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Anti-thrombotic activity of fermented rice bran extract
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Abstract : Although the effects of the rice bran have recently been investigated, there is no information regarding platelet
physiology available. However, it is well known that fermented natural plants have a beneficial effect on cardiovascular
diseases. Therefore, this study was conducted to investigate whether fermented rice bran extract (FRBE) with several
plants (Artemisia princeps, Angelica Gigantis Radix, Cnidium officinale, and Camellia sinensis) aftected agonist-induced
platelet aggregation, and if so, what the underlying mechanism of its activity was. We performed several experiments,
including in vitro platelet aggregation, intracellular calcium concentration and adenosine triphosphate release. In addition,
the activation of integrin a,bf3 was determined using fibrinogen binding. Thrombus formation was also evaluated in
vivo using an arterio-venous shunt model. The FRBE inhibited collagen-induced platelet aggregation in a concentration-
dependent manner. FRBE significantly and dose dependently attenuated thrombus formation using rat arterio-venous
shunt. FRBE suppressed the intracellular calcium mobilization in collagen-stimulated platelets. We also found that FRBE
inhibited extracellular stimuli-responsive kinase 1/2, p38-mitogen-activated protein kinases and c-Jun N-terminal kinase
phosphorylation. These results suggested that FRBE inhibited collagen-induced platelet aggregation, which was mediated
by modulation of downstream signaling molecules. In conclusion, FRBE could be developed as a functional food against
aberrant platelet activation-related cardiovascular diseases.

Keywords : collagen, mitogen-activated protein kinase, platelet aggregation, rice bran, thrombosis
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o & @439 AAE Ela4E= phosphatidylinositol
4,5-bisphophateZ5-8] 22} A &dg Z2< inositol-1,4,5-
trisphosphate(IP;)¢} diacylglycerolS AJAdstct [2, 13]. 1P,
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SEvet FHERA H2de A ATFsE
Fo] Zom| o] H&3] Fhaate] HJALte] A7 H
[8, 18, 33]. &< HYL HEo] FAHEQ &
A, 9A 5o A= EAZE Har o] o] A g3
RN o2} FAkE AEle IS 7hoF &
Holth AA= ZF AERE FE o]&HI doH,
vitamin B,, B,, A&, B3lE 9 Fr]E 59 JUPHES
5“335’— Ao] Ats F FUA % ot FEe] Ao =

olg&sitt [4]. HZ A FEES AFYZHE IA
[22], ok, FEH =71, BT JA| 23 ol st A+ [8]
7F ALELL Jlow A Yl EAlske MR B4 &
Aol ZgY = Qi 2HA R ol gt AL gFo] A=
=R ZstaL o] Apo] WHEE Agolm ke &
GHiete]l wajo] Fgstt [16]. 3k A I wEE
AA FE3 H7HEA B (Angelica gigasys, B B3t
T JEe o] 55 A sk, Fitst [14], I
[27], @95 [32] 2 S WA 23t ok AP
(Cnidium officinaley> &4¥sl [17], &9 2 & 28 [5]
a8 A &3 oA &4 [38] 59 Eavt ok HEg
WEd (Taraxacum: Dandeliony= 744, SIE o]k, d|SA|
ol olgslen [37], A-UAL WA B HAEI ok
[6]. ZLBIAL & (Artemisia princeps var orientalisy > A8}
AgEAA A3l a7 At [20]. X -(Carnellia sinensis)
= 7HIZ, 7}54]%, %‘?’47‘%‘ oAt Afrd Fo] FhrE <
ATt [36]. & A& F 7HIRINA SFHEEHE AST o
A, Bt FA AW Y o8 7] Bl Al B
ATH 21, 26]. flelA 71&St viel o] Zbzte] HAE
508 o 7K B85S A7e Hile o HAEF
AAE DEANA FE9 TFEC] AEH sk 25 &
2 FREREl mXe el #Ag AFe o O]—Er‘-'ﬂx]
A A Utk wEb 2 Aye AAUEFEEY] ¢
SRS A w3 thste] ARSI
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AAE ot} et A9 iz iE 22 Zlolt A
WEFEEL vt 2ol Alxsiiith 39, AT, wEd,
%, 32 ARRR7E 23 AAEA 809] wiEel 242t 8:6:
2:2:2, viv B &2 &Nl Lactobacillus rhamnosus(6.2
x 10°CFU/MLYE FY3I3L Pichia deserticola(3.7 x 10* CFU/

mL), Lactobacillus rhamnosus 2 S 5.(Pichia deserticola)

o3 - ek - o]ui]

F7kste] 2 g they o T 8700l o] A2elA
asidth, AAYEEFES Whatmann QIR 2 &3}35}
, 50% SHEE FEato] It FF3ISTh
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Gas chromatography-mass spectrometry(GC-MS) &4

AATRFZE] Ay S F457] flaliA GC-
MSE o] &3l SA3th 7171 Agilent Technology
7890A GC7t “F2Fel Agilent 5975C Series GC/MSD(Agilent
Technologies, USA)E Al&stHon, Eg& ZHLS HP-
Innowax(30 m x 0.25 mm, 0.25 um)S ARS-SIATE ZF Ad&
o) Hel Wlge A Pole] B ¥ WA vlws)
o Akt

JOEME| I 20E{I|(HPLC) &4

AALEFZES A AR g 4s7] flste]
Waters Alliance €2695 system(Waters, USA)’} “¢=2E 2998
Atiol e = HE7|E ©]&3te] HPLCE A 3k3ith 2152t
715E2LE 80% mIER(sample: MeOH, 20 mg/mL; standards:
MeOH, 0.1 mg/mL)S ©]-&3te] &3t e, Hole=
Empower 3 software(Waters)S AR&-slo] #4310t} 2+
AlEE F3HAe] UV Y 3% 3l s A wH
ANEES AZ T d=TiHo| ofsf ALtEIA.

Al
=

u&'_'

E

7 Sprague-Dawley rat(300~350 gy= Q2]E( 725_‘?:3‘)
ZRY PPtk =2 157 T3RFeH F5 50+
10%, 2% 22+ 1°CollA 1247 % L 12A)17RS o 5A f;
3l EA 83 & AF 2ol £S5 Y=
AFAF TE] AR ¥ %L BE AYS AR g 4
A-aE)d3]e] ol wet FEsithEeIHs

galo B gFdo|a AP, 0.8% citric acid,
2.2% tri-sodium citrate 2 2% dextrose $H T-SIA|QI
anticoagulant citrate dextrose 2ol 35 TH9: 1, V/
V). Rat®] &2 230 x goll A 1087 LAEE] st 5o
platelet-rich plasma(PRP)E A%1tt. PRPE 800 x gol|A4] 15
2 5 f4EY st 43S HAATIAL 0.3% bovine
serum albuming 3= HEPES £9(137 mM-NaCl,
2.7mM-KCl, 1 mM-MgCl,, 5.6 mM-glucose, 3.8 mM-HEPES;
pH 6.5)0% 23] AA3IT F2He 04 mMe] EGTAZ

Fr3H= HEPES $9(pH 7.4)0 A gy, 49 2
Ao 3 x108mLE ZA5FAT

ka
j=
[N}

T

oA &3= aggregometer(Model 490-2D;
Chrono-log, USA)E Ah&ste] SAsI3th. 0 d4%
(3 x 10%mL) #7400 uL)S 37°CE 95 aggregometerel]
5%7} pre-incubation $+ o CaCl, £2(1.0 mM)S 3 7}st
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of 287 WREAITIAL, AALEFEES 7t T HE A7t
ato] 2% Eeb WA At VS fEEEd 2
gl A5 pgml)ys ol S5EZF WA &
transmittanceE S48t Al ALY

M= L} 502 s &3

AE W 2ol FE([Ca))e Fura2/AMS AHg-3}o]
=43tk 4T FHe 37°ColA 308 52t Fura-2/
AM(S mM)S H7tete] A wiFElith. Fura-2= A E|€

AT | mM-CaClLa ¥ 3 37°ColA 28 &9 A&
o} A wiFsla, olojxd Felez sEZE AFETh
Hitachi F-2500(Hitachi, Japan) 323715 Agsle] 33
AEE 712530 9 WES 340004 380 nmE 0.5% T}
o} vy 7PEA] 510 nmellA] S5kt A W Aol
FEE Schaeffer®} Blaustein [30]¢] 7]&3 ule} 7Ho]
[Ca*]; 224 nM x (F-Fmin)/(Fmax-F)& ©]&3}o] AA+sliTh,
FmaxE Fura-2/AMel| Zgol2o] AUz AFS wel 3
Z ZAegd 43S Triton X-100(0.1%)0-2 2H4 83
e weo] Zolth Fmind Fura-2/AMel HAZ Zgol
o] 489S wo ¥ FAxr 4T EHd | mM9
EGTAZS #H7}slal Triton X-100(0.1%)C.2 &a3t & =4
A=

Adenosine triphosphate(ATP) £H| HS 2A{H
AFE AKS5 x 10%mL)ydll oHdst

2o Eo;]eﬂ- 37°C°ﬂ’\1 25 Eo]— HHC’]:‘G]— 1:]—%, %E]'Zﬂ%
7\%147]'6]'&1 YA o@‘i‘l'gg _,_o}- Ou:] S8 ;'5: E]—gg
Z8al9rh. A2 MR A8E 9AEY 1, AEde

o
o} Ao ARSIt Dol FHoA EHE ATPYS
ATP £2] 7|E(Biomedical Research Service Center, USA)
£ A3 2™  luminometer(GloMax 20/20; Promega,
USA)Z S35

Meae ZEs s34

oo A3 Alexa Fluor 488 ¥He|:edl F3A1=
FAIE E4715 AHEste] Atk AHE i
I mM CaCL# Ml Oh‘z} Lo AARGFEE % o
ShaL A2olA 287 wFateh. 28ax dave s

FeHog A= & é/\] Alexa Fluor 483(20 ug/mL, Thermo
Fisher Scientific, USA)S H7lsle] 5E7F wfslsion,
0.5% paraformaldehydei 4°CoNA 3(%‘?'—7 b ATk 2
H dave A4Ee ¥ pBSol| Al TRkt 74 dav
Alge] @F 73== FACS Calibur cytometer(BD Biosciences,
USA)Z 2431993 HlolEl= CellQuest software(BD Immu-
nocytometry Systems, USAYE AR&-31e] H-41513T)

SHWcElEg 0|88 #H ?:1{‘:1 £3
AANgFEE A W $H4d a3 rat SEAGE

< (arterio-venous shunt thromb051s model)S AME-3t] H7t

SIATH [34]. BAXGFEES 0.25% carboxymethylcellulose
(CMC; Sigma, USA)Oﬂ L339 e, ratol ATE 500
mg/kg, 250 mgkgs 3U7 A% FASI. At Fof 2
A & dEs 014‘1 G5 AFS R8It Urethane
(125 g/kg ip; Sigmays ©l-83ll w13 F, 8cm polyethylene
TE 9% A Q8% 7T Atolol skt A
2952 A9 F el polyethylene S Scm 4ol9
A7 025 mm)e] EFHE 6cm Aol9] tygon tubed]

shaleh A1) e BAo) FUA RSk 15 5
S fiA Sjdeh. A% B2 F whe U)o Tl Rt
gAe 7AYo A FAE ’—Tool'/v\r/]r-

Western blotting

409 $3u-E 3 AXZHE PRO-PREP solution
(iNtRON Biotechnology, Koreays ©|-&3sfo] Tajzg g
stk g d FE=E BCA assay(PRO- MEASURE;
iNtRON Biotechnology)2 ©|&3te] &3t om, 10%
SDS-PAGE geloll &2 40 pug)s 85 Vollx 7|9% 3
% transfer buffer25 mM Tris, pH 8.5; 0.2M glycine in
20% methanol)S ©]-8-3}4] nitrocellulose membrane® 2 &
WES ZAT. 10% blocking solution(skim milk, -l
2A17F F9F membrane2 B F 18A17F B<t 12} AE
(1:1,000) ¥H-3Al AT 12} &A= extracellular stimuli-
responsive kinase(ERK 1/2), mitogen-activated protein kinases
(MAPK), p38, c-Jun N-terminal kinase(JNK)E AM&-3}3th
(Cell Signaling Technology, USA). Al3le] 2417k &<t 2
2} @A (horseradish peroxidase-conjugated secondary antibody;

o

Cell Signaling Technology)E #<% ¥ enhanced chemilu-
minescence(ECL; iNtRON Biotechnology)y ©]-&3sto] &
o Z=garirt.

SHXz2
nE Naﬂ;q_g_‘:‘ ﬁé + 3
IS

FEH2KSD) & FF22KSE)
FAIEATE SAIARL e
1

2 post-hoc Dunnett’s testol]
& =A3IATHSAS Institute, USA). oA HAIE 54
A& o] 83l 72t FAIEAH

A >

2 o

UWHUSFEES GC-MS®t HPLCS| 24

AALEFZES] A A ARYES T4V
?l8l GC-MS$t HPLCE ol&ate] 2tz 4330t GC-
MS #4 A3 FeAEOS=Z 912-octadecadienoic acid2}
hexadecanonic acid} o™ U] ZFAE S 2 ethyl linoleate,
caffeine, adenine 5°| HEE I TtH(Table 1). HPLC &4 2
I BAREFEES AE AJEL caffeine(0.22 mg/g)4
decursin(0.34 mg/g) 28] decursinol angelate(0.24 mg/g)=
7zt GRIE I okFig. 1).
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Fig. 1. High performance liquid chromatographic (HPLC) analysis of fermented rice bran extract including caffeine, decursin and
decursinolanagelate. The fermented rice bran extract contained 0.22 mg/g of caffeine and 0.34 mg/g of decursin and 0.24 mg/g of
decursinol, identified at a retention time of approximately 12.03 min (caffeine) and 60.997 min (decursin) and 61.507 min

(decursinol angelate) respectively.

Table 1. Chemical composition of fermented rice bran extract

by gas chromatography analysis

Chemical name

Percentage (%)

9,12-Octadecadienoic acid
Octadec-9-enoic acid
Hexadecanoic acid

Ethyl linoleate

Caffeine

Adenine

9-Octadecenoic acid
8-Octadecenoic acid
Tetradecanoic acid
1-(2,6,6-Trimethylcyclohex-1-enyl)
Butyl 9,12-octadecadienoate
2-Methoxy-4-vinylphenol

35.07
30.83
20.77
1.74
1.68
0.89
0.86
0.77
0.75
0.66
0.63
0.51

$El= 25 pgmL =9 FERlo] 7t
S frsitia 113}031:} [15] ol &4
LergE gaw S g =
=4 A8E ﬁﬁgo}ﬁt}. E‘U 7&?% A
&0 ZE (2.5 pg/mLyell &)
Th oEH o7 oA thH(Fig. 2).
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WHUSFTESS M=Z W &5

& WM ETE E4Eo] divtol X—:f%
A W] dense ol AFE Zgo] AME U
[24]. A= W2 EujE g 4 G499 %
ﬂt} wEby] ARG FEEC] Fell AF2E QlE rat®]
23l A ‘ﬂ 28 W Zg sl vAE 93-S AR
, ’é‘ﬁﬁ‘z{ 2529 iy Axgsla Feos da
$HL A= ul AE Ule] ZAge B Axs
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o2 =

] H

5 I



Rice bran extract inhibits platelet aggregation 237

A B
120
_100
g
S 80
®
&
5 60 -
&
3 40 -
[7]
5
& 20 .
0 -
Coll (2.5 pg/mL) + + + +
FRBE (ug/mL) - 50 100 200

Platelet aggregation (%)

<~ 200 pg/mL

< 100 pg/mL
M 50 pg/mL

Vehicle

Fig. 2. The inhibitory effect of fermented rice bran extract (FRBE) fraction on platelet aggregation induced by collagen. Platelets
(3 x 10%/mL) were pre-incubated with or without fermented rice bran extract (50-200 pg/mL) in the presence of 1 mM CaCl, for
2 min at 37°C. The platelet aggregation was then induced by 2.5 pg/mL of collagen, and the extent of aggregation was measured
with a chronology aggregometer. The aggregation reaction was terminated after 5 min, and the percent aggregation rate was
calculated. Each graph shows the mean + SE of at least four independent experiments. ***p <0.001 compared to the agonist control.
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Fig. 3. (A) The inhibitory effect of FRBE on [Ca”]; increased by collagen.Washed platelets (3 x 10®/mL) were incubated with a
calcium fluorophore (5 uM, Fura- 2/AM) and stimulated with collagen (2.5 pg/mL). [Ca*"]; was then measured as described in the
“Materials and Methods” section. (B) Effects of FRBE on granule secretion from the collagen-stimulated platelets. Washed platelets
(3 x 10%/mL) were pre-incubated with FRBE at the indicated concentrations and stirred in an aggregometer for 2 min prior to
stimulation with 2.5 pg/mL collagen for 5 min. ATP release was then measured as described in the “Materials and Methods”
section. Bar graphs show the mean + SE of at least four independent experiments. **p < 0.005 and ***p < 0.001 compared to the

agonist control.

Jlo] AR FEE0

RXg W} FAA 2 w2 578
e AATHFig. 3A).

Zi wHE Atk s R
Dense granule2| &H| HhS
ghgo] &443}sH dense granule ATP, serotonin %

S Hulaly BujE ATP— P2X1 F&A|9} wkgslo] &

o] FEE wsAI L v 85 X% 181—i

2 AoMe AALE ZZUO] el o8 frese 9

Ae] B3t =, dense granule®] HH| ¥R mX= &

HE RIS A A3, AAYEFTZE2 dense granule

SHTSE ATPEHIE S5 9EF 02 AAlsh= Ag gl

& AATH(Fig. 3B). ©] AHEZHE iy Sdst 2]

WAE Ao mr davt SPNES Ak s ¢

Integrin o, bp,2 EAMS}

Fibrinogene M2 EWHe EA3k= ME 9 7" 2+
g o Zgshe EA BRI integrin o, bf,et AE sl
Pgststar, 94 FAHS FX A= 98 ik A
EFEES sRHE Fger s @43l
fibrinogen A% AEE =43 A3}, 200 pg/mLoXA ﬁbrl-
nogen A3l &4 &I HSSHA UERgeH, |
pg/mL, 50 pg/mL FEAXE F% EHOZ AA|5= Zﬂ\
< Y 5 UATHFig. 4).

0

ﬂmE

MM X &3t

Rat®] sAHGEEe A4 U 934 a9E Hrlslke o
83 TERYE AT} [34]. Figure 514 AXE vt
oF o], 2t} NS w AAYEFEES AT
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Fig. 4. The inhibitory effects of FRBE on fibrinogen binding
to integrin alfB; in collagen-activated platelets. Washed
platelets (3 x 10%/mL) were pre-treated with vehicle (DMSO)
or FRBE at concentrations ranging from 50 pg/mL to 400 pg/
mL. Collagen was then incubated with human fibrinogen
labeled with Alexa Fluor® 488 (20 ug/mL) for 5 min. The
cells were subsequently fixed with 0.5% paraformaldehyde at
4°C for 30 min. Graphs showing fluorescent intensity present
the data from one experiment but are representative of four
independent trials. Data are expressed as the mean fluorescence
intensity (MFI) of fibrinogen-positive platelets. Each graph
presents the results expressed as percent of gated. ***p <
0.001 compared to the agonist control.

rats @4 Bo] B dEAoR Phske 2 BT 4

AATH228.2 +4.5mg, 132.5+2.2mg, 78.6 2.9 mg; Fig. 5).

WHLUSFEES| MAPK THHE Ol HES

MAPKE &84 (agonistiel] 2J3l] #}=o] & 43S 34
slstar QIxkslste] dawt Hge] #HE AFshe )
& qEe i} [15]. 2ER e Zepl

- s

o] st WX AAYEFZES TAE AFSIITH

ofN
fo

p-ERK

, . -

[T
Totahp3s M WD S wee Sy

Coll (2.5 pg/mL)
FRBE (ug/mL)

Total-JNK

p-p38

+ o+ o+ 4+

50 100 200

ERK2, p38 MAPK, and JNK

- ]3]

phosphorylation (ratio)

Coll (2.5 pg/mL)
FRBE (ug/mL)

- Ak - o]

250

200

150

100

Thrombus weight (mg)

50

250 500
FRBE (mg/kg)

Control

Fig. 5. Effect of FRBE on thrombus formation in rats. The
procedures for AV Shunt model are described in the “Materials
and Methods” section. Thrombus weigh in an arteriovenous
shunt was measured at 2 h after 3 days treatments with 0.25%
carboxymethylcellulose solution (control) and ethanol extracts
of FRBE (250 and 500 mg/kg/day). Data are shown as the
mean + SD. ***p <0.001 vs. vehicle control.

g% 5

Al A== A

A%lem, 53] ERK
© 3lolar

2= 9]
= Jd= T M

SIth(Fig. 6).

™~

i

=2 g3 -
= =21, =

AAE Johke Agelr Ad=EE Mike
shtelm 2ol Ag® olgHrh AAddE FE vitamin
B, B, A, &rsle 2 1A o] YIRS el
ATt [8]. =] 7T e BAE olfd fUles £
slehs S wRety itk BAE dEehd dnk AAR
T, 9, 3R kel A gsle e A

alo] 48t FFolE Ego] He F oy KRR ddTH

I p-ERK2 [ p-JNK p-p38

0.8

0 |

+ +

50

+
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+
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Fig. 6. Effects of FRBE on collagen-induced phosphorylation of MAPKs. Washed platelets (3 x 10%mL) were pre-incubated for
2 min with vehicle or FRBE at the indicated concentration. The platelets were then stimulated with 2.5 pg/mL collagen for 5 min
at 37°C. After terminating the reactions, total cell proteins were extracted. The proteins were separated by SDS-PAGE and
transferred onto nitrocellulose membranes. The membranes were then probed with antibodies against phospho-p44/42, p44/42,
phospho-p38, p38, phosphor-SAPK/JNK. Antibody binding was visualized by chemiluminesence. All immunoblots are
representative of three or four independent experiments. *p < 0.05, **p <0.005 vs. vehicle control.
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