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rf

| AEHA A3 dav
AEuA A8 4438

w73} (atherosclerosis), ¥/ 2 &84 4123 (coronary artery and
ischemic heart disease), L&t (hypertension), =% (stroke), W=
(thrombosis) = X%sle= AdaAA 4$ (cardiovascular  disease)<>
AMAA o Fa3E Abddlo] Har vk AARZAZ| 9] Harel] wp=
20080l 1730%ko] weo] Ayl Ao w Apgsion | o= XA
Abgol o] 30%¢0] 39Sk} (Elmarakby, 2012). 3k 1] =r4] -3 3] (American
heart association)9] X i1o] o]&}H w|=rQle] 3E-9] 19 3 3F= 80007
gol AdyA HeE 7P e, wid 2200 T olite] Ay
Az o7 AMYEE Ao 1=tk (Roger etal., 2011).

d4%e A% ol I3 (thrombus) == A (blood clot)o] A4 o]
s Wellehs JHE AdaA deke] Fa3 T4 5 sheltt (Hooper
and Evatt, 1998). 852 &% =7 A (cerebral ischemia) (De Meyer et al.,
2012), A1<+7d A (myocardial infarction)®} 415 (angina pectoris) (Renda and de
Caterina, 2012), | 2A (pulmonary embolism) 5¢ F& Qelo] wHu,
(Agnelli and Verso, 2011; Garcia and Quintana, 2011), & (Morel et al., 2010;
Vazzana et al., 2012), ©]%#] 2 &3 (Poredos and Jezovnik, 2011) 52| & $}of A
AWA] FHFToE Yehr|e gih olYd olfE dAFTE BE
A A o] Fod fF8NoeRF AgAXI 9 =

olol7 AAAFE] WHE D APLEA B AT

=
o

=



9] Aol wAs, 507 o] M Ao R 3 AbgEtE Zo®
b5 9ATh (Cohen et al, 2007). wl=re] 7ol vwijd 605k 1<
Aol WASIAL 30%e] Wo] FHHzoR < AEsl= o=
ZF2EE A Th (Amin et al., 2007).

dH B dave 4

Poagdo AA W Fo Hoj7)[ded AF 8 (haemostasis)oll L o] A]
= sHt} (Jurk and Kehrel, 2005; Furie and Furie, 2008). 121}
Pago] FEsHA B4d3EE A9 A AA (thrombosis)S HHA|A

qEp Asow WwAg & A wEd d9dd FEawAse]

48 2 AdaA Ao Am W qEE fs A A =
o] 8% o <k} (Bhatt and Topol, 2003; Meadows and Bhatt, 2007; Michelson,

2010).
Y4 A A2l agonistE<! collagen, thrombin, ADP, arachidonic acid 5=
ol 93 Z]A 2l shear stress 23] EA3l¥EIth (Jackson, 2007). U
agonist=¥ 22 collagen> &3 W] extracellular matrix ol EA3HH,
solubledt JEf7} obd mAHH FHelz 2SS st} (Farndale et al., 2004;
Heemskerk et al., 2005). =3t d3=Ato 2 <ls] =Z ¥ collagend] d Ao
FAEE RS daws iR 3 dd Al SoM Fe3% 27
GAZ A ATl (Auger et al., 2005; Ruggeri and Mendolicchio, 2007). wh&}4]
collagenol] oJ3t diye] &3t B SRS AASts Zlo] FHAAA Y
AT JRe]  glojA Fo3d targete® oI AA AL Yrt  (Jackson and
Schoenwaelder, 2003; Surin et al., 2008; Rivera et al., 2009).

Collagenol] ©J3t div 243t A4S v ZH (Fig. 1). 429
A Etel  EA)S=  collagen &A1 glycoprotein  (GP) VIE &



collagen¥} Z &3}, Collagente] Aoz AE Y As AY A
g stEo] ME Wl calciumo] F7FEOEM dAave] @A fddEd
(Abrams, 2005; Varga-Szabo et al., 2008; Rivera et al., 2009). &4 3to] &4
HAGoN A ol AE el EAstd ¥ (granule)o] FElHEA I
ol o] 99 serotonin, ADP o] | W P-selectino] ZE ¥ v
thromboxane A, (TxA,)} 22 &4 EZ 5] AAHET (Jurk and Kehrel, 2005;
Rivera et al., 2009). °]& Z2AE2 HA239] o|x¥Ql FAsts fFstd,
oo 3 2 dde APE ° AashA sted & 94Es 3o
(Offermanns, 2006; Jackson et al., 2009). o]¢} tl&o] o fuA|x, vt
<o "E d9 =4 3 AEZsEHY AsAEs #aEcste dd A
XA 4= Q) (Pakala et al., 1997; Cirillo et al., 1999; Vandendries et al., 2004;
Nemmar et al., 2007). v}x|9}o. 2 F= @il GP IIb/llla (integrin allbp3)7}
DAHHA dad 33 2 uE df 2A4HRY F5AEs visistA A
(Li et al., 2003; Calderwood, 2004; Abrams, 2005).

i)
rr

AEBA AgolA e FE2uA H&

Ag#A A QlojA  FAase] o] #Qkele],  ust
FdavAEo] AAA Ao Xz &&Eo] gkt (Bhatt and Topol,
2003; Meadows and Bhatt, 2007; Michelson, 2010). 7]<&ol] o]&% o]
¥ 234 = cyclooxygenase-1 (COX-1) A4, ADP =& A3,
glycoprotein (GP) Ilb/llla Z &4, phosphodiesterase (PDE) S AIA] = A Y]
A2 y¥e]d 4 2t} (Meadows and Bhatt, 2007; Barrett et al., 2008;
Michelson, 2010)

COX-1 SAAI aspirine 7Hd FAAo® AMRHEE FdidA ol
COX-1g M7FH A o2 Asfste] TxA0] AdE Aldoen ddast
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2+8-2 ZH=t} (Vane and Botting, 2003). TFFSE A ATES 53 aspirin®]
AEaA Aske g3k A7 2 O a3t JdFHAou (Antithrombotic
Trialists, 2002; Ridker et al., 2005; Berger et al., 2006), sAl°l] =3 F-28& %
FHkslE Aoz & 2t (Serebruany et al., 2005; McQuaid and Laine, 2006;
Antithrombotic Trialists et al., 2009). ADP =& ZA3A == clopidogrel,
ticlopidinee]  9lom, ADP &AL P2Y,E HIZFHZHom  Adé}e]
dY 1~ 28-S zE=Y (Michelson, 2008). Clopidogrel=>  aspirinol]  H] 3}
g37F 349k (Committee, 1996; Bhatt et al., 2000), aspirin®} -+A}3H
Aol =8 H-28S 7HXt) (Serebruany et al., 2004; McQuaid and Laine, 2006).
GP IlIb/llla A& A 2= abciximab, tirofiban, eptifibatideo] o™, 3333t
B HojupAnt AWMFAA=A L o]goll Aglo] Jlon FFFARE
131t} (Serebruany et al., 2004; Meadows and Bhatt, 2007; Barrett et al., 2008). PDE
| Aol = dipiyridamoleX} cilostazolo] o™ HA# W cAMP level S
A7 dEa 28-S Zh=t) (Feijge et al., 2004; Sim et al., 2004). PDE
AAES e FdawAe g didgoz =8 F280] AL slew
21T} (Goto, 2005; Booze and Serebruany, 2006).
7150 AMEEOlR FEAVAES A oR FAAHAY BESA R
Azey Fejeld], WEE (internal bleeding), 917334 &4 (gastrointestinal
bleeding), =71 W <3 (intracranial bleeding) ¢ &3 H2&& 7ML
Aol AdAA Ao Gqs s ARgEt=dl ol EAIZE Holgkt
(Jackson and Schoenwaelder, 2003; Barrett et al., 2008). ©] &3t o]fF= 4 d7A
Ago] dtE B0 R 3 7|EY FHARAEY o mA B kg
AAE F AFEo g Aol F7tskal At (Craig, 1999; Hu, 2003).
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1. 23 43

T4 e

Z (Glycine max)> odFE dE o] &Ho & 2Fo|th ofAo} A9
745 wWld 20-80 go T AFES AF3M (Omoni and Aluko, 2005),
o e 7-9 g AFSh=d EFSHAITE (USDA, 2011) 74, 1+ 5 &
of it BAalo] FolA = FA otk F& Tl A (38%), B3HE (15%),
T2 (15%), A% (18%) 1¥a Hgyl F7]d Fo= A%t (Omoni
and Aluko, 2005; van Ee, 2009). 53] F-oll = isoflavone, saponin, =32 3} ¥4k}

ge AR FE ABHL e APES O sty gon

1>
K

o

glycinin, p-sitosterol s sk AlEfe) ST ES Trstar Aot ol

g RS TR

ol

2 ¢ (Lee et al., 2009; Yan and Spitznagel, 2009;
Yang et al., 2009), 3 (Bhathena and Velasquez, 2002; Mezei et al., 2003), H] 7t
(Bhathena and Velasquez, 2002; Jang et al., 2008), ~12] 1l =Tt}s-5 (Setchell and
Lydeking-Olsen, 2003) -] 7fAlol] @37} dvkar dasch 3 A1 E
%3] 118¢t (Rivas et al., 2002; He et al., 2005)3} 1.1#] &% (Baum et al., 1998;
Wangen et al., 2001; Jenkins et al., 2002) <] A #A Azkel] QlojA Folst

£7H8 nelvhn LA Be wAlg Ba ok

ALSFY A=A

T AAY A wet =, SAF, AT, dga JF ToR
tHold 4 gltl (Choung et al, 2001). o]#3 ZF& 1 ZF{o uwg}
832 phenolic acid, anthocyanin, “12]3L isoflavone¥} 72 SAJAEE 9
ZAo] g2 A &A%t (Xu and Chang, 2008). o213t xA9] zpo]z <l

dege wagolut ¥AF B the FEA W BH44E AA (Xu and

_,
U
of

Chang, 2008), LDL 4Fs} & A (Takahashi et al., 2005) 5ol SlojA] Addjd o=



e AYEAAS It g A ok Avrt HeEe FYS (Kimetal,,
2008), &<+ (Hung et al, 2007) &4< 7Moo &#A, FEed oz
oJefstdom W #AS Wy gy ey AT YA P FIA

o thsteli= obx ATE wh glnk.

o] Bo] o]FojHt} oo Fo| Aol &A= A isoflavone,
v} ¢lt} (Omoni and
Aluko, 2005; Kang et al., 2010; Messina, 2010). 53| genistein} daidzeinS-

wn
o
<
=
S
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w
o
<
w
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o
=3
>
g
lo
o
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rob
ox,
Mo
il
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o
™

E3}3k soyisoflavone S5 39 (Adlercreutz, 2002; Jian, 2009), &3 (Luetal.,
2008; Pipe et al.,, 2009), 3=T}3 5 (Song et al., 2008; Ishimi, 2010) & ¥}<}
Ad3A WA &3 (Anthony et al., 1998; Rivas et al., 2002; Marsh et al., 2011;
Pase et al., 2011) o QoA Fo FAMHESRE oAgAX Sty a8} Fo
Ay, 53 Fdad gaasol oA Fa &dd7o] isoflavoneo] gt
Aol tisiA o 5% Al7]=H sttt (Gooderham et al., 1996). Genistein}
daidzein®] €T F=7F FolA= Aol Iy HAEEo HsoE
o) XA ¢kko ™ (Gooderham et al., 1996), genistein®} daidzein®] a3 A3
32 HQ FEE 10-30 pM (Nakashima et al., 1991; Kondo et al., 2002;
Guerrero et al., 2005; Guerrero et al., 2007) F5 0 2 AA] Fo| Ao steFap= 2
2FolE  HWOlty, Altdrl anthocyanin, soy saponin 5 Foll dH¥ &
AEEE dave 24stE AT o Atk Balso] AU (Choung et
al., 2001; Garcia-Alonso et al., 2004; Shi et al., 2004; Xu and Chang, 2008). tw}2}A

isoflavonee] o TfE A EESo] Fo gI4d 2go| st 7eA o]
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Trisodium citrate, citric acid, ethanol, ethyl acetate, butanol, methanol, dimethyl
sulfoxide (DMSO), adenosine, 2,5 -dideoxyadenosine (DDA), SQ22536, NaCl, KCl,
MgCl,.6H,0, HEPES, glucose, NaHCO;, Na,HPO,, CaCl,, KH,PQ,, triton X-100,
Tris-HCI, HCI, prostaglandin E; (PGE;), glutaraldehyde, ethylene diaminetetraacetic
acid (EDTA), indomethacin, pentobarbital, urethane, ferric chloride, aspirin,
clopidogrel ~22]3L bovine serum albumin (BSA)-> Sigma-Aldrich Chemical Co. (St.
Louis, MO) o4 +J3la1, collagen Chrono-log Co. (Havertown, PA) ol 4|
T3k SCH 58261, ZM 241385 1]l 8-(3-chlorostyryl)caffeine (CSC)&
Tocris Biosciences (Bristol, UK)oll 4] <131t} phycoerythrin-labeled monoclonal
antibody against human glycoprotein Ib (anti-GP Ib-PE Ab), fluorescein isocyanate
labeled PAC-1 (PAC-1-FITC) 12| 3l FITC-labeled anti-CD62P antibody (anti-
CD62P-FITC Ab)-2 BD bioscience (San Diego, CA)oll A <] 3l t}. “C-serotoin (55
mCi/mmol)2} ACSII scintillation cocktail<> GE Healthcare (Buckinghamshire,
UK)ol A 7132, thromboxane B, (TxB,) ELISA kit2} cAMP ELISA kit
Cayman Chemical Co. (Ann Arbor, MDA %4 31t} Fluo-4/AM, calcein/AM
Z12]3L Alexa Fluor 488 conjugated fibrinogen-> Invitrogen (Eugene, OR)ol 4]
T4l o™, protease inhibitor cocktail-> Calbiochem (San Diego, CA)°l 4]
T34 gt} Activated partial thromboplastin time (aPTT) reagent®} prothrombin time
(PT) reagent:="Instrumentation Laboratory (Lexington, MA)l| 4] -] gl T},

10



AT =T By koA AL dxd F2 3527
59l 50-60°Coll 4] 20% ethanol® F=FH oW, FE 3 wHE T 12 A|7F
7 o

7]
FEES 20°CHA HPAT LT FEE (BB W (1.0%), A
5 (0.8%)2 TAENoH,

Il
% phenolic compound®] FFS  1.29%%Th F FE=FE=L  in  vitro

A5 Eol| A= 50% ethanololl 5% 2., invivo A& Eo]A & salineo] =
o 2 i FH|

Platelet rich plasma (PRP)E #2|3}7] 95k, 2 =Y o] &S HE3HH

o)
X AZsE Aol AHm oz HE 32% sodium citrateE S uA R o]

AAstgich A8 A dbgel AAA fel 870U fel pipeted]

=R
AbES Fstglon. dad F8o A e A2 Al MY F
150 golA 15 &3t A4 £ & FS5d (PRP)= A3dal IARS 2000
goll A 20 B2+ A4l E2]&to] platelet poor plasma (PPP)E LAt} o]¢} 7ko]
A2 PRPY dAd 4= hemacytometerS ©]g3le] P8t dujHow
Ao, PRPE PPPE 3|4 3te] 1 mid 3x10° 7] Hiado] Ty
& & Ao A3t

Washed platelet (WP)Z &5}A]

sl7] f38te], 2 Fd o]} FES
ko AZE Jadel AW o g XE acid-citrate-dextrose (ACD)E &-3-3LA|

al
slo] gaS AHEA. A A prostaglandin E; (PGEy) 1 uMS = g3}

i
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il (

2 stE AAEGlh A FdAS 150 gellA 15 E3F YA
Halslo] A=doa PRPE A1, o]Z 500 gollA 10 #37F 94 Ealsto
Y4 pellets AAT} ©]= washing buffer (134 mM NaCl, 2.9 mM KCI, 1.0
mM MgCl,.6H,0, 10.0 mM HEPES, 5.0 mM glucose, 12.0 mM NaHCOs;, 0.34 mM
Na,HPO,, 10% ACD, 0.3% BSA, 1 uM PGE, pH 7.4)% &lEralo] A3 5
ThAl 400 gellAl 10 &3 ARt o714 Lozl AT pellet=
suspension buffer (134 mM NaCl, 2.9 mM KCI, 1.0 mM MgCl,.6H,0, 10.0 mM
HEPES, 5.0 mM glucose, 12.0 mM NaHCO3, 0.34 mM Na,HPO,, 0.3% BSA, pH

T
IN'

|

.

742 eI WP 9o d4% 42 hemacytometerS o] -&3}o] 43}
Andog AQom. Suspension buffer® 3]A3ke] 1 mld 3x10%8 7je
davo] EFHEF g & Ao ARESATE WP 4§ CaCLE HF

FE7F 2mMo] HEF 71ek & AFe| ALE-SHSlT)
Rat PRPE #&|35l7] 9I8Fe] A5 o] 250 ~ 300 go] ¥+ Sprague-Dawley
T2 A AHE etherZ2 &Y v A7l 3 3.2% sodium citrateS 3234 2 31

Bo)5u AAstgich. AD F PRPS FH]: Human PRPS} st

1. @49 &3 € 843 53

I~

gaw 54 34 2 23

gl 3 AEZE lumi-aggregometer (Chrono-Log Co., USA)E ©]-8-3}o]
turbidity W 3}=4 ZSAH3F L. PRP T+ WPS] light transmissionS 0 %,
PPPLE+= suspension buffer®] light transmission=- 100 %% 9t - 37 Coll A
Hdhol $3 AHAXd uwE  light transmissions FSASIAT A4 A

=]
silicon®. = =¥ % aggregometer cuvettes A8l o, Whgo] dojy= FoF
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1,000 rpmoll A A &Aoo 2 wHHEATE PRP & WP wvehicle &
A E4S 718kal thermomixerS ©] &34 37TolA] 10 3+ sl th
Hj k3t PRP =+ WPZ aggregometer cuvetteol] ¥l 1 #3F 7}23Fe] 37C7}
HA & vs dad 3 % AEQ collagens HHEH

HAEEE 71kt (human 1-4 pg/ml, rat 8-10 ug/ml) . ©]% 6
%%ﬂ WSS Bt g0l E1¢ PRPE 0.5% glutaraldehyde® at
slide glassoll loadingale] &w|7 AollA #2313t}

e
O.u ﬂlﬁ:
P~
)

ol

P-selecting] &3

e

%

kS0l £ Alge] UdR-E F3slo] suspension buffer= 3|4 A1Z1 & anti-
GP Ib-PES} anti-CD62P-FITCE Wlg Yol F& Aol 7bstar A3
Z70l 20 #3F "EEAATE 7)ol Ca** 2 mMo] E3$HE  suspension
bufferg 500 pl 7o =4 whgS FAAZT FH]E 48 A& BD

3
FACSCalibur flow cytometeroll A #23}3ict. 4] Z 21312 CellQuest Pro

o

softwareE  ©] &3} t}. P-selectin®] & AHE+E collagens 7184 &
basale] FFFS 7Zo= o, 95% o]4Fel FPAETI} Hol:= FIHS

AR she] B3t
Serotoning] #H] =3

AT OoZHE  serotonin®] FH]E= radioactive methodE  ©] &3} T}
gohogwKE Eg 3k PRPo| *C-serotonin (55.0 mCi/mmol)< 0.1 pCi/ml7}
L= 7}sk 3 water bathol| 4] 37CollA] 45 & =<k ujeksic.
&2} collagene] A& 919t EL3HAl 31 TE 50 mM EDTA 30 ulell
5ol T=¥ PRP 300 WwE F ko] 74gk ths, 12,000 golA 2 #3F A

P

_1

>,
_L/

II
OO
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2]tk ASC-1l 10 mi7} ©71 25 ml LSC vialol A= 50 wE 7}ahi e,
H] ¥ Y“C-serotonin®] % liquid scintillation counter (Wallac 1409, Perkin Elmer,

USA)E o]&3to] SAsA o, release A e Thd 2ol A AL

e

counts of sample. blank

Total counts. blank x 100

Serotonin release (%) =

Total: 0.3 % Triton X-1002.2 A %#9] lysisE A 71 sample

Blank: Chemical-S A 2]s}#] 22 sample<] count

Thromboxane A, A4 &A

>

os
o|o

J=43 collagend] Aele davd & FAodAd FAdstA At
E-S-o] T 5% PRPYl EDTAS} indomethacin®] 2tz 2 mM, 50 pMo| %5
7}ek 3 12,000 goll A 2 #-7F 94 Bkt AEolS #H3ke] thromboxane
A (TxA)S] B8 ALEE S oH, TxAY F8AQD dALAIQ] TxB, &

ELISAkitE ©]&35lo] 43t

-

1. 55 A9
Invivo 39 A4 A4 4 € &

250-300 g°] Sprague-Dawley 4% 23FHE AELF (Korea)ZH-E F 5o},
Zofstal oftfdl FEAY ATsolA dFUAVHE A 1 H AY
o] &3 AFSFAL &% 22 £ 2 C, £% 55 + 5 %o &% 7

FAEReH, oA 74 30EF oF 7A] 0ES V|Fow dle] whyt
=



AW al Ao AALR EQIT) 5% FeCl,Z 2 Al filter paper 3 mm x 1
st g o] 5F7F AEAIZ = A AU FeCl;s 483kl 307 +

ko3

dogus Hosue Az Fe F odoudth sudumoniy
=]
s

o
3
3

i

223 d4S molde]l S22 OCT coumpound= (Tissue-Tek Products,
Sakura Finetek USA Inc., Torrance, CA)E A& ¥ -70 ColA €35, 4%
& 72 Cryostat (CM1850, Leica, Wetzlar, Germany)E ©]-83}%] 10 ume] 7] 9]
AP o g wEojxon 3087F Ab2oA HAE3 F hematoxylin and eosin

stainingS 718813l T}
Clotting time =4

S AT Fostz 1 Az ¥, 3.8% sodium citrateS
gz skl Hiew st 94 oS Aol 2000 gol A
15 378 dAREste Aty 8% S A7 BBL® Fibrometer (Becton
Dickinson, Cockeysville, MD)E ©]-&3}%] aPTT, PTE 5433t aPTT 5S4 =
dste] A3 aPTT A oFS fibrometer cupol 713k 3 3 #7F 377Col A
el Wi ¥ CaClL: 7hstal, SAl o) a1 AFS SASATH

PTOl 242 Slal4 7hes @gol PT Ale 7lsla 4 doga
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Bleeding time 7%

20-25 g°] C57BL/6 mices AM&stTH AT FEE T aspirin,

o
d
1\1_/

clopidogrel S 7 Fof3}al 1 AlZF £, pentobarbital

=z

T
AN AT w2 wE # 2 mm FES 23 v 10xve 2AAY
[e]

o

o)
e

-
ol
1
e
-

58 Eof| 3{o] ethyl acetate®} butanol® Fuj FE3}c},
Ethyl acetate 2] (=& 1.2%)= sep-pak cartridges (10 g, Waters, Milford, MA)-S
o]-&3lo] A4 = (solid phase extraction)dl] ©.™, aqueous methanol step
gradient (50-100%)%. = &u]dto] 7719 3 (A-1~A-7)S AT Al (58
28%) 7 A-2 (& 145%) =S st & Sephadex LH 20 (GE Healthcare,
Uppsala, Sweden) column chromatography (30 mm i.d. x 800 mm)°ll 4-83}31 0.1,
70% methanol & &2]3te] 10709 £33 (B-1~B-10)S <AL} B-1 (558 18%)
=82 preparative HPLC (eluent: 10% methanol, 0.05% trifluoroacetic acid; column:
ODS (20 x 150 mm); flow rate: 6 ml/min; detection: UV 260 nm)E ©]-&3}o] 77]
o] 8 (C-1~C-7)e= yiHth FHFT 24 99 C3¢ B-1 8o =HY
6.6%2 T&= dojHrh EFEL 50% ethanol B DMSOO Hojxlor, -
20°Cell A Haak3itt.
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ANE 4

A& NMR spectroscopy, Mass spectroscopyS =38 #2131tk 'H

NMRZ} ®C NMR =72 IJNM-ECA600 600 MHz FT-NMR spectrometer (JEOL,

il

Tokyo, Japan)S ©]-&3}o] tetramethylsilaneS 313k D,0E internal standard=
slo] o] Fojxt}h 'H-'H COSY, HMQC —¥]il HMBC NMR #2jo] Fd3k
spectrometer ol Al o]Fo] Mt} ESI-MS spectrum<> Q-TRAP-3200 mass
spectrometer (AppliedBiosystems, Foster City, CA)E ©|&3lo] doj %l MS
ZAL& vS31 2okt ESI, positive mode with capillary voltage (kV): 3.2, cone
voltage(kV): 30, source temp: 120°C, desolvation temp: 350°C, desolvation gas (L/h):
850 and collision energy: 17. HPLC system (Hitachi, Tokyo, Japan)-> autosampler,
pump and photodiode array detector= -4 & 21.2.14, Mightysil C18 (4.6 X 250 mm,
5 um) column< ©]-8-3}e] methanol: water (90:10)= 8 vlZ 1 ml/mine] &%=

2253tk AdenosineS 260 nmell A 7 =&k},

¥F adenosine % A

200-250 g<] Sprague-Dawley % 3B HE <L ZNEH}] L (Korea)=H-H

Taston, HAdd o]gstr] s d HAsRem &2 Ag glo]
TEetgth HSFE FEE T adenosineS AT Tl & AA A 7talot

sheint.
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F7 FF = AMFO R RE heparing FSuA R Ao AL A
adenosine’} H2F FE=S  Addel 5 Z3F WEAZH 2-
chloroadenosine> WH &A= 7Fskgit) Hbgo] 2 & SA] 4TolA
2,000 g 15 #7F fAEgste S Atk 100 wel el 200 ple]
acetonitrile2  7}3FaL, 4TolA 14,000 rpmollA 10 F3F LA E sl
ASHS HIFH T, B8 A]EE 0.45-um syringe filter2 o] A3 o,

LC/MS/MS % 2 =2 adenosines 4138131t}

0

¢}

IV, 28 7134 4+

A %-collagen #3& 53

ek

g o] H-25S Z435tarAk 96 well black plateol] 40 pg/ml collagens 2zt
well 7t} 50 W 7Fskar 2ol A 1 Al &<t coatings} it Collagens
A A Skl 5% BSAE 33 phosphate-buffered saline (PBS; 1 mM KH,PO,, 154
mM NaCl, 3 mM Na,HPO,, pH 7.4)< 50 pl® 7}star A2 A 1 AJF <t
blockinget & PBS= Al ¥ washing3ll =%l t}.

golowng Hg®l WPl calceifAMS 2.5 puMo] HEE 713 &
37CollA 15 &3+ Apgste] wiFeiaivt. wiko] € 5 WPE thA] 300
gollA 10 3+ 94 EeElst &, dojxl FAdt pelletoll suspension bufferE
7ve dEete] 1 mid 3x10° /e Pawto] XFELEF 3|4 Ekal CaCl,E

4% 5wk 2mMol HEE g F 4] Agstan,



Calcein/AM©] loading®l dAvtol| AlFEH 10 &1 A &g -, WP 50
ulE collagen-coated wellell 7}&tar 30 &3t =olA WA sttt F2HE A
2 v PBSE AlFHEt] AAS $ FatE 4TS lysis buffer (1 %
triton X-100, 150 mM NaCl, 10 mM Tris-HCI, 5 mM EDTA, and protease inhibitor
cocktail) = 7}ale] 4ColA 10 E7F lysis AZTH i 3R Hr=
microplate reader (Aex = 492 nm, Aenm = 535 nm, TECAN Spectrafluor, Grodig,

Austria) & ©o]-&3to] FFFS S4sqdTh
AE U ca® 5= =4

Fluo-4/AMS A3 U2 loading A1717] 93] t-&3F o] z=zetgl
g o g HE EalE WP Fluo-4/AMI} PGE, S HE s w7t 7+7)
uMo] E|E=E Wpdl| 7}8k T 37°ColA 45 Bz xp3Eke] et
HlFol & = WPE thA] 300 gellAl 10 E3F €4 EEek 9, Aozl
43 pelletell =
Hagte] XFEES g F APl AMEEAT WPl CaClL,E: HE F%7t
2mMeo] H == 71e & A3l ARgakgitt
A EEA7} collagen®] HElE Haw 23 =AM BUsA stk

Alge] dE-E FHelo] anti-GP Ib-PEE v ¥

—
™ W
=
=
[EEN

suspension buffers 7ta AEste] 1 ml

2
ol
BN
Al
2
X
N
o
4
N
N,
T
I,
o
>

oo
*
2
N
=
O
m’\i

M N2
3
<
2
!
o
;
[72]
%
)
®
2
o
>

buffer 500 plE 7Fgo=2x4 S2=1
FACSCaliburol /1 &4tk AxE W Cd¥ sx& Hid JGHS

=4 5sieh,

GPIIb/lllag] &8 A
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ANd=43 collagend] A= 4 &3 SAHAA L FdstA a3t
WP 1 mig 1x10° i8] davbo] e F Ao Aga3ith
anti-GP  1b-PE®} PAC-1-FITCE v|g] Yol =& A[@del 7tsta 3
Z7o A 20 3+ HS-AFTE o] 7)o o] ¥3$kE suspension buffer 1 mlE
74sto M HkS-S FAAZAT FHlE 248 AJEE BD FACSCaliburel A
A3kt GP lb/lllae] g
& 7leo® sfo], 99% ool FFAETL Hole S A

.

ok
o
ki
rr

collagens  7}3shA] 242 basal9]

1]

ok
ot
ol

ol

Mo
12
ol
ol
3%

A EA3} collagene] HEle dad $3 Ao A A 3HT)
Hkgol FmE WPl HCIS 01 Me] H=% 7kgk § 60 %<F ultrasonic
processor (Sonics and Materials Inc., Newtown, CT)E ©|-&3}9] lysisA] 7l th. cAMP
E %+ ELISAKitE o]&3te] S43klth

Fibrinogen binding &3

A =43 collagend] A2l dad 33 SAHAAY sLstA st
, WP 1 mid 1x107 7He] Hawo] ¥FE s ¢ § Ao Ag3}
T29] dHE FH3Fo] anti-GP 1b-PE2} Alexa Fluor 488-fibrinogensS 7|2 4 o

Al el 7reta g 2ol 20 wEXF RESAIZT of7]el o]
%l suspension buffer 500 plE 7FEo=HA wgS FTAAZG. £HE
| BD FACSCaliburell Al #213}$1t}. Fibrinogen binding®] %=+

=8t

>

o
rlo

&

>

i

25
A

ol

e
mlo

1&

SIS
(=N . 5]
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33

z}o] = student’s t-test

0.05 ©]3s}<el 7

)
T+

range testS A A|3lo] f-oA HAEE FAES

;|

one-way ANOVA test=
o,

ol At

Al

il

, S means + SEMOE A

Jo

o

S

i

b

Ql =

7}

i

21

s

9

A8k % Duncan’s multiple
Fel+= p valueZ}



44923

=
=

collagen (2-4 pg/ml)

5
T

2
F Tt 1 A3 20% ethanol= 53

S

s

=]
RN

ug/mlE platelet rich plasma (PRP)el 10

Mo

o

gt

=
54

ethanol =

20%

2).

Fath  (Fig.

A5

=

=

9o

= = [e]
FE=E=

259 3

il

=
;Q"_

B

=
=

ki3

= collagenel <]

ZZ o
5=

To-

2254 o

% 99t} (Fig. 5). AeT %7 Aol

Mo

e

PR (Fig. 4), drdde2zx

S

A

[ai3
=

3o]
1 1=

aggregate®] A4 A=

ki3

9/]

Yt} (Fig. 6)

collagen®]]
A

il

o

e
olo

B
q
gl

o}ro
A

I 244 AAaxns el

9

3} 34 =, P-selectin &, serotonin 2], thromboxane A, (TXA,)

\uAlo
o
!
B

A1 4= Tk (Jurk and

Kehrel, 2005; Rivera et al., 2009).

} 112} P-selectin®] W& HLEE anti-

S

A1,
o3

Aot 1
2] A= C-serotonin

=
=

to]  flow cytometer’dol A]

o83

=
=

CD62P-FITC Ab

e

1=tk (Fig. 7). Serotonine]

9|

P-selectin2]

3)

9/]

] o

collagen®l|

KeN
=

[e)
T

2 A

X
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Figure 2. Effects of black soybean extracts on collagen-induced platelet aggregation
Black soybean (BB, 100 pg/ml) extracted with various concentrations of ethanol (20%, 50%, 70%) were treated for 10
min, an human platelets were stimulated with collagen (2-4 pg/ml) for 6 min. Values are means + SEM of 4-6 independent

experiments. * represents significant differences from corresponding control (p<0.05).
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Figure 3. Effects of soybean extracts on collagen-induced platelet aggregation

100 pg/ml of yellow soybean extract (YB) or black soybean extract (BB) were treated for 10 min and human platelets
were stimulated with collagen (2-4 pg/ml) for 6 min. Values are means + SEM of 3 independent experiments.
Representative tracing data of more than 3 independent experiments are shown. * represents significant differences from

corresponding control (p<0.05).
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Figure 4. Effects of BB on collagen-induced platelet aggregation

Various concentration of BB was treated for 10 min and human platelets were stimulated with collagen (2-4 pg/ml) for 6

min. Values are means + SEM of 3 independent experiments. Representative tracing of more than 3 independent

experiments are shown. * represents significant differences from corresponding control (p<0.05).




Lc

Collagen ; BB+Collagen

Figure 5. Inhibitory effects BB on collagen-induced platelet aggregation
Non-treated platelets or platelets treated with vehicle or 100 pg/ml of BB and collagen were fixed with 0.5%
glutaraldehyde and observed. Representative image of more than 3 independent experiments are shown. Original

magnification: x 40. Scale bar = 10 pm.
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Figure 6. Effects of black soybean inner layer and seed coat on collagen-induced
platelet aggregation

Extracts of BB(100 pug/ml) inner layer (BB;,) and seed coat (BB, were treated for 10
min, an human platelets were stimulated with collagen (2-4 pg/ml) for 6 min. Values
are means + SEM of 4 independent experiments. * represents significant differences

from corresponding control (p<0.05).
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Figure 7. Effects of BB on collagen-induced P-selectin expression

Various concentration of BB was treated for 10 min and human platelets were stimulated with collagen (2-4 pg/ml) for 6
min. P-selectin exposure was measured using flow cytometric analysis. Representative histogram of non-treated platelets
and platelet treated with vehicle or BB (100 pg/ml) and collagen is shown. Values are means +SEM of 3 independent
experiments. Representative histograms of 3 independent experiments are shown. * represents significant differences

from corresponding control (p<0.05).
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Figure 8. Effects of BB on collagen-induced serotonin secretion and thromboxane A, formation

Various concentration of BB was treated for 10 min and human platelets were stimulated with collagen (2-4 pg/ml) for 6
min. (A) Serotonin secretion was determined using **C-serotonin loaded PRP and (B) thromboxane A, (TxA,) formation
was measured using commercial thromboxane B, ELISA kit. Values are means + SEM of 3 independent experiments.

Representative histograms of 3 independent experiments are shown. * represents significant differences from

corresponding control (p<0.05).
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Figure 9. Effects of BB on rat platelet aggregation
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(A) Various concentration of BB was treated for 10 min and rat platelets were stimulated with collagen (8-10 ug/ml) for 6

min. (B) One hour after oral administration of BB to rats, platelets were isolated and stimulated with collagen (10 pg/ml).

Values are means £ SEM of 3-4 animals. * represents significant differences from corresponding control (p<0.05).
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Figure 10. Effects of BB on FeCls-induced venous thrombosis
(A) After oral administration once or once daily for 14 days, thrombus formation was determined in FeCl; induced rat
venous thrombosis model. (B) Isolated thrombus from vehicle or BB (100 mg/kg) administrated rat were fixed and stained.

Values are means £ SEM of 4-6 animals. * represents significant differences from corresponding control (p<0.05).
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Figure 11. Effects of BB on coagulation and bleeding

(A) One hour after oral administration of BB, plasma was isolated and activated
partial thromboplastin time (aPTT) or prothrombin time (PT) was determined. (B)
After oral administration of BB bleeding time was measured. Values are means + SEM
of more than 4-6 animals. * represents significant differences from corresponding

control (p<0.05).
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ASTFE=Y ST Sdve dad S dgA Aol 7wk
bioassay-directed fractionationS &3 o]Fo1H T (Fig. 12). A% F=&
Lol FHEAZ|aL ethyl acetate?} butanol® 8] FZ3+ 3 collagenol] ¢]3t
o S A= 9SS vt 23 ethyl acetate T+ o] 71 A3
AA &= BT (Fig. 13). WA ethyl acetate 32 solid phase
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chromatographyell #-&3}e] 10 7§¢] 3 AU}t =1
Ae oA a¥yE ®How (Fig. 14B), B-1 38 preparative HPLC
chromatographyS %3 peak W& o] 7 7l¢ E3& At} (Fig. 13A).
Aoz 2 peake] C-3 EFo| collagenol 23+ Aot SFol| thafA
71 73 A a3E w9 Y (Fig. 15B).

TR FAHHEE C3 &I A4S 9ol NMR3}F  mass
spectroscopy S 28331tk 'H NMR, *C NMR3} *H-'H COSY, HMQC, HMBC
59 2D NMRol| &J3te] C-3 #&o] adenosine T+xE 7HtE A&
FA3F3 Tk (Fig. 16A). Mass spectrum-=s- &3l A4 Ao 26721 adenosine o=
g E 9t (Fig. 16B). SR A AxES AZst7] Y& €3 83
adenosine standard®] HPLC spectrum< Bl L3k A3 SAs A Yelg o (Fig.
17A), C-3 33} adenosine2] collageno] <3+ HA4Ad $3& oA A=
Aol sdskltt (Fig. 17B).

Adenosine E5olA AdTol] FaEol wEA AAHY 2 wr]7F
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Column: ODS (20 x 150 mm), 6ml/min, UV 260 nm
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Figure 12. Bioassay-directed fractionation of BB
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Figure 13. Isolation of active ingredient of BB (I)
100 pg/ml of ethyl acetate (BBg,), butanol (BBg,) and water (BB,,) fractions from BB were treated for 10 min and human

platelets were stimulated with collagen (2-4 ug/ml) for 6 min. Values are means + SEM of 3 independent experiments.

Representative tracing data of 3 independent experiments are shown. * represents significant differences from
corresponding control (p<0.05).
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Figure 14. Isolation of active ingredient of BB (1)

25 pg/ml of subfractions from (A) ethyl acetate fraction, (B) A-1+A-2 fraction were
treated for 10 min and human platelets were stimulated collagen (2-4 pg/ml) for 6 min.
Values are means + SEM of 3 independent experiments. * represents significant

differences from corresponding control (p<0.05).
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Figure 15. Isolation of active ingredient of BB (I11)

(A) Preparative HPLC profile of B-1 fraction is shown. C-7 fraction is the remainder after isolation of C-1~C-6 fraction.
(B) 25 pg/ml of subfractions from B-1 fraction were treated for 10 min and human platelets were stimulated collagen (2-4
pug/ml) for 6 min. Values are means + SEM of 3 independent experiments.* represents significant differences from

corresponding control (p<0.05).
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Figure 16. Identification of active ingredient of BB

(A) Critical 2D NMR data from NMR analysis and (B) the ESI-MS spectrum of C-3 fraction is shown.
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Figure 17. Confirmation of active ingredient of BB

(A) HPLC profile of C-3 fraction and adenosine is compared. (B) Various
concentrations of C-3 fraction and adenosine were treated for 10 min and human
platelets were stimulated with collagen (2-4 pg/ml) for 6 min. Values are means £ SEM

of 3-4 independent experiments. * represents significant differences from

corresponding control (p<0.05).
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Figure 18. Plasma adenosine concentration in rat pharmacokinetic study
After oral administration of BB (100 mg/kg) and pure adenosine (10 mg/kg), blood samples were collected from the retro
sinus and the adenosine concentration in plasma was measured by LC/MS/MS analysis. Values are means + SD of 3

animals.



ev

>
oY)

100 100
ko) s
g 80 1 g 80 4
5 2 T &
~ 7 60 ~ 7 60 -
T O o O
25 25 40
40 p -
= =
2 < S <
T 20 - © 201
o o
0 = 0 —
BB - - + BB I - | - +
Initial ———— nital ———
Final Final

Figure 19. The change of plasma adenosine concentration in whole blood
Adenosine were added to (A) rat or (B) human whole blood with or without BB. After 5 min incubation, plasma was
preparated and adenosine content in plasma was measured by LC/MS/MS analysis. Values are means + SD of 3

independent experiments.
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Figure 20. Effects of BB on adhesion and aggregation in human washed platelets

(A) Various concentrations of BB or YB (100 pg/ml) were treated for 10 min, and human platelets were stimulated with
collagen (1-4 pg/ml) for 6 min. Platelet aggregation was measured using lumi-aggregometer. (B) Calcein-loaded platelets
were exposed to BB or YB (100 pg/ml) for 10 min and placed onto collagen-coated microwells for 30 min. Adhered
platelets were analyzed by calcein fluorescence. Values are means + SEM of 3-4 independent experiments. * represents

significant differences from corresponding control (p<0.05).
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Figure 21. Effects of BB on intracellular cAMP and calcium level

(A) Various concentrations of BB or YB (100 pg/ml) were treated for 10 min and intracellular cAMP level was
determined after collagen stimulation. Intracellular cAMP level in collagen-stimulated platelets was determined using
commercial CAMP ELISA kit. (B) Effect of BB or YB on collagen-induced intracellular calcium increase was examined by
flow cytometry. Values are means + SEM of 3-4 independent experiments. * represents significant differences from

corresponding control (p<0.05).
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Figure 22. Effects of BB on collagen-induced GPI11b/l11a expression and fibrinogen binding

(A) Various concentrations of BB were treated for 10 min and GP Ilb/llla expression was determined after collagen

stimulation. (B) Fibrinogen binding was examined by flow cytometry after pretreatment of BB and collagen stimulation.

Values are means + SEM of 3-4 independent experiments. * represents significant differences from corresponding control

(p<0.05).
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Figure 23. Role of adenosine in inhibitory effects of BB on collagen-induced platelet aggregation

BB (100 pg/ml) was treated for 10 min in the presence of adenosine receptor antagonist SCH 58261 (300 nM) or CSC (1
uM), and platelet aggregation was initiated with collagen. Values are means £S EM of 3-4 independent experiments. *
represents significant differences from corresponding control (p<0.05). # represents significant differences from BB treated

group (p<0.05).
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Figure 24. Effects of adenosine on collagen-induced platelet aggregation
Various concentrations of adenosine were treated for 10 min, and collagen-induced platelet aggregation was examined.
Values are means + SEM of 3-4 independent experiments. * represents significant differences from corresponding control

(p<0.05).
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Figure 25. Effects of adenosine on collagen-induced calcium mobilization and GP l1b/l11a expression

(A) Various concentrations of adenosine were treated to platelets and Fluo-4 elicited intracellular calcium increase was

determined after collagen stimulation using flow cytometry. (B) Effect of adenosine on adhesion receptor GP Ilb/llla

expression was examined following collagen stimulation. Values are means + SEM of 3-4 independent experiments. *

represents significant differences from corresponding control (p<0.05).
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Figure 26. Effects of adenosine on intracellular cAMP level

(A) Effect of adenosine on intracellular cAMP level was examined following collagen stimulation. (B) Treatment of DDA
(100 uM) or SQ22536 (20 uM) for 10 min reversed adenosine effect on cAMP level. Values are means +S EM of 3-4
independent experiments. * represents significant differences from corresponding control (p<0.05). # represents significant

differences from BB treated group (p<0.05).
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Figure 27. Role of adenosine-cAMP signaling on collagen-induced platelet activation

Treatment of DDA (100 uM) or SQ22536 (20 uM) for 10 min reversed adenosine effect on (A) intracellular calcium level
and (B) aggregation in collagen-stimulated human platelets. Values are means + SEM of 3-4 independent experiments. *
represents significant differences from corresponding control (p<0.05). # represents significant differences from BB treated

group (p<0.05).
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Figure 28. Elucidation of the inhibitory mechanism of BB on platelet activation

Adenylyl cyclase inhibition by DDA (100 uM) or SQ22536 (20 uM) for 10 min reversed the effects of BB on (A) CAMP
level and (B) intracellular calcium level in collagen-stimulated human platelets. Values are means + SEM of 3-4
independent experiments. * represents significant differences from corresponding control (p<0.05). # represents significant

differences from BB treated group (p<0.05).
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Figure 29. Elucidation of the inhibitory mechanism of BB on platelet adhesion and aggregation

Adenylyl cyclase inhibition by DDA (100 uM) or SQ22536 (20 uM) for 10 min reversed the effects of BB on (A) platelet
aggregation and (B) adhesion in collagen-stimulated human platelets. Values are means + SEM of 3-4 independent
experiments. * represents significant differences from corresponding control (p<0.05). # represents significant differences

from BB treated group (p<0.05).
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Figure 30. Effects of adenosine and soy isoflavones on platelet activation

Adenosine (1 puM), genistein (0.3 pM), Daidzein (0.3 uM) and combination of genistein and daidzein (0.3 uM for both
compound) were treated for 10 min, and collagen-induced platelet aggregation (A), GPIlIb/Illa expression (B) or platelet
adhesion (C) was examined. Values are means + SEM of 3-4 independent experiments. * represents significant differences

from corresponding control (p<0.05).
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Figure 31. Suggested mechanism for the inhibitory effect of Black soybean on

collagen-stimulated platelet activation
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kst S S THHH ol gH A o= =2 polyphenol o, 53
anthocyanin®l] 7]1gtttar B 113130 th Xu and Chang (2008)> 7 23-°] t}&

Sol B]&te] AhA o2 73k free radical Al EALS MR BaE9I T}

rlo
N
rlo
o

of

o] Hile]| w=X}H, protocatechuic acid, protocatechualdehyde, caffeic acid<}
& phenolic acid7} =32 ¥ 33 o2 FEo| HlE HFol u ®o
EA8HH,  anthocyanine  FH-2Folnk Attt HE AFEdA olE
EAEY dad 24 2 S gk oA ZEo] Bad wp vk e
protocatechuic acid (>100 pg/ml)¥} caffeic acid (>100 pg/ml)T 333 =2
F %ol A collagenol] o]gt A4d FHS JASHA 2™ (Yun-Choi et al., 1987;
Wu et al., 2001), ©]i= & dFrolA] HQl HAL2F FEFE (ICH = 100 + 46.0
pg/ml) o 24 dad & A4 &35 AHstrls ok =g 7]EY
H 31594 anthocyanine vt &3t 9 SFof disiA wnjstAY A9
AA g5 Holx de=vhar I A Tt (Garcia-Alonso et al., 2004; Rechner

and Kroner, 2005). B=3F tfH-5&-9] anthocyaninS sl A= H2F AAY
_]

FEE9 49 collageno] <3 dawt @A " S3lo dsiA @t
SRNoH (Fig. 6), o= H2Fo Fdax #&o] the Aol 7IITs
oj ] gk}

E3E olde A=A Fol T Y, Ik, FEHEs SO

A& &Adol 2olA isoflavones F& FAHHEORE oA gt} (Lu et al,
2008; Song et al., 2008; Jian, 2009; Messina, 2010). =3} soy isoflavone->
AEAA HH ZFIE B vk 9o (Anthony et al, 1998; Marsh et al.,
2011; Pase et al., 2011), 53] dAa3o] ols|A genistein?} daidzein

3
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thromboxane A, signaling, serotonin 4|, A3 3 T2 43 FA3=

ZAs 4 AQupar & A 9t} (Nakashima et al., 1991; Kondo et al., 2002;
Guerrero et al., 2005; Guerrero et al., 2007). ©]& -l A] A A3k genistein2]
a7 - A @l did IC,E 1030 yM ARE AT
FEEAAMY FFE nEPdS o Z BH e AA H2F FEE
o] ke (genistein; 0.14%, daidzein; 0.11%)S 11#3 % (0.3 pM)olA =
genistein?}  daidzein©] collagenol] ©]&F A ol F&FS XA Fokrh
(Fig. 25). °] Z¥<e} UX]sle] Gooderham et al. (1996)<> soy isoflavone
(genistein, daizein)9] &&Fo] =& soy proteine] A1F7F @ gensitein FE&

09 M FFoz oy daw $H dsides 9] glua

O

Raspdnh. ol Fe  AEldAdd  doJA  isoflavone  2lo TE
g EE] BT 5 e e S AAEHE Aol
2 AT e H2T e FEaw 2o g &S bioassay-directed

%3lo]  adenosineo. 2 T+ & T

fractionation®} NMR % Mass &4
Adenosine] A Z8o| e FEEFTE (IC)T 1.85 + 0.86 pMO =

HeF FEE2 F3F% 100 + 46.0 pg/mle}t adenosine2] 3 (0.36%)=
2HPS W F w3 ALT FEEY =9F FE= (0.16%)9

adenosine 39| Aol HXF F
Al & s Aot ExE o}
adenosine®} isoflavone?] e 1Elm Y ZLo] o]l o=
SNk El= Aabolt) 20% ethanol® F53F AT FEE (BBy)S 70%
ethanol= F=3 AT FEE (BByp)ol Hlal #3 dxd &5 A
a3E B} (Fig. 2) ©] w. BBy BByl A2 adenosine &2 217 0.5%,
0.04% <1d W3] isoflavonee] dH=F2 ZHZF 0.09%, 0.11% %
Adenosine>  thFgt A4S 7AW, adenosine®] A4 adenosine

TEAE - Aol vds AWE A BA targetoE o AA| Il

Flﬂ

rok
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2t} (Jacobson and Gao, 2006; Fredholm, 2007; Hasko et al., 2008; Polosa and
Blackburn, 2009; Gessi et al., 2011). 28y} 2]3F91A 2] adenosine?]
gt o mA e A& g A= AFH R o] Fo|F T (Saito et al.,
1999; Kuo et al, 2008). 3k o]de] AFellA whs, Fub, BAllA
adenosines FHA¥ & digt ST OZAY THsAdE AAIE v

gou, ol ARH Bl /AS AASA 2u RS ¥

N

2

Aol 13T} (Shimizu et al., 1985; Makheja and Bailey, 1990). & Z~3o] A
adenosinex Ayn TEA9 AEEEEe]  adenylyl cyclaseE € 3FA]A
CAMPE A A 7IH, cAMPE AE W] calcium LS Adste]

oA gt (Paul et al., 1990). ©]2]3F adenosineo] &4 2Hg
FEEAAE sdstA YeEtwd. da 3 olY2}t serotonin
H], P-selectin & & Ay &Adsto] st adenosine?] A &%=
FE=o 93l LAl e (Cooper et al., 1995; Minamino et al.,
1998). 3t PDES AAZS E3 cAMP level 435S Jdozm F=
cilostazol¥} dipyridamoleo] Athdoz He =3 H2AES 7HHgesE AL
AT HEF FEE0] =9 748 flo] 84 BAEES A As
Avd sk 4= 2t} (Goto, 2005; Booze and Serebruany, 2006).
Adenosine> dFollA F2 AT Y2 E°]7FA adenosine kinaseol| 2] 3]
o143} % o] adenosine monophosphate”} 71}, adenosine deaminasel] <]l
inosineo. 2 whyo] wW=A A AL} A adenosinee] ¥H7]E 0.6-1.5 %
AEz ujg Fow, o]zd  o]fFE  adenosined AAA Wi

(supraventricular tachycardia)oll AR+ g™ FAF FEj® 2221t} (Camm and

olo
o
rlo

o X
ol

M oY

o
rlo
ol

Garratt, 1991; Lerman and Belardinelli, 1991). —22{1} &% adenosine &=+

Ao, AWy 22 A, oA addee Y8 W = A dE =9,

diprydamole ¥} cilostazol> & -oll ©]g adenosine®] FTE A st 5
)

adenosines =< <= Ut} (Saitoetal., 1999; Sun et al., 2002). ¥ Ao %= 2
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HolA AT FEE< F

adenosine?] F-FEHIE H]
=

ATk (Fig. 19). ol HALF F=& W9 t& A&°] adenosine©]
o adenosine®] FF FEEF FAS=U

st Ao AZEHM, 5 A47F dagh Fiolth
Aw7kA o] BAQl A davw At gk A7+ diFE A%
AS g 28y GP lb/llagt 2
2] Hage] Fa2 gavke] A4 QlojA
422l yHo|t}; (Calderwood, 2004; Abrams, 2005). GP llb/llla= soluble
fibrinogen2]  binding site7} o, AxE W AzHGE FA3 oL
AzzAduw ol Wsto] 7joate] dAge] S (spreading) B 2 W3t
(shape change)ol]l ¥o]%Ft} (Calderwood et al., 2002; Jennings, 2009). 723
&2 collagenol] oJgh Ao B 9 GP lb/l1ae] &, fibrinogen
F2hs SAlEi T (Fig. 20A & 22). i FA giEo] HSTF
FE=E-2 granule 1] (P-selectin expression, serotonin secretion), thromboxane A,
(TxA) AL ATt (Fig. 7 and 8). P-selectine ¥l T] 4 X,
ASHES} Aane] gl 8% A& ot Y Aol 714
T~ AT}t (Vandendries et al., 2004; Nemmar et al., 2007). Serotonind} TxA,<
Yoo 22k agonist®= A AEste] davte] WEES SIFAE
ow, d#e 5 2 d HIIAMEY FAS TS (Pakala et al,
1997; Cirillo et al., 1999). WetA H2F FE=S WA QL oA A%
S

243t Jgs dAHem AAstel dd B AduA A okt

{4

4
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Abstract

Many clinical trials have demonstrated the beneficial effects of soybean (Glycine
max) on general cardiovascular health. Among a variety of soybeans, black soybean is
known to display diverse biological activities superior to yellow or green soybeans
such as in antioxidant, anti-inflammatory and anticancer activities. However, few
studies have been directed on the effect of black soybean on cardiovascular function. In
this study, we aimed to investigate the effect of black soybean extract (BB) on platelet
activation, a key contributor to thrombotic diseases. In the freshly isolated human
platelets, BB has shown potent inhibitory activity on collagen-induced platelet
aggregation while yellow soybean extract had only marginal activity. BB also
attenuated serotonin secretion and P-selectin expression, important factors for the
platelet-tissue interaction along with thromboxane A, formation. These in vitro results
were further confirmed in ex vivo platelet aggregation measurement and in vivo
venous thrombosis model where oral administration of BB reduced collagen-induced
platelet aggregation and FeCls-induced thrombus formation significantly. Of particular
note, administration of BB didn't increase coagulation disorder and bleeding risks, a
common and severe side effect of antiplatelet drugs. A potential active ingredient for
anti-platelet effects of BB was isolated and identified to be adenosine through
bioassay-directed fractionation and NMR and ESI-MS analysis. These results indicate
that black soybean can be a novel dietary supplement for the prevention of
cardiovascular risks and the improvement of blood circulation. We further elucidated
the molecular mechanism of BB-mediated anti-platelet activity and demonstrated the
significant role of adenosine in BB-induced health effects. Adenosine-cAMP
signaling is found to be responsible for BB-mediated effects, resulting in inhibition of

collagen-stimulated platelet activation such as intraplatelet calcium increase, adhesion
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receptor GP llb/llla expression, fibrinogen binding and further platelet
adhesion/aggregation. Taken together, we provide a complete understanding for
molecular mechanism of BB-induced anti-platelet activity and a new insight into the

role of adenosine as a bioactive compound in soybeans.
Key words: Black soybean, platelet, platelet aggregation, adenosine, CAMP,

thrombosis
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