]
collagen (1 pg/ml):% % ePLCy2 3¢ Bips it & J& o Collagen (1 ng/ml)fe
PDBu (150 nM) ¥ 12 3% %% *m#2 p protein kinase Cei it » T ® 3447 kDa
=% ehik-v BERL 1 0 F S8 Zxanthohumol (1.54¢3 uM) 2 # Fr 4
collagen (1 pg/ml)3! 4= ep47 protein=Hgifs it > ¥ PDBu (150 nM)#7
5142 eip47 proteinkfk it B F Fr4]iv* o ¥ ¢k xanthohumol (1.54c3

uM) ¥ Fr 4] collagen (1 pg/ml) 3! 4= &7 mitogen-activated protein



kinases > 4rp38 ~ ERK¥2 INK proteinsrgifis it 12 2 Akteid-o gips it o
Xanthohumol (1.54v3 uM)¥ Fr4|collagen (1 pg/ml)#75l4zcnp d KA
24 o ¢t ¢k > xanthohumol (1.5f=3 pM)T % ¢ 3 ¢ sm e A nitric oxide A
4 € >+ % ¢ 1% vasodilator-stimulated phosphoprotein(VASP)#: ik it
FRgm drdle R EF e

P %% %% F o xanthohumolFr4| /| 775 1L eni®* ¥ 5 % 1Y
T S ¢ xanthohumol ¢ #7#|PLCy2£2 protein kinase C/% £ % 47 kDa
protein 3 & & it o Xanthohumol ¢ #r #| mitogen-activated protein
kinases > 4rp38 ~ ERK£? JNK protein:Fgif& i* ; xanthohumol ¢ #r ] Akt
F-v BEEL Y o F PF > xanthohumol ¥ F sedrd|s | 575 L P& 4 b
hydroxyl radical o 14 } izt % % ¢ ¥ 3 xanthohumoldr ] -] 4% m¥e p
GPAEF cfS B U R R R il Se > B drla o EREF B LMY
L PA F xanthohumol #7777 B+ finh B [ FER S APM 2 A

;[};’5 o



Abstract

Xanthohumol is one of the major constituents of Humulus lupulus.
Xanthohumol has been reported to have sedative property, estrogenic
activity, cancer-related bioactivities, antioxidant activity, stomachic effect,
antibacterial and antifungal effects in recent studies. However, the
pharmacological functions of xanthohumol on platelets were not yet
understood, we are interested in investigating the inhibitory effects of
xanthohumol on cellular signal transduction during the process of platelet
activation.

In this study, xanthohumol concentration-dependently (0.5-10 uM)
inhibited collagen (1 pg/ml)- and arachidonic acid (60 puM)-induce
platelet aggregation in washed human platelets. In addition, xanthohumol
(1.5 and 3 uM) markedly inhibited collagen (1 pg/ml)-induce
intracellular Ca®" mobilization and ATP release. Phosphorylation of p47,
a marker of protein kinase C activation, was triggered by collagen (1
ug/ml) and PDBu (150 nM). In our experiments, xanthohumol (1.5 and 3
uM) significantly inhibited phosphorylation of p47 stimulated by

collagen (1 pg/ml) but not by PDBu (150nM). In addition, xanthohumol



(1.5 and 3 uM) reduced phosphorylation of MAPK and Akt stimulated by
collagen (1 pg/ml) in human platelets. On the other hand, xanthohumol
(1.5 and 3 puM) also inhibited collagen (1 pg/ml)-induced hydroxy
radicals in human platelets. Neither nitric oxide formation nor
vasodilator-stimulated phosphoprotein was induced by xanthohumol in
platelets.

In conclusion, our study suggested that the possible pathways of
anti-platelet activity of xanthohumol may involve in the following :
xanthohumol may regulate the PLCy2-PKC pathway and inhibit the
MAPK and Akt protein phosphorylation. Xanthohumol may inhibit
hydroxyl radicals induced by collagen (1 pg/mL). Taken together,
xanthohumol regulated these pathways to inhibit the intracellular Ca®*
mobilization and platelet aggregation. Therefore, xanthohumol may be
used as an effective tool in treating pathological disorder associated with

platelet hyperaggregability.



AA : arachidonic acid

AC : adenylate cyclase

A.C.D. : citric acid / sodium citrate / glucose

ADP : adenosine 5°-diphosphate

ATP : adenosine 5°‘-triphosphate

BSA : bovine serum albumin

cyclic AMP : cyclic 3°, 5’-adenosine monophosphate
cyclic GMP : cyclic 3°, 5°-guanylate monophosphate
COX : cyclooxygenase

cPLA, : cytosolic phospholipase A,

CYP450 3A4 : cytochrome P450 3A4

DAG : 1, 2-diacylglycerol

DPH : diphenylhexatriene

EDTA : ethylenediamine tetraacetic acid

ERK : extracellular signal regulated kinase

FITC : fluorescein iso-thiocyanate

Fura 2-AM : Fura 2-acetoxymethyl ester



GC : guanylate cyclase

IP; : inositol 1,4,5-trisphosphate

JNK @ c-Jun-NH2-terminal kinase

LDL : low-density lipoprotein

MAPK : mitogen actived protein kinase
PAF : platelet-activating factor

PAGE : polyacrylamide gel electrophoresis
PC : phosphatidylcholine

PDBu : phorbol-12,13-dibutyrate

PDE : phosphodiesterases

PE : phosphatidylethanolamine

PGD, : prostaglandin D,

PGE; : prostaglandin E,

PGE, : prostaglandin E,

PGH, : prostaglandin H,

PGI, : prostaglandin I,

PKC : protein kinase C

PLC : phospholipase C

PPP : platelet-poor plasma



PRP : platelet-rich plasma

PS : platelet suspension

SDS : sodium dodecyl sulfate

SDS-PAGE : sodium sulfate-polyacylamide gel electrophoresis
TxA, : thromboxane A,

TxB, : thromboxane B,

U46619 : 9,11-dideoxy-9 a,11a-methanoepoxy PGF,,

VASP : vasodilator-stimulated phosphoprotein

vWF : von Willebrand factor



1-1=3 %%
% 77> (Humulus lupulus)

o OFR- 2 A

VRN e FERRE i v P - B LR
R R - B g A & RALE S $ T A
Koo i RAREE e e IR TE Y ¢ SARZF 5 7 # F (Rayo Llerena
and Marin Huerta, 1998; Samanek, 2000) » Fwifi & & P2 i 22 3% e § 3
B a3 (HDL)# R & 2 A& % 7 sk Bk & AL 1 ek @ it
oo BT Ry Pl L E i @ FERRIARL o
)2 o e F enifik (7% (Constant, 1997; de Gaetano et al.,
2003) «

M Fi=(Hop) » * &%+ » & ¢ % Humulus lupulus » & - f& &
A o S FT R T B R AR Y A% s A o ¥
kA A Fehh R fofE LW A2 P g jk A 2 (Vanhoecke et al,
2005) o wrgiFEEAe Y o g FC S §O IR & AR A R B TS
Sk iE 0 BT gt fodb b A R W P R  frsvR o |
Azd o' & o A IS 0 Ao 2 T P AR O e TR 2 i

ERE A gl Bt Ui E i R IR el gk S



WEe e A d - AR & e > Fekd ek B (bitter acid; soft
resin) : a-acid (hunulones : C,H3005)% B-acid (lupulone : Cy¢H3504) %
HERBEAHL TS o AR ® )72 4 (essence oil)i & 7
(CsHg)n z_ terpene = i» 4 @ myrcene(CoHj) ~ linalool(C;oH;30) -
humulene(C;sHy4) ° ff 58 = 4 4e : luparone(C3H0) &2 f% 5 = 4 4 :
curcumol(C;5H,40,) £ luparol(CicHy60,) % % F&1t & $ #7le =8 o

MUPTE R IEY F B PR R EE o (TR A R N R H o
Bifd cht & @ 3F 5 HELF LRI invitro & invivo ¢ 2

4 id 4 LE R R R B g o P A~ 7 Humulus lupulus
SETD (T AT MR R A S Pk R Y R
EF2 0 cHFR[TOEL PRSP Py g
xanthohumol §= 8-prenylnaringenin » xanthohumol £ F & #x el »< %

(Zanoli and Zavatti, 2008)f-#w¥ it ¥ * (Yamaguchi et al., 2009) > &

8-prenylnaringenin 4 3% 5 2_% 53 ke Mg % (phytoestrogen) ©

% & & (Xanthohumol)
BT e A ¢ e T R i ek e 4 sk b ek T (bitter acid) e
i (essence oil)z b » W § - #FE A 2 W Ak (phenylflavonoids) s

L4 0 H 9 EF & eh 4 { £xanthohumol > & § ¥ F)ic S A i



1 % v B gginigti- £4 % 7 10~100% (Stevens et al.,, 1999b) e
xanthohumol % i % “4¢ # &2 % 8 pH v %k B & ¢ # % =
isoxanthohumol( £ & A f%) » Fl* & K pEfrd & A A9 F)? &1 &
R AN FAEE A £ 4 0 @ AKX e 5 B2 F ¥ (intestinal
microflora)(Possemiers et al., 2006) " 3% ‘'m#2 ¢ % (cytochrome P450
enzymes)(Guo et al, 2006) /¥ * T jsoxanthohumol ¢ £ # % =
8-prenylnaringenin o F]$* » i FFepit F iE 1 chxanthohumol ¥ 8 % =
7 Hf g % & 12 ehisoxanthohumol f- 8-prenylnaringenin(Zanoli and
Zavatti, 2008) °

Xanthohumol (3'-[3,3-dimethylallyl]-2',4',4-trihydroxy-6'-methoxy-
chalcone)(Figure.1) > ¥ iF T g ik s = &4 2 — > 1 5 38 2 CyHpO0s
A+ 8354400 E5 d iR R o TR 0 IR o 2
L E Ry ‘”K ¢l PR o s 0 ¥ L xanthohumol # 3 %%
e Ex by (initiation) e # (prolifreation) » #r | fm e a3 B fr 42 fr %
#.(Colgate et al., 2007) > % p w0 c7#7 7 ¢ > xanthohumol (2-200uM)+
v e € Blihn g B 2 (angiogenesis); i xanthohumol (20 pM) =
fs > ¥ 5 »x3r$|KS-IMM tumors(Kaposi’s sarcoma cell line)s2 &
#F oo Poav ™ § OB o7 xanthohumol &2 Fulg frdg i 5 B > 2 & P

FREIPMTFY 7 ART IITRAEL -
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FRBm T op it EF S0 T e 3 @
sulforhodamine B assay 4 17 > = few f8 7 F 0 X 5 o %2 $& ¢
A549( 7 fm#e) ~ SK-OV-3(F & %) ~ SK-MEL-2(2. ¢ % % %)4r
HCT-15(C % % M % ) o % xanthohumol -~ Isoxanthohumol -
8-prenylnaringenin -~ xanthohumol 4'-O-beta-D-glucopyranoside -
(2S)-5-methoxy-8-prenyl naringenin 7-O-beta-D-glucopyranoside 2. # -
xanthohumol F &% hiwfe 14 > & Ayl o A& G2 § Ee
Xanthohumol £ 3 #r#] DNA topoisomerase I 7% |+ » ¢t ¢t drug eftlux
genes » AT F RIFPIFLEN > F %S5 % F xanthohumol £ F Fr+
topoisomerase I Fffprc % »» ¥ H 8 Fup A ¥ “”ﬁf Frd efflux
drug transporters % j& > % |4 (Lee et al., 2007) o

Ergimie £ —% f & (% ¥ 1 & F fenlmie T P7 AR E L
152 ) #r A 2 0 lipopolysaccharide(LPS) & % i & & fn 7 e+ 4 %
interferon-gamma *7 7% it - # 7 & 57 xanthohumol ¥ 7§ 7% #r |
IL-1beta ~ TNF-alpha 2 %2 iNOS %% ¥ F]3F 142 enE v im e > P
xanthohumol ¥ &t i% 3% % 20 4L B2 A 405 W 4 (Zhao et al., 2003;
Cho etal., 2008) o d ¥ 7 &7 K F -5 B~ 5 e =~ 1L & 5
#] peroxynitrite 514z chg it 8% » X ZFF G HF 5 ik - L ERIF) B

ad g FE s e E R Bt &5 0 )Y 7 3 <0 xanthohumol
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£ 5 Fr4| peroxynitrite 31 4= e% it i¥ * (Yamaguchi et al., 2009) - & ¢t
# 7 . xanthohumol (544 & frfk & # #& c0it & 4 isoxanthohumol R 7

2 % #L§ {7 % (Stevens et al., 2003) = F]#* > xanthohumol £ iF* 7

Ik

b5 R E AT B

x /| ¥ (platelet)

¥

Rl AR AT AR ER DI ET o R A SR F

o d 75 A R AWT g b o fFaiEie o g FEfrel iy
B A2 p ij‘ﬁ? VIR AEE Y E R o o] B in vitro ehZR B ¢
wo FREBRT UEERTF S A Bk B0 bl4e et (adhesion)
?b A = % (shape change) ~ 4 ¥ &~ J& (aggregation) ™4 % 4 & 1% #
(secretion) » izt Th % 22 in Vivo TR BL T AT 4 e B ORI i
LL,J-\.IFB"Jlj%ﬁd AP HIEPES A AR IEY 2k o — A4 Tk

v

1 (- dg e e kR L B ] R R G e R

kil

AL T o o]
(receptor) s & » ipdt 3 4 353w e B+ GTP-binding proteins #& 4% =
Voo a8 BRI e i ] E F (effector) T E T g R 2

effector system > )4 : ion channels g phospholipase C-induced inositol

’ 2

phospholipids hydrolysis » # ¥ # = =t 4 enig 33 > & 32 1 IP;

(inositol-1,4,5-trisphosphate) ~ Ca’" ~ DAG ~ cAMP # ¢cGMP > %’ﬁ 2 I
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’?’E}Q—’ﬁ&lb N ]ﬁ#% /_\-’E' Lz }FJ ’Fﬁn*"

[ - R AE ot AsamU L BAEANG - RehH SRR X T B

2 BTG AR T R e

/{J—-—»

Bl B2 BRI AR T g ¢

® -] it o (haemostasis)iE 42" I F2LF £ R ehd d 5 F A B

£ A A = O L 2

Err%k on ) EH N DB ;];3 » 4 glanzmann thrombasthenia §_-

BAABRLBF AR RFLGPARREEFRE L ¢

I,

i P L T & (subendothelium) ¢ % #& ! collagen >

B g B

% = - 7 & collagen

%é)]’}g ]]?JL’ *F/VILF}@ _\1.’ ’E’;/ /L%é

Dense granules ~ o granules # *c ADP Jr

2

R RS NS EER

thromboxane A, » & x| 4% 7% 1* 4v ] > B

o i B AR AT S A i R R g

A HF AEWMINE o A1 ¥ o

7

(thrombo-embolic phenomena):r/ #] »

s fEE T R ERIL R R DR s [ R EF

(aggregation) ¥ 12 & * fin o) 5 I K IE B 0 B 4o o aspirin(acetyl
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salicylic acid) ¥ — B i * B A » :F* B g ch&E$ o Aspirin P 7 § (7 H_
Har B Js % (cerebrovascular accident) % = 3L % (myocardial infarction)
e3E 2 * ZE oo qm ATl 4k & e (T (transient ischaemic attacks) ~ & R
(angina pectoris)#? g {7 (claudication):z ¥t & M > % 73 o %% d
HoEp pR* aspirin K d o Fa ] HE 2 T o skentE KA R 2 A1
R~ Eevell B w8 F (Feh = 5 (Cavallari and

Momary, 2009) °

o] 4 g B

Lk TR o ] RS R R P ehle e o R op Y F B D
E 1% %2 (megakaryocyte) > £ 3 um- 591 um> X fi |
xR mie o e ol B RS TR 0 L G FiRd B mie p N m g )
4i(canalicular system):7:id i (channel) » # § 7 73 Pl(phosphotidyl)f-

PS(phosphotidylsereine) i+ # "= + F iT w P2 B - @] > ¥ 3

AN

phospholipase 7 % & (substrates) > B & B g B F 4 4 3 3F
glycoproteins » 4-:GP Ia/Ila ~ GP Ib ~ GP IIb/Illa ¥2 GPIV » I ¥ %} 'w
P R LR R A P A OX o P B - e E e )
¥ e A5k St(contractile system)eh S 2@ & o Blde GP Ib ¢ e

actin-binding protein if £ (Fox, 1985); @ GP IIb/Illa '] ¥ actin filaments
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i # (Painter et al., 1985) -

w o dme B 22D R d oactin a0 X F >R8] 7 e 15~20
%o Actin filaments 2 & §_d tropomysin-~a-actin £ actin-binding protein
oA e Fom ) FF T > myosin € fr actin % & 3k ik granule

centralization #7 % % # (Fox and Phillips, 1982) - ¥ ¢ » 5 -] 4 ¥ 3

—

- i fmPz 5 28 > d short actin filament ¥ actin-binding protein e = »
AR e i 9 GPla/lla 22 GPIb > i & # i FAE T wmPe WL 2 2
e MoenA ik o ip b 2 ok o defe T 2 Ry Bd tubulin dm a2
microtubular coil > * & fgF A X {2 o -] = Fl 4 & (Maxwell et al.,
2006) °

Dense tubular system fr# @ fd3g m¥e p 0T 3 p 4 (smooth
endoplasmic reticulum)4p ¢ > * Kk gEF4T 43 12 2 & & prostaglandin
AR B enf¥Z > U P e ¥ $317 open canalicular system channel ¥ 7
= membrane complex o

ol fE e BN G 3F 5 e o @ 45 148 (mitochondriae) ~ FE
F 3 # (glycogen particles) ~ 3 % %8 (lysosomes) ¥7 iF ¥ (“ 48
(peroxisomes) ° o granules f- dense granules f 7 7 = F84 v B >
&) 4 © platelet factor 4 ~ B-thromboglobulin ~ platelet derived growth

factor ~ fibrinogen ~ fibronectin ~ thrombospondin ~ plasminogen activator -
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—~

inhibitor-1 ¥2 vWF - Dense granules F'| § Z serotonin ~ ADP (adenosine
diphosphate) &2 4F &t 3+ - o granules P & 7 & ¥ (x> £ hILh
op-antiplasmin(Plow and Collen, 1981) °

P EELE SR ADRER O REAF A EL YW
Dz A e 7y fe B g ¢ T Y 4% microtubules ¥2 microfilaments k|
Ay 2 Bk SR B e ¢ e B s Benp F e g )
koo B4R endEAZ Y o granule membrane § i 4% | canalicular systen
e T R ¥ ¥ {e internal granular membrane proteins ’ & 4r : P-selectin
- ATgE O RN o (F jar B 5142 dense granules secretion » £ o
granules secretion % /B % 3| 8 k& AR Tl ¢ Frx i p TS
m ¥ 5 5 & F| thrombin & 8 JE & collagen ™ o4 ¢ 3l4=
lysosomal granules secretion o pt ¢k > x| 5 % F| 38 IR S0H] {1 FopE S

¢ A 2 I 2z TxA,(thromboxane A,)£2 PAF (platelet activation factor)

it %5 — #& positive feedback 48 #1] o

o} 4R i 1 i

Platelet receptor

o ET 7%%3 d 4 32 4 (thrombin ~ TxA, ~ collagen ~ ADP ~ PAF -~

serotonin % epinephrine %)% %32 }4 (calcium ~ ionophores % cyclic

16



endoperoxide analogues ¥ )sif|jgrm i (b o sk R*TH| T F B | HF
e R & - B WL IE > g RTR X Al
quanine-nucleotide binding regulatory protein & G protein £ # < 3 %
oo ipit v d = B PR A e H 48R 937K (single polypeptide) #T B A  m
’z ¢} i% 4 activator-binding domain 7 N-terminal domain ; = B &1 K&
e transmembrane domains ; fw P N @ A 4 - X L pEE
C-terminal domain o &R »c#| 31 42 4= Hp K R ¥ %“g d arachidonic acid
A RS e TxAyfr ADP erf 2 e % R jldechz =t F G e i o | it

B o

VWF receptor

VWE d Erin% & & 3% i o] 7 cho granule s sk $E 2 AL 5K
TR ¢ o3 envWE &+ £ 5 260kDa i P ¢ ka4 5 £ 500-10,000
75 B A (multimers) o B~ 7 f B ¥ 3 ap LTk > 2 Bl
] ¥ 5% & (aggregation) &2 X ¥t & J& (adhesion) (Meyer and Girma,
1993) o % & -] fF I P L T & F ctype VIcollagen ¥ > VWF ¢ &

2t afgfos P EF GP Ib g E - Ain vitro
B 7 o *F 4eristocetin 2 botrocetin ¥ 5142 vWF méf#r{%‘ 2 invivo

TR ¢ 0 F R T 4 (shear forces)® VWF pipec g7 e o

17



VvWF {r thrombin & GP Ib F éh% & =¥ - fta chain 7 N-terminal

¥ hlwre F N 2B chain ek 357 3 2 gips i o vVWF v GP Ib % 2
®% 13> ¢ &4 — I GPIIb/Illa & i #7 § & &3t 4, % GPIIb/IIa %
it ts ¢ wiE g k&2 vWF C-terminal + <7RGD (arginine-glycine-aspartic
acid) 715 & >3 F o o 3 T G AR s F R JE SR TR D

%iy}ﬁ%% ’Iffqu\'/;ig:;f,@"

Thrombin Receptor

Thrombin &_% 3 eng -] 45 cf || » U 7 123 = 0 o] 45 35k 5%
% (shape change) ~ 52 & ¥ J& ~ "2 2 dense granules ~ o granules £
lysosomal granules secretion o # i x -] 5 fm?e + %5 1,700-1,800
thrombin < %% > 2 & d N-terminal -~ transmembrane ¥ C-terminal
domains T#%V o Thrombin #-% %8 N-terminal } arginine 41 ¥? serine 42
2. B eni= ¥ 27 %7 > A58 — B 370 tethered ligand > %”ﬁ #L 75 it thrombin
< W (Vuetal, 1991) - < 3| thrombin 7% i* {$ » thrombin < %8 ¢ 3 2 2
AR it (desensitization) # it (internalization) » ¥ ¥ d endosomes
#-H 3% 3 lysosomes AL ' fF o 4 AT it g 4 4 & § 15 :F protein
kinase C ~ B-adrenergic receptor &% €_cAMP-dependent protein kinase #-

serine fr threonine ##f& i* (Brass et al., 1993) o % thrombin = $8/% 1t {2

18



¢ i3 = G protein couple receptor g4 f& it 2 % phospholipase C &7/%
it o Thrombin $+*> GPIb 3 %% e8fr4 » “f 7 AviEom o] RS el

LG H & # i (Yamamoto et al., 1991) »

Collagen Receptor

% -] X 3| collagen fjcfs € % 2 Ajkx% % dense granules
release ° Collagen e & %2 ﬁ:{\?} Z EEBEPRA A — B helix H 88 i
LHPERESFR a0 - St pFEE A RER g
‘| 4 B4t e collagen F o eni® * ¥ %ﬁ“ d magnesium ~ vVWF g fibronectin
KAvdg o F g XGRS idﬂ}ﬁ#ﬁ?%ﬁ“é FHPFSAL AL ST
oo HoP gd R gL i*u{ collagen ¥2 VWF > x -] ¥ 57 GP Ia/lla
GP IV 4= GP VI *‘,'5'3 &_collagen X %8 » ] collagen # /2 T % A w ]
Fie I F i osrgtn fFEFE w2 A
2 5 GP olIbBIII » # 5k w -] 5 7958 & (Kralisz and Stasiak, 2007) - # ¢
collagen % % :7/5 it 4 phospholipase C 737% it £ fm P2 | 4T 3 + ek 4o

A ARM o -

ADP Receptor

ol ? T ADP X1 & 5 A B D P2Y, 22 P2Y 5 (P2Tac) » P2Y,

19



2

>t Gqg-couple receptor > U it 7% it phospholipase C » i = ‘w2 jh 4F 3t
+ kB H# 4 5 P2Y ), >t Gi-coupled receptor » ¥ it #3 44| adenylate
cyclase » *% Mm% pN cAMP 77 & o & B[54 2 % ADP % %EJF"W’ 71

A PR R R eE oo L E RIS PR EF BRI R R

P2Y, & P2Y,, £ #(Jin et al., 2002) -

TxA, and Cyclic Endoperoxide Receptor

w o) A X PR e 1 B 1] > G]4e  thrombin fr collagen » &
B A R F R4z > € 5 14 phospholipase A, > ¥ F { § #-
arachidonic acid p ‘w2 F } coghig B A f2 i koL 8- H ek & = G
prostaglandin endoperoxides : PGG, ¥ PGH, » s £ #& % 5 #5 4
TxA; e PGG, enL £ H 57 2485 @ TxA, 5 - ~ 4> q}g-ﬂﬁ
%52 EEMES TxB, - TXA, ¢ %‘ﬁf d & it b G protein couple

receptor 7% i phospholipase C » 3% 7142 /| 4% A/ k 22 % ~ granule

T 2 5% B F g (Hirata et al., 1991) o

Aiﬁrﬂ/p lL’ff'_ ")]L o Eﬂ)ﬁ 4

Guanine Nucleotide Binding Requlatory Proteins and Effectors

PR EE - E S P S TIE RN TSy T
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& $-v (guanine nucleotide regulatory proteins) st G proteins i £ 3| 2 24
I =4 Hpg ko ip i f% % ¢ 32 adenylate cyclase (AC)~phospholipase
C (PLC) ~ phospholipase A, (PLA,) » G proteins i ¥ & = B =t H ~ %
= ‘o subunit> & - B 5 EAPIHROEE ZE o § § X M (receptor)
21 6 B (effector)2 A r34p 3 €% | B subunit ey subunit 25 = - & % 5
= R 48 (heterodimer) > 3 & ¥ % e4 G proteins FH T_fimfe i b > 3
{# o PLA, ehi& 14 12 2 AC ehgrd < % 3| B-y subunit <933 £2- 5 B G
protein 382 5 4 £ {2 c00 subunit » @ By subunit R < F 4p iz o B oA e
w3 22 fEGoa e fAGRE -Gy TARFERAZEE DG
proteins (Brass et al., 1993) - § GTP » 3+ % & 3] G proteins ¥ > B-y
subunit ¢ fro subunit 4 3t > @ # - =3 & A 4 f% % #a-GTP subunit
71 & Fa-GTP subunit p 2 e GTPase F1 ¢ ¥ 15 BAps %
* o §& % % a-GTP subunit ¥ ¥ £ =X ¥2 B-y subunit if % & — 42(Spiegel,
1987)
AC 7 4 ATP # % = cAMP > v ¥ %’% d adenosine ~ PGL, ~ PGD,
& PGE, i Gs @ AL 7& it > 3 4 cAMP =k & 5 B-y subunit 7 3 &
%35 % d op-adrenergic 3R »oA| AT R Fr4] AC ni® * (Spiegel, 1987) -
Gsfr Gi» ¥ U & g3 3 3g s Gs ¥ 1L e Na' channels ¥ 11

i dihydropyridine-sensitive Ca>" channels ; Gi ¥ 12 #r4] Na" channels
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¢ {1 5% K channels (Manning and Brass, 1991) -

PLCB+ % | Gq | > # PIP, [phosphotidylinositol (4,5)
bisphosphate]# j# = IP; 2 DAG ° @ cAMP {r cGMP 38+ %“g d #2286
proteins @ #r#4] PLCRHE 4 o

¥ i p 4TS X P|d PLC A 4 e IP; {lgem Jk & 3 4o pF o 24
® # % 7| G proteins B-y subunit $jf > € F i & ¥ H-fmre 5527 dense

tubular system p e AA f2cdi k> @ AA § L AR E = TxA, o

Second Messangers Involved in Platelet Activation and

Inhibition
(1) IP; £ Ca*

TxA,; fr thrombin X 8 %5 d G proteins & 4% 3| PLCB > £ #- PIP,
KfE= IP; & DAG> o8 & g ? PLCyl ¥ E 4&4% tyrosine
kinase-linked receptor > &4 : platelet growth factor receptor /= it » %
7 % d G proteins =ni% * (Berridge, 1993) » PLCyl » % # 315 43w
g T ¢ (Banno et al., 1992) o IP; ¥ &% f B 48 b i = p 4T AT 7S
B B ch 4T a5 ey ~ (Irvine, 1990) © - % dense tubular system _F =7

IP; % % & C-terminal 3% & & 5 & 4| ¢ membrane-spanning

domains » ¥ B-XMHT AN T ¥ Ar BIHAWMBEEA - B



[P;-sensitive Ca®" channel ; # N-terminal P PRRL e BT oA L 2 [P
i & eniz ¥ (Mignery and Sudhof, 1990) o = & x -] 45 ¢F 35+ 4T 33+
ME 7T R IP3E [Py - 42 & o

s b v F R PLAE M e TXA A 4 > @ 4L T chfs &
(Siffert and Akkerman, 1987)% PLA, 7% it (Sweatt et al., 1985) » i
BAATHET e E R e N pH @A 4o A a1 4 o ADP #5315 chih
PEES i~ > AR Fd H X RS S i k= 2 (Sageetal,

1989) -

(2) DAG (diacylglycerol)
DAG ¢ i&i¢ PKC (protein kinase C)d 'wm?z & # & 3| w7z 5 1 &
2 & PKC = ] ) 8_80 kDa » T st 1 phosphotidylserine £ 47 3
F AR T B ATP | a4 ) X %8 -9+ serine & threonine
e11> ¥ (Nishizuka, 1984) - DAG ¥ 514238 f ¥ & ¥ serotonin 3 > 2
Fa AN sl As s [ AR A4 e - PKC A & £ A 3 £ X 47,000 Da
chj-v B0 fL i p47 2 pleckstrin (Sano et al., 1983) > B WL i U fra
| g e e 18 * 5 B (Haslam and Lynham, 1977) - ¥ — 4% PKC #ifiz
RNk %‘UT‘ 4 4 3 % 20 kDa 7 myosin light chain> iz 7 2 & & § 4T

3 + ¥ calmodulin-regulated myosin light chain kinase ¢ X &
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(Hathaway and Adelstein, 1979)°PKC /& it £2 4T 4 + a3 4o & Jf o P

FAAnE R B FEFELFE KoM PKC aE vt 7 e

—IH

epinephrine #73r | AC % 14 (Katada et al., 1985) o pt ¢t PKC #43t o
RS EF - Ergliar g 0 FlptiE 2 - 2 b w4k Yi(negative

feedback system) -

(3) Prostaglandins £ TxA,

PLA, ¢ 1 phosphotidylcholine f- phosphotidylethanolamine ¥ & <
B~ fi2 8 AA (McKean et al., 1981) o IP5 751 42 chim 5o N 47 425 3 4c
252 G proteins ® 4 (% ¢ Ca’-independent i i 7 75 it
PLA, - AA ¥ #t cyclooxygenase #& % = 7 #£ @_¢71 prostaglandin » PGG,
BEPGH, » v ¥ v alden - F s F R - 3% i# & thromboxane
synthase & = TxA,oPGH,fr TxA, .= K& & F B A 1T% ¥ 207
AV ERNET XD Fo R RPBES- s

PGH, ¥ 11 4 % =~ v |t en PGD, ~ #rd 2 gids & ix 5 i fen
PGF,, & #_PGI, (Armstrong et al., 1985) < PGE, » € & x § I ihiwie
2% 1} % (Gimbrone and Alexander, 1975; Dumonde et al., 1977) » & &_#
— BRI R TR R PR 2 0 Blde AR 2 s 12 (Schafer et al,

1984) -
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(4) CAMP

¥ 4r CAMP ek B ¥ PR F AT AR S enf3 #e T ¥ -2 FR a4 dense
tubular system p > I F F UG EF K o M0t 0 H Ao cAMP 4 ¥
BB PLC #r 4] PIP, -k f24) = IP;ecAMP-dependent kinase ¥ #-PLC
BEfL T 0 @ 23 F X Pl o] R Rooe# ent jg(Lapetina, 1990) ¢ AC +
A Gs Tl > Ak Gl #7drd] o % X cCAMP ek B ¥ 7 B B Hig
o] AR F o cAMP ¢ 4% PDE(phosphodiesterase) » f# 7 7 &

w1 AMP o

(5) cGMP
cGMP Frip| s | 45 14 eI % AR 5 — v AL adrd] o p & dw
¢ 7 F A - B EFRA A 2 o NO(nitric oxide)™ 1% cGMP

A2 -cGMP + ¢ 4% PDE(phosphodiesterase) 4 f& 5 # & /&£ GMP -

gl EP EE L EE
o] 4+ F 3F § agonists£? antagonists i 4F 3RS K kA 13
fa 34 & 3-v (guanine nucleotide regulatory proteins) ¢ G proteinsif & 3|

A2 IMAL R L FERFLREF B EHZPLC - PKCE
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MAPKs % 2t 4, @ vE 5 =

Phospholipase C (PLC)/PKC

PLCX $|Gqf] > #-tm¥e % b ePIP2#E % = DAG{-IP3- DAG ¢
Z_@ PKCH smfe F# & | mie W b T %5 1 2. - DAGT 5142t & F e
serotonins 3 o @ B A iE 2 a o] R AR e o PKCA & %
BA A+ £47,000 Dasid-v 0§ & p47 2 pleckstrin(Sano et al.,
1983) » 3% 5 fom -] 04 & 8% 3 B (Haslam and Lynham, 1977) -
PKCE it frim®e p 4T 43 ey de i 4 £ 5 250 R crfp B> &
B AR F o Py R A KA R ATAET s B
Fe b 4F 4 3 e » (Irvine, 1990) o ¥ #F > 8¢ PIP2#& % = IP3s5cAMP
Foié 2t o) 4F E T e 4 A Fr 4] & cGMP(Haslam et al., 1978)38 ¥ %%f

d 822G proteins @ $#rF|PLCHE |4 o

Mitogen-activated protein kinases (MAPKS)

Mitogen-activated protein kinases (MAPKSs) & w7 % ¢F & 5k
BiEr e B LA AP L B of R ikE & ik
¢ om | 4 p (FMAPKs ¢ 4£p38 MAPK ~ ERK ~JNK = fé& (Papkoff et al.,
1994; Nadal et al., 1997; Bugaud et al., 1999) -

(1) p38 MAPK
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TAEANPry~Or AR 0 &+ £ 543 kDa p38 MAPK

I

g 7l
B SR B o & BN s s B4 frcytokines 0 A F g S
% L F & frapoptosis(New and Han, 1998)° . 4 # x| = ¢ p38 MAPK
rLosg A % fe(Kramer et al, 1995) o & /] 4% ¥ p38 MAPK ¢ 7]
thrombin ~ collagen ~ U46619 ~ LDL 4= VWF o | jx @ & 2
(Borsch-Haubold et al., 1995; Kramer et al., 1995; Saklatvala et al.,1996;
Hackeng et al., 1999) o p % % Ip38 MAPK & x -] = A 4 & e 5t H_
#-cPLA, + erSer’” i+ B #ifs it (Borsch-Haubold et al.,1997)  #X {4 i& »
cPLA,-AA-TxA, pathway o & * p38 MAPK 4| #/SB203580+F 14

#]collagen3 ! 4= cix -] 7 5% & (Saklatvala et al., 1996) - i % collagen ¢

% #Ep38 MAPK s [ 7& it m o 47 o

(2) ERK

v ¥ & 5 ERK]1 fvERK2 » &~ + & » %] 544942 kDa - # 1 & 1
¥ §c Az il 24 (proliferation)fr 4 it (differentiation) (Wilkinson and
Millar, 2000) - # 4 #f s -] = » ERKI{rERK2#2 ¢ J130 > H ¢ ERK2#%
= B % (Bugaud et al, 1999) - ERKs ¢ F]collagen - {) e @ & 2
(Borsch-Haubold et al., 1995)% ® ¥ 2 #F o -] 4 457 3L+ i »

(Rosado and Sage, 2001) - ¥ *} » ERKs~ ¢ 7] & thrombin  vasopressin
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collagen ~ pokeweedmitogen agglutinin (PMA) ~ TxA2 12 % vWF {1 i
m A& 2 (Papkoff et al, 1994; Borsch-Haubold et al., 1995;

Borsch-Haubold et al., 1997) -

(3) INK
4 INK14cINK2 8453 » A+ £ A 6] 246454 kDa » @ INK*
# & stress-activated protein kinases » ¢ F] 5 B 4 ~ tgit 12 % grownth
factors & %)% @ & i (Kyriakis et al., 1994) o & - 4 m?2 ¢ INKeni &
4 it Z_¥-DNA-binding domain c-Jun #ifis it > i& @ ¥tapoptosis g = §
Z(Tournier et al., 2000) > # * | dm¥e @ JNKI € X lcollagen:h

A4 o iEa #8803 = (Kauskot et al., 2007) - ¥ #F » INK1

54

4 (Borsch-Haubold

» € 5 Flthrombin ~ vasopressinfevWF {1 g @

1 e
£

et al., 1995)

Phosphoinositide 3'-kinase (P13K)/Akt

Phosphoinositide 3'-kinase(PI3K)/Akt 3t % B /#4577 3F % fm e
FoAe 0 Bde D o ¥ = (apoptosis) e sn ¥z B 4 (proliferation)(Jiang and
Liu, 2008) ° # k5. (heat shock)f= g d Z(reactive oxygen species) % /&

+ ey § % i PI3K/Akt cascade(Barthel et al., 2007) © Akt family
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F =8 deend] ;¢ Aktl ~ Akt2 ~ fe Akt3 (Lawlor and Alessi, 2001) °
H ¢ Aktl ~ Akt2 F_ IR A A FFfek R ] 45 ¢ (Kroner et al.,
2000) > ¢ HEGP Ib-IX A & e (] i L F > 5d F 5T UEP
GP Ib-IX #Eit e 4 ¢ w T A frimie £ 6 2 & F-9 (integrin) > £ F
i 1« PIBK/Akt 30 & B /5 (Yin et al., 2008) = 7 #7 % 4p 1 Aktl {o Akt2
% G protein-coupled receptors f= collagen receptors 34 7% ix. -] 1% & f

FRE¥ T F XL & i F (Woulfe et al., 2004) o

1-2 75 6
W FF Y pREP S F 7§ oxanthohumol £ dnF i enfE
* (Yamaguchi etal., 2009) » B # F 3% % $LF it 2 6 T § 4 N
fit (flavonoids)erdmg i G4 > £ " MR R g 9 § 1 fodrdla o]
# 58 & ha 4 (Kwasniewska et al., 2000; Pignatelli et al., 2000;
Freedman et al., 2001; Han, 2005; Leifert and Abeywardena, 2008) o iz %3
++ xanthohumol F#r4| 5 /| 45 38 & crpe S8 & AP s Flpt 29 5% 18
- #H 4£ 31 xanthohumol #r#|w /| 45 7 M eni® {oif i > 11k &1

BRE T 2 ik o

29



1-37 % §#H

AT A& GEAET invitrosnZk 8t T o xanthohumoldr 4] v /| 4 7%

fLigfed sriEmend § 1z H 2}

g gk o F LB B e
xanthohumol #_% ¢ #r+#]collagen ~ thrombin ~ U46619frarachidonic acid
ArE it dn ) FREARE 0 B E R A #F 3t xanthohumol A x -] 7 7%

LA P Himre po L B0 > 7 fExanthohumolfrs: -] 45 2 F

T G -
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R SR

Iy
b}

2-1F 2% 4 +L(Materials)
[ % AR

xanthohumol 4 p Sigma Chem. Co. USA = &

T k& &

g

1. m™ &2t Sigma Chem. Co. USA = &
Acrylamide

Ammonium formate

Bovine serum albumin (BSA)

Bromophenol blue

Collagen (Type I, bovine achilles tendon)
Commassie brilliant blue

Dimethyl sulfoxide (DMSO)
Diphenylhexatriene (DPH)

Ethylenediamine tetraacetic acid (EDTA, disodium salt)
Glucose

Heparin
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Luciferin-luciferase

Phorbol-12, 13-dibutyrate (PDBu)
SQ22536

Sodium citrate

Sodium formate

Sodium pyruvate

Thrombin

Tris-HCI

U46619 (9, 11-dideoxy-9 a, 11 a -methanoepoxy PGF2 )

2. 1T #E % Amersham, UK 2. & &

Protein molecular weight markers (Prestain markers)

3. T 2% Biorad 2 £ 2 A &

Ammonium persulfate (APS) Protein assay dye reagent concentrate

4. r1 ™ % 5. % Amerdamlife Science 2 7 2. & 5
Glycerin

Sodium dodecylsulfate (SDS)
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Tris (hydroxymethyl)-aminomethane (Tris-base)

Triton X-100

5. 1 Z x. % Pharmacia Biotech. 2 # 2. & %
Glyerol
Polyoxyethylenesorbitan monolaurate (Tween 20)

N,N,N,N,-Tetramethylethylethylenediamine (TEMED)

6. M TEL L B AWakoo P 2 A &
Acetic acid

Calcium chloride, Dihydrate

Ethanol

Methanol

Sodium Hydrogen Carbonate

Sodium Hydroxide

7. 1T Z 2% MDBio Inc. 2 @ 2. & &

40% Acrylamide / Bis solution
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. o v AN
8 MT &L LHL NP2 & 5.

99.5% Alcohol, absolute (1 #= [2)

Foig

Anti-mouse Ig horseradish perioxidase linked whole antibody
(Amersham, UK)

Anti-rabbit IgG horseradish perioxidase linked whole antibody
(Amersham, UK)

Phospho-p38 MAP kinase(Thr180/Tyr182) antibody(Cell signaling
technology)

p38 MAP Kinase mouse monoclonal antibody(Cell signaling technology)

Phospho-p44/42 MAP kinase (T202/Y204) E10 monoclonal antibody
(Cell signaling technology)

P44/42 MAP kinase monoclonal antibody (Cell signaling technology)

Phospho-(Ser) PKC substrate antibody (Cell signaling technology)

Phospho-SAPK/INK(Thr183/Tyr185) (G9) mouse monoclonal antibody
(Cell signaling technology)

SAPK/INK antibody(Cell signaling technology)

Phospho-PLCy2 (Tyr759) rabbit polyclonal antibody (Cell signaling
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technology)
PLCy2 (Tyr759) rabbit polyclonal antibody (Cell signaling technology)
Phospho-Akt(Ser473) antibody(Cell signaling technology)
Tubulin alpha Ab-2 (DMIA) monoclonal antibody (Sigma, USA)
ECL Anti-mouse IgG peroxidase-linked species-specific whole antibody

(from sheep) (Amersham, UK)

£ w2 (Kit)
Enhanced chemiluminescence (ECL) Western blotting detection

Reagent

1

Blotting paper (Amersham, UK)

Cassette (Okamoto, Japan)

Developer and replenisher (Kodak, USA)

Fixer and replenisher (Kodak, USA)
Polyvinylidene fluoride microporous membrane
(PVDF ; Hybond-P, Amersham, UK )

Scientific Imaging film (Kodak, USA)
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2-2 § % * i (Methods)
1. X $gw - & R %% (platelet suspensions, PS) e &

3 & §_ &4z Mustard & £ {r Kornecki % 4 77 ;2 (Mustard et al.,
1972; Kornecki et al., 1981) o #-Fust o | citric acid / sodium citrate /

cB
A

bl

glucose(A.CD)& & S F 2 28 1 119 (viv)ant bR & > B
T2 1000 g Hree 10 A4 B-F K F F ] ﬁf\f’%c » heparin
(6.4TU/ml) ~ EDTAQmM);R & {6 » > 37TCTRIFS b Li2-H
2700 g B 8 A 4w o %—i ke fo: » TR W 5w | F RE R (platelet
pellet): * 5 ml 7 tyrode /% ;% [NaCl (11.9 mM)~KCI (2.7 mM)~MgCl,
(2.1 mM) ~ NaH,PO, (0.4 mM) ~ NaHCO; (11.9 mM) ~ glucose (11.1
mM) ~ BSA (3.5 mg/ml) > pH 7.28]#-x | fF3fd 474> #3934 F &
tyrode i3 ;% ® > ¢ » heparin (6.4 IU/ml) ~ EDTA (2 mM) » ** 37°C * &
H 8 g B 122100 g HEes 8 A4 “ff«i g o £ % tyrode i3 iR
Y [ EIEAATEC 0 4o~ EDTA Q2 mM) > % 37°C T 855 10 A 480 1
Foo1300 g e S A4 R B o Bfs* tyrode 3R L A
R %% 0 £ 12 coulter counter (COULTER AT #c > ¢ o -] 45 5&
ERER L EFA S 35510 Ba o F o & F IR

T ERAKES ImM o
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2. m ol FERE S ATP B3k i eip| 2

13 O’Brien ¥ * 4= Born ¥ 4 (O'Brien J, 1962; Born and Cross,
1963)2_:8 4 Pl 5% » ™ Lumi-aggregometer (Payton, Canda)ip|2z. - #-
WH X S ] R iER 400 pl ¥~ 5 silicone ¢ % | g3 F
v X Bt faE A48 1000 3 ehid o A S o] FRER Y A~
xanthohumol(1.5 =3 uM)iRi% 3 2 488 £ 4 » & fan -] 55 14 A T B
RHFE N EARR A5 00 PRP & PS ek sk B % 0%
g o[ 4E 0 14 PPP & Tyrode i3 i s sk B iRl 100 Y%ea o)

Bl o R T AN
#F k(%) =

(beft B A5 anx b B — S @B A 1S SRk B) x 100 %

be ik B A ek sk B —Tyrode’s solution (g8 PPP)eiex sk A&

Xanthohumol #r 4] & -] % R B A2 B & 7 &

N
F_M

VREDN
xanthohumol {4 148 & 42 & fv & 4r » xanthohumol (¥FP& ) & 42
REAREE A e

ATP 8% & Jis eip] 70 P 4945 DeLuca & 4 #13 j* (DeLuca and
McElroy, 1974) - 12 10 pl 7 luciferase/luciferin /& & 4= f= ATP & (¢

A S ks Rk R ihs o HARR AR EA T o
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3. 8 o E P AT BRES E R P T
% B Grynkiewicz % 4 ¢ ;2 (Grynkiewicz et al.,, 1985) » 12

ACD.Z P B i A 11 109 (VWV)Z W bliRE > L3R T 2%

i~

121000 g &g 10 4 45 > #r¥ + K iR > e » heparin (6.4 IU/ml) ~ EDTA
QmM)R 2t 3 37CTRiE S A4 £ 12700 gdte 8 A4
{8 “,/Tf—i Gt o BT R i | 4R 12 Tyrode % % R iF-2 0 & 4e » Fura
2-AM (5 uM) ~ heparin (6.4 IU/ml) ~ EDTA (2 mM) » *>* 37°C ™ % &8
it 60 ~ 481 > fEREAE LR IFIR O WG RITR

& Fura 2-AM EUZiE 2 s - R iFi% 0 fde » BB R (S 24T
7% dr g 4 gy ko gk 4 kiR (CAF-110 Intracellular Ion Analyzer,
JASCO, Japan)zz 4k 2 excitation wavelength(339 4= 380 nm) % emission
wavelength(505 nm) > #%{¢ 41 * Grynkiewictz % % (1985)% Sato & 4
(1988)2. = ;# (Grynkiewicz et al., 1985; Sato et al., 1988): 3+ & ‘w? p 4T
B ER o

[Caz+]cyt = Kd x's x (F339/ F380— F339 min/ F380 min)

(F339 max/F380 max_F339 / FSSO)
= Kd x s x (R—Ruin) / Rnax—R)
Kd =224 nM> % Fura 2 z 23t ¥ #(Kd) F330 & excitation 339 nm

B> fmre o 5 1 mM Ca® P #7ip| 2. (8 Fag & excitation 380 nm p¥ >
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wiz v 5 A 1l mM Ca® P eripl2. dos 5 — % o T2 excitation 380 nm

'f'ﬁ ?J’/

"3>S-

v A 7 fura-2 PFenie/ 7 4T 3RS 3 % ¢ 4e » Triton X-100 2
ff'; v — Ap ] j\ i %\ » R 7‘:::- F339/F380 Z_bt E’; ’ Rmax 7‘% bifA ’J"EI;«” Triton
X-100 7% f& e » “7iplenF kB > RIS L 4 » 10 mM EDTA #7ip| 17 2_ F

% & %5 Ry (Cobbold et al., 1987) -

4. FITC £ £ 7| triflavin 73 ;2

o

% Sheu % A 77 ;% (Sheu et al., 1992b)> #-triflavin (3.25 mg/ml)
% f% % 0.2 ml £ sodium bicarbonate (0.1 M)*® ; ¥ #t » ¥ FITC (1 mg)
% 7 DMSO (0.1 ml)® 2~ 20 ul s FITC ;3 /% v » X triflavin ;3 7% p >
AEERTERLEE DR A 8 4o r 20 pl I e e
hydroxylamin (1.5 M; pH 8.0-8.5) i & /& 30 4 4&; & {& #- FITC-triflavin

Sk RSB E L 1 mg/ml -

5. FITC-triflavin £ & -] 4= + glycoprotein llb/Illa complex

%

% & iRl
#-FLFt A sodium citrate & it B EREE 2 2 4 119 (v/v) et

BT 221000 g Hres 10 448 0 B~ K F 7o R

b

B 8 {:‘, » BF

i (PRP) » B~ 0.9 ml & PRP & » 383 ¢ » & 84 » 3 F ik &
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xanthohumol (1.5 §= 3uM) ¢ EDTA (5§ mM) » £ 2 normal saline #-# 15
R ik BE Tml 237 C T Rip 34 4518 #F % 4 FITC-triflavin
(3.25 pug/ml)»* J& 2 » 4afs 12 flow cytometer (Beckman coulter, Epics

XL)plz_» 2 & x4 & 10,000 B o -] 45 4 47 ©

6. F-v FAEEL i (protein phosphorylation) g 2_

%P Sheu % 4 (2000)£7> ;= (Sheu et al., 2000) > #- 4w ¥ F% F]|
ACD. 2 9:1(vv)iRE > wEET > =12 1000 g 3= 10 4 48 0 P~
tRB Tl fffz(PRP) » 4r » heparin (6.4 TU/ml) ~ EDTA (2 mM)
e WITCT RS 45 18- H% 2700 gdps 8 24> 'f
2 Rk J]‘i T R 5w o] R Rk (platelet pellet) > 3= tyrode % /% [NaCl
(11.9 mM) ~ KCI (2.7 mM) ~ MgCl, (2.1 mM) ~ NaH,PO,4 (0.4 mM) ~
NaHCO; (11.9 mM) ~ glucose (11.1 mM) ~ BSA (3.5 mg/ml) » pH 7.28]
Br IR #3593 4 ftyrode 3R P oo B | ERIER A
3T CTRFPERZF &K m T4 xanthohumol(1.5 fr 3 uM) &
& > @ {& 4~ PDBu (150 nM) gt collagen (1 pug/ml)g 5 2 ~ B pF R i&
F KD Lo

Bt iR ERJP 1S 2w o) R dm e B3Rk 0 1L ¢F 4o protease inhibitor (10

ul/ml aprotinin ~ 10 pl/ml leupeptin ~ I mM PMSF ~ 1 M NaF 2 0.5 M
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Na;VO,)%2 2 mM dithiothreitol (DTT)Z. lysis bufter (50 mM HEPES ~ 5
mM EDTA > 50 mM NaCl % 1 % Triton X-100)#-4m%z ;3 £k > # & /K
40 &~ 48 > "gie 2 4 CHE:E 7000 rp.m. o 5 248 0 Bt ,ﬁ’-;‘x”é*iﬁ?
v o F-v BT E FF 0 L 2mg/ml 2 albumin bovine (BSA) 111 5
A 5122 0.2 N NaOH 2~ R & » # 8 10 » 4515 o p* pF BSA ik
B Img/ml> f 0212 =k Bl = kR 5 0.7mg/ml- 0.5 mg/ml
0.2 mg/ml ~ 0.1 mg/ml » 4% standard o ¥ P~F-d FHk 5 5 pl & - =
kdSul e i@ E > 10 R fE BIE 2 02N NaOH R 3 - # 8
10 & 45t > i =% 5 > #icde » Dye reagent concentrate (Bio-Rad) >
ARLE S AFEE 10 A4 3 1 ml & cuvette ¥ » * UV/VIS
Spectrophotometer V530 12 595 nm 2_j& & & 18 P4k &H-vx 3k i@ o #7{F 2.
Pk B AR B SN SRR o BRI k& A -80T

Tl ,;}; * oo

7. 30 FAkpc it @ & % BLiE (Western Blot)

W-F B SE P2 ¢ R B ehmre p Jd B U5 el AR v
&]4e » 6X sample loading dye (350 mM Tris-base ~ 30 % glycerol ~ 350
mM SDS ~ 175 uM bromophenol blue ~ 600 mM DTT > pH 6.8) % 4 ;& 3

6 > 100°C4c # 104 48 > # F—9 Hdenaturefs » -3 E kP 3 254
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oA wIREART BRI BBt 24 CT £ 10,000 rp.m.
oSssmich * o £ 1210 % polyacrylamide gel>*running buffer (25
mM Tris-base ~ 192 mM glycine ~ 0.1 % SDS, pH 8.3)F » & {7 & 47
150-200 pgz F=v B > 1180 V/ 30 mA& 7 T A & Y3 ~ 4/ PF o Kg 12

#5935 % At transfer buffer (1 M Tris-base ~ 20 % methanol ~ 150 mM
glycine, pH 8.3)® » m20 Vit (7 R A F304 48 > 5 2 Fv
##& # 1 polyvinylidene fluoride microporous membrane (PVDF ;

Hybond-P) % & - % & #-#& /F "% ¥ >+ blocking buffer (5 % non-fat
milk ~ 10 mM Tris-base ~ 100 mM NaCl ~ 0.1 % Tween 20, pH 7.5)¢ -

1) pFis » X TBST (10 mM Tris-base ~ 100 mM NaCl -~ 0.1 % Tween
20, pH 7.5)F i iF 5= = » & X 104 &> 2 18 4 » — B Fifl (primary
antibody) » 4-VASP ~ a-tubulin ~ PKC(Taisuke O et al., 2003) ~ p38 ~ ERK
FonEzRIEREF 2 e L TBSTHREF = = » & %10
A g8 0 2. {8 L 4v » &35 3 horseradish perosidase(HRP) :7 = % ¥
(secondary antibody) > 3~ BT F Rl pF o £ MTBST,%‘-A@,;% =

X o & X104 48 - B (8@ * 4k kF A Enhanced chemiluminescence
(ECL)Western blotting detection reagentié & 5 g & » 12 % % 1§ jp| 3o

(AL a R MRS S NFES S (1 SRR RS A

$ %8 (Bio-1D version 99) #a s 47 A2 o
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8. i -4 fm¥e B Phospholipase Cy2 #fk i &ip] 2

1295 Keely &2 Parise % + =117 ;2 (Keely and Parise, 1996) » #-x
PR iR e 3TCE 0 X ) B E A 4 1,000 fE g0 1 A
{$4r » 3 Ik B xanthohumol (1.5 v 3 uM)F = A~ 4818 £ 4c »
collagen (1 pg/ml)F &= & 45 5 & & 4c » collagen (1 pg/ml)F &= »
b F - F 2 (5 AE T4~ EDTA (10 mM)# oF F i > B 5o 4
# Sigma-201 M % 7,000 r.p.m. ™ .o 5 4 45 o K/Tt,i SR YT
PUBR e | R n R RER o M i e {8 e o) E i 3R JIF T 3

o FREEL ) 2 TE G mEE | kRl

9. s -] e p MAPKS familygi g i

$23% llaria Canobbio ¥ 4 (2004)3> ;2 (Canobbio et al., 2004) > #-
Bl AR B 3TCIEIE 0 Tl B E A 4B 1,000 # B 5 1 A
48 {54 » 7 I kR xanthohumol (1.5 v 3 uM)» = ~ 458 £ 4o »
collagen (1 pg/ml)F &= » 45 5 & & 4c » collagen (1 pg/ml)F &= »
4 & - F 2 SR T4 » EDTA (10 mM) & JE F s > B 1835 d g
# Sigma-201 M % 7,000 r.p.m. ™ 3o 5 4 48 o ",/Tt—i bFR R TR

/ﬁﬁ&‘;"f"_ﬂ_’ ’f}; H?”E&F‘J[“ o -+ d’}iTEl_ Hin 7[:}; m”?&PJ{“ a—f ’}1- rg\

43



o FEpLT 2 Ta BB kRl

10. 5 -] 45 sme p AKt 30 BEER 1L erip) =

Ben ] FRGER A 3TCEE X BRE A 41,000 8 g
o1 A 484 » 3 e ik & xanthohumol (1.5 e 3 uM)F B = A 4815 £
4e » collagen (1 ug/m ¥ Jis= 4 48 ; & 4 » collagen (1 pg/ml) ¥~ i
S E - F 2 BEE T~ EDTA (10 mM)# ok £ fls > B8 550
4o 1 Sigma-201 M A 7,000 rp.m. T 4 5440k E b F
TR TR e ] A S B R o b RS (8 e ] fE SR AR ¥

"R FAAm 2 TE G mER ) KRl

11. & -] & %2 p vasodilator-stimulated phosphoprotein 7
Rl
#23% O’Brien {rBorn % 4 (O'Brien J, 1962; Born and Cross, 1963)
z_ R % B T > 11 Lumi-aggregometer(Payton, Canda)ip|z - 335
Barbara Coles % 4 (2002)577 j# » #-n ] R 2 37 CRis » ¥
A F 4 48 1,000 8 34 0 1 4 4518 4 » xanthohumol GuM)* &

LB is E e~ collagen (1 pg/ml)F B= 4485 & & L4~ ODQ ~

i

SQ22536 i = %~ 4B {é £ 4 » xanthohumol (BuM)= 4 4& {8 £ e >
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collagen (1 pg/ml) » # * & /] FE 8§ BEERH F G ) o

12. 2 e o NO eh 3 &P 2
295 Fang % 4 (1998) j# (Fang et al., 1998) » #-e17 kR
xanthohumol (1.5 v 3 uM) £ & | = RéFR & & 3 24818 > = g 2
ks o BB O~k A A ) PBF e 21202 14,000 rp.m.Btes 8 A 4 o
Pt i 100 ul 4e ~ 3 BAEAE hm ORI 0 393 SHIT W BF LK
i# 30 & 48 0 F e 14,000 rp.m. 8 A & 0 Bt iR R 40 P en ’T‘
2 FRPY G BB 10pl i r K B P o VO iR R A B
@& ipld ¢ dnitrate s nitrite B R+ NO> % § F BNOF » - § v §
% #7 % (NO Chemiluminscence Analyzer, Model 280, Sievers Co. Ltd.)
Pl R T ORE KD 600nm 2 F g k> 11 NaNO,
i standard curve > F ot ¥ AL E FRI R R
-5 i F A4 RE BRI R RAB(VCL)#- nitrate R R =
O'£d O32NOF Jig» or:
NO; + 3V + H,0 — NO +3VO* +2H"
NO+0;" — NO, *+ 0,

N02 * N02 + hght

FAMP I -F SRR R RN Ee LT A R K
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F2 NOy» o ez NOy Pl b k¥ o a - § 1§ 447k

TR R R R -

13. 8| Fmiep pod ATKE Beip 2

1295 Tuliano ¥ A (1994)¢7= /% (Tuliano et al.,, 1994) » ~F %11 7
gy P R(ESR)E #& 4 17 & -] 47 % collagen 1 7 *x 2_ hydroxy
radical (OH')Lfi’ xanthohumol (1.5 §= 3 uM)#Fr#] s -] = X collagen 1k

74832 2_ hydroxy radical (OH) o

~ ¢ % DMPO § ®& &+ p »df 484 » DMPO (100 mM)#£ 3 x
10 7 platelets/ml ® & > 2_ {4 4c » xanthohumol (1.5 fe3 uM) o F B is
R £ 4% ~ ESR e T 2 & ¥ (ER 161FCTM-S-Q) ¢ - ¥ ** Bruker
EMX % &+ p x4k Rehcavity » B o 2 3-IFFE 976 GHz > H &5
¥4 : microwave power, 20 mW; modulation frequency, 100 kHz;
modulation amplitude 1G; sweep width, 100 G; time constant, 163.84 ms;
conversion time, 40.96 ms; sweep time, 41.943 s; receiver gain 2 X 104;
number of data points, 1024. The inhibition rate of xanthohumol is
defined by the following equation: inhibition rate = 1 — [signal-height

(B-estradiol —resting) / signal-height (collagen —resting)] °
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14. # % PKC -~ p38 MAPK ~ Akt 2_ i 3-v ?T/F}’iﬁg‘:ib efg %

1345 Coles % £ (2002):3 2 » #u ] 45 50 o 37°C B iE

¥R 4 48 1,000 4 ik B A1 A 4RSS ~ A R R i p38
Frip A SB203580 (10 uM) ~ PKC #r+# Ro318220 (2 uM)14 2 PI3K
Frd & Ly294002 (10 uM)F J& 3 & 45t » £ 4c ~ collagen (1 pg/ml)F
3 &4 &4~ collagen (1 pg/mhF B3 448 2 (85 - ﬁ?ﬂ"éf‘r\’f’
v~ EDTA (10 mM) % 1k & &0 B fe S5 d 3o % Sigma-201M %A 7,000
rp.m. " o 5 L 4E o “,/Tf—i + ‘)ﬁ‘-;‘,"é » R TR UK S o] E e Rk o
e b AIR (S 2 s [ R e A {1 T B9 FRARRT 2 @ 2 gk

,“i;‘é’: N %5E'in°

2-3 #icdg A 15
F kYT M T ERREE L (mean £ SEM)Z 7 o 4l
£ xanthohumol fe_z_ ¥ et 12 one-way ANOVA TE 5Lt 4 47 - FP <

0.05R % 77 F & &L H o
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Y

1. Xanthohumol #t35. -] = 52 & §= ATP 3 F i g 38

WA ol IR P 0 xanthohumol (0.5-10 uM)# £ %8 5 ¢] 45
RFREIE = 4818 0 §EFIER DR 4 > i 2] collagen (1
ug/ml)#7rala chn ) 5 F & 0 B ICso v max concentration 4 %] &_
1.5 4= 3 uM ; xanthohumol ~ ¢ % ¥ Jk & 93 4 > iy F »cdr ]
arachidonic acid (60 uM)#731% n -] F i & F & 2 ICs fr max
concentration 4 %] #_3.5 v 5 uM ; iz &_xanthohumol (0.5-10 pM) ¥+
U46619 (1 puM) ~ thrombin (0.05 U/ml)3! A= e -] 7 58 5 B 5 e
iT* (Figure. 2 ¥ 3) - Xanthohumol #¥f*% collagen (1 pg/ml)erdr 4] s #
Fuss @ ¥t H eral g i ATP %K fur B R kB AP M chfrd| (7 #
(Figure. 4) - Xanthohumol (3 uM)¥ platelet-rich plasma ;. /% = & 48.{$ >
¥+ collagen (1 pg/ml)#r31 4 chu [ R EF B3 € 5 fragliv* >
4v % xanthohumol }k & ¥| 35-70 uM {& » 3% collagen (1 ug/ml)#735 1%

stk F R € 5 4] T * (Figure. 5) -

2. Xanthohumol 5. -] = mfe p 4T3 Jk B 8 1 et

T oo FEXFE AN ST %%E’ 4rag = poon(influx) 2 2 # #
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(mobilization) @ & fw ¥ p 4T 33 Jk & 3 ¢ o Collagen & - #& {35 s
JAEE A TR G P2 T A Hew | mie AT Pk
B oo TP AR % 1 ocollagen (1 pg/ml)i® 5 & o] 3% 5 (° & > ¥
xanthohumol 12 1.5 v 3 uM £2 3 £ %5 d Fura 2-AM fJZ e -] 5 R 5
R = A 4a(e > L #01 collagen (1 pg/ml) ik > 327 3 IR imPe ) 4T
3 e 4ok B X D44 (Figure. 6) > xanthohumol (1.5 fv 3 uM) e
$IA2R A 5] 5 50.82£9.51 %dr 66.49 +9.64 Y%(Figure. 7) = d 4 7 4v >
xanthohumol € #r4| collagen #7314 el /|- 4 ‘m e 4T 45 Jk B 03

‘4‘1 o

3. Xanthohumol %+ FITC-triflavin £ g -] 4= glycoprotein

IIb/111a complex & & g 5

Triflavin 3 p # & & & 7=(Trimeresurus flavoviridis) it & iz ©
it kendd > B ¢ - K RGD A7 v & e o) L
glycoprotein IIb/Illa complex % & #(Sheu et al., 1992b) o #- triflavin 12
FITC & =_- ¢ * flow cytometer ;p] & FITC-triflavin %% 1} 0¥ K 5% &
*X 3¥ i xanthohumol #f triflavin % & ¥] glycoprotein IIb/IIla complex &
P xR A P o) 45 97 F FITC-triflavin 2- % & (8 4

26.84 + 0.5 (Figure. 8A) ; § 4t » EDTA jit/&x 3 5 glycoprotein IIb/IT1a
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complex H-3] 78 » #TiR[1F ¥ £ E 5 9.68 £ 0.51 (Figure. 8B) ; 4 &4
» 7 Ik B er1xanthohumol (1.5 = 3 uM) #7ip]#F FITC-triflavin % &
3] glycoprotein IIb/I1la complex 2. % & & 4 %] 5 26.78 £0.58 &2 27.96
+0.65 (Figure. 8C £ D) > # 57 xanthohumol & ;2 3 & & shdrd] & + 3§
FITC-triflavin ¥ & |- 45 + glycoprotein IIb/Illa complex 1% & » & 4
xanthohumol #r 4| n -] £ E & e v * ¥ 2L d F b glycoprotein

IIb/1ITa complex °

4, Xanthohumol ¥ PLCy2 Bipk i e 58
4 * western blotting s fiF > 12 2 J1| % FgBzn ) PLCy2 mipk i
A5 o d F B % B o7 (Figure. 9) 0 fd ] % A e iR ™ 8 5
> 2F PLCy2 #apa it 03 4 (lane 1) % 4r » collagen (1 pg/ml)¥ F? & 3=
7 | PLCy2 #ip i (lane 2) ; # &4 %] 4c » xanthohumol (1.5 {= 3 uM)
T LR T PLCy2 Bifs i“ PP &g e T Frdl(lane 322 4) > ® R IREBER

10 B ek -

5. Xanthohumol %t 47 kDa 3-v F#igk* (47 kDa protein
phosphorylation) g 58

% protein kinaase C(PKC)4 i 1t {5 » av & 2 X (47 kDa protein)
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Brfa it o X3 B % Western blot X jp| %_ xanthohumol ¥+ 47 kDa
protein phosphorylation #r+#] 535 o d Figure. 10 ¥ & > A & it i
JTHEPEY LA 47 kDa iz ¥ 2 Mcl kv FEREL 1 F 4 (lane
1); % 12 collagen (1 pg/ml)§ 1% {1 gcH =5 - PKC» P &+ L % 47 kDa
¥ g Fd FEREE ol A)(lane 2) 5§ 4528 xanthohumol (1.5 v
3uM)E i ] ERGEIRIE IS = A 4818 0 £ e~ collagen (1 pg/ml) g
| > ¥ 4 I 47 kDa protein phosphorylation F? &g e3¢ 3| ¥+ (lane 3 fv

4) > 2 R IRE kB AP adrd ) o

6. Xanthohumol ¥ protein kinaase C 7= it #&|(PDBu) #1342

147 kDa 39 FRARL (v 215 | R B F bl 5

PDBu #_protein kinase Ceis it & » 7w ¥ slden [ FEE F B
(Kraft and Anderson, 1983; Niedel et al., 1983; Siess and Lapetina,
1989) - A F 2 *® > FPAL A M -] B FR P 4o » xanthohumol (1.5
fe3 UM if = # 48 > £ %4 PDBu (150 nM)i® 3 il > %
xanthohumol £_% ¢ #r4|PDBuif # st & F & - % % d Figure. 114
T A [ ERIFRY o B4TkDashiz B By e hk-e
Brpa it 4 (lane 1) 5 % 2 PDBu (150 nM) % % 1 o] & i PKC > P &

¥ R %47 kDagniz ¥ F F F-v R oif A (lane 2) 5 F 2
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xanthohumol (1.54e3 uM) ¥ w /| 5 R i5- 7R B i = ~ 48(5 > £ 4r » PDBu
(150 nM) §1 ;5% - ¥ 4 3.47 kDa protein phosphorylation# € % 31|44
(lane 34c4) ¥ # 41 PDBu (150 nM) % e8] 728 5 chui | 45 & & £
M e % 8 7 > xanthohumol & ;2 #r 4 |PDBu#73 % thu - W st & K

o 2% d Figure. 124 57 » F PF» %3 7 Figure. 11eni % o

7. Xanthohumol # MAPKSs family z gk it g2 38
Mitogen-activated protein kinases(MAPKSs) 5 fw 2 ¥ 7+ J f] 5k J&
Tr 2 ERMLAE > AP L BRY RFgipy £ hbd o
Collagen ¥ 123142 mitogen-activated protein kinases(MAPKs)r% it
(Borsch-Haubold et al., 1995) » = -] 4= p 9 MAPKs ¢ 3% p38 MAPK -
the extracellular signal-regulated kinase(ERKs)¥? Jun N-terminal kinase
(JNK)(Papkoff et al., 1994; Nadal et al., 1997; Bugaud et al., 1999) - & ¢
Sk 11w 2 % BRix (western blotting) s e > 14 2 1 g g p38
MAPK ~ ERKs §= INK e3> ¥ % =% MAPKs family #if& it 35 o
d Figure. 13 877 R k5% o [ 7 A Pljpenfn™ B3 2 3F p38
MAPK #ips i 9% 4 (lane 1) 5 % 4c » collagen (1 pg/ml)¥ p &3 5
3| p38 MAPK #if4 it (lane 2); % 4.4 %] 4r » xanthohumol (1.5 §= 3 uM)

Bin = A 4mis £ 4~ collagen (1 ug/ml) > # 4 3 p38 MAPK #ipi it P
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kg enk p)$rd)(lane 3 22 4) o o Figure. 14 877 » fx o] 45 A §] e
TR % 3F ERKs gipk it 3 2 (lane 1) 5 % 4c » collagen (1 pg/ml)
¥ P A s 5 ERKs BipL 1 (lane 2) 5 3 A4 %] 4c » xanthohumol (1.5 =

3 uM)z {¢ * collagen (1 pg/ml)i® > ¥ L% 3| ERKs #ifis i P! &g e

W

I|¥rdl(lane 3 £2 4) - d Figure. 15 Bgo1 » fex -] 3 A {gcenfinT™
P30 3F INK Bips it e3¢ 2 (lane 1); % v » collagen (1 pg/ml)+# p* &2
¥ 5 INK BifL i (lane 2) 5 # &4 %] 4c » xanthohumol (1.5 {= 3 uM)2
& * collagen (1 pg/ml) % %> ¥ BLEI| INK ffs i P & ent 3] )

(lane3 ¥&2 4) » & % IRk & A4p BE eofr ) 157 o

8. Xanthohumol ¥ Akt Bip& i g 58
A)ed 7 5 B or (Figure. 16) » o)A q‘xj;‘;g;ﬁq.rg—;;;*r o »ﬁ 2

Akt #ips i e 4 (lane 1); % 4c ~ collagen (1 ug/ml)¥ B & 3] Akt

“mlk

Brfs it (lane 2); % 24 %] 4r » xanthohumol (1.5 §= 3 uM) ¥ L% 7] Akt

Bafs it P A nX Pl drdl(lane 3 &2 4) 0 B B IR R R AR B chde ] 1A o

9. Xanthohumol ¥ = -] #% 3w %2 b vasodilator-stimulated

phosphoprotein 3 58
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VASP(vasodilator-stimulated phosphoprotein) #_— & & 7 # & |+
Fripla P E TR o 2 Fed o U A& ahr a £ iR S
BF A - g4 g BRI E_NO donor R ¢3¢ = VASP
g% 14 4o thrombin £2 nitroglycerin(NTG) » @ VASP sgifc i* &
ol FEP AR X I cGMP i cAMP 93 457 0 & :T‘}w‘ié X PR dnde p
cGMP 2 cAMP ik /& 3 4c % > ¢ 182 VASP Bifik it » it @ i & i

Fat A 24 Frq) (5% (Li et al, 2003) » 1345 O’Brien fr Born
% 4 (OBrien J, 1962; Born and Cross, 1963)z_ & § B 2_i# » 11
Lumi-aggregometer (Payton, Canda)ip| £ o d S % # IR > o | B iFR
£ xanthohumol (3 pM):F.i% = #4818 * collagen (1 pg/ml)i® g » n
R g X DI FE f L ¥ guanylate cyclase ¥+ ODQ (40
uM) Fr adenylate cyclase #r+|#| SQ22536 (200 uM) EiF = » 48 » £
4v » xanthohumol (3 uM)iE i = ~ 4&fc * collagen (1 pg/ml) % {5 >
Pl ] 47 e 8 F i 3 4R (Figure. 17) o # % xanthohumol #r ] 5

R s 7 5 d cGMP v cAMP 314259 VASP B2 /S o

10. Xanthohumol #t 5. -] 4= fm % § #x NO g2 5

<,

¥kl P - R TS > g 5142 NO e o Ma S

-

it 7 guanylate cyclase ® 347 x -] 45 e15 iv 0 collagen ¥ £ d FH it
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Pz i NOS @ 5142 NO # 2 #f 4 (Radomski et al., 1990b; Radomski
et al., 1990a; Radomski et al., 1991; Chiang et al., 2001) - ¢ % % (Table.
1)¥ 4> collagen (1 pg/ml)i®* 2t [ 2> @& NOz £d 0.5+0.1
UM F R & F H 4 D] 25 £ 06 M 5 @ § A P4 2 7 kA D

xanthohumol (1.5 =3 uM) & x| FFREFR F = ~ 4808 I NO 17

o

BG4 85 060022 0.9+£0.2uM > * 4 xanthohumol %

gﬁfllﬁgjﬂ_/ ﬂ;mpg}g—LNOo

11. Xanthohumol ¥t 5 -] Fim% p o A F R

7 % 43 xanthohumol & § Fr414 { fra | 478 1 £ peni®® » &
HOUF ] A iR pod hend 3 G oApg < R

REFrHp D Rengd 4 T BB E et e A F ,55;?,;;‘1 » 3o
B+ ¥= ik (electron spin resonance, ESR)E # 4 47 -] £ X collagen 1

jfeié 1+ 15 # @+ 2 hydroxy radical (OH)£_% § # xanthohumol #r ] -

.,L

d Figure. 18 ¥ 4 » resting ;& f& & ¥ /X 7 hydroxy radical & # (Figure.
18A) ; = /] ¥ % ¥ collagen (1 pg/ml) ¥ pr2 15 > ¢ 2z ) hydroxy

radical(Figure. 18B) o % ¥¢ -L 4 %[ 4r » xanthohumol (1.5 = 3 uM)» &
= & 43> 12 collagen (1 pg/ml) s -] 45 > ¥ L% I hydroxy radical

e A 4 PR & 48 xanthohumol #r+4|(Figure. 18C &2 D) o o 3 % % IR
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xanthohumol £ 5 p & A7 Gi chpug (Lot

12. Collagen 3142 p38 ~ PKC ~ Akt 3F~v & i g7 4, B 5
Ao s ol e B A B € 2 8 1 p38 ~ PKC ~ Akt 5=
B3-d i g > AP R fRE= F 2 B ot LRATH o RIE 22
B3 2”7 ¢ 2 od Figure. 19 ¥ 4v s 3F £ 87 PKC #r4]
| Ro318220 (10 uM)iE i# = » 480 £ * collagen (1 pg/ml) % ;> PKC
g0 ZILEfrH B * collagen fjgrnfiin T 4pt § < £ 3
& #1 p38 4| %] SB203580 (2 uM)#r Akt $r4] %] Ly294002 (10 uM):E
= 240 £ % collagen (1 pg/ml) (4 » PKC ehgev £ I EfrH 4
¢ * collagen f|jgrenfiin T 4pt ;25 + = £ 8 5 d Figure. 20 ¥ &+
3§ 4 #1 PKC $r4] %) Ro318220 (10 uM) Ei5 = A 48 £ * collagen (1
ug/ml) (% 1 > p38 thg-v L M EfcH ¢ * collagen {1 jgrenfiinT
fartizd 4 % L8 0 3542 p38 FrdlA SB203580 (2 uM) & Akt 3741
| Ly294002 (10 uM) iR i# = » 48> £ * collagen (1 pg/ml)i® {1 > p38
g-v £ E{oH B @ * collagen {Hcenin T 4p it Bl € F R & R
5 d Figure. 21 7 4 » 3§ % #2 PKC $r4] %) Ro318220 (10 uM) 3§ %
= & 48 0 £ % collagen (1 pg/ml) i}k > Akt 3o £ EfrH & i@

* collagen fjrenfiin T 4pt x5 + X L B > F5 L 22 p38 fr| Al
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SB203580 (2 uM) #7 Akt 374 %] Ly294002 (10 uM)iE ;5 = A 48 » £ *
collagen (1 pug/ml)i® {1 %> Akt (hg-v % I E f- ¥ ¥ & * collagen §|

fFRT AR € G R & S
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oW E ARES

Xanthohumol + £ 7% &% jFji-(Humulus lupulus)te 4~ #» > # ® fb
R 3 A4 ¢ 0 xanthohumol E¥8 Ficd @ 2 4 % enf A
= % %% fr (prenylflavonoid) i & 4+ > & FCF £ £ 0 0.1-1%  F]* o
W F1E_* #7#P~ xanthohumol 2 Hip M it £ 4 chi & kih - d 5 7 3¢
B PR A R R S B T 0 ek AR o
gL PR e TR R 3 AT SN e Y ® A
xanthohumol =77 £ ¥ it ¥ & * ’&.%5 #Z = g ¢ 5o (Stevens and Page,
2004) -

200342 3% # WM USDA(US Department of Agriculture, Economic
Research Service):iiiit » Lok B £ A & X € 4 % 225 mLwd
iF]’ * P fe 0.14 mgeh ~ = 5 455 ik (prenylflavonoid) - B2 28 %
ORISR R B FEE S R A i ¥ % fr = & ¥_xanthohumol -
e frd P A T € -3 i it a0 4 gxanthohumol % T =
A F +3F 1t ¢ 4 isoxanthohumol(Stevens et al., 1999a; Miranda et al.,
2000)> F1t F 3#4% B 2 jF)P <oxanthohmol 7 £ & E4¢ * 11 i< F Wil g
PR = end v EY(draft beer) € vt % E A F W 03 R F(beer) & F

# % sixanthohmol o
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bl A g b A2 oy Rk~ Row T PR ahpTA B
(modification) » i&feds "RAL i ~ fap ) = frAl AT 1 m o en g I B
7 40 B 12 (Evans and Halliwell, 1999) - ¥ jF|i 7 3 ihdg it F 3 3+
A8 v 42225 mlz 7 0.14 mgenf A =g + fr (prenylflavonoid) » *%
F1® 7 F % pesg(polyphenols)fig it 7z &£ L F 0 F 42 mg2 §
(Vinson et al., 2003) » €& & gA= Rk T "L 5 4y a4 L5 s
#f (polyphenols) i § }}%ﬁi&r’s > X 42 f &R R (prenylflavonoid) £
FHt 5 fed(polyphenols) s { < A fqfd » Flpt g g R0 0 WA
e A G B MR R R P F a6 AL F rcendg 1t &|(Stevens
et al., 2003) -

" B R 34 % HL-60 4 5 o # &% % #2 (human promyelocytic
leukemia cells) 2 # superoxide anionp ¢ zL - % JLxanthohmol#$r 4] =
IC50%2.6 uM > @ isoxanthohumol ¥ ;X 5 #r4] p d ¥ * (Gerhauser
etal., 2002) > A *F 2% ¥ xanthohmol#r 4| -] & 5 & ICs50H_1.5 uM >
Max concentration €3 uM > 8 ¥ 24 4] collagen {1 jir ™ 7 ff 2 2
hydroxy radical (OH) » ¥ § xanthohmols& FF oAy it oo 3 E
FERACEF B s B R R IR > - = 4 ¢ dxanthohmol § #ii
begg 4 s R A e T S AP FR AT %

i - #F stxanthohmol &_F 7 #ri|o -] 5 5E & chiE®* o
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%% % & -7 xanthohmol (0.5-10 uM)¥ 5 »x$r|d collagen (1 pg/ml)
% arachidonic acid (60 uM)3142 e - {r st B > (et Ok & 5 B $0
U46619 (1 pM) ~thrombin (0.05 U/ml) 5 4= i /| 45 58 & R 5 e &
J& © ¢+ “b > xanthohmol~ P & $#r4/collagen (1 pg/ml)3! 4= sHATP < &
J& o d ¥ v xanthohmolsg @ 7 Frd s | Feridft o e F &
Frdl s enfs g o @ % collageny 1% H > Fl i 1.5-3 uMen
xanthohmol if ¥ P! &g erfrdcollagend | 42 - fF i & o @ ° A 4 4
R d oo F K G khimre o L. £ ucollagend § 0 i
# kY b 227 fibronectinfrlaminin % adhesion proteins > # & ¥ ¥
ot e [ AE SR B R o g R o AR ’fﬂ:%”ﬁcollagenié fLom o]
o E i i o] HF € 4% F f§ 2 TxA, ~ ADP# serotonin % 4+ i (Dorsam et
al., 2002) » 20 SRR S A IS I GO B = s DR A
FE I L FBHG T PR o
AR FE R D e i 2 R iE AR o g2 w ]
% 2 % (shape change) ~ ‘w2 ¥ 28 € X7 7| (cytoskeleton rearrangement)
12 % granules A & (E% > gt 0§ 22 dnie P Fou FeORRRL T G (A B
@ Al 5T o protein kinase C(PKC)2 H T 25k H pd7
protein Bif& it 7+ 3 %47 (Siess, 1989) o 2V i 1 7 f2 xanthohmol #r#]

collagen 5l dzen - F i E F KA F 54 PKC pathway - PDBu #_—
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#8 PKC e it &) » 7 & 3% /v % { PKC & regulatory site » /%= it PKC
fex ¥ ME T BT e pd7 protein(Nishizuka, 1984) *+ 5 24 i
@ * PDBu § T/ 1" &> LR L [ E ek B E pdT F-v Fape it
53 o d figure. 12 ¥ & > xanthohumol (1.5-3 pM) % ¢ #r#] 150 nM
PDBu 5142 cha /| =48 & > d Figure. 11 # #r> xanthohumol (1.5-3 uM)
% ¢ #r] 150 nM PDBu 35142:h p47 F-v Bife * £ IR > @ F e
collagen (1 pg/mL) 3! 4= p47 3-v Fipk it % IR (Figure. 10) » &~ £
xanthohumol 7# g BREITY Ll @ {,f“ﬁfgi H 2 4% PKC %
H T 5% F p4d7 protein o

PLCy:E i ¢ i fmve Wb 0 PIP, -k 22 IP;fr DAG » i s £

\\Xr

Br ol FiEt kA ek R RS OPLCYyE 624 ]P; ¢ 12
mo] AF e AT AT chf% §5 B ¥ 2 3 4o (Berridge, 1983)° DAG R € 12
% PKC /#i4&% p47 protein F—v Fapcit > d Figure. 9 74
xanthohumol (1.5-3 uM)¥ rz$r+] collagen (1 pg/mL)3514= PLCy2 3-v
BRpL i £ IR o

AL Ap o ] 4F X Fl collagen i it i A2 ¢ ¢ ¢ hydroxy
radical(OH ) fi & Jhefd 2 > &% ¢ T 78 1 PLA 22 COX > P hd
= m o] fEE Y F R (Pignatelli et al., 1998) ¢ *t xanthohmol (2.6 uM)

g v drd]p d L eni®* (Gerhauser et al., 2002) » >t F 24 {9 if {2
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% xanthohmol (1.5-3 uM) E_F ¥ 12 $r4] collagen (1 pg/ml)ig = w -]
& LA A 4 o0 hydroxy radical (OH ) f o #od 9 5% % % (Figure.

18)3 7. xanthohmol (1.5-3 uM)¥ 3 »x#r4| hydroxy radical(OH) f ¢

AAOA D o BB P AR > e fiR] xanthohmol 0% A d Ak e iE
¥ it 45 d phospholipase Aj-cyclooxygenase pathway #r#4] 7 TxA, &
= o A Pl ) R E o 2R ORls & xanthohmol ¥ 12 Fr
arachidonic acid (60 uM)# % e - F & & F i@ 3% # » [Csofr
max concentration & 3.5 frSuMe § & -] X FIE A g 0 €
&1 PLA, » 2 H#-loPz 5 L c0pikPg B oK f# = arachidonic acid > 3% ¥
;ﬁ d cyclooxygenase #- arachidonic acid ¥ i* = PGG,/PGH, » £ % d
thromboxane synthetase 171 * A5 = TxA, » TxA, 33| fmPe ot &2 0
°]- ¥ ¥+ e thromboxane receptor & & » f i =0 H fs BT B i 3k
% ) AF et b F s (Purd, 1998)c @ xanthohmol &t 53 7 & & e
Fr+#| arachidonic acid 3% % 7 -] i & & B ¥ > xanthohmol ¥ &t i3
i PLA, 22 COX B2 » #r] TxAy 25 = » E P4 v B drdld | 5
Bt o

eNOS ¢ #4755 a3t i g2 ¢ » ¥ ¥ §_ Ca’'-dependent &
RIS E [ S S N AT X B D g B e 0 s (T

eNOS £ % A 4 NO » NO thit# aw Brdli | FHREF R
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(Radomski et al., 1990a; Radomski et al., 1990b) - NO Z %8 p & -] 45 %5
L AT F o A ERICERFAY VT LL ) FTRER
it e NO A - B sk A ik 513 o & Tabledl § ¢ 0 8
i# collagen (1 pg/m)ers [ 47 > ¥ g i R EMD 2 NOFZEF &
&y H4e @ g AR % xanthohumol (1.5 =3 uM) > # R NO 73
£ 73 # 4 0 % xanthohumol 7 ¢ fljkrs /| £ im? &2 42 NO > » e
%_xanthohumol # ¢ 5d eNOS B /& HFrd|u | i f o BEH - &
2§ A1l @ giwre ¢ xanthohumol 7 § »z¥r4] INOS *7A&

AHNO adildg Leanier s m B v BE W FINLRE

s

3 FgF 2 4 (Zhao et al., 2003; Cho et al., 2008) -

7 A % 4 2 0 p38 MAPK £ ERK ~ ¢ i i phospholipase
Aj-cyclooxygenase pathway /&= it o -] $= (Borsch-Haubold et al., 1997) o
p38MAPK £ ERK % & ** MAPKs familys o = /] = ¢ § % R h
MAPKs ¢ % p38 MAPK -~ ERK 2 2 JNK - d collagen | g a & 2
(Borsch-Haubold et al., 1995) - x -] {# * ERK 74 3 ¢ < collagen ~
TxA2 & vWFhf|ge#r 2 4 (Papkoff et al., 1994; Borsch-Haubold et
al., 1995; Borsch-Haubold et al.,1997) - #.collagen ™k & (10 ug/ml)2
T AF Y &% dhcollagen i (1 pg/ml) 0 ERK a5 i 4 & §_ 5 d

collagen receptors(GPVI 2 a2B1) &2 Gq-coupled TxAz &1 % &
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(Borsch-Haubold et al., 1997)- I 1% i PLA2-AA-TxA2 #2534 % it COX
pathway X {8 i#i&x | £ 51 o AF % 7 xanthohumol (1.5 f= 3 uM)
¥ e collagen #7343 ¢ p38 MAPK Bifc i » = ¥ mird|H @
MAPKSs family : ERK = INK s#pe it > B pF iz BER T 4 7 10 dr
Hle S iR A4 dpd Ko d 2 2% T 5o xanthohumol
¥ i S d drd] p38 MAPK =% #4 k3 ¥ cytosolic phospholipase A,
(PLA,)* % PLA, B "% MpF ¢ 5> TxAyend &> iga 284 | A
R -

“,/TT 7 PLA, pathway 4= PLC pathway iz @£ S ¢ > cAMP v
cCGMP e /¥ & BFFXEL D) » A4 & > cCAMP fr cGMP
e = 4w % 3| adenylate cyclase - guanylase 7334 5> cAMP - cGMP
4 fE2R] ¢ X 3|3 B 4] e phosphodiesterases(PDEs):} 432 » cAMP v
cGMP T pF & fm?e ¥ a3 ¥ 1z £ 2§ cAMP & cGMP 7 £ 3 4«
P € /% it cAMP-dependent protein kinase(CAK)z#* cGMP-dependent
protein kinase(CGK) > CAK fr CGK % ¥ #- vasodilator-stimulated
phosphoprotein(VASP)#4f4 it (Butt et al., 1994)- VASP & — #& 2 #r4|
JAERICIER hied B Ha ARG EF BF A 0§ VASP
e e Ser s Ser™ ¢ Thr'”® ez ¥ ¢ ¥ it CAK {r CGK Bifik 1

AL o & 1 15 e VASP ¥ e [ 47 dmve ¥ e W AR Red (7% 11 id 5
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el o] F 8 R E Y 2. P e(Reinhard et al., 1992) - A F 2% ¢ & *
ODQ(GC inhibitor) SQ22536(AC inhibitor)- 'F% Frd) 7 Frda ] iR
B e VASP Be/s > A3 % 2 SR % a Mo [ il B F I
d Figure. 16 » ¥ 4 » xanthohumol & /2 i# #& % * ODQ ¥ SQ22536
{6 ) wFrdls B F & 0 #714 xanthohumol Frd) o | F s B K B i1
3 538 CAMP fr cGMP e fS o pt IR % &2 xanthohumol (1.5 = 3 uM)
% ¢ 22 NO(Table. 1)4p {# & » F] % xanthohumol # ¢ ¥4 eNOS &
4 NO - » TI*L% ¢ /& 1* guanyl cyclase frig & cGMP Z & 3§ 4c o

d Figure. 19 ¢ » 75 4 22 p38 #r4{ 4% SB203580 (2 uM) ¥ Akt #r
#17] Ly294002 (10 uM)iEi5 = A 46 » £ * collagen (1 pg/ml) ie {13 »
PKC kv 2 EfcH ¥ @ * collagen fljgpenfmT4pt i3 + =
2B N4 p38 2 Akt ¥ it & PKC &0 55 27 PKC & B » 710 18
p38 #r A & Akt Fr| & & 2 ¢ 2 PKC hjd-v %I o d Figure. 20
¢ 5 PKC 4741% Ro318220 (10 pM) % ¢ /58 p38 thdes 4 E » 1
% PKC ¥ p38i2 7 E 4B %> @ Figure. 21 ¥ » PKC #r#/| 4| Ro318220
(10 uM) 7 € FEAkthd -y 2ME >R & PKC# Aktix 3 B 4&M %o
d Figure. 20 #2 21 § ¢ 7 4o p38 2 Akt & I AP B S Bov BERL 1L
2 Fo ol FE BT g0 GBS cross-link R % o

B o] B P EehiE AR Y o e N AT 3T chfS B ok B P 4o
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T | 4 T MG T o e TS R4 g - W B
it & &(Quinton et al., 2002a; Quinton et al., 2002b) - 4L H+ » ¢ A_i¢
Ca”"-calmodulin dependent myosin light chain &4 it ~ 9o 3o & & i
(actin polymerization) # 3 .45 € AT 2 2 (filament reorganization) > @ ¥
= granule f# *x(Nishikawa et al., 1980; Brass and Joseph, 1985)> i& - ¥
LRka P EENL o d F %% % 87 (Figure. 6 & 7) > xanthohumol F #%
s collagen 31 A2 cRdmfe N 4FAEF FFfolk B a3 4r o @ 0 ] R E
fLehig 3 9 .%ﬁ&{glycoprotein IIb/Ila = %8 cryE it > & ,T}u%%? F I 4
iv PR %Tie B X %8 > T triflavin ,T*u T ﬂ}““ Fral o | R B
(Sheu et al., 1992b) ] 5 o ] % 2 & ot f A2 fribinogen & ¥ B4
#2 > fribinogen ¥ - = & ¥ (dimer) » & 3 RGD(Arg-Gly-Asp) & 71 >

v ,T} L g 4% iz B RGD A& 7% & 3% i ¢ glycoprotein TIb/IMla = %4 >

SR ¢
'

R 18 | 7 18 % - 42(Sheu et al., 1992a) - 2 % & o1 (Figure.
8) » xanthohumol #& ;% £2 triflavin %< glycoprotein ITb/Ila <% %8 > i& &,

rA ¥ xanthohumol #r#|n /| A E hi®* ¥ 7 § %5 fribinogen &2

glycoprotein IIb/Illa X # et & » @ . &d o - w2 ) — i B a3

d AR SETER  invitro 5 ¢ xanthohumol £ 7 #r] s

BT o TPt A K K B¢ 0 B ¥ UiE* xanthohumol 0
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Te (E* > G4of]* fluorescin sodium 3 ¥ 75 Bz % ir g 0 U3

#* 31 xanthohumol ¥t # #& % % fe. & /£ & /it (MCA occlusion/reperfusion)

EHE TG R PR FR AR & -
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4
5
0

N¥EAELT A &S * W F) i~ (Humulus lupulus) = & @ &
xanthohumol #r#|x - F R E F BeniT* 1 R FHE T 7R
(=)  xanthohumol #r+#] PLCy2 pathway ¥ ptotein kinase C =% i
% 47 kDa protein i fx i & J& ; xanthohumol Fr |
mitogen-activated protein kinases pathway ¢ 7z p38 MAPK -
ERK ~ INK =4 f i+ 5 xanthohumol 4] Akt crgipe i & J o
(=)  xanthohumol # 3 »z#fr 4] -] 4= & it ¥ 2 2 ¢ hydroxyl
radical -

(

) k&b eni®* > xanthohumol & % e 7 a0 5 o e 4T A

i

3 ehfs e frik B cnsf 4o 0 PEETY ATAET 3lAss- @R L

BF ek s g L FREE R
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Table 1. Effect of xanthohumol and collagen on nitrate formation in
washed human platelets

Concentration Nitrate (uM)
resting 05 0.1
collagen 1 pg/ml 25 £ 06 *«
xanthohumol 1.5 uM 0.6 = 0.02
3 M 09 £02

Washed human platelets suspensions (3.5 x 10%ml) were
preincubated with xanthohumol (1.5and 3 uM) for 3 min at 37C.

Addition of collagen (1 pg/ml) to platelet suspensions served as positive
control. Data are presented as the means = S.EM (n=4). P < 0.01 as
compared with the resting group.
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Figure 1. Chemical structure of xanthohumol (C,;H,,05, MW.354.40).
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Figure 2. Effect of xanthohumol on various agonists-induces platelet
aggregation in washed platelets. Platelets were preincubated with
various concentrations of xanthohumol (1.5-10 uM) and stirred for 3 min,
then collagen (1 pg/ml), U46619 (1 uM),thrombin (0.05 IU/ml), or AA
(60 uM) to trigger platelet aggregation. Data are presented as percent
inhibition of the control (means + S.E.M., n=4).
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Figure 3. Concentration-inhibition curves of xanthohumol on
collagen (1 pg/ml, O)-, U46619 (1 uM, YV)-, thrombin (0.05 U/ml,
<)-, arachidonic acid (60 uM, [])-induced platelet aggregation in
human platelet suspensions. Human platelet suspensions were
preincubated with various concentrations of xanthohumol (0.5-10 uM) at
37°C for 3 min, and agonists were then added to trigger platelet

aggregation. Data are presented as percent inhibition of the control
(means £ S.E.M., n = 6).
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Figure 4. Effects of xanthohumol on collagen-induced aggregation in
human platelet suspensions. Platelets were preincubated with
xanthohumol (1.5 and 3 uM) and stirred for 3 min, then collagen (1
ug/ml) was added to trigger platelet aggregation (lower tracing) and
ATP release (upper tracing). Luciferin-luciferase (10 pg/ml) was added 1
min before the agonist in order to measure the ATP release reaction. The
profiles are representative examples of four similar experiments.
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xanthohumol

collagen

Figure 5. Effects of xanthohumol on collagen-induced aggregation in
human platelet-rich plasma. Platelets were preincubated with
xanthohumol (3, 35 and 70 uM) and stirred for 3 min, and then collagen
(1 pg/ml) was added to trigger platelet aggregation. The profiles are
representative examples of four similar experiments.
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Figure 6. Effect of xanthohumol 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 60 min,
followed by the addition of collagen (1 pg/ml) in the absence or presence
of xanthohumol (1.5 and 3 uM), which was added 3 min prior to the
addition of collagen. The profiles are representative examples of three
similar experiments.
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Figure 7. Effect of xanthohumol 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 60 min,
followed by the addition of collagen (1 pg/ml) in the absence or presence
of xanthohumol (1.5 and 3 puM), which was added 3 min prior to the
addition of collagen. Data are presented as means + S.EM. (n=3). " P <
0.01 as compared with the resting group; P < 0.01 as compared with the
collagen group.

76



. 5B
55

Number of cells
0
55
o
55

0o 01 z 3 B 0 1 0z 03

Fluorescence intensity

*k*k
**k*k *k*k

Figure 8. Flow cytometric analysis of FITC-triflavin binding to
human platelets in the absence or presence of xanthohumol (1.5 and 3
uM). (A) The solid line represents the fluorescence profiles of only
FITC-triflavin (2 pg/ml) the absence of xanthohumol as a positive control;
(B) in the presence of EDTA (5 mM) as the negative control; or in the
presence of xanthohumol (C) 1.5 uM and (D) 3 uM. Data are presented as
means + SEM. (n = 5). 7 P < 0.001 as compared with the negative

group.
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Figure 9. Effect of xanthohumol on protein phosphorylation of
PLCy2 in human platelets challenged with collagen. Platelets were
preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
collagen (1 pg/ml) to trigger PLCy2 activation. The bar graph depicts the
ratios of quantitative results obtained by scanning the anti-phospho-
PLCy2 and anti-PLCy2 reactive bands and quantify optical density using
Bio-1D version 99 image software. Data are presented as means = S.E.M.
(n = 6). P <0.05 as compared with the resting group (lane 1), “P < 0.05
as compared with the resting group (lane 2).
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Figure 10. Effect of xanthohumol on protein phosphorylation of Mw
47,000 (p47) in human platelets challenged with collagen. Platelets
were preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
collagen (1 pug/ml) to trigger protein kinase C activation. The bar graph
depicts the ratios of quantitative results obtained by scanning the
anti-phospho-47 kDa and anti-a-tubulin reactive bands and quantify
optical density using Bio-1D version 99 image software. Data are
presented as means = S.EM. (n=5). " P < 0.001 as compared with the
resting group (lane 1); P < 0.05 and P < 0.01 as compared with the

collagen group (lane 2)
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Figure 11. Effect of xanthohumol on protein phosphorylation of Mw
47,000 (p47) in human platelets challenged with PDBu. Platelets were
preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
PDBu (150 nM) to trigger protein kinase C activation. The bar graph
depicts the ratios of quantitative results obtained by scanning the
anti-phospho-47 kDa and anti-a-tubulin reactive bands and quantify
optical density using Bio-1D version 99 image software. Data are
presented as means = S.E.M. (n = 5). P < 0.01 as compared with the
resting group (lane 1).
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Figure 12. Effect of xanthohumol on PDBu-induced platelet
aggregation of human platelet suspensions. Platelets were incubated
with xanthohumol (1.5 and 3 puM) for 3 min, the PDBu (150 nM) was
added to trigger platelet aggregation. The profiles are representative
examples of four similar experiments.
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Figure 13. Effect of xanthohumol on protein phosphorylation of p38
MAPK in human platelets challenged with collagen. Platelets were
preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
collagen (1 pg/ml) to trigger p38 MAPK activation. The bar graph
depicts the ratios of quantitative results obtained by scanning the
anti-phospho-p38 and anti-p38 reactive bands and quantify optical
density using Bio-1D version 99 image software. Data are presented as
means = S.EMM. (n = 3). "P < 0.01 as compared with the resting group
(lane 1),"P < 0.05 as compared with the collagen group (lane 2).
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Figure 14. Effect of xanthohumol on protein phosphorylation of
ERKs in human platelets challenged with collagen. Platelets were
preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
collagen (1 pg/ml) to trigger ERKs activation. The bar graph depicts the
ratios of quantitative results obtained by scanning the anti-phospho-ERK
and anti-ERK reactive bands and quantify optical density using Bio-1D
version 99 image software. Data are presented as means + S.E.M. (n = 6).
P < 0.001 as compared with the resting group (lane 1); "P < 0.05 and
P < 0.001 as compared with the collagen group (lane 2).
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Figure 15. Effect of xanthohumol on protein phosphorylation of
JNK1 in human platelets challenged with collagen. Platelets were
preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
collagen (1 pg/ml) to trigger JNK1 activation. The bar graph depicts the
ratios of quantitative results obtained by scanning the anti-phospho-JNK
and anti-JNK reactive bands and quantify optical density using Bio-1D
version 99 image software. Data are presented as means = S.E.M. (n=5).
P < 0.05 as compared with the resting group (lane 1), ‘P < 0.05 as
compared with the collagen group (lane 2) .
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Figure 16. Effect of xanthohumol on protein phosphorylation of Akt
in human platelets challenged with collagen. Platelets were
preincubated with Tyrode’s solution only (lane 1), or platelets were
preincubated with isovolumetric solvent control (0.5 % DMSO, lane 2) or
xanthohumol (1.5 uM, lane 3; 3 uM, lane 4) followed by the addition of
collagen (1 pug/ml) to trigger Akt activation. The bar graph depicts the
ratios of quantitative results obtained by scanning the anti-phospho-Akt
and anti-a-tubulin reactive bands and quantify optical density using
Bio-1D version 99 image software. Data are presented as means = S.E.M.
(n=8). "P < 0.05 as compared with the resting group (lane 1), "P < 0.05
as compared with the collagen group (lane 2).
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Figure 17. Effects of xanthohumol on collagen-induced aggregation in
human platelet suspension. Platelets were preincubated with
xanthohumol (3 uM) and stirred for 3 min, then collagen (1 pg/ml) was
added to trigger platelet aggregation; Platelets were preincubated with
ODQ (10 uM) and SQ (100 uM) and stirred for 3 min, then preincubated
with xanthohumol (3 uM) and stirred for 3 min, then collagen (1 pg/ml)
was added to trigger platelet aggregation.
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Figure 18. Effect of xanthohumol on collagen-induced free
radical-scavenging activity of human platelet suspensions. ESR
conditions are described in “material and methods”. Scanning was begun
I min after the mixing of all reagents. ESR spectra of free
radical-scavenging activity of platelet suspensions were follows by the
addition of DMPO (100 mM) (A) and the addition of collagen (1 pg/ml)
in the absence (B) or presence of xanthohumol 1.5 uM (C) and 3 uM (D),
which was added 3 min prior to collagen (1 pg/ml). The spectra are
representative examples of three similar experiments.
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Figure 19. Effects of SB203580 (10 uM), Ro0318220 (2 uM) or
Ly294002 (10 uM) on p47 phosphorylation stimulated by collagen in
human platelets. Platelets were pretreated with SB203580 (10 uM),
Ro318220 (2 uM) or Ly294002 (10 uM) followed by the addition of
collagen (Img/ml) ; then the p47 phosphorylation was mwasured as
described in “materials and methods”. Results are expressed as the mean
+ S.E.M (n=3)."P < 0.05 as compared with the resting group (lane 1), "P
< 0.05 as compared with the collagen group (lane 2).
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Figure 20. Effects of SB203580 (10 uM), R0318220 (2 uM) or
Ly294002 (10 uM) on p47 phosphorylation stimulated by collagen in
human platelets. Platelets were pretreated with SB203580 (10 uM),
Ro318220 (2 uM) or Ly294002 (10 uM) followed by the addition of
collagen (Img/ml) ; then the p38 MAPK phosphorylation was mwasured
as described in “materials and methods”. Results are expressed as the
mean + S.E.M (n = 3)."P < 0.05 as compared with the resting group (lane
1),"P < 0.05 as compared with the collagen group (lane 2).
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Figure 21. Effects of SB203580 (10 uM), Ro0318220 (2 uM) or
Ly294002 (10 uM) on p47 phosphorylation stimulated by collagen in
human platelets. Platelets were pretreated with SB203580 (10 uM),
Ro318220 (2 uM) or Ly294002 (10 uM) followed by the addition of
collagen (Img/ml) ; then the Akt phosphorylation was mwasured as
described in “materials and methods”. Results are expressed as the mean
+ S.EM (n = 6)."P < 0.05 as compared with the resting group (lane 1), P
< 0.05 as compared with the collagen group (lane 2).
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Figure 22. Signal transduction of platelet aggregation. Agonists can
activate several phospholipase, including phospholipase C (PLC) and
phospholipase A, (PLA,). The products of the action of phospholipase C
on phosphatidylinositol 4,5-bisphosphate (PIP,) include
1,2-diacylglycerol (DAG) and inositol 1,4,5-triphosphate (IP;). DAG
stimulates protein kinase C (PKC), followed by phosphorylation of a 47
kDa protein. IP5 induces the release of Ca®>" from dense tubular systems
(DTS). The major metabolite of arachidonic acid (AA) in platelet is
thromboxane A, (TxA)).

91



-ﬁ_b}—;‘;ész

Armstrong, R. A., Jones, R. L. and Wilson, N. H. Mechanism of the
inhibition of platelet aggregation produced by prostaglandin F,
alpha. Prostaglandins 1985;29:601-610.

Banno, Y., Nakashima, T., Kumada, T., Ebisawa, K., Nonomura, Y. and
Nozawa, Y. Effects of gelsolin on human platelet cytosolic
phosphoinositide-phospholipase C isozymes. J Biol Chem
1992;267:6488-6494.

Barthel, A., Ostrakhovitch, E. A., Walter, P. L., Kampkotter, A. and Klotz,
L. O. Stimulation of phosphoinositide 3-kinase/Akt signaling by
copper and zinc ions: mechanisms and consequences. Arch
Biochem Biophys 2007;463:175-182.

Berridge, M. J. Rapid accumulation of inositol trisphosphate reveals that
agonists hydrolyse = polyphosphoinositides instead of
phosphatidylinositol. Biochem J 1983;212:849-858.

Berridge, M. J. Inositol trisphosphate and calcium signalling. Nature
1993;361:315-325.

Born, G. V. and Cross, M. J. The Aggregation of Blood Platelets. J

92



Physiol 1963;168:178-195.

Borsch-Haubold, A. G.,, Kramer, R. M. and Watson, S. P. Cytosolic
phospholipase A, is phosphorylated in collagen- and
thrombin-stimulated human platelets independent of protein kinase
C and mitogen-activated protein kinase. J Biol Chem
1995;270:25885-25892.

Borsch-Haubold, A. G., Kramer, R. M. and Watson, S. P. Phosphorylation
and activation of cytosolic phospholipase A, by 38-kDa
mitogen-activated protein kinase in collagen-stimulated human
platelets. Eur J Biochem 1997;245:751-759.

Brass, L. F. and Joseph, S. K. A role for inositol triphosphate in
intracellular Ca®" mobilization and granule secretion in platelets. J
Biol Chem 1985;260:15172-15179.

Brass, L. F., Hoxie, J. A. and Manning, D. R. Signaling through G
proteins and G protein-coupled receptors during platelet activation.
Thromb Haemost 1993;70:217-223.

Bugaud, F., Nadal-Wollbold, F., Levy-Toledano, S., Rosa, J. P. and
Bryckaert, M. Regulation of c-jun-NH, terminal kinase and

extracellular-signal regulated kinase in human platelets. Blood

93



1999;94:3800-3805.

Butt, E., Abel, K., Krieger, M., Palm, D., Hoppe, V., Hoppe, J. and Walter,
U. cAMP- and cGMP-dependent protein kinase phosphorylation
sites of the focal adhesion vasodilator-stimulated phosphoprotein
(VASP) in vitro and in intact human platelets. J Biol Chem
1994;269:14509-14517.

Canobbio, I., Reineri, S., Sinigaglia, F., Balduini, C. and Torti, M. A role
for p38 MAP kinase in platelet activation by von Willebrand factor.
Thromb Haemost 2004;91:102-110.

Cavallari, L. H. and Momary, K. M. Genomics and the efficacy of aspirin
in the treatment of cerebrovascular disease. Curr Treat Options
Cardiovasc Med 2009;11:191-200.

Chiang, T. M., Cole, F., Woo-Rasberry, V. and Kang, E. S. Role of nitric
oxide synthase in collagen-platelet interaction: involvement of
platelet nonintegrin collagen receptor nitrotyrosylation. Thromb
Res 2001;102:343-352.

Cho, Y. C., Kim, H. J., Kim, Y. J., Lee, K. Y., Choi, H. J., Lee, I. S. and
Kang, B. Y. Differential anti-inflammatory pathway by

xanthohumol in IFN-gamma and LPS-activated macrophages. Int

94



Immunopharmacol 2008;8:567-573.

Colgate, E. C., Miranda, C. L., Stevens, J. F., Bray, T. M. and Ho, E.
Xanthohumol, a prenylflavonoid derived from hops induces
apoptosis and inhibits NF-kappaB activation in prostate epithelial
cells. Cancer Lett 2007;246:201-209.

Constant, J. Alcohol, ischemic heart disease, and the French paradox.
Clin Cardiol 1997;20:420-424.

de Gaetano, G., D1 Castelnuovo, A., Donati, M. B. and Iacoviello, L. The
mediterranean lecture: wine and thrombosis--from epidemiology to
physiology and back. Pathophysiol Haemost Thromb
2003;33:466-471.

DeLuca, M. and McElroy, W. D. Kinetics of the firefly luciferase
catalyzed reactions. Biochemistry 1974;13:921-925.

Dorsam, R. T., Kim, S., Jin, J. and Kunapuli, S. P. Coordinated signaling
through both G12/13 and G(i) pathways is sufficient to activate
GPIIb/IIIa in human platelets. J Biol Chem 2002;277:47588-47595.

Dumonde, D. C., Jose, P. J., Page, D. A. and Williams, T. J. Production of
prostaglandins by porcine endothelial cells in culture [proceedings].

Br J Pharmacol 1977;61:504P-505P.

95



Evans, P. and Halliwell, B. Free radicals and hearing. Cause, consequence,
and criteria. Ann N 'Y Acad Sci 1999;884:19-40.

Fang, K., Ragsdale, N. V., Carey, R. M., MacDonald, T. and Gaston, B.
Reductive assays for  S-nitrosothiols: implications for
measurements in biological systems. Biochem Biophys Res
Commun 1998;252:535-540.

Fox, J. E. and Phillips, D. R. Role of phosphorylation in mediating the
association of myosin with the cytoskeletal structures of human
platelets. J Biol Chem 1982;257:4120-4126.

Fox, J. E. Hydrolysis of cytoskeletal proteins by the Ca®’-dependent
protease during platelet activation. Adv Exp Med Biol
1985;192:201-213.

Freedman, J. E., Parker, C., 3rd, Li, L., Perlman, J. A., Frei, B., Ivanov, V.,
Deak, L. R., Iafrati, M. D. and Folts, J. D. Select flavonoids and
whole juice from purple grapes inhibit platelet function and
enhance nitric oxide release. Circulation 2001;103:2792-2798.

Gerhauser, C., Alt, A., Heiss, E., Gamal-Eldeen, A., Klimo, K., Knauft, J.,
Neumann, 1., Scherf, H. R., Frank, N., Bartsch, H. and Becker, H.

Cancer chemopreventive activity of Xanthohumol, a natural

96



product derived from hop. Mol Cancer Ther 2002;1:959-969.

Gimbrone, M. A., Jr. and Alexander, R. W. Angiotensin II stimulation of
prostaglandin production in cultured human vascular endothelium.
Science 1975;189:219-220.

Grynkiewicz, G., Poenie, M. and Tsien, R. Y. A new generation of Ca*’
indicators with greatly improved fluorescence properties. J Biol
Chem 1985;260:3440-3450.

Guo, J., Nikolic, D., Chadwick, L. R., Pauli, G. F. and van Breemen, R. B.
Identification of human hepatic cytochrome P450 enzymes
involved in the metabolism of 8-prenylnaringenin and
isoxanthohumol from hops (Humulus lupulus L.). Drug Metab
Dispos 2006;34:1152-1159.

Han, C. [Studies on the antioxidant properties of tea]. Wei Sheng Yan Jiu
2005;34:234-237.

Haslam, R. J. and Lynham, J. A. Relationship between phosphorylation of
blood platelet proteins and secretion of platelet granule constituents.
I. Effects of different aggregating agents. Biochem Biophys Res
Commun 1977;77:714-722.

Hathaway, D. R. and Adelstein, R. S. Human platelet myosin light chain

97



kinase requires the calcium-binding protein calmodulin for activity.
Proc Natl Acad Sci U S A 1979;76:1653-1657.

Hirata, M., Hayashi, Y., Ushikubi, F., Yokota, Y., Kageyama, R.,
Nakanishi, S. and Narumiya, S. Cloning and expression of cDNA
for a human thromboxane A, receptor. Nature 1991;349:617-620.

Irvine, R. F. 'Quantal' Ca®" release and the control of Ca®" entry by
inositol  phosphates--a  possible mechanism. FEBS Lett
1990;263:5-9.

Iuliano, L., Pedersen, J. Z., Pratico, D., Rotilio, G. and Violi, F. Role of
hydroxyl radicals in the activation of human platelets. Eur J
Biochem 1994;221:695-704.

Jiang, B. H. and Liu, L. Z. AKT signaling in regulating angiogenesis.
Curr Cancer Drug Targets 2008;8:19-26.

Jin, J., Quinton, T. M., Zhang, J., Rittenhouse, S. E. and Kunapuli, S. P.
Adenosine diphosphate (ADP)-induced thromboxane A, generation
in human platelets requires coordinated signaling through integrin
alpha(IIb)beta(3) and ADP receptors. Blood 2002;99:193-198.

Katada, T., Gilman, A. G.,, Watanabe, Y., Bauer, S. and Jakobs, K. H.

Protein kinase C phosphorylates the inhibitory

98



guanine-nucleotide-binding regulatory component and apparently
suppresses its function in hormonal inhibition of adenylate cyclase.
Eur J Biochem 1985;151:431-437.

Kauskot, A., Adam, F., Mazharian, A., Ajzenberg, N., Berrou, E.,
Bonnefoy, A., Rosa, J. P., Hoylaerts, M. F. and Bryckaert, M.
Involvement of the mitogen-activated protein kinase c-Jun
NH,-terminal kinase 1 in thrombus formation. J Biol Chem
2007;282:31990-31999.

Keely, P. J. and Parise, L. V. The alpha2betal integrin is a necessary
co-receptor for collagen-induced activation of Syk and the
subsequent phosphorylation of phospholipase Cgamma2 in
platelets. J Biol Chem 1996;271:26668-26676.

Kornecki, E., Niewiarowski, S., Morinelli, T. A. and Kloczewiak, M.
Effects of chymotrypsin and adenosine diphosphate on the
exposure of fibrinogen receptors on normal human and
Glanzmann's  thrombasthenic  platelets. J  Biol ~ Chem
1981;256:5696-5701.

Kraft, A. S. and Anderson, W. B. Phorbol esters increase the amount of

Ca®", phospholipid-dependent protein kinase associated with

99



plasma membrane. Nature 1983;301:621-623.

Kralisz, U. and Stasiak, M. [Involvement of platelet collagen receptors in
primary hemostasis]. Postepy Biochem 2007;53:344-355.

Kroner, C., Eybrechts, K. and Akkerman, J. W. Dual regulation of platelet
protein kinase B. J Biol Chem 2000;275:27790-27798.

Kwasniewska, M., Kostka, T. and Drygas, W. [Red wine in medicine:
panacea, fashion or ... risk factor?]. Przegl Lek 2000;57:300-304.

Kyriakis, J. M., Banerjee, P., Nikolakaki, E., Dai, T., Rubie, E. A., Ahmad,
M. F., Avruch, J. and Woodgett, J. R. The stress-activated protein
kinase subfamily of c-Jun kinases. Nature 1994;369:156-160.

Lapetina, E. G. The signal transduction induced by thrombin in human
platelets. FEBS Lett 1990;268:400-404.

Lawlor, M. A. and Alessi, D. R. PKB/Akt: a key mediator of cell
proliferation, survival and insulin responses? J Cell Sci
2001;114:2903-2910.

Lee, S. H., Kim, H. J., Lee, J. S., Lee, I. S. and Kang, B. Y. Inhibition of
topoisomerase I activity and efflux drug transporters' expression by
xanthohumol. from hops. Arch Pharm Res 2007;30:1435-1439.

Leifert, W. R. and Abeywardena, M. Y. Cardioprotective actions of grape

100



polyphenols. Nutr Res 2008;28:729-737.

Li, Z., Ajdic, J., Eigenthaler, M. and Du, X. A predominant role for
cAMP-dependent protein kinase in the cGMP-induced
phosphorylation of vasodilator-stimulated phosphoprotein and
platelet inhibition in humans. Blood 2003;101:4423-4429.

Manning, D. R. and Brass, L. F. The role of GTP-binding proteins in
platelet activation. Thromb Haemost 1991,66:393-399.

Maxwell, M. J., Dopheide, S. M., Turner, S. J. and Jackson, S. P. Shear
induces a unique series of morphological changes in translocating
platelets: effects of morphology on translocation dynamics.
Arterioscler Thromb Vasc Biol 2006;26:663-669.

McKean, M. L., Smith, J. B. and Silver, M. J. Formation of
lysophosphatidylcholine by human platelets in response to
thrombin. Support for the phospholipase A, pathway for the
liberation of arachidonic acid. J Biol Chem 1981;256:1522-1524.

Meyer, D. and Girma, J. P. von Willebrand factor: structure and function.
Thromb Haemost 1993;70:99-104.

Mignery, G. A. and Sudhof, T. C. The ligand binding site and transduction

mechanism in the inositol-1,4,5-triphosphate receptor. EMBO J

101



1990;9:3893-3898.

Miranda, C. L., Stevens, J. F., Ivanov, V., McCall, M., Frei, B., Deinzer,
M. L. and Buhler, D. R. Antioxidant and prooxidant actions of
prenylated and nonprenylated chalcones and flavanones in vitro. J
Agric Food Chem 2000;48:3876-3884.

Mustard, J. F., Perry, D. W., Ardlie, N. G and Packham, M. A.
Preparation of suspensions of washed platelets from humans. Br J
Haematol 1972;22:193-204.

Nadal, F., Levy-Toledano, S., Grelac, F., Caen, J. P.,, Rosa, J. P. and
Bryckaert, M. Negative regulation of mitogen-activated protein
kinase activation by integrin alphallbbeta3 in platelets. J Biol
Chem 1997;272:22381-22384.

Niedel, J. E., Kuhn, L. J. and Vandenbark, G. R. Phorbol diester receptor
copurifies with protein kinase C. Proc Natl Acad Sci U S A
1983;80:36-40.

Nishikawa, M., Tanaka, T. and Hidaka, H. Ca2+-calmodulin-dependent
phosphorylation and platelet secretion. Nature 1980;287:863-865.

Nishizuka, Y. The role of protein kinase C in cell surface signal

transduction and tumour promotion. Nature 1984;308:693-698.

102



O'Brien J, R. Platelet aggregation: Part I Some effects of the adenosine
phosphates, thrombin, and cocaine upon platelet adhesiveness. J
Clin Pathol 1962;15:446-452.

Painter, R. G, Prodouz, K. N. and Gaarde, W. Isolation of a
subpopulation of glycoprotein IIb-III from platelet membranes that
is bound to membrane actin. J Cell Biol 1985;100:652-657.

Papkoff, J., Chen, R. H., Blenis, J. and Forsman, J. p42 mitogen-activated
protein kinase and p90 ribosomal S6 kinase are selectively
phosphorylated and activated during thrombin-induced platelet
activation and aggregation. Mol Cell Biol 1994;14:463-472.

Pignatelli, P., Pulcinelli, F. M., Lenti, L., Gazzaniga, P. P. and Violi, F.
Hydrogen peroxide is involved in collagen-induced platelet
activation. Blood 1998;91:484-490.

Pignatelli, P., Pulcinelli, F. M., Celestini, A., Lenti, L., Ghiselli, A.,
Gazzaniga, P. P. and Violi, F. The flavonoids quercetin and catechin
synergistically inhibit platelet function by antagonizing the
intracellular production of hydrogen peroxide. Am J Clin Nutr
2000;72:1150-1155.

Plow, E. F. and Collen, D. The presence and release of alpha

103



2-antiplasmin from human platelets. Blood 1981;58:1069-1074.

Possemiers, S., Bolca, S., Grootaert, C., Heyerick, A., Decroos, K.,
Dhooge, W., De Keukeleire, D., Rabot, S., Verstraete, W. and Van
de Wiele, T. The prenylflavonoid isoxanthohumol from hops
(Humulus lupulus L.) is activated into the potent phytoestrogen
8-prenylnaringenin in vitro and in the human intestine. J Nutr
2006;136:1862-1867.

Puri, R. N. Phospholipase A,: its role in ADP- and thrombin-induced
platelet activation mechanisms. Int J Biochem Cell Biol
1998;30:1107-1122.

Quinton, T. M., Kim, S., Dangelmaier, C., Dorsam, R. T., Jin, J., Daniel, J.
L. and Kunapuli, S. P. Protein kinase C- and calcium-regulated
pathways independently synergize with Gi pathways in
agonist-induced fibrinogen receptor activation. Biochem J
2002a;368:535-543.

Quinton, T. M., Ozdener, F., Dangelmaier, C., Daniel, J. L. and Kunapuli,
S. P. Glycoprotein VI-mediated platelet fibrinogen receptor
activation occurs through calcium-sensitive and PKC-sensitive

pathways without a requirement for secreted ADP. Blood

104



2002b;99:3228-3234.

Radomski, M. W., Palmer, R. M. and Moncada, S. An L-arginine/nitric
oxide pathway present in human platelets regulates aggregation.
Proc Natl Acad Sci U S A 1990a;87:5193-5197.

Radomski, M. W., Palmer, R. M. and Moncada, S. Characterization of the
L-arginine:nitric oxide pathway in human platelets. Br J
Pharmacol 1990b;101:325-328.

Radomski, M. W., Palmer, R. M. and Moncada, S. Modulation of platelet
aggregation by an L-arginine-nitric oxide pathway. Trends
Pharmacol Sci 1991;12:87-88.

Rayo Llerena, 1. and Marin Huerta, E. [Wine and heart]. Rev Esp Cardiol
1998;51:435-449.

Reinhard, M., Halbrugge, M., Scheer, U., Wiegand, C., Jockusch, B. M.
and Walter, U. The 46/50 kDa phosphoprotein VASP purified from
human platelets is a novel protein associated with actin filaments
and focal contacts. EMBO J 1992;11:2063-2070.

Rosado, J. A. and Sage, S. O. Role of the ERK pathway in the activation
of store-mediated calcium entry in human platelets. J Biol Chem

2001;276:15659-15665.

105



Sage, S. O., Merritt, J. E., Hallam, T. J. and Rink, T. J. Receptor-mediated
calcium entry in fura-2-loaded human platelets stimulated with
ADP and thrombin. Dual-wavelengths studies with Mn*". Biochem
J 1989;258:923-926.

Samanek, M. [Does moderate alcohol drinking decrease the incidence
and mortality rate in ischemic heart disease?]. Cas Lek Cesk
2000;139:747-752.

Sano, K., Takai, Y., Yamanishi, J. and Nishizuka, Y. A role of
calcium-activated phospholipid-dependent protein kinase in human
platelet activation. Comparison of thrombin and collagen actions. J
Biol Chem 1983;258:2010-2013.

Sato, K., Ozaki, H. and Karaki, H. Changes in cytosolic calcium level in
vascular smooth muscle strip measured simultaneously with
contraction using fluorescent calcium indicator fura 2. J Pharmacol
Exp Ther 1988;246:294-300.

Schafer, A. 1., Crawford, D. D. and Gimbrone, M. A., Jr. Unidirectional
transfer of prostaglandin endoperoxides between platelets and
endothelial cells. J Clin Invest 1984;73:1105-1112.

Sheu, J. R., Lin, C. H., Chung, J. L., Teng, C. M. and Huang, T. F.

106



Triflavin, an Arg-Gly-Asp containing snake venom peptide,
inhibits aggregation of human platelets induced by human
hepatoma cell line. Thromb Res 1992a;66:679-691.

Sheu, J. R., Teng, C. M. and Huang, T. F. Triflavin, an RGD-containing
antiplatelet peptide, binds to Gpllla of ADP-stimulated platelets.
Biochem Biophys Res Commun 1992b;189:1236-1242.

Sheu, J. R., Lee, C. R., Lin, C. H., Hsiao, G., Ko, W. C., Chen, Y. C. and
Yen, M. H. Mechanisms involved in the antiplatelet activity of
Staphylococcus aureus lipoteichoic acid in human platelets.
Thromb Haemost 2000;83:777-784.

Siess, W. Molecular mechanisms of platelet activation. Physiol Rev
1989;69:58-178.

Siess, W. and Lapetina, E. G Platelet aggregation induced by alpha
»-adrenoceptor and protein kinase C activation. A novel synergism.
Biochem J 1989;263:377-385.

Siffert, W. and Akkerman, J. W. Activation of sodium-proton exchange is
a prerequisite for Ca®" mobilization in human platelets. Nature
1987;325:456-458.

Spiegel, A. M. Signal transduction by guanine nucleotide binding proteins.

107



Mol Cell Endocrinol 1987;49:1-16.

Stevens, J. F., Taylor, A. W., Clawson, J. E. and Deinzer, M. L. Fate of
xanthohumol and related prenylflavonoids from hops to beer. J
Agric Food Chem 1999a;47:2421-2428.

Stevens, J. F., Taylor, A. W. and Deinzer, M. L. Quantitative analysis of
xanthohumol and related prenylflavonoids in hops and beer by
liquid chromatography-tandem mass spectrometry. J Chromatogr A
1999b;832:97-107.

Stevens, J. F., Miranda, C. L., Frei, B. and Buhler, D. R. Inhibition of
peroxynitrite-mediated LDL oxidation by prenylated flavonoids:
the alpha,beta-unsaturated keto functionality of
2'-hydroxychalcones as a novel antioxidant pharmacophore. Chem
Res Toxicol 2003;16:1277-1286.

Stevens, J. F. and Page, J. E. Xanthohumol and related prenylflavonoids
from hops and beer: to your good health! Phytochemistry
2004;65:1317-1330.

Sweatt, J. D., Johnson, S. L., Cragoe, E. J. and Limbird, L. E. Inhibitors
of Na'/H" exchange block stimulus-provoked arachidonic acid

release in human platelets. Selective effects on platelet activation

108



by epinephrine, ADP, and lower concentrations of thrombin. J Biol
Chem 1985;260:12910-12919.

Tournier, C., Hess, P., Yang, D. D., Xu, J., Turner, T. K., Nimnual, A.,
Bar-Sagi, D., Jones, S. N., Flavell, R. A. and Davis, R. J.
Requirement of JNK for stress-induced activation of the
cytochrome c-mediated death pathway. Science 2000;288:870-874.

Vanhoecke, B., Derycke, L., Van Marck, V., Depypere, H., De Keukeleire,
D. and Bracke, M. Antiinvasive effect of xanthohumol, a
prenylated chalcone present in hops (Humulus lupulus L.) and beer.
Int J Cancer 2005;117:889-895.

Vinson, J. A., Mandarano, M., Hirst, M., Trevithick, J. R. and Bose, P.
Phenol antioxidant quantity and quality in foods: beers and the
effect of two types of beer on an animal model of atherosclerosis. J
Agric Food Chem 2003;51:5528-5533.

Vu, T. K., Hung, D. T., Wheaton, V. 1. and Coughlin, S. R. Molecular
cloning of a functional thrombin receptor reveals a novel
proteolytic = mechanism  of  receptor  activation.  Cell
1991;64:1057-1068.

Wilkinson, M. G. and Millar, J. B. Control of the eukaryotic cell cycle by

109



MAP kinase signaling pathways. FASEB J 2000;14:2147-2157.

Woulfe, D., Jiang, H., Morgans, A., Monks, R., Birnbaum, M. and Brass,
L. F. Defects in secretion, aggregation, and thrombus formation in
platelets from mice lacking Akt,. J Clin Invest 2004;113:441-450.

Yamaguchi, N., Satoh-Yamaguchi, K. and Ono, M. In vitro evaluation of
antibacterial, anticollagenase, and antioxidant activities of hop
components (Humulus lupulus) addressing acne vulgaris.
Phytomedicine 2009;16:369-376.

Yamamoto, N., Greco, N. J., Barnard, M. R., Tanoue, K., Yamazaki, H.,
Jamieson, G. A. and Michelson, A. D. Glycoprotein Ib
(GPIb)-dependent and  GPIb-independent  pathways  of
thrombin-induced platelet activation. Blood 1991;77:1740-1748.

Yin, H., Stojanovic, A., Hay, N. and Du, X. The role of Akt in the
signaling pathway of the glycoprotein Ib-IX induced platelet
activation. Blood 2008;111:658-665.

Zanoli, P. and Zavatti, M. Pharmacognostic and pharmacological profile
of Humulus lupulus L. J Ethnopharmacol 2008;116:383-396.

Zhao, F., Nozawa, H., Daikonnya, A., Kondo, K. and Kitanaka, S.

Inhibitors of nitric oxide production from hops (Humulus lupulus

110



L.). Biol Pharm Bull 2003;26:61-65.

111



