11-1543000-001020-01

=71 S0

0

Il

:

A
IR
Mo
0
o
0k
Kl
0ot
ok
Ral
P}

N
o[r
0x
>
b
fol
40
k!
o
ton

F

(Anti-thrombotic and brain function improving activities
of rice bran fermentation extract and development of

food materials and products)

91 A T &} 3



51" 2] 7 A =3
Xl
M =2

—

0

94

2015

A Al o

5} 2 2]

_%:]_ .

;—rL

B/

oL

e

oy

~
ol

0
3

P!
1o
e

Al o

-
)

T7]

o
BL

puze)

.
70

0
&

B
Ho
oL



n7}e] 7E BAAL AAE7] el bio-conversion 7]&

f &4 B (GABA( y -aminobutyric acid), Inositol %)o] 3% 2 H @3 g
At == MAHAER AFS Sl PAY ARIPEA A E 24 2 SE&AEFS st 3

3 AUTE AT FEOOEA T A, WA F R YA AL Q42
FRaA RSk Dok 30% BEsh WA Az AFHL 9 W URAT0%E AR
MR o) A AXNBAR ol §HAL $AAIER AL o} Mol nEAAE 8 =
He 4kl ol gl U A7 a7HI U

A, S, Aol v G we PR AT 9w, wehdl A Elobnl,
A S4, Yobal S| wehel B 2 B4, ofdl, BE S nuge] FHES ol£1 Yo

ek 70% o)

>~ il

AZA ) AT MR CoHRERARL] HAE BF FA2HB F5HE A4S
Astel HBBA AR Pl F= o LM b, 53 DHAGEIAS AN
EPA(l o SLAFRIE NS 7 DA Qul7b-3 Agare] &

A% WY A3E TolF,

A el 2371 e ALz 7

BE TR BASE AYAA L2l BN AND § SHIT 4ARY B0
BAREA RS, o]F LS ABAY 2HEF YLFI AFH YRR A
2 Bl B AN A2F Fol Eh AE ASE A gem ;e AN B

G B0l Fob BHNLE AT ME £4S HolFo] o YL FAF F S

mlo

ve] 95-145%% T SaEol b MEAL QAEe o) F FAL ANA B £
e Aos deid gom, sNATZa S Holdfeh @ el thgHEel ofey]



ﬂﬂ

oH
_ﬂo

wK

N

SAGL ol YR

o_m
ory

A
2

Gyl

bl

o] uj=

sto] W7HEg ol

H n]7}-& package
Aelgdd AAEA

)

°
yal

Ffol A Ae HFHe FAoleolE The

G 2Ry 6

—_—

0

il
i

- o

s a7, =

ol o]&3s

W, )

o]
=

= ZbEATrE JAYEHAoH,

atel

¥t

o}

=
[€)

extruder A7)

}

)
yil

%

=

=

v vl

=1}
=

o= vl

5
T

T7F FE o)F3 Qom, 2000 o]

of MEZHAAHA o5& °l&

B/

o
= .
7}

=ol the A7 My 9
o= &
70 &
Y Huos A 7

ha s
=3

o

o

it

3 go=A mAte] FIM7HA]

by
=3

A 3

=i
=

o] &A%k

h=i
=

stAl A

Koz 73

4]

23e FE o

o}
&

ADP(10uM)+<¢! rat 4

T
)

3+ A3, FRB

HE

Ho

o
T
N

fuy
)

gl
o))

= dAZA Y

By

file)
ol

el
Nm

S

Apolmz 1 wAY

¢ 2%

1

|

o QolA FRAH AT

1

|



I's4d =49 BA 93 7= 4

R

g 7

ZAgdol o

=
o

H Rk, 7]

s}

9

%

A

|
vivo test, AN E 28 7]Z

oo

~
;OO

)

s Aot Jls

g 7]

el

A

A of] A 2]

ol A
=

=i
=

A 7)<, in vitro

&l

o
°©

A A 24 2

Hin

0

A}
K

Gl
o
Hin
=T

0

Mﬂ
TH

K

.

1 AFNEy FaU&

)

o

N
T

(2) w7

;OL
)

Q) "F F=+2 ADPFEA PYo| G.miZl €

ny
B
,mo

=&9 ADP&4) PoY1ui7l TXA A ddEAe] &

s

0

(4) w

Ca*-2] &%

T
) .

G) A FE=9 ADPFEA PY1e 713 Loyt

K

(8) Compound Xef 2|3} 2%}

2. A7 89

2) 7

(W) =%, AZE pH, #igH 5

=z == <~ O
TETE

b stz Bl =8F A mE

h AA4

a4 1y

=i
=

O
wal
T

o

o
.éc
-

™o
or



(D) G, "I AEzAE 74
Oh BaB-2H e ICy

=

(1} Adenylate cyclase &4 v x&= A&

(th cAMP A =3
(2}) VASP 214t3} =4

ul. ADP =& PoY; wi7)] TXA, A3

(D TXA, ¥4 &4

(2) 42| cytosol 2 microsomes
(3) Microsomese] marker enzyme<]

(4) COX-1 &4 =4

(5) TXA, synthase &4 =4
07152l 4
b d4&HEH

(b Bgm

=
=
i
b~
(i
olo
i)

27

=3

A

oL

Bl ADP 484 P.Y1 S AA dojus Ca”-9&4 dad S

old T
(D IP; receptor 14ks}t =
(2) Ca™ 5 =4
(3) Ca™-o] &4
(4) Serotonin %
(5) ATP W& =%

) v F==2

8

i

e
=
=

=
=

o

ol
=

o

bl

-

3

Z(myosin light chain, pleckstrin)

side effect A&

_5_

o] A}

= -

%%

%



Ob MBFER SN ol F YFVI, 9 BolAF B
(b B W A5 2 AFEH BUAA AST, ALT LDH 5) 573

R o 5l & F3 A

L=,

o. Compound Xel| o3t HAS o 4 7|5/ S8 A AYEA8 AT

(D) 27X ZH| S 083+ compound X(SCX/3)e] BDNF, NGF, GDNF, 217432, 438}l FAAE=E2]
el gk Hrt

(2) compound X(SCX/)E At&3te] =AM mdoAx HME AP, AAS 2, AHGSFFH
2} &S sham &7+ vlw Hrt

(3) ¥ 7AA meo) A Compound X(OCX/)E &-f3}

rr

Lw F==° 9% A 75 #H7}

L ATEY P 2L TAHD WG

O 2= 1:] 1=
SRR SR  ECE
(o] &4 - AAA HIEH)
tAAEE B3 odAT AL EaMBLES FE FARE HAsto] HEA
. o 2R DRE AEHAL
% =z 7 o (=84 . N . ,
Axe 20 B9 0o laeswe logCell comt) vs|100CAA D = 7.56%, 121CAA Dk
time #AE o]&3te] & =1.08%
U]%%i FZ5 9 GABAS} ferulic acid &
o aB == |MNEYE FEI} BEFEE AEEA|F profiled} A 29 3MFIA AFE W
e o T |8 HH - GABASH ferulic acid 245l GABAZ AmEZAz AAsgle
SRt Al 29k 3 RIA Az} AAste] A v, ZutFEE AEEL FEFEL T
WA
B @3 Lwrtk A2, 3ARTACNA S5
WMEpAE HdEa = Age|EHE EEFSRon, off sAse 59
_ . Fw A
Tazd g9 | 2] ! ‘B;fo f;i Do T T T e S (KFCC 11556P)
s H Aol gzl Sl 52 AZAS 1R v 1:9, 35T, 244
Al 1A 524 A) ZF, 120rpm
BgRERFE AR AT GYRF
2V g gs o Hot GABATE F3H &
_— A7t AAE
HEu g F2=
ST - _ = - -
olgar gann [FELETFRA J1Ee] Lpsk Lw|"2¥A% MSG 1% 48 45 @4
|9 Lk#Fe) 2t g7k @ GABAAEA &9} 919
emee Compound X+ Lw ZaET &Ex)3H,
olo] &L ferulic acid H7l2 IA =Y
& A
@B AA |muan 494 gueAns wal ) SIETEEd AEE Ada 4o
'r:] 57_24}\—13 = = 1’/]—0 Ay ARE:] Iz 2~ 2| & ?_XOJAJQH%H]TEi ]Q-B_‘Zl“% %‘?’]%‘th‘g
B7hsh RN 3 WASA FAFA B Fpgsn w0 Anzauae 4de
9 z2AZA |71ETH AA o




- o nlJ
- T BE e H Ho T o = )
TE g - Ho o Ts® < M T
=GR D , = M SR r T |8 <
5 = ) = T g S |K o X
= T HD.. M ﬁ_. i ] 1B| o# o iy ful] E.u ol
o J} i N m o o = e
S W | m o B do ok o B o . = = o
2R (R EWT |ox Ee ol TORE | om T o
m mﬂd IS MA el A Wlu MM = Z0 o il z]t ) = op|™ op w_l T
I~ NEO M%l oﬁ < o ol %o Ir Fo N g0 sl 3% o ME >
o= om ! wm Wb m_. N aﬂmﬁ KB = oo w T W S W) o T
X =
< W_ol o o wrv HOI 2 H _Lw M - o) 14 ok T W o Xq N N i) " i
PLV w‘ol el e ;Euoor% u%o H_W = HIMﬂ ™ o Ho 4%0! :»A.L = ﬂ_m il s
EogwildTey 2TV & W T w T B e g
EL mmmugt% 2% me R of TH o Xl T F o g 2
_ LS il Y T o = f T
fmi J%H%%%m,ﬂ ™ o o szue_lzfq_/lz;o@oqoﬂwud
g ,?%QC, i <o ST ¥ ol ~ ® ﬂwﬂdﬂﬁoﬂnﬁ7ﬂw =r
e S N ey Rl . o R < _ G <& <o
0=-0 aut]SLamwmuﬂw Mot % H X < my N o ;ﬁﬂ_%FueF]
(] =z B— N ot —— 7o 75 ﬁn_ ~ ﬂ| P i e -
5 S GNP R AT X T RNT R MITE T
mﬂ E R i e e K oo 5 To B
- o B3 —
o)) W ar o o Mo Tr ey N o
BT EER® = = o i B
= T T __ gy ok ™ 2o < % pt
i L ® < s gl
an 70 J& e ;Mn elli~n — o =X DS
. K it °° )
" M < 7 X o 7 =
- 3 Q) o @) O ali a wo A W oF
— ;OL _ __i ﬁo EO JZuO X
o = N | oE =2 2 o o . ol
g [~ ) =il ~ 0 7o)
TE  |RzTd | Iw e 3T | Br
P 2 A R0 T T = 0 ~ 2
o do = Mo . o T g
— & o LT Ho =" T T oo ==
X T T ol o K <
23T |ZPHaT) v Bl Fe | T4
WE 0, o _7 ~o E|~ ‘WL ﬂ ﬁo HE -° Eo 3 T Hl
o & do o] N = N = No N
& WERBE | F N
S T W b
[re) —_
o o —0 ,_ny| ci HE il ,.__/lL o _ﬂvﬂ X X
— ~X XY —o — 0 ~ ﬂmo nmE
T o) # X S T <O N -
Sawgl o Taa o| e or B RO R e
© f )
C‘Nr,._mm.x‘_.:mv ﬂﬂLﬂﬂ.ﬂﬂmﬂ&o OT‘MNO 1__/ln_mo HT_JH Mﬂ”
= O st ) Ho pan
= Ho %o o 75
m)A m\a LOZ‘.#_ZTM#_IEE q\ﬂﬁl ‘mﬂLl.._ X0 o W;.U
D = E N = N ) &o Eo
o q — X ‘ml _E —_— T
F 3] = T N <
Al e 4 o

A 1A 5= 2HA]




A 2A] 5

A

Collagen, thrombin, ADP7} =3 33 L
E]l‘—g‘ %_Xé U]7]' E‘T"%% Lw+ llagen tyll
g2 &5 9] ICx |Aggregometer S o] &3t light|thrombinell ©J3} &H{E| HhddJA &n
=2 transmission S7}2 iy FHWE g ADPO| o3 FadeHuteS Aa
45 A AR SHAAE AR oy gaay
7lo] 6}@/&_43]—% 1137]—
adenylate cyclase inhibitor (SQ22536) o] |n| @t aF&5S [ACY &A43 — cAMP
Adenylate cyclase | o] AAHS7F — A-kinase® @43 -
Soenylate YCRSe lasa saws A wask sammsal oo o S SRS
gk of| ?]z]t S| Heste] $ae Mt wWe @ELVASP(Ser ) AbstEeE "AREH YA
=4 soloz ACEAe ZFi o cAMP|pathwayE S8 ADP#3l dad-g-5 oAl
g7kt g AauzE Hrt W&ol e,
a7 NS A MAE sEEE A
cAMP % cGMP2 gste] MSAX T 7 wgEE YFE|Lw AL EFEFES dFR2Td o 3t
AL = =) cAMP A4 %S EIA kitE o] &3] F|cAMP T7F#°] 105%, ACE4d2 192.79]
8454 4. o)A F7E v FHELAAE (UL
37}
A% S-S Al WAE FEEE A
sy (R T LEEA F GMAE wEHA ytee RB( Lp. Lp+Lw 2 Lt
VASP-p &4 VA<SP«] o] L§§ Wfstern Plot#i g 247h ADP S0l o aghs Z‘\{P"Oﬂﬁ
ST B PARS T Bt S = e °
(1248 =7} A S7ukS A1) VASP(Ser'™)e] Qlatsts 215
oE-]_ O ZPLS. T A AT -
QIDW; e °(;>;A°)gmi PClManasaE Lws AP od s30
A = romboxane Ag 2)E it . - = ma o
TXA: B8 58 |5 2050 vge aasgas s 2ol A5 TXAE dab A
NARE
7}
5 5 ey ol & lysated}eq |
A cytosol 2 T;r = ;y WEaw Ffels lysate%}(ﬂ ultracentrifuge
. B ultracentrifuge = °]-8-3kel = o]g3te] 7 fractions #2353
microsomes %] fractione =T s A
microsome marker enzyme?l |77 #E¥®  fraction® western Dblot

Microsomes2| marker

cytochrome c¢ reductaseE =4 E o

(anti-COX-1, anti-TXAS)°o. & #1319t}

enzyme-‘ﬂ =3 224 29 fraction®] microsomet cytochrome ¢ reductase activity 7% 243}
s =4 2] ¥ microsome fractiony S 43S
microsome fraction2 sample® 3&}¢] L N
- .. . MR EFEE Lws COX-1 activity S
COX-1 &4 =4 |COX-1 fluoroscent activity kitE ©] iéfzzzj oL AN 7S
&sto] mAFEE2 23 Hot oA = A
_|microsome fractions sample® 3}
TXA:> synthase %|thromboxane A, synthase (TXAS) AL EFEE Lwe TXAS activitys
Xy = activityoll WX+ WA FE5E9 g3 dA4sxE Ege
37}
PeARLY  E
2 A4 3 ol x| = _ _ < . ol =] O
A 5] off 2] A3 BT A A8 Eg T a0 R E ;ogaie?,xllgg)f,o Thr;)mb;m:] f]bﬁov;‘::-%il
sto] Wavey we dolg AAete] Py gug|ISATANGE  AAsAD, - Sanie
_ . Al A& w|Fofytel] HE| FIAIZFe]
oyl & olo W FgAga g 54
S dAg3 Hal B e e FH e 245 BIS




ADP7} 5@ $3Me ¥ ALAR 5
[Ca?] B9 == (B9% Ca”' o} Fura-29] AFEFAzR | MBLEFEE Lws ADP 93 s
alis= =% H e PFAEE  fluorescence|[Ca®t .2 AAAN AL
spectrophotometers ©]-&&te] =%
IP3 receptor ADP7} =3 SHMS T lysis & (MAEEFEE Lwe [Ps receptorg® 5%
o1 A3} =] western bloto & <] oEH o7 A AL
) AL EFEELS ADPo| o3 [Ca”) =9
t_olZ A thul A _ _ . i
Ca ~ef AR \pps} g ¢9we F lysis 3 [ MCE AUSHMLCp) — plecksirin <)
. oz o] Aksk(pleckstrin-p) — serotonin/ATP release
(MLC, pleckstrin) |western bloto. 2 <l 27 - 2BLHNL 23 > PAH 7
A3 =7 PKC activity kit® &<l stshe Uelel ADPUl/] BAwg3EAo
248 ANAE
A 24 F- 3} A < =
. v e 55 Lwe ADPO| 938 &7}13k
ATP 9 serotonin|ADp7} ©53 <xuhe & wZw I FEE Lwiz ADPel <3 $7h
re = ATP 2 b EIA ki Sro ATP % serotonin &g FEYEZHOE
W =4 serotonin< ir=2 el o A7
AFEES AV BT F| gzzhze gasaqun 2%
a9 SolAd BA,  |amE Ao dg
. = 2ok Ay &b & gho)| BEHWE, SolAd dIHA ekE
AFgAd =2
side effect A&
Gl ol b5 B A 54 B- guve axe Aelg moA gk
Q14 (AST, ALT, LDH %) 54| &= T4 AST, LDIZF 4
MCAO 3 3¥A -] a7 (L.p,
MCAO 7|¥oz H=zo %Eg}oq o4/LptLow, Lw) F&& A2 Infarct
=5 A% Ao 394 A mNSS A5 7Hvolumeo] 27 gashelor], Yas fd
= 3l MCAO 3 % EZ‘ZH TTCY
E ] =g
O]%E‘Eé.oﬂ }\1 C}:ﬂ HC]— ,\4]‘]% 2:5]»11]’ lc]}_l} 3 °é°1 RT’PCR, 7‘}?_] PDI, Nrf27} 7]‘5]% ]%‘}.@E
S 716 Al ZAF | TUNEL assay, THC assay s @hoh. 491 BDNF, NGF, GDNF %3 Z7}agich
Eg Vs E3 EAA LptLwa ¥ Lwit
o PP FoQHor AA
A 3A) -3} A
&5 &% F%H7IY  Forced Swimming
FERIAA ot E?s;t\l]ragnt};tresi% Z}ZFH%C‘;—}L ‘;Hf?i 04’1‘:]?1 Test(FST)Z S8 2au7d3EEdA
L S = = A h& =9 . . -
2 7N AL o ° e ° " immobility time®] & &S &<l 1
Restraint Stress7} Zu:= & FSTeH B =Xl #5H7FS] Elevated Plus
EPM &3 71E Aldsla, H22S d|Maze test(EPM)AIME HEFEES A
Bol=)of = R}T*PCR, TUNEL assay, [HC assay|s} 285 206] open arms time®] Z7}3H<
= s - B
sogaod ot Solargieh, web WEN4FEELWE
2 7SN AL S Bobgolst e AFFEA Y
S37te FHERT LS HE




MCAO 3 3d#09 a2 (L.p,
MCAO 7|¥oz W=z gwshe] 24LpLw, Lw) F=
1k

= A
HEF A% 15 300 A NS 5D vohumes] A GAHLSA, FH 2
2 @tk MCAO +3 ¥ 394 TTCY _ -
GERHANA A% lye gm, wene wo propep TV PPL NZE SMARL, ddedd
2 71550 ZAF |TUNEL assay, THC assay® d+t}. A9l BDNF, NGF, GDNF %3 Z7}shgich

w3 75y EIEolA Lp+Lwa# Lwit
o PFHIE frefH o R A

&5 &% d5H/I]  Forced Swimming
TR A of g [Restraint Stress® 27 ed 4*1:‘7{ Test(FST)E B3  LanZ3E2A
R R = 1ot FETH =ABAT AR obility timeo] Fo1HE 8}025} a

Restraint Stress7t 21 o FSTeHEl =d7del A58 7H90 Elevated Plus

EPM 53715 Aldsta, w22 d|Maze test(EPM)IIAME 2aFE5ES A

-0} off :i 8R}]};PCR, TUNEL assay, IHC assay|§l 28 %%o] gpen arms timeo] Z=7}8<
zamdo o | T gelstarh. webd BanGFEELw
AR PS A TETY wdelet 22 AP sEAA ¥

TH7Le] FHEN dSE AT

nads =257 ksl fdxe PDL Nrf27l =/198 &
NN g 2EES Asteirt. E@ A7z EEA BDNF,

NGF, GDNF %o] &7}

ARgste]l M A MCAO MMow HEES §xEdt
¥ ZFoll 93 apoptotic cells®

2 gl o] A 2477t Fof 394 =Y mNSS
29712 3th. MCAO 38 3 39|% 2%, n3dgFEES Hod 49%
<

Lo,
4
i
i
o

Al A
A3HH A | 0 A TTCEAS 8, HE2AS dollzo yw Ay dxAelA 7t
32w, A4EE RT-PCR, TUNEL assay, IHC Immunohistochemistry & o &3kl ] 7
= =2 =x
g rde  |asavE 54 AFEES AUF AGERAA Hohe] A
sham o 2 3} BAEEZS] F7}
H] .3 7} synaptophysin® GABA A4 AZE =7}

2E #2322 Corticosterones
AanAow FEPriel i gt dS
s ol A ) o Restraint stressoll 2|8} =%
A EAE A7 Restraint Stress& 25 %?_ u
TS e ) A slsle] o e=3 Eolb &F/ &l 9] apoptotic cells®] 4
=2, &4 2 §%3t} Restraint Stress7} 2|53 23 Lw 215004 Hlppocampus&]
GAA wge  |We d FSTO EPM 359 7FE Al|DG, CAlTH CA3R-SI6IA 72
gstal, HzAS Aol RT-PCR,

TUNEL [HC = synapse marker$! synaptophysin® 5-HT
assay, assay—* =

fluoxetine L& 7} 7} =71

ol 3 $3/BAgANNA Lwel o8 7585
£3E 48 Fao] 3l

9} HBA+LwA g 187re] 2 zol=

g
3 =

o
P 5715 A ] mNSSE Al 23 Lws

% - HBALw Aol d% BrielA & Aol
7 B 7} infarct volume &% 3 TTCHYA, =1 .

7F e
gl A7 715 H 7 mNSSE

A

O::

_10_



AT A3

°l @?OMb D 13 dE s—l FE23H B9 A4SH AF 2 A
3 WALEFEE 542‘4%5} 01]‘%} I IS S8 93 AYBAY ATS FPegh

2
1=}
59 ¥4 A= A dAY 21E S5ty Al tEAEE T3 LE9AM T Al
At 840 BEFAIE DFS 71Eex=dE log(Cell count) vs time #AES o] R3] &3}
|=]

=
Al 29} 34| F-AA AAE Hla EA4ste] GABAE XIL%%‘E Gk }“2“1 éiu—ir%i A
o

=
oYt EAstH, o] &2 ferulic acid xq7]—1?-_ 274] =Y T AU
=9 AFI}E At Y4B ‘-Z‘_Pﬁ"é@}li%ﬁ]—r B #axs 49sAE &
ZIRZHAEAAE AP AL, PIAAEEFEES £85t & Samples ©] 835+
TLCQP HPLC #4& &3 compound X¢ 54 93l 2m™, HPLC retention time}

spectra¥ ferulic acid tHAFEZ &3 vl st 7| BF2E FASHATH

4) HE7) A uALE HHAZRASY g EFEEY AR 02 SEHEE Y3
of 23, 9Xd, pHH3} Go WE GABATHZFS viuiAs Ax, Har|Ag Az
(U7 1 ER] 1:10, €= 35T, w¥=E 0~100rpm) S SH3¥ 1, n|FLaFEEd 74
GABAE 9A & 121Cl 308, pHEAS pH 4-7, 23142 2000psiol 102 Aol = <4
stk

5) HEFAH HASLE st 37HA factore} 3GA| level2 A3t RSM 418 AASHS
o 2 A, 0.0545% HEAS IS v Aol A TELE 344C, LRI 4584413
=

LEE mAH HFAZF HO 10 1424mg/L AAtEE Ao 2 g F3th. §Y
S AAste] HFA A4S A3 23, 1482mg/LAt o =4 FH A3
HFARLM S AEHoE 33t s 4T & ok =23 Fade & -
A= st AA|, APste] FaAES ol wel ITHFA 4419 AHFAL

=2 o S}

= - g

Q. m3 240 ARAR O A F ExAS AAY AFL AdAD
3}

_11_



HFAE 0.055mgel o™ oluf rate] Hd #F2 250g°]

ok AlFol 60kgel S 7R 3 FEFAZFS ot Alitel wet 214mg HFAC|H ©]
213 7|20 2 HAA dqrdoel] AAG Aoldye] A= EFAFE ] At dA AT
7) 5% v EY (Brix 28%)& WEU2ERY (DE 22, 10, 5)9 219 v &2 3t £5A
zsto] 2ASEIAT. dT &% 180-C, &7 &% 80TE stloen BEASEE 8,525rpmo]
Atk EFAZEDY bulk density= 0.776, TEFFS 3.63%Ah w5 n|ALadS 54

N

S

HAzste] 27443 skt 2SS, 47 C; ¥ %, 18 Pa; XA, 484102 A E s3] e
H, 3AAZEZY bulk density= 0.694°0]1, FEFFS 8.97% ATt vAALE LAV 7H
A A AYPste RHAFOE /U F2ol EFst S8t BELTEEY AF
= AAEIAT. B AEEY B A 225 AHEE F Aded, STEEF AFdE
A7} 20UA ¥ sAAZEEES F ASE A

T AR, rREFESE0] ADPFEAVE ifste EdSHATES] 43y Aadd

®2A e AAEold e AFAI= ot} A

1) ADP+= adenylate cyclase(AC)2] &4 & AAA LS ZAN ATPEZRE cAMPS] S JA Az
t}. o]AL IP; receptor7} wiZlEE [Ca*lel &7t e AARAL 7HAT Ut} AT Lw
+ CAMPO] S SV RAAEE AT A H), o]AE o] &3t [PRRE UASAIZI 0B
[Ca®]e) 59L& AAANNGEAEAE A7A3}). £33 Lwrl 71421 cAMPE VASPE 14+3}
ANA aASHNHSES JAANARAAEE 72 ).

2) i NxA S99 [Ca”l< myosin light chain kinase (MLCK)®} PKCe] &4<& %3
AZ1tk. MLCKeo] &4 ZZle] 28] myosin light chain (MLC)7} MLC-p& <14+3}l€th. PKC]
A&7l 28] pleckstrine] pleckstrin-pZ <l4tstHETh A4kstEl MLC-pe} pleckstrin-pe
serotonin/ATP release ®E-g-o #Hoste] LIS S XA EZN HFL S AsAZIT
a2y, Lwe ADPe] 93 [Ca®l Y — MLCe <I4FsHMLC-p) — pleckstrin OM@}
(pleckstrin-p) — serotonin/ATP release &3 — FAF-SHES 23 — Ao Z3lsie=
Ho] ADPuj/l 4ABASHEAS 4SS AAANATCAEE A7+23)

3) =3, ADP+ cyclooxygenase-1 (COX-1)¢] &4-& ZFZIA|A arachidonic acidZ2FE daxu-§
FAZZEAR] thromboxane A, (TXA»9] HAE ZXAZIth 18y, Lw= COX-19] A&
AR =N TXAY 8= Xﬂ/\lﬂ 5“%5\_%3}%% 7}781’/}‘_ < W

4) Lws rate] 54w Bo3 § 4 d40d 3 Hh3-3 g
nAe FS 2ARE 23, Lw Fofol] oaf dfgart AAEH, 4LHSHEE 3 A
AFHAFCAIE ATZA S, 3HFZA| <] A FRD.

5 Lws rate] H4og2 T3 & dgFo MY HIAREET A #d A®)E AT
=
o

lﬂi
et
B
e
;D:Q

Ash, AW, ARAT, SHEATAD, APA, AL BA ARE Y Fo) 373
A gkgkeh F, 3k AR, 2RIBA, A% 2 AR V152 3FHOE FANNBGHIE

_12_



ATAI). =3 Lw FAA food intakee} AZFZ71E9 ZHAE B3 Lwyl AZFE A A7)
= OoloE EH9E 7IHE § o A4Eg@EAdE 723,

A AR, AREFER] HA i B JeAH S8 9% AeEy A7 dve
olej e} et

D HEF FE=R2AA A F 7S ZAAE SEd HEF0] B HY infarcte] A
AR A o 7HA ksl kel AA2HEHE0] HASHA Eth =3, apoptosis
7} Z718kA ¥l uwhebA] neuronal cell death7}t dojdth mAE4FEERB)S ol &3 HE
o AAEH 7T IES HE3AT. ¥ HEF infarcte] HAEES TTCHA S T3
1=, RT-PCRE Fatq 43t Al PDL Nrf2zh S7He < &ttt 1ea Al

=) | 23+ apoptotic cells®] <=

I BDNF, NGF, GDNF =x=3t =7}3+8 HYth HE=d
ZA3% A3, v|FIdFEFEES AT A5 =9 cortexe} striatumo A FAadgS R

) =X
2] 3 ImmunohistochemistryE %3l AHMEE 3svtol A detectiongt A3, vZEGFF

9

}. 5
=S AT AdPdsEdA AAAEEC] 7S et A dsEFE=Y] 78488
9] sl Ferulic acidFA)= @4Hst &AL oS UEPd =50 Utk ol& &3
AREE 27 Al nAEdEFEE7 FAZ 2484 7538 G35 43S E3to
solstdtt. ada an|FFEEL,p, Lptl.w, Lw) E3F HEF9 infarcts} 35 H 7ol A
AATA 75385 HAFstA

2) $EF | BN sEEAAA A B 7]/l ZAA A= Restraint stressE F3 =
H FEF/EAFN AATEANAN MAEFFEEL FAVAFESEL W] F5HTAA I

dz
o
¥
2
)
—o
o

Z 357}l Forced Swimming Test(FST)IE Ea T anZAFZEdA

immobility timeo] ZoH<S <lsldtt. aelx EBeraol %372l Elevated Plus Maze
testEPM)ANM = FaFE2ES A2k 45 E0°] open arms timeo] F71g-S 13t o}
G e AL Hol &2 ddFEoA BFH7He] Fdarrt
As<s AS3t

3) AsEujake- o83 Compound X(SCX/3)¢] BDNF, NGF, GDNF, 214312, 313l §A-5e] Wl o
g W7t &= SCX/3¢] F8 Ag¥Eo] dFAYES Wtk SCX/3, FA, dFAIA AE&o] SAHL
2 FoetA w=%a dFA7E EE0] AY ETh dFAE =¥ = AstdS o 50uM7HA A
apF o2 AYEEO] =ouTh

4) Compound X(SCX/3)E Ar&ste] HAM mAoA HAMEZ AME, AA3 2%, A LGS+
WS sham thxw ¥ vlal H7h= SCX3E 9 HAd 393 F=AS & 3 H ¥ &4
AR R FotA EoENH old wWE 4 V% L
olste] HAZ AAEL HAastion AAIEY Ad FHAQ SYP, ChAT, DCX59 &
7kt

2 e

o
il
=
g
rlo
o
ﬂ.]-[O O
ofN
i
mr
2
oX

5 HZAA EdoA Compound X(SCX/3)E FFste Lw FE=o 93 UAA 75 H7ke

_13_



MCAO 3 % % FE& water maze testst3= @ positive controll DPZ$} L.w group-2
vehicle groupRt}t EA X 02 /2|34 escape latency’} #F43FH 3L, retention timeo] &7}
AT = NOR testE sl = o DPZe} L.w group vehicle groupREth A28 EAE &4

s AZtel B Bkth Lwe ¥4 @ 219 shest 71908 AN Ao F3En,

_14_



V. AT 2 ARBg AS

—
(i
Ela
4G,
JQL‘

=

kd

A A

2]
R 11T o t:ﬂ,' §] Ué]
Animal Cells
25N Neuroprotective effect of rice bran extract supplemented and Systems
T with ferulic acid in the rat model of ischemic brain injury 2014, 18(2):
93-100
o . Biomedical
Inhibitory Effects of Water Extract from Rice Bran Due to Science Letters
=1 (KCI) cAMP-dependent Phosphorylation of VASP (Ser™) on 2014, 203):
ADP-induced Platelet A ti ’ '
induced Platelet Aggregation 129~138
. . . Biomedical
Effects of Rice Bran Extracts Fermented with Lactobacillus )
= . - Science Letters
+(KCI) | plantarum on Neuroprotection and Cognitive Improvement 2015, 21(2):
i Rat Model of Ischemic Brain Inj ’ '
in a Rat Model of Ischemic Brain Injury 9100
Inhibitory Effects of Rice Bran Water Extract Fermented Biomedical
= 2 (KCI) Lactobacillus plantarum due to cAMP-dependent Science Letters
I Phosphorylation of VASP(Ser'”) on human Platelet 2015, 21(2):
Aggregation 103~114
Antiplate‘let Effec.ts of Hot Water Extréct from Rice 2013 A1193]
Bran wa Elevation of cAMP production and _ ,
; o ] 43 ) 5}
StedbsE phosphorylation of Vasodilator-Stimulated -
Phosphoprotein(VASP-Ser'”) on ADP-induced H L s i
osphoprotein( er ') on ‘ induce uman = )51 7] 8]
Platelet Aggregation
Inhibitory effects of water extract from rice bran 2014 #1209}
_ ol 5] 43 o
St | fermented with Lactobacillus plantarum Hong on activity of 3
thromboxane A; production-associated microsomal enzymes | =7 &l<:7] 3]
Water, and ethyl acetate-extract from rice bran fermented 2014 #1203
i o 3-2) 4y e 35
gl with Lactobacillus plantarum Hong inhibit platelet 3]
aggregation and blood coagulation =7 847 3)
. . 2013
o The E.ffect of Fermentation of Rice Bran Extrac't l?y Smorg 2 st
Stad Lactobacillus plantarum KCCM 12116 on the Antioxidant 3
Activity 2520 5]
2013
International
sl Comparison of Rice Bran Extraction and Fermentation | Conference on

Method for Increased Yield of GABA

Natural
Products for
Agriculture

_15_




2013

International
- Optimum Condition for Fermentation of Rice Bran for | Conference on
or= sk
- GABA Production Using Lactobacillus plantarum Natural
Products for
Agriculture
2013
) ) ) International
Neuroprotection and Functional Recovery of Rice Bran
. . i Conference on
k<=t | Extracts Fermented by Lactobacillus plantarum in the Rat Natural
atura
Model of Ischemic Brain
Products for
Agriculture
e
=dd= =35 =d< =d= =dH3
ng s FE2ES FE4ECE 3
E;:L p _;Ez u]—‘”_u: 1—0 <] & AT et koj R
2013 2ot HET AL = A5E PR hetRl= | 10-2013-0065155
==
u7; dtg 2258 g gH o
R TEER AEEESE o |
2013 Z3bste AEHA Ao o s = | 10-2013-0116649
REEk!
e AEE 2=
7F Bl ==X O o A B o
j’]-o- 48 FE=ES T84 xj—-i 1At ]
2014 EoFetes HET Y B ARE | Rl | 10-2014-0054874
et e e
==
n7 dtg 2258 9y How
1_(1 3 ofoggm v:] OXL | QATE r
gz 3= = gx= o 3 - -
2014 Z3dste 5 Bv dAZNY ArshEl T thgksl= | 10-2014-0062111
Qi Ex AEE 2AE
ATAY B P P A3
8, A5 48
A9
A} 42} g °f
4 2 2 2 2

_16_




b,

S

o £ol 7hs

g =@ Akl

ole} the

iy

B
AHERT

(2) FEgE 7ee AU 42

2%H &

ah=1

[e]
R
1t

Q) AF7kA

Hp

fA%
)

N

Ast 71l 7123 BaE PForH el AstE 7

Ao BE

37F 7%

sttt

-
[}

L 7)o 2

il

)

ahet.

=
o

71=stwrt 7}

o] =
AR

P
T

= AA, ted

=
i

2]

o

2) m|

bl HEaA 2

S

2], A

a5

tel Al BAES

7023

g7t St

Hxof 9

_17_



SUMMARY

[ . Title

Anti—thrombotic and brain function improving activities of rice bran fermentation extract

and development functional materials and products

II. The purpose and necessity of research and development

Rice bran is a thin layer of brown rice which make up approximately 8-10% of the
rough rice weight. The rice bran layer is a rich source of steryl ferulate esters, commonly
referred to as oryzanols. This layer part is the most nutritious, rich of phytochemical
compounds, and most commonly used in animal feed or as a food ingredient due to its high
nutritional content. In addition, rice bran is a potential source of tocopherols, tocotrienols,
and phenolic compound. These bioavailable materials have shown a potential for antioxidant

activity

As interest in value-added processing research grows, attempts are being made to
increase the value of agricultural crop by products, including rice bran, by increasing their
pharmaceutical or nutraceutical potential. The properties like a good source of antioxidant
properties and others of rice bran was revealed in many studies. Therefore, it is generally
assumed that rice bran might be a potential raw material sources to make a value—added

product of improving human health

llI. Scope and content of this study

- part 1
1. The purpose of this study
(1) Development of functional components extraction and fermentation process to rice

bran by using bioconversion method

2. The main contents of this study
(1) Development of extraction and fermentation process to rice bran
(2) Establishment of optimal condition of sequential fermentation and extraction,

investigation of processing quality about rice bran extracts
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(3) Establishment of manufacturing process of rice bran extracts, development of
functional food ingredients and products using rice bran extracts

3. The range of this study
7}. Development of extraction and fermentation process to rice bran
(1) Pre-treatment method of rice bran
(2) Investigation of fermentation condition of rice bran

(3) Investigation of function components extraction method of rice bran

L}, Establishment of optimal condition of sequential fermentation and extraction,
investigation of processing quality about rice bran extracts
(1) Optimization of operation conditions of fermentation and extraction process

(2) Diversification of utilization of fermented rice bran extracts by processing quality

t}. Establishment of manufacturing process of rice bran extracts, development of
functional food ingredients and products using rice bran extracts
(1) Establishment of manufacturing process of rice bran extracts

(2) Development of commercial products using fermented rice bran extracts

- part 2
1. The purpose of this study

(1) Elucidation of inhibitory specificity of rice bran extract for target molecules of signal

transduction in ADP-induced platelet aggregation, a phenomena of thrombosis

2. The main contents of this study
(1) Elucidation of inhibitory specificity of rice bran extract for target molecules of signal
transduction in ADP receptor P2Y12 Ge—mediated platelet aggregation
(2) Elucidation of inhibitory specificity of rice bran extract on thromboxane Ay production
associated enzymes in ADP receptor P2Yi—-mediated platelet aggregation
(3) Elucidation of inhibitory specificity of rice bran extract for target molecules of

Ca® ~dependent signal transduction in ADP receptor PoY;-mediated platelet aggregation

3. The range of this study
7}. Elucidation of inhibitory specificity for target molecules of signal transduction in ADP
receptor P2Y12 Gg—mediated platelet aggregation
(1) Measurement of target molecules in Gq—mediated platelet aggregation
(7}) Determination of ICsy value in platelet aggregation
(1}) Effect on adenylate cyclase activity
(t}) Measurement of cAMP production
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(2}) Western blot analysis of VASP phosphorylation

L}, Elucidation of inhibitory specificity on thromboxane A production associated enzymes
in ADP receptor P2Y;—mediated platelet aggregation

(1) Measurement of thromboxane A production

(2) Isolation of platelet cytosolic and microsomal fraction

(3) Measurement of marker enzyme of microsomes

(4) Measurement of COX-1 activity

(5) Measurement of TXA, activity

(6) Elucidation of correlation between anti-thrombotic and brain function improving

activities

(7F) Measurement of platelet aggregation

(1}) Measurement of blood coagulation

t}. Elucidation of inhibitory specificity for target molecules of Ca”'~dependent signal
transduction in ADP receptor P:Yi—-mediated platelet aggregation

(1) Western blot analysis of IPs receptor phosphorylation

(2) Measurement of [Ca”]; mobilization

(3) Measurement of phosphorylation of Ca%—dependent protein (myosin light chain,
pleckstrin)

(4) Measurement of serotonin release

(5) Measurement of ATP release

(6) Safety and side effect assessment of rice bran extract

(7}) Observation of behavior and external change after intraperitoneal administration of
rice bran extract

(1}) Blood analysis of disease-related parameters

- part 3
1. The purpose of this study
(1) This work aimed to study whether rice bran extract fermented with Lactobacillus
plantarum (L.w) promotes functional recovery and anxiolytic/antidepressive effects

reduces cognitive impairment after ischemic brain injury.

2. The main contents of this study
(1) The effect of fermented rice bran extract on the animal model of brain diseases.
(2) The effect of compound X, an active fraction of fermented rice bran extracts on the

neural cells and animal model.

3. The range of this study

7}. The effect of fermented rice bran extract on the animal model of brain diseases.
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(1) Effects of Rice Bran Extracts Fermented with Lactobacillus plantarum on
Neuroprotection in a Rat Model of Ischemic Brain Injury
(2) Anxiolytic/Antidepressive effects of Rice Bran extracts fermented with Lactobacillus

plantarum Hong in rats exposed to repeated Restraint Stress

L}, The effect of compound X, an active fraction of fermented rice bran extracts on the
neural cells and animal model.

(1) The effect of compound X on the apoptosis and neural gene expressions.

(2) Effects of Rice Bran Extracts containing Compound X Fermented with ZLactobacillus

plantarum on Cognitive Improvement in a Rat Model of Ischemic Brain Injury

[V. Results

1)

2)

3)

part 1

From these results we conclude that the fermentation of rice bran by Lactobacillus
plantarum KCCM 12116 (LP) and Lactobacillus plantarum KFCC 11556P (LW) starter
cultures showed significantly increase on antioxidant assay values (TPC, DPPH, FRAP,
and ORAC) compared to non-fermented rice bran. /n vivo experiment was also
confirmed that the rice bran fermented had an effect to reduce a total infarct volume of
ischemia brain injury in the rat model. In addition, rice bran fermentations were able to
metabolize the ferulic acid to other bioactive compounds during fermentation. This leads
to a consideration of what the metabolites and bioactive compounds converting after
fermentation of rice bran are and what a suitable of fermentation condition to produce

these compounds.

From the results obtained in this part, it is possible to state that FA is a precursor of
compound X production in the rice bran fermentation by LW strain. Suitable
fermentation condition in the rice bran media supplemented with 0.01%6 FA to produce
the compound X was discovered at 35C for 36 hours. Preliminary purification was done
by PREP-HPLC and LC/MS. Among 5 fractions received from PREP-HPLC, fraction 4
contained the highest content of compound X. Further analysis was done by LC/MS and
found that the compound X might be a hydroferulic acid. Conversion product of LW
cell-free extract incubated in 0.01 %6 FA media was also investigated. Possible pathway
of compound X production might occur by the inducible reductase enzyme from 4VG. In
addition, /n vivo experiment on ischemia effect in the rat treated with SCX/3 (fraction 4)

showed percent total infarct volume less than the control group.

The experimental design approach allowed the determination of the significant effects

and polynomial functions that describe the effects of LW fermentation condition of rice
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bran on compound X production yield. RSM was successfully employed to determine the
optimal fermentation variables to obtain the maximum compound X yield. A polynomial
regression model was proposed to reasonably describe the experimental results, and
based on the proposed model, the optimal LW fermentation condition of rice bran for
compound X production was found to be at 34.5°C, 45.8 h, with addition of FA at
0.0545% w/v. At this condition, the predicted compound X yield was 142.34 mg/L. Thus,
from the present study it can be concluded that compound X production can be
improved by controlling various factors simultaneously viz. fermentation time,
fermentation temperature, and percent FA addition and this interaction could only be well

understood by suitable RSM selection.

- part 2

1)

2)

3)

4)

5)

ADP inhibits adenylate cyclase (AC), cAMP production enzyme from ATP, and amplifies
platelet aggregation. This involves in IP; receptor (IPsR)-mediated [Ca®]i mobilization.
But rice bran extract Lw elevated the ¢cAMP production (1*' year study) and inhibited
[Ca®]; mobilization via phosphorylation of IPsR (3" year study), and phophorylated VASP
(Ser™) to inhibit platelet aggregation(1® year study).

Mobilized [Ca®]; activates myosin light chain kinase (MLCK) and protein kinase C
(PKC). Myosin light chain (MLC) is phosphorylated by MLCK and pleckstrin is
phosphorylated by PKC. Phosphorylated MLC (MLC-p) and pleckstrin (pleckstrin—p)
involve in serotonin/ATP release, and amplify platelet aggregation. Lw inhibited
ADP-induced platelet aggregation molecules activation cascade that intensifying
thrombus formation [ADP-induced [Ca®]; mobilization — MLC phosphorylation (MLC-p)
— pleckstrin phosphorylation (pleckstrin—p) — serotonin/ATP release — platelet
aggregation — intensification of thrombus] (3 year study).

ADP activates cyclooxygenase-1 (COX-1) activity, producing thromboxane A: (TXAy),
aggregation—inducing molecule, from arachidonic acid. But Lw inhibited TXAs production
via inhibition of COX~-1 activity, inhibiting platelet aggregation (2™ year study).

After intraperitoneal administration of Lw to rat, rat platelet aggregation and blood
coagulation were inhibited compared control (saline) (elucidation of correlation between
anti—thrombotic and brain function improving activities, 2" vear study).

After intraperitoneal administration of Lw to rat, disease (liver, heart, muscle/skeletal
muscle, pancreas, kidney disease)-related parameters in blood were not changed(BrCl year
study). Lw administration could be good for diets because of reducing food intake and

weight increasement(3™ study).

- part 3

1)

The effect of fermented rice bran extract on the animal model of brain diseases. Our

findings indicate that L.w treatment showed the largest effects in functional recovery
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2)

and cognitive improvement after ischemic brain injury through stimulation of the
acetylcholine receptor, antioxidant genes, neurotrophic factors, and expression of NeuN,
SYP, DCX, and ChAT. In our results, administrations of L.w exerted
anxiolytic/anti-depressant effect by behavior test. It also lowered CORT levels and
suppressed body weight loss following repeated RS. The L.w treatment not only
protected neuronal cells in the hippocampus by apoptosis but also increased the
expression of neurotrophic factors, BDNF, NGF and GDNF. The immuno-histochemical
investigation revealed that the L.w treatment prevented severe loss of synaptic vesicle

marker, SYP and increased intensity of the serotonergic neurons.

The effect of compound X, an active fraction of fermented rice bran extracts on the
neural cells and animal model. Compound X promoted the survival rate of pcl? cells in
the H>O, media through the expressions of NGF, PDI and Nrf2 genes. L.w and
compound X reduced the brain injury and promoted functional recovery in a rat model of

ischemic brain through the stimulation of antioxidant and neural trophic factor genes.
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2) E] 1.0kg= RF=xzAstd 100C ¢k 121C e 7tdxdo 2 JdAGALT AEs & Ao
g A vs 7FAAIRIe. 2 BAE ARE FFEA st =St

. AgAas

(D =7 9] lipase$} lypoxygenases A4S A#H A
EEAS HEE IE mAES gdte B

Q) PFFTFA AN FAERE UeE v

gk Xl gz AdA st A
on, FHO 2FE XM QX] oE 7o) HREot RAEQJ AAE T3
steam chamber T+ 2 steam chamberE & 7}5AS HESITH

(3) &F 19 A= A steam chamberol A v 73e 1A AE XEstd 4283439 9

A U= AAE SAd @/ F s AR FaHTL

4) oFg) A8E &83}o] decimal reduction timeS linear regression©. = A|4+sle] Fig. 19
YEeEl o™ 100C oA Dk = 7.56%, 121C oA D7k =1.08Eo] At

(6) olH3 AA}E nRo=E AR FHAJMAIE 9% A chambergs AAT + U
ow, 17 AdEAANE AT F Qe RPN tdd 95 AAZAE &
23+ AHqt steam chamber® concrete A2 A A4St mFAgA] BAYeE AS F8
sto] steame Al xshes FAAE WA FEIFEN AHELS HE F Us A=
DX, HF FH2A A dA g Ao digt BAE sHstax o
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Table 1-1. Changes in viable cell count of rice bran

material as affected by heating

conditions
) Heating time .
Heating temperature ) Viable cell count (cfu/g)
(min)
30min 4.0x10°
40 7.2x10°
100C N
50 55x%10
60 ND
15 1.4x10"
20 2.1x10°
121°C
25 ND
30 ND
*ND: not detected
a b

3 N

\

2 v=0 183+ 1145
R*=0.9969

i\‘

N

¥

=-0.4146x+10.448
R*=0.9852

5 30 35 40 45 50 55 10 15

20 25 30

Heating time (min)

Heating time (min)

Fig. 1-1. D-value estimation curve during heat treatment of 100 C(a) and 121 C(b)

6) A =ANA A dAE AIZFS safety marging 7F¢Hste] 100C A gAlE 708, 12
1T A A9E 2580 AAT Ao g AGHA AW Y59 27| HE st
g2 o4 Axd ot Dits &8st AgAzts AAstE Zlo] ntgEAsY, Ay
A AZFo] 36AXE AQEHEE o] ZZF FF A B F ol A4S & v o
A A vZdee A o9 A 10° cfumlE FE DS Z&ate] dx Azt
< AEste F &3k Ao] T Ao AdHT



)

2 =

<, 100C 10D =7.56min X 10cycle =75.6min, 121°C 10D =1.08min X 10cycle = 10.8min

7F AAE ARzd oz ALdEHA .

v BEFEEY] FEAE F 3 GABA e Zhang 59 WHS o] &3ty nlAY

Z =439tk Eppendorf tubeo] A& 0.1 g3} methanol 400 L& 7}stal 75C &
zo A A AuAAHT 7)o 70 mM LaCl; 1mLE 7}sta 108 S¢F wykgh
HAE2(15,000 g, 15 min)ste] A5 700 «LE H3st 0.IM KOH 160 yLE ¥
Yol & muE eppendorf tubeo] FH7FgF g 5E FoF wubslal PJAlEE
(15,000xg, 10 min)stATt. FsH 550 xLE MEL eppendorf tubeol] FH3slar 0.

K4P.07 200 1L, 4 mM NADP 150 L, GABase(2 U/mL) 50 #LE &3%3F & B33
£ o] g3te] 340 nmoll A SFE=E SAHSIL 20 mM o -ketoglutaric acid( « -KG) sodium
salt 50 L& H7bste] A-olA 1A1ZF WA £ 340 nmolA AxF FFEE 5431
GABAE =S T3k th olu] GABA(99%, Sigma-Aldrich, St. Louis, MO, USA)E A}-&3}o]

EEIHE T

3.000 -

y=0.0032x
R2=0.9997

2500 -

2.000 -

2 1500 -

1000 -

0.500 -

0.000 T T T
0 200 400 600 800 1000
Conc.(ug/g)

Fig. 2-1. Standard curve of GABA

o2 ANFZEHZA ferulic acid FFS A3}

Atk EF=EZFZA Sigma-Aldriche] A
+#(Cat. No.128708-5G)& ©| &3} . Ferulic acide] =&

ZAst7] #1a8l HPLCE ©l &

st Standard curveE ZAsIH T Ferulic acid 0.01 ~ 0.5mg/ml ®H{lolA % o] WA
BJAE o]l &3t FEFHES FH|EHAT
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Table 2-1. HPLC conditions for ferulic acid analysis

(3

TSKgel ODS-100V 5um, 21455,
4.6%150(mml.D.*mm), 5(um)

Column

methanol / 50mM NaH-PO4 (pH2.5 with
phosphoric acid) = 30 / 70

Mobile Phases

Flow rate 1.0mL/min
Temperature 40T
Detection 310nm
Injection Volume 5ul

Ferulic acid A ZES ¢3F standard curve®} HPLC Ats+ ofgfje} Zt}. Ferulic acide
HPLC retention time-& 13.6~13.8 o]t}

3000000

2500000

2000000

1500000

1000000

500000

s}

0.15: ﬂ

V= sseﬁsx-ﬂ.y"

e 4 |
/ | | | | O'ngﬁ%iwﬁwwwCJTW....

0 2 4 6 8 10 12 14 16 18 20
Retention Time (min)

0.10-] H

Absorbance (AU)

[+] 01 02 03 o4 05 06

4)

g 2
D
2

3

Fig. 2-2. Standard curve of ferulic acid and HPLC chromatogram

FFSEMHWE), LP, LW A& tig Z7he] s =5 A7) Sl 7ol &t
100mg/ml ¥5=2 93 ¥ 2N HCIZ pH 2-302 =™t o] ARE ethylacetate
0.5ml= 3§ 23k & ethylacetate <& =Ro} IFE=3)

£33k & HPLCZ E43I9 .

1ru

f
2
H
i
ftlo
S

.bml methanoll]

@A
UVJ FFEEY DTEFEE $8 2L GABA ¢S vud AixE oty Boh =
Zo] 159mg/100g, LP7} 2.37mg/100g, &)1 LW7} 45mg/l00g o2 GABA
o] Z7tstAth LW 5o 9|g mge] wart GABAT S dFFE=E0l vlste] 3
v} 7}7ko] /A7l AE &5 A

Al 2%} A F-FA Aol A E3 SHAA LW7LF 7B F9koH, o)+=

2o g Uelyth =, active compound’}t GABASIA & &% "a‘fﬁ of| A = ZAAT
EEAEAE A4 A= {r‘i‘rﬂ"iq

el w7 BEFZEC FAAZE AES FALS GABAFTHOE 40mg/l00g oo

=B
F3E
o

e
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Table. 2-2. Comparison of GABA content of fermented extract with hot water extract of rice
bran

Sample mg/100g
LW 4.50£0.25
LP 2.37%£1.15

HWE 1.59%0.18

% HWE : Hot water extract

(@) MAE It A=Y FHE A st= ferulic acid ester$} free ferulic acid7} 2
gttt ferulic acide A& W& AAWolA T3 22E HAdEo] AgdAES Yepd
o kA o] Aol A= ferulic acidE AZEHZ HA 7HeA S ZASFATH

(5) Z+ AN B 3 HPLC Aot Zzte] ferulic acid =% ofziel #toh LP, LX, LW
ferulic acid peakell al@3t= UV spectrum T3+ ofefol YER SITE

6) AL 71th3 vielsE 2 mAS WaAzl A9 ferulic acid ko) ZHastgoem I 7+

2 AR LWOﬂ/H 74 =7 UEhdth. =, HWE 21.1mg, LP 18. 4mg, 283 LW 135

woldth. ol AL ferulic acid7F TEAY F O E =22 HIAHGU= As o3

(7) 2380l FAHE X E49 peake] =7} FAHZS 18 dthaA ferulic acide X E2E #13y
+ ZACE FAHEHH A o] EHY Fx HS A% AYS 1Y Folvh. X =2
£3] A5 MAH #dE o E Wit

(8) Ferulic acide= AZEZAZ ALES = Qs AL &

4 AT

4>
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Absorbance (AU)

Absorbance (AL)

Absorbance (AU)

0.014

o.012

o.D010

0.008

0.006

o.004

0.o02

0.000

0.015

.o12

.010

.oo8

.006

.04

.oo2

-0o0

.oo2

=
o

ﬁ HWE

Retention Time (min)

. 000 -

. 005

i : lg |.|| o
xﬂj Iu \J— V\‘“\v-v '\ “
\""‘—r"'\\..,x-'-__ A
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Retention Time (min)

i2
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Fig. 2-3. HPLC chromatogram of hot water extract of rice bran, Lactobacillus fermented

extract of rice bran.
+*HWE, hot water extracted; L.p, plantarum KCCM12116; L.w, plantarum Hong KFCC11556P
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Table 2-3. Ferulic acid content of hot water

extract of rice bran

extract of rice bran, Lactobacillus fermented

Sample code mg ferulic acid/ 100g sample
LW 135
LP 184
HWE 211
3. FE8AAEY FEHd OE FE&H7}
=23t WS &8sl fFEEdes AU F=T T Ae WHE 2AEIAY. =93
WHo2E 2IJAYE, 383 WHoRE F5259 pHE sty sttt oo 43
ANA Al 29} A3AF-HA o] Al Fhst] AFEEZD S GABARZ MAsIH oW, +8H 7= o
£ 7oz AAEH T
5 R A
D mATEF=EY F8A8E F=H IS Sk sty Ao, &893 AgE 3
Sample®] #-8&/43%% GABAZF#HS Z7 SAHs, F&4E F=HS st o
2 9sto] 3187 x#]= pHEE-S pH4, pH 7.0, pHI0C. 2 =H3Aa, 837 A=
Z21YFE7]E o] &3ty SampleS Z1t X 2(2,500psi, 15min)dted, Z+zte] Sampleo
GABARMr#& A3t F&AE FEHS SHsA
. Ad4d
D mAEEFESE=S 353 Aget g4 AYE st GABAT#FEFS 43t WA
3183 AHgle v 4d4 35 A pH 4, pH 7.0, pH 1002 Ao g @3 AHAog BF
3 Sample®] GABASHF+#-& pH 42 7% 100g3 2.10+0.54mge] 5SS 1oy, pH
1091 41= GABA7} A=A &3tth
(2) o83t A= v TavE MdHel wel pH7E 7H4ASA Hi wetbA GABASY F&
Z7lele AL ojulslm wel ojs] GABA $aFol Zrlali @iel YR Sqste

e
-D of\

21t

Table. 3-1. Changes in GABA content of rice bran extract as affected by different pH

Sample mg/100g
pH 4.0 2.10£0.54
pH 7.0 1.59£0.18
pH 10.0 N.D
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AFFE7E ol &3t mA

2542 192 B39 A2 Fig
5%} 71;‘0] Agstath &, THAEE vtE 239 Agd A& RBR, THFAIEE retort
Helsk & =3¢ A2 AL RBR, TFAIEE retort A 2]g & o343 HE& 23A
¥ S 7S RBF=Z ZFASIYTH

o e S S e N N e e s i S e e S RB
1ce
Bran Z319 A
Extract | &% DEEEEEEE | 55 | 9 500psi, 15min RBR
Retort
(1:9) 121C, 15min -
== == | Filtration | &= RBF

Fig. 3-1. Process flow of ultra high pressure treatment of rice bran extract

4) 2+ Nz 78 GABAHS
E%ow, RBe| Hlsto 2}

GABA F&<& &ol3tA st

5= 4ol A gshast dk

Table. 3-2. Changes in GABA

treatment before or after retort

’

=4l

ol g =

Z2Hol M 78

able 3-2¢} #t}. RBRE GABA o] 713
LhER 22T z
]_Lﬂt‘.oﬂ u] yAQ=1 ey

=

w] 7}2]
=4

content of rice bran extract as affected by ultra high pressure

Sample mg/100g
Rice bran extract without retort(RB) 0.97+0.43
Rice bran extract with retort(RBR) 3.44+0.81
Rice bran extract after retort and
. 2.20+0.57
filtrated(RBF)
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4 Y WEFY 2 2A
4-1 WEF| B4 Bl 57

7F AEH
(1) d4 FE3 v} Samplee] WEE s|A EFFF  Lactobacillus plantarum(XCCM
%

1211607 =A A £33 LwvdFE Addste] mida A n@ddssEs2 T3l
5% fatdte HIst 2443 TE AR F 121TC 1583t Basty fitdes =%
43t st A3, F=ste] mATREFEES AxsAH.

(2) mZEE A AR Lwd 9 A9 AES dotiR”] fl8ke] 16s tDNA sequencings ©]

&3t 2+ Lwg sAH3IA
(3) Lp, Lw &5 AAEAS dolr7] 3t Bio screen C (MBR) P& AAEA An)

s
2 olgdtel MABARTH AP AAFYY. APzAe thew gol MR

m[o

% o LS
dex= 35T, wHHAIZIE =34 A 10%37F wvker & 5%%7F A Xl Samples <A
& A8AIZE F¢F 307 AR F3%

Hj
3t AAHI, F3E AL 600nm= AT & F
TE = 5T

(1) Lw &—ZrA 16s rDNA sequencing®] A3+ Fig. 4-13 o 3=u| Y EH ZAE 9
M2LEo| X Lactobacillus plantarum (Gene Bank Data homology search result : 99%)3}
B FAel B ZoE RAHIL. FHuYEREME 57 o /]
e s = KFCC 11556P0]t}.

\w — Lactobacilius hammesii AJG32219
= Lactobacillis senmaizukei AB297927 TGA
GOGGEATAAC,

Lactobacillus parabrevis AM158249
GCTTGAAAGATC

Lactobacillus koreensis FJ904277

Laci pavcivorans FN185731

‘ L lactobacillus spicheii AJ534844
Lactobacillus kimehicus EUST8893
| i [~ Lactobagillus collinoides AB0D5893

— Lactobacilus paracollinoides AJT86685

M i - Lactobacillus odoratitafii AB36S9TS
o
L L actobacilus simils AB282859
J = Laclobacillus suebicus AJ5T5744

100L——— pactobacilus vaceinostercus AJB21656

Lactobacilius fabifermentans AMS05388
= — Lactobacillus paraplantarum AJ306297

= ‘ Lactobacilius pentosus D79211
— Laclobacillus plantarum subsp. argentoratensis AJ&40078
¢ H Lactobacillus plantarum DT9210

ST EVW:
L = —— Lactobacillus composti AB268118

Fig. 4-1. Homology tree and 16s rDNA sequencing result of Lw strain
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(2 Lp, L T AAEAR S gotrr] 93k Bio screen C (MBR) HIAE 54 2]
A 3

2

3

= Ol%OPOEl UV@%* FaA Ay
AASIATZE 20417 Wit S W Hueo AAES HolH Tr7‘17]' HeE A ¢ F
A3 tHFig. 4-2).

15

—]. W
) B

Abs at 600nm
(=}

0.5

0 8 16 24 32 40 48
Fermentation time(hr)

Fig. 4-2. Growth curve of Lp and Lw strain

T W3= MRS HiAE o] &3l A
S ZFEAZ Sl 550nmolA FF%=

A AP AA 10mpel Bt AE kA g2 = 10m/E 7hekal #HE= 2
SmiE 71ske] 0.IN FASUEFA O Z 3027 Mo A& w71x] HAHste], 1
< Axtste] AEE SASIATH

=343 7% TEAC, ORACHIAHS o]&staith  Trolox equivalent
antioxidan t(TEAC)= Sample 20ul ¢} 200ul &) ABTSA| <k 41 3 483 WA3 3
micro plate readerZ o] &3t AL 734nmE AAHI} S FAEES =AU
Oxygen Radical Absorbance Capacity(ORAC)= Sample 20ul <} 120ul ©] working solution
7 412 % 37C incubatoref| Al 1583t W3¢ o5 120u ¢ AAPHAISFES 4lol& £
micro plateE ©]&3}a] 37Col 2A13F WA 3k & reader= 485nm= exctitation< 528nm
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g, 48a%

(L HHe MPBEEAS Lotnr] Aste] MFIFFEE A47te] FARFE HFsh]
WL EE 25C, 35C, 40CE Sho] 36M7F Wikste]l AR AZEE pHAS TS 4T
A3} 35CE NFe WEFYL A BE 12407 FEol pHIF A4 wel WolH ok
SgHE e gAY MG F FARS AL Avel o] nEste] A4 WFLE
= 35C 2 AA3HAtHTable 4-1, Fig. 4-3).

(2) Startere= 7)o TE3 S4bF o2 wjRA Fe 5% 7l om 35C M)z ol A

7] 4NZFel ol FET SER FHFL DAL

Table 4-1. Viable cell count of rice bran extract during fermentation

Sample
. L.w L.p
Time
4hr 4 AE7 1.2E10
12hr 4.1E11 5.0E10
24hr 3.8E12 1.2E11
28hr 2.1E13 5.0E12
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25°C

pH

S pLW)

== pEL. P}
a L 8 12 16 20 24 e 8 32 16
Fermentation time{hr)
35°C
5.5
== pH{L-W}
=i pHiL.F")
0 4 B 12 16 20 24 28
Fermentation time{hr
40°C
&
= - pHIL.W)
=i=pH{L.P}

g 4 g 12 16 20 24 28 3z 36
Fermentation timehry

Fig. 4-3. pH changes of rice bran extract as affected by the growth temperature during
fermentation with Lp and Lw.
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(@) W74 HEFEE Fo| BAYY WEHE BIH APE Table 423 P FEEI]
FAgo] Pastthrt nge] hdRst BAED AnEE S0} PP ol TN A
422 0.15gLF FASAT

Table. 4-2. Changes in reducing sugar content of rice bran extract during fermentation (unit

g/L)
Sample
. L.w L.p
Time
4hr 0.20 0.17
16hr 0.16 0.15
24hr 0.16 0.15
28hr 0.15 0.15
WEYF BEAY F Awe] Wale 4T A BaAte] Aol wel faRTol 4
o= Qste] s} AAS Frbshe A& RATHFg. 4-4),
OFHFTHORE FRAFR Lw #F9 A wag2e+= 3BTy wHtEE= 120pm, 138 &
Hl= 192 ZAE AT
1.600
1.200
= 0.800
= LW
g ], P
0.400
0.000
4 8 12 16 20 24 28

Fermentation time(hr)

Fig. 4-4. Changes in total acidity of rice bran extract during fermentation at 35C.

6) MATaFEEe] At AFEE st &8 T AIAGL vl TAT 240]
ok ol& fst Fatdes AR I A= Table 4-59F 2ot

(N €257 Lp ¥ Lv ¥&FEE 25 TEAC #3 ORAC oAl w9 w2 I4isks
= B AL & g Ao, od Az vRo npdts FEE2 VAR
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Table 4-5. TEAC and ORAC result of rice bran extracts

mg of TE/g dry sample
Sample
TEAC assay ORAC assay
Hot water extract 46.03+0.96 136.25£3.81
Lp 49.85+0.66 149.06+1.71
Lw 40.43+0.85 120.49+3.33
5. £+ FY A HEE o] &% JTAH AE &Y

e #5E =Gl

vt 848 X e
21 Lactobacillus  plantarun{KCCM  12116),
Pediococcus pentosaceus RtHolst 27k Lp, L.w, LkZ ZEA]). A&

AT AFRRE T e EEA
Lactobacillus  plantarum Hong(KFCC 11556P),
7154 RS Z= GABA

g 7|Fo = HTh o] gl AFE AR Pediococcus pentosaceuss A oA B "

F2 A Pediococcus pentosaceus AJ3053212F 99% YA S

(Fig. 5-D.

>LK
TGCAAGTCGAACGAACTTCCGTTAATTGATTATGACGTACTTGTACTGATTGAGATTTTAAC
ACGAAGTGAGTGGCGAACGGGTGAGTAACACGTGGGTAACCTGCCCAGAAGTAGGGGATAA
CACCTGGAAACAGATGCTAATACCGTATAACAGAGAAAACCGCATGGTTTTCTTTTAAAAG
ATGGCTCTGCTATCACTTCTGGATGGACCCGCGGCGTATTAGCTAGTTGGTGAGGTAAAGGC
TCACCAAGGCAGTGATACGTAGCCGACCTGAGAGGGTAATCGGCCACATTGGGACTGAGAC
ACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTTCCACAATGGACGCAAGTCTGA
TGGAGCAACGCCGCGTGAGTGAAGAAGGGTTTCGGCTCGTAAAGCTCTGTTGTTAAAGAAG
AACGTGGGTAAGAGTAACTGTTTACCCAGTGACGGTATTTAACCAGAAAGCCACGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGATTTATTGGGCGTAA
AGCGAGCGCAGGCGGTCTTTTAAGTCTAATGTGAAAGCCTTCGGCTCAACCGAAGAAGTGC
ATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGACAGTGGAACTCCATGTGTAGCGGTGAA
ATGCGTAGATATATGGAAGAACACCAGTGGCGAAGGCGGCTGTCTGGTCTGCAACTGACGC
TGAGGCTCGAAAGCATGGGTAGCGAACAGGATTAGATACCCTGGTAGTCCATGCCGTAAAC
GATGATTACTAAGTGTTGGAGGGTTTCCGCCCTTCAGTGCTGCAGCTAACGCATTAAGTAAT
CCGCCTGGGGAAGTAATCCGCCTGGGGAGTACGACCGCAAGGTTGAAACTCAAAAGAATTG
ACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCTACGCGAAGAACCTTA
CCAGGTCTTGACATCTTCTGACAGTCTAAGAGATTAGAGGTTCCCTTCGGGGACAGAATGAC
AGGTGGTGCATGGTTGTCGTCAGCTCCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTATTACTAGTTGCCAGCATTAAGTTGGGCACTCTAGTGAGACTGCCGGTGACAA
ACCGGAGGAAGGTGGGGACGACGTCAAATCATCATGCCCCTTATGACCTGGGCTACACACG
CTACAATGGATGGTACAACGAGTCGCGAGACCGCGAGGTTAAGCTAATCTCTTAAAACC
ATTCTCAGTTCGGACTGTAGGCTGCAACTCGCCTACACGAAGTCGGAATCGCTAGTAATCGC
GGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGA
GAGTTTGAACACCCAAAGCCGGTGGGGTAACCTTTTAGGAGCTAGCCGTCTAAGGTGACCA
GAGTTGG

Jehjo] AEFE 5% o4y

99 Pediococcus pentosaceus AJ305321
55 LK
a5 - Pediococcus acidilactici AJ305320
100 Pediococcus lolii AB362985
L Pediococcus stilesii AJ973157
Pediococcus argentinicus AM709786
= Pediococcus claussenii AJ621555
Pediococcus parvulus D88528
96 Pediococcus inopinatus AJ271383
Pediococcus damnosus AJ318414
55 Pediococcus ethanolidurans AY956789
61 ——— Pediococcus cellicola AY956788
s —— Lactobacillus suebicus AJ575744
Lactobacillus kimchicus EU678893
Lactobacillus manihotivorans AF000162

Lactobacillus graminis AM113778

0.01

Fig. 5-1. Homology tree and 16SrDNA sequencing result of L.k strain
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H
D €5 F=3 v74 Sampled %E‘{—S— %z‘sﬁ A ®FTF  Lactobacillus plantarum(KCCM
12116)3% AA|lA 23 Lwet L Adste] vdE A 23R EFAT
starterg 1:19] Hl&=2 v|ujA o] Fu 5%2 FEFsh 36AE HE AR T o
AT o743k Sample 121TC e 1583 €ste] f4tds B4 A & £ A7y
of AH&-3k3T.
2) %J F= das UV““E—%%%O pHE =A3t9 1, AA 10mlol] a7t 2~ H{31A|
%2 Hesxg s 78t} 0.IN 4l EFH SR 30%7t
G, A& HoZ SampleS 343 o
gin

l:r
m&ﬁm\m

1

o] A& “HW}X] AAste A E S8t
< MRS Agarg ©]£3} pour platefi o=

Q) HFHFTE ol &5t HaZ A dAddTE HF I vALEFESE9 GABA FFS
Zhang 2] WHES o]&3slo H|AHo g =A3stH . Eppendorf tubeo] A= 0.1 g3
methanol 400 L& 7}stal 75C d2FoA s AIAFHT. o47]o] 70 mM LaCls
ImLE 7}8kal 108 F<9F wukek 3 A4 E2](15,000xg, 15 min)ate] A5 700 xLE
#3ste 0.1M KOH 160 #LE wg] ¥o] & T th& eppendorf tubeol 713k thg 5%
¢k wytala YAE2(15000xg, 10 min)dtAth 45N 550 LS 2L eppendorf
tubeo] #H3tar 0.5M K407 200 x«L, 4 mM NADP 150 xL, GABase(2 U/mL) 50 uLE
Tgt & EFFEAE ol&ste] 340 nmolAd FFEE A 20 mM o«
-ketoglutaric acid( e -KG) sodium salt 50 xLE H7}ste] A-2olA 1A HX]g & 340
nmell Al Axp FFEE St GABATZFS FotAth olwl GABA(99%, Sigma-Aldrich,
St. Louis, MO, USA)Z Al-&3le] &A1& 7319t

.
D

>
o

47

Gt FE o] &3kl 364K FoF HAES WP EFZHY p

w+L.p2l 7§ 4.08, Lk+L.pel A% 4042 Yelyton, =& Lw+Lkel A 0.87%,
w+L.pe] 7% 0.86%, Lk+L.pe] 2% 0.89%=% EggF= &g ngdasFEE9 pH
oAl zkel7F YrEbA] kTt (Table 5-1).

+

p
p

1:1__
_1__1__

ﬁr‘r‘_{iﬂ

Table. 5-1. pH and total acidity of fermented rice bran extract fermented with mixed lactic

acid bacteria

Sample L.w+L.k L.w+L.p Lk+L.p
pH 4.06 4.08 4.04
Total Acidity 0.87% 0.86% 0.89%

2 EFHTE o8&ty 3642 Tt HES mREFEF] fakdre F9 LwtLks}
L.w+L.pe] A% 51x10% 4.2x10%0.2 £ po]E Holx ¢gror}, Lk+Lpe A2



45x100%0.2 713 e wad =212 Jeh o (Table 5-2).

Table 5-2. Viable cell count of complex strains fermented rice bran extract

Sample L.w+Lk L.w+L.p Lk+L.p
Viable cell 5.1x10" 4.2x10" 4.5%10"
(cfu/ml)

Q) BgHdF=E Has nALaEFEES GABATE =X adE FlstaA GABAG/HS
=43 A3y Lw+Lpe o= =FS v} FEaF=ES  GABATHFZ]
37.5+1.1mg/100ge. =2 7} & ew, Lk+L.pel A% 22.6+0.6mg/100g, L.w+L.ke] 7%
22.6+0.6mg/100g9] <=© 2 GABAZ#2S b itHTable 5-3).

(4) FAAFET v S FEYPES wol vsted EFHTE o83t ERI= T A, 2
H Lwilp ZRol HoHo2 27 GABA Aol Z/sRov, e aelAs
Fold Aols ¥ & AT

6) $+EHE BN skl 2 ) EEE ERE L

s Lwilp 2% 443 458 2
Z)e] wlagt Ay, ASXe vlE&2 dAX 9 88.7%° EHSHIAT. F EFALTY
GABAAZ 452§ A3 HEUAZAE Hehtd Sgton, B 4ue fstels 2
FaFTaRTE GABA A glutamic acidE F7bske] wiAE A HFA 7= Ao ¢
Bae Aoz wusr
Table 5-3. GABA content of complex strains fermented rice bran extract
A5 o] =] B}

Strai A =]/ 2] (%)

rain(s) (mg/100g) (mg/100g) A/ A

L.w 20.6x0.5

L.k 20.3+0.3 - -

L.p 21.7+0.3
Lw+L.k 22.0x0.5 40.9£0.8 53.8
Lw+L.p 37.5x1.1 42.3%£0.8 88.7
Lk+L.p 22.6x0.6g 42.0x£0.6 53.8

5-2 MSGE 73 mZdvjA 2 Hadt vadts FE=2 GABA Aud Sax

n7t dEFEE9 GABATHH =RaxZ 337 9dstd, AA n|gyg FHFE
1:109] B]EE X o]F the AutoclaveS o] &3] 121C o] 1587 B Estutt o] &



o] e A o] A A Foll MSG(mono sodium glutamate)E z+z+ 1, 3, 5, 7% HI&E FF3H o
= %ﬂfﬂ o2 L.wer5 starterE 5% WIE 7}ste] 35C, 50rpmo. 2 48417, 96417t HY
FF ¥ GABATZS Wlm HA8%ch

FHoZ MSGE 1, 3, 5, 7%= A713 & Lwirs o] 8ate 48,
= 155259 GABATHHS wwatgd e o, 1% MSGE H7}ste
ASA 7 SoF MEF 79, 219.6+15.7mg/100g0. 2 7HE = GABASHEES B YTh (Table

\4

(2) iAol 71 MSG2] GABAAAMS W3l ek MSG 1% H7bel 4% FH7kzol o)
stod 48AIZE T EA oA 1089 A= GABARA o] F71stdou, MSG FH7te] 57t
g5 GABA A o] Qo= FHaste AFS et It

(3) MSG 3% #H7Ist A5 Adstas HEAE 6AI7HA 58 = GABA A4tde £
Zo g2 FI7skA skt

4) GABAA ATFA 2l glutamic acid ko] 71d F Z718H a49 FAHS

F45™, 1% ©]sh9 247}%21%C GABA Aol aA F7kete &8 HIoE
2 E%Xﬂ.?l GABA AJ4to] 74+ Ao = AdHAT

6 "7 FHEFSE 5o ¥ AEG Ee A GABAFHF Tl 52 AFS Holn, ¥a
AlZrel wWE  GABATHFZF Hl /\] MSG% 3% 7Fe A4S 48A1ZF wESE A
(145.9£16.1mg/100g)ell ®lst] 96417 HB S 79l GABAZ-(195.6+27.7mg/100g)©]
O %oy tiFE -5 48A%t EE?‘& 719l GABAgHFrZol B & 2S¢ F+
=3

Table 5-4. The effect of MSG addition on the production of GABA when fermented with
Lw

GABA content(mg/100g)
Sample
48hr 96hr

L.w 22.1+0.9 20.8+0.6
Lw + MSG 1% 219.6+15.7 217.7+10.8
L.w + MSG 3% 145.9+16.1 195.6+27.7
Lw + MSG 5% 80.4%+16.9 77.1£5.9
Lw + MSG 7% 43.9+10.1 43.3+0.6

(6) %772 GABA A4 ZREAE FHUshy] fiste] mgujo] F#20E MGE 1

3%H7e & BRAFE ol &5ty HES F, GABATHFS vlw st
(1) MSG 3%E A7} & LketF¢ LpdsF EFAZTH MSG 1%5 H7M & LwdF¢
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Lp#FE Bidzlew  Hrstel  96Az  wEI A Az 2245+9.13%
221.0£15.8mg/100g2] GABAE Ay4tsted 714 a3 o]l o} (Table 5-5). AT MSG 1%
E 7k Lw #a7H vastd §o3 Aolrt e n® BipdFo] a3e LwA
guth axHo)x] & st
8 # JEF %6&%491 AL EEAE FTASAT vlo]H 2 QA AEF ftdolE =
£t HEE ASAA S FAANIE ZH W&o AESRE ol g HE
% 73‘%1]*3% AESt= A4 o 28T ol

Table 5-5. GABA content of complex strains fermented rice bran extract as MSG addition

GABA content (mg/100g)
Sample
48hr 96hr
WK 25.4+0.8 22.9%£2.6
WK + 1%MSG 155.9£14.9 188.4£20.5
WK + 3%MSG 194.7£7.9 202.1+4.6
WP 37.7+1.8 36.5+0.9
WP + 1%MSG 208.3%8.7 221.0£15.8
WP + 3%MSG 90.34x22.9 157.9+£3.4
KP 23.4x0.4 25.4%0.1
KP + 1%MSG 143.5x14.1 193.3£2.2
KP + 3%MSG 181.2+3.2 224.51£9.1

¥ WK(L.w+L.k), WP(L.w+L.p), KP(Lk+L.p)

5-3. Ferulic acid #7}¢] Compound X & =32 &3}

It

oy
o
M

o
o

D e BFRF Agdtel BEF F W wele] 2% Ash,
A9 A5} 4 ggkch oA Ly BEE

Lw $&FZEd Hste] Fr
RS ALY T
2 "7e LwE 2HaA7]H ferulic acide] o] ZHAastHA Sy HAES 3Qlsty

1oy

o] & ferulic acid metabolite?! Compound XZ 3% A|3}% tHFig 5-2, Table 5-6).

(3) Table 5-69] =H A} =S wwsd Lw FEZ Aste] w7o] ferulic acid 3 2.98
o 4 0.64mg/100g°o.2 ZF2~3F Wk, compound X+ 0.289141 0.68mg/100go.2 Z7}35F%
t}. webA] compound X S FUFAI7IE ™ A FAQ] ferulic acid €55 F7HA7]H
2 ZosE FAHHAL
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Fig. 5-2. HPLC chtogram of hot water extrat and frmnextact of rie rn

(elution time 13.3min, ferulic acid; 8.8min, compound X)

Table 5-6. Concentration of ferulic acid and compound X of hot water extract and

fermented extract of rice bran

Ferulic acid Compound X
(mg/100g) (mg/100g)
Hot water extract 2.98 0.28
L.w fermented extract 0.64 0.86

(4) "7} 71Eu A ferulic acid® Z=H|Z 0.01%9 0.05% H7lste] Lwa WHEAZ
compound X¢] ¥#FWslE HPLCE EA4stglen, 1 Axs Fig 5-33% 2t

(5) Ferulic acid®] #H7}= compound X¢ A4bgke Z7lAzh ik, 0.05% H7ke] 7S
compound X AAr&dE= 0.01% FH7rel 2vfol = v xR B &5tk

(6) webA ferulic acide] H7be] HAu|e<o WEAZT ferulic acid H 7] WeE A7 A
< st AT Aot

o

of

Table 5-7. Effect of ferulic acid addition on the production of ferulic acid and compound X
when fermented with L.w

Ferulic acid Compound X
(mg/100g) (mg/100g)
No ferulic acid addition 0.64 0.86
0.01% ferulic acid addition 1.78 4.38
0.05% ferulic acid addition 2.31 6.72
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0.01%FA+LW

Fig. 5-3. HPLC chromatograms of L.w fermented extract of rice bran with addition of

ferulic acid at different concentrations.

5-4. Compound X¢] 3}&++%2 EA 19

(1) Ferulic acide] "X E tARHE A
of AHH g thAHES AANkS &

(2) dAatH o g2 &zl A=Y ZEEEH fAHES
£33l TLCZ HlnL 39l

(3) ¥21¥ compound X 7} *x3g+
sl7] & prep-HPLC "j
HPLC-MSE o] &3l A&

e yo

7 AP

(1) Hexane¥} ethyl acetateE o] &3+ &gl WHE tha3 2ok oA3d vgds
H

100ml7} hexanel00ml-g #HZAT 7o EF3 & 28I EE50] & tha 10823 WAk
A EFEES 291 hexanes Ay Wth o] AAS F 23] WHES & T2 v &
BAFESES OA E92d7]d £53 o 899 pHE 28 957] 93t 1.55M HCI
9.5ml& H7}ek & 1083 AX AT} ©] & ethyl acetate 100ml-E 73 t}o 283 &
So] Fo] 4083 AAAZ F n| AR EaFEEF ethyl acetateS Z4zf RolE o} £33
A EFESES A EYZ2U7]o) EF3 & ethyl acetate 100mlS thA] H7bsle] &
o] F= AL F 33 wrEslo HEZHoF wal ethyl acetateE: s =3t =
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H Sampled vacuum dryerE o] 83}o] 30C 2] 252 2A1F AZFAA TLCAFoll AL&-3

C =42 TLCEZA Aol methanol 0.5ml¥} ethyl acetate 2.5ml& EF3Fe] TLC¥ol
Z1]9 SampleS ©]&3}] spotS o] roading2 A1zl & UV lampE o] &3] 254nm=
_]

2

(3) TLC Platex= Silica gel 60 Foss(aluminumsheet,7x3cm)E  AF&3t o 7| &uj+=
Methanol : Ethyl acetate (1 : 5)°]t}.

(4) ¥lago=x AFE3F phenolics standard= ferulic acid(Fer), Gallic acid(Gal), Sinapic
acid(Sin), p-Coumaric acid (Couw), Vanillic acid (Van), Hydroxycinnamic acid (Hyd),
4-vinylguaiacol (4 VGO At

(5) Compound X7} £¥H /718 =& dEF £8<& 935t prep-HPLC W o= &
sttty &elx2 Table 5-83 2t

(4) prep-HPLCE-&l® 3 + ¥7]5 @4 =2 &80 g HPLC-MS #45 AAlA T

Table 5-8. prep-HPLC Condition of compound X

Solvent A MeOH

Solvent A NaH:POy

Flow rate 1.0 mL/min
Temperature 40 C

Gradient Solvent A : Solvent B = 30 : 70

= ZE 40}04/‘1‘4 *J.i’“ﬂ‘}iﬁ} (Fig. 5- 4)

A gul 2 F23 § spectra® &eldte] Hgtow 1
éﬂ% Fig. 49] =0 ZAEAY. Lw B dAMEEF compound Xe] &3-&o] 34 &
et Aoz waEo}, thA HPLCE low band 28-S 33ty on, 8.79% peakel
spectrags &<21%t A3} compound XZ &A1= AT
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Fig. 5-4. TLC result of fermented rice bran extract with lactic acid bacteria. Spectra of

low band part was shown on the right.

(3) Ferulic acid 0.01%E H7}ste] Lwz 2&3 HPLC ZAdolA 8.8minel uyEl}=
Compound X peak® spectra®] EA(Fig. 5-4)& TLCY low banddl £3l= AE3 UX
3l th =, compound X ferulic acide] Al A EULS A&l 4= JYATh

(4) o] & ferulic acid metabolites€ 3 Hlw st FE3% 3484 F2& Fig. 5-6° ZEAISIAT

(B) L.w ®& oA += ferulic acide] carboxyl”]e} A3k o]FZ 3ol saturation % 3!, methoxyl
groupe] F4Fs7] mE FA4v] 502 HIE AoE FAHEo] RE FA YL

(6) Silica TLC®] low band+ spectra’t £&&9 Fef&E el wH9A ferulic acids 713
LaFESE=2 VA SFEE 55+ spectrag UERH AT

(7) prep-HPLCZ Compound X #+3-& &&/s Z3(Fig. 5-6), 57/1¢ &3S S F Y2
4 oA 2 HVs FAES AL F AT

Q) H7ls Aol =& 4 EF o tg HPLC-MS #4-& 93] HPLC profileol| 4] peak ™
Zo] 714 =A JUeRd retention time(Fig. 5-7)¢] T3] EA#s BA3 Ax, Ex5
2 ¢F 186.9 Dal.® YElT)

i
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Fig. 5-5. Chemical structure of microbial metabolites of ferulic acid and Compound X

(Spectra of Compound X was shown on the right)

DAD1 A, Sig=250,20 Ref=380,100 (B416\14072418.0)
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Fig. 5-6. prep-HPLC chromatograms of hexane-ethyl acetate sequential extracts form L.w

fermented extracts
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Fig. 5-7. HPLC chromatograms of no. 4 fraction by separated prep—HPLC
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Fig. 5-8. LC-MS spectrum profiles of no. 4 fraction of compound X complexs
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(D @7+ HARaxH1S dotrr] A3 4F2 Har|(2™ LiFlus GX)BAE ©] &
sted 35T HldF2E oA wRIEEE 0, 100, 200rpme 2 G st 2O = Lw 4t
72 WG AT EFEES AL BE pH, A, GABASHT &2 57831
H] L sf B ok

(2 FE7E olgste] TaEY 7] FaxAL oo EHE 180XEIZ w43 LwdF5

AA el 5% 7Fstk] EaE ST

.

u At
D) wt&eg st g vALaFSEe] TEAZY w2 pH¥s= 2EA 2 12
ARE gl B2 rpm&z1e] A pH 4 oWl 2 A= A HYlow, ol pHIlE dA S

6.0

5.5

\ =—4=0.rpm
=100 rpm

w200 PM

5.0

45 -
40 Eﬁ‘

Fermented time (Hour)

pH

3.5 T T
o 12 24 36

Fig. 6-1. pH changes of rice bran extract as affected by the agitation speed during

fermentation with L.w

(2 LNEEES DY NP NGB EFEEE) DEALG BE FARFE BEAL 12
A B BE mpmEANM FAF HFEO) AUAE ol o]F FAFSIL FolE
LA Y 5 U

_58_



5

)
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// \ ==} pm

Viable cell count (x E8 cfu/qg)

40
__I".‘_---'-l__
20
]
0 12

Fermented time (Hour)

Fig. 6-2. Viable cell count changes of rice bran extract as affected by the agitation speed

during fermentation with L.w

(3) WRIEEE et wjYge nAREFEE A 2 GABATFHS TEaAZ

H 42 Z713S Boln Orpme] A$ 36417 @& A 14.6+0.5mg/100g 0. =
100rpm 13.4+0.3mg/100g, 200rpm 13.4+0.5mg/100gel Hl3] =& A& & & Atk oA
L BEVE AESIY nE FEE AS rpme Fo nFIAE HoFE A Hue
AAste] wjFete Aol B A& YS BHoFETh

- %/;
130

. == rpm
120 —8—100 rpm
i 200} £ pm.

GABA content (mg/100 g rice bran)

10.0

0 12 24 36
Fermentation time (Hour)

Fig. 6-3. GABA content changes of rice bran extract as affected by the agitation speed

during fermentation with L.w
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2 D]%“%E—ir%% *ﬁﬁ‘}% Qs t& g 7= seed, mother, bulk Hjeko & o]ojA = 3THA H]
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S 9% 772 o] &3t

- mother Hj ¥ seed wlY¥E 5 50 mL=S A+H MRS broth ¥jx](5 Dl HE3 &
lab scale bioreactorol 4] 1241t wk(35 C, 80 rpm)ste] A4tsiy, AAHE FF+=
bulk vj¥& #F= AHEITH

- Bulk #j%F2 mother wjF 5 500 mLS A2 © MRS broth wjx](50 L)l HF
3t % pilot scale bioreactorollA 12A]ZH35 C, 80 rpm) HiFst & w7} B AHFE 9
g A TR AR

¥ o
oZi

Q) " FaFAL Fig. 6-52 =43} sklom, H AL ol o} 2
Aag g MAARE A8 #2382 w7 22 1,000 kg2 FA S 9,000 LE =A
wHHEk & steam chamber(100 C)ol A 75.6%3F 2+ 8 3t
74 IE uiA s BE BIaR o|Fdte, 35 TE W2 Azl & bulk starter
3 o 35T ol A 36/\]7P 1§ 3o}
-1 g7 9y §F ZAYAZE o]gdt & 100C oA 75.683F 7FEAYE B waE
3

@) 2D wFe 27 $HTAE Fig 6-62 =45 srgon, 242 AGEHe oy

o

- MR ERS AN} vl AT B} A FEHRS AAUT
A v eERe] JHed RS guide 2 Eeld gyo

Hy Hm

= R A
3 F2J|2 F%7) 265 Brixyl HEE w3
- gWFE H=WS hexaned} ethyl actateE £x1H 082 FE3t= WHOoE &9
4ol wet FE&AES EEdtH, BEd FEES AY 53

6) 527 wENZ] AERE 9 AZTAL Fig 672 =43 srgon, 24 A4
e obesl gk

- g BHE FE5EE A4S AF D B, BRA=PNS ol8d Axd ¥

%34 YN o g3te] BAG F vlolAe B ARV AF LAE FFH B



HEAT
(starter
microorganism)
!
Seed starter i
x4 O MRS broth medium( 500 mL)
culture
!
uf) %] 2k O 121C, 15 min
!
TTHE O 1% A&(w/w)
!
O Shaking incubator
Hlj & O 35T, 12X47F
O u¥E%E 100 rpm
!
dlg O Mother stater culture #52 o]&
(35T, 36 hr) O HET 3714 ol Aldivles
Mother starter ]
w2 =) O MRS broth medium( 5 L)
culture
!
Hlj 2] 2kt O 1217C, 15 min
!
T80 O 1% H3(w/w)
!
O Lab scale bioreactor
Hl O 35T, 1243
O HFELE 0 80 rpm
!
Moth tat O Bulk stater culture = ©]&
other stater o ]
O 2-3 3] (&) — 5C B

(Continued to next page)
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Bulk stater )
A A =) O MRS broth medium( 50 L)
culture
l
| A] 2k ot O 90T, 30-60 min
!
T8 O 1% H&w/w)
l
O pilot scale bioreactor
Hlj & O 35T, 1247
O uykEE 0 80 rpm
!
O Main stater @52 o|-&
Bulk stater .
O 5T ®»&

Fig. 6-4. Flow chart of microorganism starter for main fermentation
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= UEE
: 500kg
J/ OEMH 2
: Mo Agitation, Aeration
15 15,000L

0| ZHE % 1,000kg
= 5| 3=: 9,000L

2k —> yFH2| — |4t — a2usz — u=
(5team chamber Esc O35°C Bulk starter 5%{v/v)
1 100°C, 7565 20~308 7 UiX|= HE

oz EssE

xa| —>
N 10,500kg

Oz sgdst

()Steam chamber
0 100°C, 75.68

“HE Y3 (Y 3F

»EH|E D AN
1)ErAd of| T OH M| Z= A 3| A} (hansungfc.com)
cSPlElT, StHElg

pUTHI:ER0| HER Fo|Hoz CHEE 22 E 2)H Y7 |2 (jeilm.cokr)
SAISHRA K 20|A 287} 7Hssio] i
Y42 3310 YA AL US. r2gdEa

Fig. 6-5. Flow chart for fermentation process of rice bran
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0z S = FE2.55 SFS

*Hexane =Ethyl acetate
S o o8
10,500kg ,_% \L Il
J, e x= ojzt
) 15,000L t-;!h — (-;ﬁl) AAES —> | BUFESSE
= 1265 Brix 561kg
A MEE 7| — o 1} =27 \L
s (@F =3
oto| a2 EEfojnt p—
—_—
OE8d 48 o)z
15,000L A= —> |SLUHFESEE
1265 Brix 751kg
= qdE27]
= Ojo| 3 2 HE - E=ZT)
PEEIIER0| AEOZ T2 FEH0| FH5ItD HE0 SEW2
T R (BBl E At SR E0] 2obB0) glol AaaE >EuED e
1yskM 7| H| -2 2l&3than-seong.co.kr) : SlAED|7|

o| 7ts%

2)8k o = o MlESthansungfc.com) : OFO| A2 HE W H7 |, FE£7| 57|

O|R20{X|H FtHant 5=52U0| LHroj d534 55 IH Y 7| Zijeilm.cokr) : F& ==

P EEHT:E0| AE0|0, TF WA OZ KR20|M 550|
Hge iy
0] O|ZO|ZIC}. At Si&SA| D} ZHR|&24]0] UL, '

Fig. 6-6. Flow chart for extraction and concentration process of fermented rice bran
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OB ESE F
o)z oz
EHFESHE BUFESSE
751kg 561kg

W
= = Han= sEU=
£ 22
W N
NEEEE HE7Isd #7154
ATH A XY
255kg 255kg J 255kg 4
HA7|IsHE 7|57
ATHE}H 7158 &M
46kg 46kg

Fig. 6-7. Flow chart for dehydration process of feremented rice bran
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LE AzxHd 97} ¢ag HHX] T 9 A, B34S
7 A 3 A= Wyt glon, daEsg A dadF 500 kg/] HEo
Z A dFo] 10,500 kgo. 2 F7}3t}

- olF MAARAEES] FFUE FAHANA MALEES AF B =Y FFO0E FE
2 B84 A& 9,749 kgol AAFHL, 54 Y F, EF AxTl o3 & 496 kg
o] AA=E ] 255 kgo] wAEE EEE IS F doh

- =S v EEe] o3 & hexaned ethylactate =318 FHAH S AXHEA FE
2 584 AEF &u d&A8 A&l AAFY 561 kgo v SWlEHES A4S
T o, w5 AxFHAA 515 kgo| FEo| AAH] 46kge] H7|e MA H
A7371%548 &8 A as Add &+ Qo

e e e e Dl%':],- )I(jx.lal _C.,__':é—]) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

o2k o 71—%‘64—':' AI-_E. O 71—%61—':'
|c: ga‘;'_ Ic: H= gﬂ- = Io H= LDH7_|]'
1,000 Kg 10,000 Kg 10,000 Kg

o =
g l 500 Kg
o] &= Hix| =8 Z HiX| nggss
. AM= — 0N tll-_—é—_ R — ;L%EI-A—I§|.
10,000 Kg el 10,500 Kg = 10500Kg L===2
DZedssE 55 4= 373
njgees g =] olzus 552 = ojZ ws AES
| mom e= ? (7
10500kg L=2H == | 73149 255 Kg
g A lg 749 Kg 42 | 496 Kg
Ol Zbur = —_ Ozt Hg ==o 0|z 2s HESE
I _‘E?_E O;I_TI_I— ] |C§‘ = o5 =
L —_— —_—
o0 L= TE
10,500 Kg 561 Kg 46 Kg
A_E_ oj A_E_ oj
e P l9,939 Kg ) l 515 Kg

Fig. 6-8. Material blance of rice bran fermentation process
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(D mALEFEES] 7tEA o] @2 GABAS dtA S dolR Al Y7 (100T o &
Sl A 30+, 604), LYP7FEA21TC e =04 15F 30&3H) AHeEste GABARHS =
Absl .

L e

(D 719z w2 mAREFZES GABATZHL 121Cd 3083 s FoA
24811 mg/100g= 7} =A ZAHHAon, 100Ce] 30
23.3+151mg/100g, 100C ol 602 20.2+0.8 mg/100g, 121°C 15
9 w0 % ZAHJT. WA, uAREFEEY THEA A 9
IF7FE A kAR Ao Z YElT

Table 7-1. Changes in GABA content of rice bran extract as affected by heating conditions

Sample . . N . . . . .

Unit Control 100C 30min | 100C 60min | 121C 15min | 121°C 30min
ni

mg/100g 21.7x1.5 23.3*1.5 20.2+0.8 19.4£0.6 24.8%1.1

7-2 pHell W& w3 g3E52 GABA A4 =4}

() tiREe) AE/NFAES AF 5S40 pHE 2En) wel Bxoz ok Ao 54

pHell that 71584 &9 B AL AFESel| Ao Al aclo] Hoh wepa o] 4

ol A= 7588 ER

7F Adukd
(1) pHHS}o| wE GABA A AFL w7t

gFZ=° 0.IN HCI&# 0.IN NaOHE H7}st+
pH 2, 4, 7, 82 ZH3 ¥ 14

7 oA = GABAT S Z4sart
g, 48a%

(1) pHell tigh GABA <F8/4-2 pH 4elA 21.9+0.9 mg/l00ge. = 71 A SAHFHAULH,

pH 72 21.2+0.8 mg/100g, pH 8 16.9+0.7 mg/100g, pH 2+ 11.8+0.6 mg/100g¢] 2

2 eyt mebA m3REFESE-2 pH 4-7 Abolo] HYolA AEFE AXT of 3
dEs Zte Ao E dAdH
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Table 7-2. Changes in GABA content of rice bran extract as affected by different pH
Sample

. pH 2 pH 4
Unit

pH 7 pH 8

mg/100g 11.8+£0.6 21.9+0.9

21.21£0.8 16.9+0.7

A orE AzRge AH YAHD ok dod Az F 5a4
Be £AHE A5 48

7F AR
D 7149, A3, 5= A T a3:=5(26.5 Brix)S Deep freezer(-60C)o A 12A17F SZA A
2 & FAAXRIE ol 8st 24N Ax

AZ3 3 GABASI S =43}

= Az
S wepd, BAAEEoD HAFEEE deg o AL
Z<l GABAY <t AHo] &= A= AdHT.
Table 7-3. GABA content of freeze dried rice bran extract
Sample ) ) Freeze dried rice bran
, Rice bran extracts (solid)
Unit extracts
mg/100g 573.7+£40.1 573.7140.1
-4 239 Aol o3 v AFEE9 GABA HHA A}
(D) 3% A v7FE AFAIEE F stUE 100719 ol dHe=s mAES AMY
A7l Zl€olth. HAFEEL + ESAIE 53 HF AR nFFEES AAs] 9
3l =t A e M 7158 HE] GABAY HAA S HIMSAT
7h AP
(D vt EFEE-2S 1,000, 2,000 psi 8oz 10, 20, 302 %=3%F HEs & GABA
dEFS SA4sAT
U Ad4ds
(D 1,000 psizzdo =z A3 vARaFSEL 2083 A8 7+ GABAT o] 28.1+0.8
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mg/100ge. &2 7Hg Ekov, AAH R FoF Aol+ gl AS=E YT 2,000 psi
Zﬁoixmhkmﬂ%'%%%%lwﬂlﬂﬂ@fiﬂGMM@%N3&%@Omgm%
o2 7b¢ wA vehtou, fod ole gl Aoz Ueyt mekd, ugwas
Z29o 219 A= 1,000 psi oA 308717 7154 AEQ GABASY <k Aol =
Ao E AmHEL)

Table 7-4 Changes in GABA content of fermented rice bran extract as affected by ultra

high pressure treatment(1,000psi) before or after retort

Pressure Omin 10min 20min 30min
1,000 psi 27.8+£0.4 27.920.1 28.1+£0.8 27.5%0.1
2,000 psi 27.8£0.4 30.3x0.0 28.5%1.1 29.5xt1.6

. aof
MAEEEe] BoFs AEATHES Agetel HEAYS BAR F 4§ 5T 28

AEsnA Stk AFPRe e, 2uck pH 24 Aels £AHE AT FAAZYS
A g3t 7154 AZEZQ] GABA THHSIE ZASHY M S HESHTL
nAREFESES 49 2 2 7HEH 23 AgelA GABA A S e Ae=E y
eistan, pHEl A 47 BAAH AT Aow ARALY, AFLARE AT U
Aol A GABA &84S zhe Zﬂii Uebstth wEbA, GABAE 7|54 EH=2 w7
A32Ee pHel SN ARHoIE 44 AR ool Tbe

HES AN HF
=

stH, frAlE3 A 2 Al Zﬂ““”l AFe H7ls RE 7l &A=z o8] 7ted A
o2 et

8. HaFAYN FEaAE Ha¥d g

8-1 LEZEH

FradiEe FFS HUFst7] #9135t compound X8 HAFEZHR] ferulic acidE FH7Fsh
of BEHZ FAS AT, HAHSLE fst] AT AH=T =AE AAISE] parameter
£ Z2Astaen, oo wet HA3 dds AdA & Ade v 2
8-1-1 7] HA = & HE (one-at-a-time method)

AR oR HAxHS T3] fote] SHHSE %] A AP AAE
Kot WrEA Rk, daARte 25, agE], A HArtEe 2EE dE 2 o)
Ivlg dEe AT 2 AN rAHAE 7IEe stler #HEAE 0.01%
71 wiA 2 APt
1) LHEE
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pmo] 24 sttm meqoioq 1A HA o= 3

s

2 vas e ¥ 8139 2ok WHEE
olg Hol| ek

A4 WurEEE

of MY Eo| ol FAHFE AL YA

B4 0,01%E v Aol H7Fste] 35°CollA 36A1F HEAZIHA A= HFATE

8- 03} 100rpmoll Al A3k HFA $HFS 24 2
k31, 200rpmol A= HFAZF A S A ekttt oy A 4
Or 7

[e]
=

]

=

Table 8-1. Effect of agitation speed on the production yield of HFA

Agitation speed (rpm)

mgHFA/L culture broth

0 56.32
100 57.90
200 ND

2) WEAZH

HE4 0,01%E WA Aol Hrlske] 35°Col A AX Wl FsEA HFA WA FS nlwsa
T} (Table 82). WEAFS MAFL Z74A7]7) $lste] Ar) 392 s8¢tk HFAE 1593
AN Ao YATS BEoud folde TA Yotk tg BAdA SPusEs 4de

A3k

Table 8-2. Effect of fermentation time on the production yield of HFA

Fermentation time (day) mgHFA/L culture broth
0 ND
1 60.2
1.5 64.7
2 61.1
61.4

3) THE L vl

UVJHHXMW u| 33 A 4] FdEFnE vlwste] HFA A FS H718l9 Y (Table 8-3).

1 EH 15 olstilA= AAG tiFio] w

FrEo HaHEe 152 AR

) HFA *ﬂ*é%*% 1:10 B]-&l A %*éﬂ%ggi A&EHE AddAE 1108 3 E H

2 ARgsith

Table 8-3. Effect of solid ratio in rice bran medium on the production yield of HFA

RB:DW ratio mgHFA/L culture broth
0.5:10 72.3
1:10 77.3
2 :10 54.9
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4) 2=o| A7t &3
g Ale] gader XS BAE H7MEFHE BUeFATHTable 8-4). LETO
H7b= HFARAR 585 3A Hojxgrh

Table 8-4. Effect of glucose addition on the production yield of HFA

Glucose addition (%) mgHFA/L culture broth
0 64.73
10 62.28
20 54.55

5) vjadl4 47} &3
B4 fabdel 24
(Table 8-5).
0.05% vtauvlE H7kH= HFA A4S SAARoY 7ol Hliste] #F2ol2<l atol=
AT

ftlo
iy

™
ok
rlr
pau)
o
fru
s
k]
i
k]
%0
2
o
Lo
et
o
fol
A
il
ot
ro
ok
2
v

Table 8-5. Effect of magnesium addtion on the production yield of HFA

Magnesium addition (%) mgHFA/L culture broth
0 72.37
0.05 76.17
0.10 69.83

6) HE4t H7h &3}

HFA AFAZE g1dE HE
HE4He] 7= HFAS AA
=3

A4S H7bsked HFA A4 SR &3S B8t (Table 8-6).
< 3A SAANFHLH 0,05% H7He A5 7P el =%

Table 8-6. Effect of ferulic acid addition on the production yield of HFA

Ferulic acid addition (%) mgHFA/L culture broth
0 3.66
0.01 63.48
0.05 142.51
0.10 131.73
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Table 8-7. Effect of fermentation temperature on the production yield of HFA

Fermentation  temperature (°C) mgHFA/L culture broth
25 56.03
35 63.48
45 1.03

| olatel Mo ERBAE o] 8T 3719 EYmol
7 ATE Table 8-89] UENAAUTH READT £% B HE
z

83 factorol™, Z+2}+9] factore= Al7FA] =& AASA

Table 8-8. Range of levels of RSM

Variables Symbol Range of levels

Low (-1) Center (0) High (+1)

Fermentation time (h) Xi 12 36 60
Fermentation temperature (C) X, 30 35 40
Ferulic acid addition (%) X3 0.025 0.050 0.075
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2) WS
3744

Table 8-9. Result of FCCCD using three independent variables and

AR

SHyd

7} HFA A4kl v X =

showing observed and predicted response

=} _ O
FFEs

A

FCCCD A+

¥ 899} Zr.

Run Xi X X; HFA yield (mg/L)
order Coded Actual Coded Actual Coded Actual | Observed | Predicted
value value value value value value

1 +1 60 +1 40 +1 0.075 101.07 102.89
2 0 36 +1 40 0 0.050 105.73 99.95
3 0 36 -1 30 0 0.050 115.62 120.42
4 +1 60 0 35 0 0.050 142.17 138.39
5 -1 12 +1 40 -1 0.025 79.64 78.95
6 0 36 0 35 0 0.050 134.47 140.45
7 -1 12 +1 40 +1 0.075 72.22 74.16
8 0 36 0 35 -1 0.025 132.19 133.44
9 -1 12 0 35 0 0.050 123.94 126.74
10 0 36 0 35 0 0.050 137.94 140.45
11 0 36 0 35 +1 0.075 136.71 134.48
12 0 36 0 35 0 0.050 142.86 140.45
13 -1 12 -1 30 -1 0.025 112.23 110.66
14 0 36 0 35 0 0.050 145.50 140.45
15 36 0 35 0 0.050 142.51 140.45
16 +1 60 +1 40 -1 0.025 83.56 86.28
17 0 36 0 35 0 0.050 137.18 140.45
18 -1 12 -1 30 +1 0.075 98.61 96.14
19 +1 60 -1 30 -1 0.025 106.94 105.24
20 +1 60 -1 30 +1 0.075 111.19 112.13

ERRY PolHE MUHos BAGGom HFA A43Ael mXE SYusEY o

Y

7] Ao A Y& A7EA] HH T
Table 8-109] YEHRI O,
AA AdduolE et A=

=X
T
4ol

+ 3.19X1.X+5.35 X1 X3+2.43 X2X3

& Uebd 817142 obelg) 2k
= 14045 + 5.83X; - 10.24X:+0.52X; - 7.89(X,f - 30.27(Xa) - 6.49(Xs )

g o=l

)
=0
a1

Al
7}

L
o
=

=
o}
=
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Table 8-10. Analysis of variance (ANOVA) of the fitted quadratic regression model

Source Sum of | Degree of Mean F-value P-value Significance
squares freedom square

Model 9769.34 9 1085.48 55.06 0.000 Significant

Residual (error) 197.15 10 19.72

Lack of fit 112.97 5 22.59 1.34 0.377 Not significant

Pure error 84.18 5 16.84

Total 9966.50 19

Coefficient of determination (R*)=98.0%; Adjusted R*=96.2%

Table 8-11. Regression coefficients of predicted quadratic polynomial models for the
response of HFA production yield

Model term Parameter estimated P-value
Bo -1240.97 0.000*
Bi -0.15 0.808
B2 80.77 0.000*
B3 57.70 0.928
Bi2 0.03 0.070
Bis 8.92 0.007*
B3 19.46 0.152
Bi1 -0.01 0.015*
B2z -1.21 0.000%*
B33 -10388.4 0.036*

*P<0.05 indicates that model terms are significant at the 5% level

WSEWEA ARE D=z E JEhd A3E o 2o (Fig. 8-1 ~8-5). Fig. 8-12 ¥
b A7 o] 0.05% ¥ W WEL2E9 ARt wWE HFA 44 %S 3DE Ykl Aoz
HAz14Q 34T, THEAIZ 45A7HY Wl HFA A o] 140mg/Lo2 HUx7F H& B

829} 8-32 Ztzt #H S b HAEAZLY Aol waret HEA HIME
UEbd Zlojt

N

_74_




Surface Plot of Compound X (mg/L: vs Fermentation Temp, Fermentation Time)

Hold Values
Ferulic acid addition (%) 0.05

140
120
Compound X (mg/L)
100
80
20 40
Fermentation Time (h) 60 30

Fermentation Temperature (°C)

Contour Plot of Compound X (mg/L vs Fermentation Temp, Fermentation Time)

40

Compound
100 X (mg/L)
il < 90
120 —nuo | 90 - 100
G 384 110 100 - 110
9 110 - 120
@ 120 - 130
‘E 130 - 140
;6 364 > 140
E‘ 140 Hold Values
@ Ferulic acid addition (%) 0.05
-
=]
2 34
-
=
N
=
]
E
s
= 324
20 130 —////
30 T T T T
20 30 40 50 60

Fermentation Time (h)

Fig. 8-1. Response surface and contour plots of combining effects of fermentation time and

fermentation temperature with constant of percent FA addition (0.05%)
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Surface Plot of Compound X (mg/L: vs FA addition, Fermentation Time)

Hold Values
Fermentation Temperature (°C) 35

140 |
130 |
Compound X (mgz/L)
120 |
20
40 o 0.08
Fermentation Time (h) 60 0.02 0.04 :

Ferulic acid addition (%0)

Contour Plot of Compound X (mg/L vs FA addition, Fermentation Time)

Compound
125 135 X (mg/L)
0.07 1 < 120
120 - 125
125 - 130
_ 130 - 135
X | 135 - 140
= Bie > 140
=
.g Hold Values
E Fermentation Temperature (°C) 35
& 0.05+
=
@
]
=
= 140
S 0.04
=
0.03 1
130 130
T T T \
20 30 40 50 60

Fermentation Time (h)

Fig. 8-2. Response surface and contour plots of combining effects of fermentation time and

percent FA addition with constant of fermentation temperature (35°C)
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Surface Plot of Compound X (mg/L. vs FA addition, Fermentation Temp)

Hold Values
Fermentation Time (h) 36

140 “m
e R
| PR RRAN
120
Compound X (mg/L)
100 |
30
0.08
Fermentation Temperature (*C) 40 0.04
0.02 Ferulic acid addition (%o)

Contour Plot of Compound X (mg/L vs FA addition, Fermentation Temp)

130 \ Compound
130 110 X (mg/L)
0.07 <g 100
100 - 110
110 - 120
—_~ 120 - 130
o -
X 0.06- 130 - 140
' > 140
==
.é Hold Values
:E Fermentation Time (h) 36
=
= 0.054
=
()
=1
=
‘_E 0.04
= 04 |
= 140
S 120
I T T / T
30 32 34 36 38 40

Fermentation Temperature (°C)

Fig. 8-3. Response surface and contour plots of combining effects of fermentation

temperature and percent FA addition with constant of fermentation time (36 h)
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8-1-3 La x4 o] H2stel TR (verification model)

HAst 2209 A Ay HFA A4S A H3A =712 Fig 84 ¢ 2ath =, 0.0545%
HE4HS H7MeE mAu Ao A LELE 344TC, YEAF 4584 AZtOE B

HFA 7} HlXl 1424mg/L AA=EE Aoz dZsigch. 59 zddA Hz7ta
AN S HFA A4tades =43 23, 1482mg/L Atk (Table 8-12). ©|2A HZ 3} w2 o]
HFA A S 433 o2 o=3a slas F4T + AT

A
o

New Fermenta Fermenta Ferulic
D Hi 60.0 40.0 0.0750
Cur | [45.8363] [34.3556] [0.0545]
1.0000 o 12.0 30.0 0.0250
""""""" S P R - - N |
Compound //’/ /’/ g //_
Maximum |~ /
y = 142.3877
d = 1.0000

Fig. 8-4 Optimization condition based on software analysis program

Table 8-12. Confirmation of model optimization

Ferm. Ferm. FA Compound-X yield
Actual Predicted Residual Error

Time(h) | Temp.(°C) | addition(%)
(mg/L) (mg/L) (mg/L) (%0)
45.84 34.5 0.0545 148.21 142.34 5.87 3.96

HZs mddo] HAxA| dFFA HEAD A AFHAA7} =X Loy zo)7F =X
S st o 1 Ay Table 8-133 2t}

Table 8-13. Validation of model

No. Ferm. Ferm. FA Compound-X  yield
) o Actual Predicted | Residual | Error
Time(h) | Temp.(°C) | addition(%)

(mg/L) (mg/L) | (mg/L) | (%)

1 24 32 0.07 118.15 124.72 -6.57 5.56
2 48 32 0.03 135.14 130.14 4.56 3.39
3 50 35 0.05 142.07 141.17 0.91 0.64
4 55 38 0.04 129.92 121.07 8.85 6.81

LEaNGH 25 H HEA AUteE 2RS BEA I HA 2319 FEAA AFA = o
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29k fr Pﬂ qEELDE A2 gro] Aoz A2 gholl w5 ZH st o

o] A3}

AN I

[T 2

45}
Jo]

OlN ot

o

L

8-2 F|EAF A &R
HE4HS AT AALANE Aestr=2 star, vgy ZEH0 9
st} &gl A2l s sl &S Bl wstY th(Table 8-15). ZH M-S ul7}o] nH|sle] 5u) F=o]

Aede o 9 & U

Table 8-15. Production of ferulic acid by alkali hydrolysis of rice bran and corn bran

Material FA(mg/g Bran) Total FA(mg)
Rice Bran(bg) 1.1 5.3
Corn Bran(bg) 5.2 25.5

n s ZHHe SRS AS ASste] LweE LaAz Ax dEd T oHE4y HFA ¥
F& Table 8167 ). #| &4k ®Wol 3

st oy HFA= A ot =2
stk ZEA FFPET G FFEEY AolE Lwrt FAEAL tAbsol old A
o2 FAHT

Table 8-16. Production of FA and HFA after fermentation of corn bran hydrolysate and
rice bran hydrolysate

Hydrolysate Digiijon FA(mg/L broth) | HFA(mg/L broth) pH
1 64.4 ND 7.04
Corn Bran 2 32.3 ND 5.37
5 32.3 ND 4.24
1 18.2 ND 7.01
Rice Bran 2 ND 1.91 6.21
5 ND 0.69 4.42

9o AHE mEow 7|E ZBA R EN Ve EFFT & ES st R
S Azxdtgon, ol HAxHA LaANA 1 AFE v iAo H S-S 0.0545%
Hrrste] wrES Aol v th(Table 8-17). WA uiA o] ¥ E4HS 713 vix= HFA

148mg/L st oyt ZBA JteEaEs 7He P AlE 1859mg/Le] HFAE A

e

sttt SRR =2 FA s57F HE4F A7 vAdaA o] HEd w59 50%% A



Table 8-17. The effect of con bran hydrolysate addtion on the production of HFA

Medium composition Comp.X FA
(g /L) (mgHFA/L broth) (mgFA/L broth)
Corn bran hydrolysate containing 135.88 ND
0.26g FA + Rice bran 100g
Rice bran 100g + 0.545g FA 148.21 ND

83 HEAE B34
Mg BEBERE FEARS BUsts $He UW AEEN ALMN5H HEE A2
%, YMAFEE 2 HFA 57} 2 2o, A737154 458 &

HFA +%7} 252 349t
8-3-1 1= HFA £ A
7 #EgHo ZHE] HFAE 1% FFF &A1& A=xst= 342 Fig 859 2ot 94
e & ASdE ANAgstd A AES AAS, oHoMHIER fFEAES F= F
=3ttt 59 45g 5 HFA 32 148mgeldth o] &Ale A3 7]54 2FE &A= &
| F Ae Ao=E FodEn

RBF with 0.0545%FA

|

Filter and centrifuge

—— Precipitate - discard

Supernatant part (800g); brix = 3-4%

Hexane extraction (2 times)

14b Hx part - discard

Ethyl acetate extraction (3 times)

i

EA part collected

l

Vacuum evaporation

RBF concentrate (4.5g)
» HFA: 148 mg
i FA: not detected

EA - discard

Fig. 8-5. Separation and partial purification of HFA from fermented broth
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8-3-2 A<= HFA &g
Uuk 2ZgoF A3 AHAlol RVt E A A

= = 7
melA ole] ¥ FRe AeE HFA 3 24 A4 FHS AARAT (Fig 8-6).

of

%

Supernatant part ; brix = 3~4%

l — > Water - discard

Vacuum concentration; brix =30-35%—— Ethanol Precipitation

| l

Freeze drying (Final weight = 35g) Centrifuge
l Supernatant

Low purity RBF-1 i

Freeze drying (Final weight = 15g)

l

Low purity RBF-2

Fig. 8-6. Separation and partial purification of HFA from fermented broth

9. HAZAN, ¢=TH UATH Fdol da3 FEAHAE B

i

53 4 474

A

91 frE=4d A hAE =4
LW &4 ARA S FAkt FAlo 0.01% HAEL AE EFste] LaIHA A4
=2 AT Lwe] A2 2539 AR dIsglen, Alzyds 23
vl & | EAA o 7heked RESAIZE] wet A E AgEs 4T (Fig. 9-1).

N

74L& #HE4 o] BES A7IZEE ot diAtE o ZHAEE WY, HFAE

FRE A Frtstdnh JEAF mj Ao EAEAY FrutdAd 4VGE WAt 73
of Wl A3 AP HFAE HE4 oA nl2 AAEE Aoz Es Holx gon,
E4bo] & ASHEREE HEEI, 70 HFARE WHEEE 202 AT
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80

60

%WFA and melabolites (Ferulic and Coumaric acid)

%ol A and metabolites (Compound X and 4V3G)

Compound X  ~  =-=--- VG

—&— Ferulic acid k- Coumaric acid

Fig. 9-1. Changes in the metabolite profile during reaction of FA with Lw

9-2 Wrgo e SAELY NHEH 743
7.

SEAYAAAN vEEFEE 5AFA @A, - OE FE G, prepLC HAl=
A Ea3E Uehd 2 vla BAHERoH, ol AR A &

-
a
n
N
=
5
[6)e]
T o
mw
>
o
£

0.22mg HFA/kg rat X 6/37 X 60kg =2.14mg

Formula for Dose Translation Based on BSA

Animal K
HED (mg/kg) = Animal dose (mg/kg) multiplied by —

Human Km
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Vehicle

%

Compound X

18

mNSS Test

@ Dayl

~Day3

points

MMSS

Fig. 9-2. Result of preventive effect of feeding test of rat after fed pellet fortified with
RBF before MCAO

10. TR A S &8 75 AFLA L AF A

nZAdEd s A2 8317 95t #E, A7, dAEY, 59 A8 AA w5 WA
dgos Fvedt 74 dAE Ao Eg 4 E4L Table 10-13% 23t #FAAE ZF
5 HlF3 A=Vt UMk, dAe Al of 7 Hth

Table 10-1. Physical properties of fermented rice bran

T+ % Brix pH H] = HE(CP) M
Ll PARI B 3.5 6.39 1.024 18.7 L:22.08 a:-0.54 b:10.94
L ARl 4.1 4.05 1.045 23.4 L:16.14 a:0.32 b:13.38
5 VAT E 28 4.05 1.195 253.1 -

S =
* AEZ=A  T-bar spindle #95, rpm 100, 1&#3% =3
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10-1 EF4=x

lg—; el PAR IR (Brix 28%)< TEH2EY (DE 22, 10, 5)9 219 Bl &2 &3t E54
Z3 At AT 2% 180-C, BT 2% 80T=E o}%lOtﬁ A& EE 8,525rpmol Atk BREHAx
29 bulk density= 0.776, TEFF2 3.63% AT 7= £Ee 442 Fig. 10-13% 2t

AR Aol et Az o] BRaze AEe qA
W, £34 U B doz wedd

1E YA REE HYO

TE5 VAL ENE FAARIAG. FEALE, 47 C; IAFE, 18

Pa; ZAZAIZE, 484702

Agstg o, SANZELY bulk density: 0.69401L, FEIFS 8.97% AT o] 44

=3
FAAzETe B4 5 9Ael 2

BFYE 542 dehylch mebd 2219 sieving

717}
< Al Fastelol #UF YAE A F Us ZoE FHHATL
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Fig. 10-2 Microscopic appearance of freeze dried powder.
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=
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Table 10-2. Formulation examples of yoghurt type product using fermented rice bran

powder
#d = HigHH| 1 HigtH| 2 gl 3 H 2
QpEERY 11.0 11.0 11.0
NEE; 60.4 50.4 404
RBFC FD 10.0 20.0 30.0
SHEY 5.0 5.0 5.0
UECAER 5.0 5.0 5.0
TaL 34 34 34
ool Ensaw 25 25 2.5
EIX| 2o 1.5 1.5 1.5
2otA 0.5 0.5 0.5
QIZERED 0.5 0.5 0.5
H|EFRI C 0.1 0.1 0.1
EHAE THEHA 0.1 0.1 0.1
st A 100.00 100.00 100.00

Fig. 10-3. Physical appearance of yoghurt type products
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104 €53 A=

nAEE 24 ol&% FEAFS AASNY. FAxzEE S 48R ASsen VEd
A mAEE 2ARS ARER AFH o7l FLdEFERES bt FdntS Fof3 AF
2% AAskan. AFe EAFH e A ¥ FHY 232 TS B Al wE

tdde F71st (Table 10-3).

oot Alnke] 28t SRAFAAM M T3 aLoln. AUwd unge] duks RS

2 st d5 AA e Aluty Fdgke] Agtow A Fo| FAHIE AN LH, dE FEEH
AEE =S EGAAAE AGst AlFo EFie Folsth Hrbsle AdeSET R &
of Wl wel AFe dFEE olE & Jer HER B FrdYAEs FUHEeE ¢
AEe A3 7hedt AFoE AAEAH.

24 G0l e Ade Fig 1045 Aok Agshs SdEdinol et AFel M) 5
AL BAY 5 on], AU Ao BE HANLE A& A © HAPF A

Table 10-3. Formulation examples of beverage type product using fermented rice bran
powder

I HiSHH| 1 HUSHH| 2 HiSHH| 3 H o
nin/i= 12.0 12.0 12.0
Hug 12.0 12.0 12.0
RBFC FD 1.0 1.0 1.0
HAsHEL - 1.0(21) 1.0(E2H|2|)
oo 1.0 1.0 1.0
SeEH| 0.60 0.60 0.60
HitdE 0.20 0.20 0.20
Tt 0.15 0.15 0.15
H|EFEI C 0.04 0.04 0.04
shS[ES 73.010 72.010 72.010
gt A 100.00 100.00 100.00
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Fig. 10-4. Physical appearance of beverage type products
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NELAZA B F AAA e AS2A0RE pHI 18 shdo] ov, oldd A
o] g MR vl TR AR AxH AL EFEES pH 359 7008
ZH3 T 121CTE 71l e AZE HE4 dFE 2A8HY, 249 A4S H718H9
}.

pH 224 23 35 70 247 A8 FFe AN 7180 met Fo] 4% 7t
e Aow Holy foldow AolE UEA etthFig 11). oled AT RE Aya
Ae HRzANA LS 2 Aoz DR,

b

Compound X (mgFAL culture brotl)
(]

Time (mit)

Hcontrol @ApH3 S ®@pHT.0

Fig. 11. Stability test of ferulic acid at various heated time condition with different pH of

rice bran fermentation.
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A 24 WAREFZ R0 ADPFEAZ} dASE AEERE
AT 7 AEAY BH JASol 79

1. ADP &4 P.Y12o G, w7l 4% 3 Az

B
i
=]
o
M
X
N
2
i
o
o,
4l
ol

7. aof
W B

9 7%
335 2ASEY HFEE0 %‘@ijﬂ-}%ol RE=A %7@&5}.
&) H]z}%%%% collagen, thrombin % ADP7} #¢18tE &2 uk3S 78t JAA A
. 1~12, Table 5. £3] "v|7%3%% Lw= collagen ¥ thrombinel o) <38 &
T_Oﬂ A &H ]Q ADPel 93 @A NSES Z3tAl JAIA A tKFig. 12, Table 5).
ACe] &43} — cAMP A4 =7} — A-kinasee] &3} — VASPSer™)
B-$-F oA pathwayES 3] ADP#<Ql dAFH-SF A HFSo] #of3ic)
(B) ©ehA, o)iel AAESERYH AZsH PAFEFES &Il widste 159
A5 e didg] SHA 875 stelet AZEh

(D) €43 32 d3 "ol &A4FHAS W, AEE 98l P (hemostatic plug)e A=
g 4l HhgolAnt, dHF, IeAR, AAA o HdddS ot w

WA Ao o 8 X5 24 53 Ul

AAAA T3 2ot AT SHNSS o8 4 9= EZZE collagen, thrombin,

ADP Fo] gloH, ol&S SAFE=EHolgta gt olF ABIFIFEEL S TFHL2

= %5:‘1”# :{?4_01] Qe ZHzke] =gAd Agste] Ca”9)&A4 phospholipase C 243}
O

phosphatidylinositol ~ 4,5-bisphosphate ~ #3f] —  inositol

1,4,5—trisphosphateg‘r diacylglycerol A4 — dA2ASHAAEZD AA E—l (Caz*ﬂr
thromboxane Ap)3} #+8E2Z(ADP, ATP, serotonin 5)¢ #nv]o] #AHS Ax & ,8_ -
AT o] SRS Aol Bt 4w F o] wiriste Aol
t daued Boshs Ca¥ol 5 9Tg oz B AFdAe Cazu ezt
&5 3= cAMPe} VASP-po] ZF7tol| mIX& mAFEE9 EFHE ZASHY PAFEE9
FdaRAgS Frioh

2 & [@7489 3 73N Zled dadsguzdgedss] 7e54ES 7t
Ao vge) ddawzge Brkste e aNd T
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e ] n) 7ol &gk kA n 7t
. 715
AT AR oy 4] =71
ADP, collagen I PARS
coollagen, o wen g | T e gasens 9s
thrombin 18] 2k g 9o

Adenyl | 714 ATP=4H SHEARA CaY Fh — &
enylate cyclase - " = )
cAMP 4857k cEEPOA — e FPi

g 3le

AMP ARG FAE SHEAEA Ca”'o A — 3
‘ A4el Cat'el 72 aBSPAA - vFe FALB
g A=
q44 59
ER R
o e 1|%}o] fibrinogen¥ alln/Bsok¢]
_ _ fibrinogen} Qe L .
Vasodilator-stimulat PR AZE AAANAH AT A3
ed phosphoprotein ELL? J.LL S-S A - vHe I AT
) ¢l integrin®l - .
(VASP)9] 14ts} T/Bashe] g A
a 3 + = 5
(VASP-p) Ago oA o Ca¥ YA — ZawE o
o A - e FRrBAE e
v kA st

o A
(1) Preparation of human platelets
A NAA Agdgdog Ry £33 platelet rich plasma(BAAEFREEHE 1650
xgolAd 1087 4By ste] 59 platelet pelletsS Aar, washing buffer(138 mM
NaCl, 2.7 mM KCI, 12 mM NaHCOs;, 0.36mM NaH,PO4, 5.5mM glucose, 1mM EDTA, pH
6.5)Z platelet pellets= washingdt 3, suspension buffer(138 mM NaCl, 2.7 mM KCI, 12
mM NaHCOs;, 0.36mM NaHoPO,, 0.49mM MgCly, 5.5mM glucose, 0.25% gelatin, pH 6.9)°l
naste] 5x10° platelets/ml ¥%9] platelet suspensions ZH|STh B A¥e = B
BEAHAR 38713 E A48 $APRBIZ-07DS 3T
(2) Measurement of platelet aggregation
Human #24310%mD< m7o2RE A% FZERB, Lp, Lptw 2 LwS H7etA
U H7bskA] e el E 37C oA 383 preincubation A%l &, SHFEEZAZ 2535}
27 £38S =430 3 522 (ADP, collagen, thrombin)®] zb=roll ol&) &A%
S3o] doju}d aggregometer (Chrono-Log, Corp., Havertown, PA)olA ZAEE "o &
F}=(suspension bufferE blank® $H7} Z71slA Ha, o] EHR=E 4% SHEZ HU)

(@a]
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El=g
(3) Measurement of cAMP

n 2o 2Ry Ax3 FE=ERB, Lp, Lptlw & Lw)S =¥ 2 IJA7stAY A7 ekA &
< human &2310%mDE 37CelA 383t preincubationd ¥, SHF=EAZ A5
HAB-SANSS FEskar b8zt vkgAZlY. I ¥, A ice-cold 80% ethanols #7138}
of W& BAAK F, cAMPE FE38te] cAMP EIA kitE o] &3lo A3t

(4) Western blot for analysis of vasodilator-stimulated phosphoprotein (VASP)

n 7o 2Ry Az FZERB, Lp, Lptlw 2 LwS 52 HA7etAY H7retA &
2 human ¥AIH10°/mDE 37C oA 3E3F preincubationdt &, S FEEARZ =3}
S5EZF vk AT 1 &, FA HEEAXY O Z cell lysis buffer(20 mM Tris-HCI, 150 mM
NaCl, 1 mM NaEDTA, ImM EGTA, 1% Triton X-100, 2.5mM sodium pyrophosphate, 1mM
serine/threonine phosphatase inhibitor g -glycerophosphate, 1 mM ATPase, alkaline and
acid phosphatase, and protein phosphotyrosine phosphatase inhibitor NasVOs 1 s g/mL
serine and cysteine protease inhibitor leupeptin, and 1mM serine protease and
acetylcholinesterase inhibitor phenylmethanesulfonylfluoride, pH 7.5& X 7}3t] lysisAl 7]
3 ST 3 SDS-PAGEZ &l d (15 x4 @S #E]3te] anti-phospho-VASPE ©] &3}
o} immunoblotting®. 2 A4telH H=E SA 3}

ot A4
(1) Collageno] =3t AP E AT RS HIX &
b PIdF== RB7} collagenl At &ak-3- 3 Wk-s-ol Ulil% A g 7Fig. 1-1A, B)

« n7}3FZE RB(12.5~100 xg/mhE= collagen(10 xg/mbo] <213k A8 8(66.0%)

FROEAHOZ AAsIH o, E3] RB 100 xg/mle collagen(10 xg/mbell 2|3+ &A%

$3866.0%)S 22.67%7+A AdA H (Fig. 1-1A), o]A ] 93+ collagen$HAAA ==

66% A Tt
« Collagen(10 pg/mbheo] <1 4

21.2 pgml= A4kE A oHFig. 1-1B).

rxa

SRS 50% AAA 7= RB| 1Cs value:

A
80 B

66.00

60 - 60 4 ICso = 21.2 pg/ml
50 - 45.67 \

40

70

40 +
30

2067
2338 2267 g
20
20 4
10
0 |

Collagen (10ug/mD ~ + + + + + 0 i
RB (ug/ml) - 125 25 50 100 0.01 RB (mg/ml) 0.1

Light Transmission (%)
Inhibition (%)

Fig. 1-1. Effects of extract RB from fermented bran on collagen-induced human platelet
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aggregation A, Effect on platelet aggregation B; ICs value

(W) v AF=E Lp7} collagen¢l AFEEATSHur-So] nmx= oA a3KFig. 2A, B)
2oz AAEAAT, °] FEE= RBY IR RT o} 2
collagenv?l AR HY Ao gojA Lpe RbET oF <F3ks & 4 UokFig.
1-2A).

. UVJ—%%% Lp(100~1000 xg/mD+ collagen(10 x g/mho] #2013k & A 3H-33]-8(66.67%)
= T

e MAFEE Lp 100 xg/ml& collagen(10 g/mboll 23+ & 4323 -8(66.67%)= 60.67%
7HA ABAIZ AL, o] Al «lﬂ collagen AQAAE=E 9.0%A T

« Collagen(10 xg/mho] #<1g A&ASFHEES 50% AAA 7= Lpel 1Cs value:s
637.2 pg/mle]Rar, o]A 9] IC50 value (21.2 xg/mDETh 308] =2 T2 A4lE
ATHFig. 1-2B).

A

80 -

66.67
70

60

50 -

60 4
40
30 5 40 |
20 -
I o
10
0 LI

Collagen (10 ug/ml) + + o

ICso = 637.2 pug/ml

Light Transmission (%)
Inhibition (%)

0.1 1
Lp (ug/mb) . 100 1000 Lp (mg/ml)

Fig. 1-2. Effects of extract Lp from fermented bran on collagen-induced human platelet
aggregation A; Effect on platelet aggregation B; ICsy value
(th " AF=E Lp+Lw7} collagen-¢l AlEd A3 uLo) mx&= oA &3 Fig. 1-3A,
B)

%
r

34

o)A o 7 AAEIH 1, Lptlwe vl H ¥ FZolA collageni<l &

o

o UZFEE Lp+Lw(100~400 xg/mDLS collagen(10 pg/mbho] FUst= 4T
(59.33%)& =
2$HE JAIAZIL JATHFig. 1-3A), VIAFEE RBFig 1AMRT 52 F%o4
collagenr¢l 4&ALF S AAA7) I Y&& & 5 Ut

* Lp+Lw 100 xg/ml2 collagen(10 xg/mholl o3 & 28-83£(59.33%)E 45.33%7+4 A
SHAIZA AL, o] Zlol o)t collagengélmﬂ] == 23.6%°] AT

« Collagen(10 xg/mho] #F<Ag AaFH-SHHH-S

ml
1

rsﬂ

S 50% GAAT= Lp+Lwe] 1Cs values=
218.8 ug/mlz AAEA(Fig. 1-3B), o] RBY ICs value (21.2 pg/mDETH oF 108}
AT =0
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w
2
]

o
3
+$
w
H
@
s}

ICso = 218.8 pg/ml

@
o

Light Transmission (%)
&

Inhibition (%)

N
S

N
o

45.33
35.00
30
18.00 1738
N l .
0 —

0
Collagen (10 ug/ml) + + + + +

0.1
Lp+Lw (ug/ml) Lp+Lw (mg/ml)

Fig. 1-3. Effects of extract Lp+tLw from fermented bran on collagen-induced human
platelet aggregation A; Effect on platelet aggregation B; ICs value

(@) vAFEE Lw7} collagen-¢l A AT H W80 vx|+= A a3 Fig. 1-4A, B)

= Lw(50~1000 s g/mD-2 collagen(10 xg/mbeo] fF<lsts &A3-5F5(80.00%)

EH o5 AASFAATHEG. 1-4A), ¥lud & FEolA] collagenrdl 4%

AANZZL At o] Lwe] =& RB, Lp 2 Lp+Lwe collagen#<l 43433
s =(Fig. 1-1A, 1-2A, 1-30)RET Zovm g collagenfel AT H A glo]A

Lw7b 7H8 ofsit= Ae & & Aok

« Lw 100 xg/mle collagen(10 xg/mDeoll oJqF &AH-§FE(80.00%)= 70.33%7+# * 3}

A AL, o]Ael o3 collagenSHAAAEE 12.1%A

« Collagen(10 xg/mbe] 13 A&AIZHE 50% AAA 7= Lwe] ICs valuew= 725.9

pgimle = A4kE A HFig. 1-4B).

A o -
20.00 B
80 - ——
70 0 ICso = 725.9 pg/ml
50 = .9 pg/mi
S ™~
S 60 -
= _
=] d
‘Z 50 =
£ =%
£ 40 - .=
= =
Ln 30 '-'E
= 1 =
=) =
. = 20 -
- 20 -
-
10
-
o ¢} T 4
Collagen (10 ug/ml)  + 0.1 1
Lw (ug/ml) 1000 Lw (mg/ml)

Fig. 1-4. Effects of extract Lw from fermented bran on collagen-induced human platelet

aggregation A; Effect on platelet aggregation B; ICsy value
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Table 1-2. M|AFEE2] T 5=l 23 collageniQ] AAFIATASHAAE vl

A FEE Collagenfr<l Fad-&J A& vl (%)
RB (100 pg/ml) 66.6
Lp (100 pg/ml) 9.0
Lp+Lw (100 pg/ml) 23.6
Lw (100 pug/ml) 12.1

* Fig. 1-1A, 1-2A, 1-3A, 1-4AZRE A4HIA S
* A &%) = [{Collagen - (7]75ZE+Collagen)} / Collagen] X 100

- Fig. 1-1A, 1-2A, 1-3A 2 1-4A° A4 B 4 %] collagen(10 wg/ml) ©Eo 2 PA4v
S-S FEIHEES "o $HEL Fig. 1-1A°A4 66.00%, Fig. 1-2A°| 4 66.67%, Fig.
1-3A A 59.33%, Fig. 1-4A°A] 80.00%= TZF AT oA FLI ado] ofd A
I FLE ol dAASTHTEES AFSHA 2 Bola, ¥ donore] thek3dk Az
2 dele] mEt th27] wj&ol collagen T gk A < OEA Y& F 3
= S & 4 Utk

- GEbA, d&FSANSS AASkE NAFEESY EFRE ¥ty
< 50% A= ICs valueE |
w3t

« Table 1-204 & & Ql%o] collagen-¢! AFFEALF-SH A Oig v AFEE] ¢
=% (100 gg/mbo] o3 Axe< =e, RBol 93] 66.6%, Lpol <3 9.0%, Lp+Lwol
oa) 23.6% L Lwell olal 12.1% A=A, collagen+-¢l dAHASFHu-ZAA o ¢loA
RB7} 7+ Z#star, Lp7t 748 oF3ioh.

M
o rlo

(2) Thrombin®] f=3l= AFSHANA vHFEE A a3
b v F=E RB7} thrombinf-¢ AP A& SHHESA vx]= A &3 Fig. 1-5A,
B)
« n7}3ZE RB(100~1000 pg/mD+= thrombin(0.2 U/mbDo] <18 A 5% -8(64.33%)
E FEoEHoZ A o™ (Fig. 1-5A), RB 100 pg/ml2 thrombin (0.2 U/mDel] 23k
S31(64.33%)E 59.00%7+A A 3kAIZA S H(Fig. 1-5A), oA 23k thrombing-H A H =
8.3% S T
e Thrombin(0.2 U/mbDeo] #<A3 A FHNSEES 50% AA A= RB ICs values=
841 pg/mlE2A vluwd & Fxo|tKFig. 1-5B).

rr

e
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ICso = 841 pg/ml A

o

Light Transmission (%)

5 8 8 8 g
I :
I

g
Inhibition (%)
b N w » (9]
o o (=} [=} (=]

Thrombin (0.2 Ufml)

0.1 1
RE (ug/ml) - 100 300 500 1000 RB (mg/ml)

Fig. 1-5. Effects of extract RB from fermented bran on thrombin-induced human platelet

aggregation A; Effect on platelet aggregation B; ICsy value

WD "F =ZZ Lp7} thrombingl A AT $HuLo] nx= o & 7HFig. 1-6A,
B)

« UZFEE Lp (100~2000 pg/mD+= thrombin(0.2 U/mbDeo] <18k dAH -5-F]-8(68.33%)
2 FxoExo g JA5H o H(Fig. 6A), Lp 100 pg/ml-& thrombin(0.2 U/mloll 2]3F g
F-E(68.33%)5 66.67%7FA A A F 2™ (Fig. 1-6A), o]A o] &gk thrombins-F A H =
= 2.4%A] ).

« Thrombin(0.2 U/mDo] #F21g dAH FHHSES 50% AAA7]= Lpe IC50 values
2000 pg/ml o] o2 A ICs WS 2HeE & XU (Fig. 1-6B).

A

1000 2000 Lp (mg/ml)

Fig. 1-6. Effects of extract Lp from fermented bran on thrombin-induced human platelet

aggregation A; Effect on platelet aggregation B; ICsy value

(th "7 F=%F LptLw7} thrombinr¢Ql AFEd 4 S0kl vx& A &3KFig. 1-7A,
B)
« H|7ZFFEE Lp+Lw (100~1000 pg/mDE thrombin(0.2 U/mbDe] <13 d4d SHE
(73.67%)5 F=oE=Hoz A A oH(Fig. 1-7A), Lp+Lw 100 pg/mle thrombin(0.2
UmDel 93 & (73.69%)€ 72.00%7FA AFAALH(Fig. 1-7A), oA <%
thrombin-&F JAF == 2.3%H
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« Thrombin(0.2 U/mbDo] f<21g 4 TS 50% AAA 71+ LptLwe] ICs values
740.7 pg/ml ©.2A vl H =& F

A
100 -

%0 -
80
2 e 80
S 70
= o ICso = 740.7 'ml
2 60 - 2 50 Hg/
2 < 60 | \
=] =
50
g T
TS =
& = 40
=
= 30 =
=0 =
= 20
20 |
0 -
0 L
0 ® :
Thrombin (0.2 U/ml) 0.1 1
Lp+Lw (ug/ml) - 1000 Lp+Lw (mg/ml)

Fig. 1-7. Effects of extract LptLw from fermented bran on thrombin-induced human

platelet aggregation A; Effect on platelet aggregation B; ICsy value

@D "7F F=F Lw7l thrombinf-¢] A28 4% S3-FH-E vl 9A| &2 Fig. 1-8A, B)
o "AZAFEE Lw (600~1000 pg/mD+ thrombin(0.2 U/mbe] #F<1d A SHE
(71.00%)E F=ol=x o2 AJAsH oM (Fig. 1-8A), Lw 100 pg/ml-2 thrombin(0.2 U/ml)
o o3t SF & (71.00%)Z 64.75%7FA A 3HAIZ S H(Fig. 1-8A), o)A o 2]3F thrombin-$-
HAAAEE 8.8% ATt
« Thrombin(0.2 U/mDo] %13 43 FHEES 50% AAA 7= Lwe] ICs valuew
389.4 pg/ml 024 THE FEF Hlg Fe HEUTHFig 1-8B).

A
20 B 100
nnnnn
70 _I_ 67.25 64.75
80 4
b
60
S 2
4775 e 8 _
g s0 S ICso = 389.4 pg/ml
LS 60 -
2 ]
E £
g Y Z
L E w0
30
E 20.50 DE
i -
= 20 o
10 425
p
0 i_ 0 -
. 0.1 1
Thrombin (0.2 Ulml) + + + + + +
Ly (ug/ml) - 50 100 200 500 1000 Lw (mg/ml)

Fig. 1-8. Effects of extract Lw from fermented bran on thrombin-induced human platelet

aggregation A; Effect on platelet aggregation B; ICs) value
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Table 1-3. "] FEE9 &= 23 thrombinfQl AFFE AT S JA & vl
i FEE Thrombin®¢1 &% S & e vAFZE] JA&(%)
RB (100 ug/ml) 5.9
Lp (100 pg/ml) 2.4
Lp+Lw (100 ug/ml) 2.3
Lw (100 pg/ml) 3.8

* Fig. 1-5A, 1-6A, 1-7A, 1-8A= 1 A2
* A E&(%) = [{Thrombin - (¥]75F&E+Thrombin)} / Thrombin] X 100

« Fig. 1-5A, 1-6A 1-7A 3l 1-8A°4 & < Sl%°] thrombin(0.2 Uml) ©=o 2 di4d
s FE39e "o SRE&2 Fig. 1-5AA 64.33%, Fig. 1-6A°|A] 68.33%, Fig.
1—7A°ﬂ/‘1 73.67%= Fig. 1-8AclA 71.00%= #ZFJH. oA FLI dLWo] oid
A FLI doll d4ad SRS APEA ¥ stolal, AW donord] thdh
Al el met g=r] wEel thrombint=el 23 daAgHEo] t2A v

& gleke a»% & % gk,

23,

« Table 1-30A & 4 d%o] thrombinfl &3 SHol dist v FE2E9 I
F5 (100 pg/mbel]l &8k A &S KB, RBoll &34 5.9%, Lpoll 2lsiA 2.4%, Lp+Lw
o JafilA 2.3% AAEJ, Lwell oJall A 8.8% AAEUCH, thrombing¢l 4% 3
g Ao QoA Lwrk 718 AeA A88E &+ Atk

(3) ADP7} fr=dte d4d3HoA mAdFE=9 A ax

b W AF%=E RB7} ADP#2l AFEE A TSRS | & 7H(Fig. 1-9A, B)

« U ZFZE RB(G0~1000 xg/mDE ADPQ20 xM)o] 213 4333 8(64.5%)S 59
2 At thFig. 1-9A).
« RB 100 pg/ml> ADPQ20 uM)ol 23 Had-&HE&(64.5%)S 52.3%7FA ASHAI A 1L
(Fig. 1-9A), o]A o ths ADPSH A H == 18.9% % Th.
« ADPQ0 pM)oll 9|3 AT HuES 50% JAA71= RBY ICs value: Blm 2w
FEEA 2240 pg/mlE AAEATHFig. 1-9B).

5_.7(‘]0
=

rlo
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80 100

Q 645
i\, 70 ) 610 "
= ol
2 523 pry ICso = 224.0 pg/ml
A - 03 X
2 50 S m

=
E 40 B
5 =

= 40

287 i
8 3 E
2 2 168 =
o =
- 10 3
0

ADP (20 pM) #* + + + + + + 0.01 0.1

RB ( pg/ml) - 50 100 150 250 500 1000 RB (mg/ml)

Fig. 1-9. Effects of extract RB from fermented bran on ADP-induced human platelet
aggregation A; Effect on platelet aggregation B; ICsy value

() W ZAFZ5 Lp7t ADPRQl ArF 84w ukgo X oA &3(Fig. 1-10A, B)

.« W7Z%ZE 1p(100~1000 xg/mDe ADPR0 Mol o3 i35 8(56.25%)S FEo
Aoz A 5t¢tHFig. 1-10A),

« Lp 100 xg/mle ADPQ0 uMeol| 23t dAa-§3E(56.25%)5 50.00%7FA] A SFA Z 1L
(Fig. 1-10A), o]A o o3t ADPSHAAH == 11.1% S o}

« ADP20 M)l &gt dA-SHNSS 50% AAA 7= Lpe ICsy value= 501.1 xg/ml
24 RBY IARYT E}thFig. 1-10B).

A 7 B
100
L 56.25
ezs
= 50.00 80 4
é 44.00 ?
£ 37.25 é
2 40 - 60 4
E = ICso = 501.1 ug/ml
£ =
i 30
e =
= = 40 ™
= =
= 20 Ll
1 20 A
. }
e 0
ADP (20 uM) + + +

Lp (ug/ml) = 100 150 250 1000 Lp (mg/ml)

Fig. 1-10. Effects of extract Lp from fermented bran on ADP-induced human platelet
aggregation A, Effect on platelet aggregation B; ICs value

(th P332 E Lp+Lw7} ADP3l Atgd 2983 ukgo] m 3= JA) &3HFig. 1-11A, B)
o U AFEZE Lp+Lw(10~500 xg/mDE ADPQR0 xMel o3& HAHL38(56.25%)2 F%
ojE# o g oA s cHFig. 1-11A).

« Lp+Lw 100 xg/ml& ADP(20 xM)ol 2|3 &43-8%8(56.25%)F 33.25%7+A A 3FA 2
tHFig. 1-11A). oA 23 ADPS-HAAA == 40.9%9t}.

« ADP(20 u#M)ol| 23+ & A3 u3-S 50% 2AIA 7= Lp+Lwe] ICs value:= 131.9 4
g/mlZ A Hlw3 o F=rhFig. 1-11B).
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60
56.25 33
80 -

350 -

= 4175 X

; S 60 - ICso = 131.9 ug/ml

Z 40 =

2 33.25 S

z =

] = 40

£ 30 =

B 24.00 =)

- ; =

=) 18.25 — 20 A

5 20

o
10 375
o 0.01 0.1 1

ADP (20 ub) + - + + + + +
Lp+Lw (ug/ml) - 10 50 100 150 250 500 Lp+Lw (mg/ml)

Fig. 1-11. Effects of extract Lp+Lw from fermented bran on ADP-induced human platelet
aggregation A; Effect on platelet aggregation B; ICsy value

(@) PAF== Lw7l ADP<l Al E &SR3 P&
.« U BFFEE Lw(10~-500 xg/mD<S ADP0 Mol o3& i
Mo g oA 5% thHFig. 1-12A).

« Lw 100 xg/ml& ADPQ0 Mol o3 82783 8(56.25%)% 30.25%7+4 A5kAATH
(Fig. 1-12A). o]Zll 23+ ADP-S-H A AAH =+ 46.2% 3 T}

« ADPQ0 u«Meoll ¢ FATJHLHANSS 50% JAA7E Lwe] ICy value: ofF o
=r2A 104.2 xg/mlo]ArhFig. 1-12B).

A &2 Fig. 1-12A, B)
&3 &(06.25%) 5 FEYE

rii _18

rlo

>
w

@
S

ss 25

80 -
60
30.25 . ICso = 104.2 ug/ml
¥ 40
10.25
20 -
3.75
| ﬁ

— - —
ADP (20 u)) 0.01 01 1
Lw (ug/ml) - 154 Lw (mg/ml)

@
S

2
S

Inhibition (%)

Light Transmission (%)

N
S

=
°

Fig. 1-12. Effects of extract Lw from fermented bran on ADP-induced human platelet
aggregation A, Effect on platelet aggregation B; ICs value
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Table 1-4. MAFE&2 L &5 23 ADPRQl ARd4a-HAAE Bl

nAFEE ADP+Ql Fad-gJ A& vl (%)
RB (100 pg/ml) 18.9
Lp (100 pg/ml) 11.1
Lp+Lw (100 pg/ml) 40.9
Lw (100 pg/ml) 46.2

* Fig. 1-9A, 1-10A, 1-11A, 1-12A2 36 A 25148
* A& (%) = [{ADP - (W]5Z&=+ADP)} / ADP] X 100

« ADP ©=9) o3 daAw thrombin 2 collagenoll Hla] vz LASA Y
Ebgth. 22U Fig. 1-9AolA 64.5%, Fig. 1-10A°lA 56.25%, Fig. 1- 11A01W 56.25%,
Fig. 1-12A9 4 56.25%= &A= Aot mebA, 1Cyp valueE AP, L3 F 5ol A
oA AAES v

« Table 1-40A & < Ql%o] ADPf<l EA&AZHo g vAFE=9 §Y3 55
100 pg/mbol o A< B@, RBo| <J3iAl 18.9%, Lpol <34 11.1% Lp+Lwol
ol A 40.9% F Lwoll osliA 46.2% AAEH AL, ADPF< EAASHREE oA Lw
7V 7VE ZstAl Ae8Es & Aok

olo
N
e

olo

rlo

4 da

b
it
e
2
lo
e
i)
P~
i
oo
o
12
N
ofr
5
L
R
El

B3

Table 1-5. NZFEE 2933 JAEY H7) v

nAFEE U3 v %
. . SHAA A A HFFEFE] . o
drusHd 82 (100 pg/mbell ¢ dAHASF
ICs value (ug/ml) 4] oA 2 A
T &

Collaen (10 vy | Y 759 > Lo (6372) > Losbw [ o
ollagen m W W
& ve (2188) > RB (21.2) b b

Lp (2000°]4) > RB (841) >

Thrombin (0.2 U/ml) | Lp+Lw (740.7) > Lw (389.4) Lw > RB > Lp > Lp+Lw
Lwel AL 55 AgAH

Lp (501.1) > RB (224.0) > Lp+tLw
ADP (20 uM) Lw > LptLw > RB > Lp
(131.9) > Lw (104.2)

e B AN AR H FEEF F collagene Ho] £AEHJS ) AYIAAZE
il ABSF 3o #edstal, thrombine Y-S 74
AN AZA FAAGHNES B FE3th ADPE A TR 3
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H(dense body)ell AF= o] A= EFZA collagenol v} thrombine] zH=ol o)) & Ao
$3%EE #A 24 dense bodyZHE Eu|Ho] EOE PAWSHANSS 434 =3
o}

o wEtA, ojE EZo] thrombinely collagenol] 23 FAI-EHE JAAFA Zuz=

ADPl o3 BABSINSS JAANINA F3 FRLBBIRA FrHATh
+ [Ce A9 FUAFI ol §H I, C7t Ao 2 e5E FawgAso] F
2 ojm gt

« Table 504 EH, collagen(10 xg/mbell o3l =%+ 4BASHS 7 AstA A
A& v FEEL RB(21.2 xg/mbo]a, thrombin(0.2 Umbel 2]

A JAA = MAFEES Lw(389.4 xg/mhel™, ADP(20 M)
< b s JAATE AL Lw104.2 pgmDYS & 5 Aok

« RB= collagen(10 xg/mDr¢l 4B S 714 AstA dAANA 4R ZRE ADP
o] WES AAAZ HoZ AFEHAR AAZ ADPo| o3 A HE A=
RBe] ICs value(224.0 yg/mDE Lp+Lw(131.9 ugml) 2 Lw(104.2 ug/mDEth Ech

« T3} thrombin(0.2 U/mDoll 93 43S JA|A7]+= RBY ICs value(841 s g/mh-&
Lw(389.4 pg/mhDET Hox =2 thrombin <2 FAFHZHE A= 282 RB7F Lw
Hoh o3 As & 5 Uk

« Lw+ collagen(10 pg/mbDell o3 A&A-SFE 50% A= $E7F 7259 pg/mlZA
nAFEE 5 7P 92 dAEAS JHAERE collagen §F F¢tol 4O ERE
ADP9] WrZo] wWol ADPO| o3k AR S 7HE oFstAl AAAZ AR o= AT,
LwE ADPQ0 xM)7} #3stes dA23-3HE 50% AAIZI= ICs value (104.2 x g/mhL
RB9] ICs value(224.0 xg/mD3 Lp+Lw(131.9 xg/mDX Tt 2EhtHTable 5). °]A& Lwe
collagen¥} thrombinell 2J& doAus AHASHES 7ME ZsiA JAA 7= RB 2
Lp+Lwi o}t 7Z338HAl ADP#<l 43S dAAZS & 4 Ut

s ARAHO T HAWRSHE /I AoA JAAII= vAFEFELS LwLp+Lw>RBILp<=©]
2t AzkE

rﬂ
et
o
)
oo
o
filo
N
)
)

(4) ADP?1 A& HEGo| A v ZFZE] Adenylate cyclase &40l v X&= &3}

(b ADPfr<l EAHAZHREZAA WAFEFE RB7F adenylate cyclase (AC) A &j A
SQ22536°l " x&= & 3H(Fig. 1-13)

« B AFolA [ADPFEA PoY12o G.ivi/l €43H AsHeg #AEA 2d 5|4
THlE 8, ADP¢l EA&AFSHRSA vA= vAFEES EFHE thrombin 2
collagen-f-<! @iﬂ—"—@“?ﬂ] &3 vk, =3 ADPH
Zol dadgFe] flske dHFY A5 Fastth

« A&d ule} Zol(table 1-1 #x) i g3o] o] feME Ca™o] HH5 2 o]
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o}
- Ca¥el Z7ME ZaAA dawe S dANTE BAE daw R ATP
(adenosine triphosphate)ell adenylate cyclase (AC)7} 2F&-3te] A Al7]= cAMP (cyclic
adenosine monophosphate)©] t}.
« 53] ADP= 71 584 PoY1eo Guiol 283t ACY A A& AAH cAMPY A4
& AANPORA FaW URol Ca'g FHIA Fawe WS HHAT
« @b, HAFEES ADPY o3 AW E A7 HslFig. 1-9~12) ACS] &
4 £33 gEo] cAMPY S FXIAZE 5 o
« 1A, ADPQl &S FNEol dolA mAFEFES ACEAZ wX= &3
AFskz] fl8ll ACAHsIA| SQ22536E ©] 8313 T
« HZFEE RB@50 pg/mhe ADPFQl €A E64.5%F 28.7%7HA A sHAIFH o
(Fig. 1-13).
« RB@250 pg/mbDoll o3} 28.7%7vA Astd ADPQl EAB-SHWES ACAH 3| A
SQ22536° ol&] 51.7%7+A F71= AkFig. 12). o] AL SQ22536°] RB(250 xg/mbheo] A
AAZ ATRSFE28.7%) thal 80.1%7FA] ATASHE FXA7] ASS 9|
}.
« metA, RBel &3 dA4u3F e A3l RBe ACEAEXI 93 cAMPe Ao 7]

A% e ojv @k,

il
Y

80 1

70 - 64.5

-

60 1 51.7
50 A
40 -
30

20 A

Light transmission (%)

10 A

(o]

ADP (20 uM) + + +
RB (250 ug/ml) - + +

SQ22536 (50 uM)

Fig. 1-13. Effects of extract RB from fermented bran with SQ22536 on ADP-induced

human platelet aggregation

(\h ADPfel FaB&WgolA wAFEE Lp7t adenylate cyclase (AC) A 3HA|
SQ225360 WX & #H(Fig. 1-14)

- W BFEE Lp(750 xg/mDE ADPHSl AR 8(56.25%)S 18.25%7+A A &HAATH
(Fig. 14).

« Lp(750 ugmDol < 18.25%7+A A &E ADPGQl dAaTSHubS o ACH S| A
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SQ22536°1 2l 29.0%7+A F7FATHFig. 1-14). o] A2 SQ22536°] Lp(750 xg/mb7} A
a7 ADP9l B 4w-83 8(18.25%)0] tlal 58.9%717 PABeRe FAAAT e
o ou @,

. wlebA, Lpol ol@ FaWRe] Asi= Lpel ACTA =37l0] 9@ cAMPe] Aol 7]
A AL ofm et

60 -

56.25
£a

50 -

40

30

Light Transmission (%)

20 18.25
10 .
o
ADP (20 uM) + + +
Lp (750 ug/ml) - -+

o+

SQ22536 (50 uM)

Fig. 1-14. Effects of extract Lp from fermented bran with SQ22536 on ADP-induced

human platelet aggregation

(th ADPRl AI-SHH-EANA wHAFEE LptLwrl adenylate cylase (AC) A &f A
Q22536 vx)= & IHFig. 1-15)

o HAFEE LptLw(250 xg/mD2 ADPHQl Aa3-538(56.25%)S 18.25%71A] A 3}HA|
ZoHFig. 1-15).

o Lp+Lw(250 pg/mhol & 18.25%7+A Astd ADPf<Q FA&HA-SHu3S ACAS| A
SQ22536°1 2J3l 30.67%7FA S 7FthFig. 1-15). o] A2 SQ22536°] Lp+Lw(250 xg/mD7}
A A1Z1 ADPrQl AW E18.25%)° sl 68.0%7FA dA2HgHE ZAIIL A
== 9mEh

o wetA, Lp+Lwel 93 233 A= LptLwe] ACZA Z3lo) 9|3 cAMPo| A
of 710%k A& o gt

=
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70

60 56.25

50

40

30.67

30

Light Transmission (%)

18.25
20

© -
[o]

ADP (20 uM) + + +

Lp+Lw (250 ug/ml) - + +
SQ22536 (50 uM) +

Fig. 1-15. Effects of extract Lp+tLw from fermented bran with SQ22536 on ADP-induced

human platelet aggregation

(@h) ADPf¢l EA&AASHREANA wAFZE==E Lwrl adenylate cyclase (AC) A3 A
SQ22536° wx&= & 3HFig. 1-16)

« MAFEE Lw(250 xg/mDe ADPRQ A3 &(56.25%)< 10.25%7FA] A SFA ok
(Fig. 1-16)

o Lw(250 pg/mbell <3 10.25%7FA] As|®  ADPF<l EA&I-SHEZLS ACAHSIA
SQ22536°1 23] 30.0%7FA] F7FathFig. 1-16). o] AL SQ22536°] Lw(250 xg/mbD7} A
AIZL ADPH<Ql €48 E(10.25%) 0 sl 192.7%7HA dA2d-3H S SAA71aL A
== 9mg

- wehA, Lwell o3t dARSHAN = Lwe] ACEAH 3ol gk cAMPe] Aol 7]<l
g A& o gt

8

70 -

60 | 56.25
*

=
\
< s0
=
S
=
w2
Z a0
£
wn 320.00
§ 30
=
=
=
= 20 -
-
q
10
o
ADP (20 uMD + + P
T.w (250 ug/ml) - + e
SQ22536 (50 uM) - - #*

Fig. 1-16. Effects of extract Lw from fermented bran with SQ22536 on ADP-induced

human platelet aggregation

(mh) mAF==9 adenylate cyclase (AC) #3l#] SQ22536°) w|=]+= &3} H|n(Table 1-6)
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Table 1-6. ACH3|Al SQ22536° <]t ADP-gH & 57HE

A FEE ACAH Al SQ22536°1 °l3 ADPS-H& 571 (%)
RB (250 pg/ml) 80.1
Lp (750 pg/ml) 58.9
Lp+Lw (250 pg/ml) 68.0
Lw (250 pug/ml) 192.7

« 9 Table 1-6°14 = & Uxo] PAFE=S°] ol AfHAL &S5 &0 ACH
A SQ2253601 o3l o A UA 58.9%NA 192.7%7HA] F7FEAN B E wFE=El 9
gk ADP-Ql &g uEE9 A a3Fig. 1-9A~12A)= v|AFEE°] 4T Wi9
ACel ZA & FHIIAA cAMPY] AAEE 57 P AL Rl 7108 & 5 A

« NAFEE F Lwrb 7P sl ACel EA4e XA A092.7%)& ADP#<l E4%

23e Lol 71 2l AAAZ As QX THFig. 1-12A).

(5) mAF=E°] ADPH
b ADPH<l E4%
1-17)

CAMP= &g i} Zo] d4a

Q1 APl cAMPA Ao HA = FEF
SHE-ENA HFFEE RB7F cAMPe] AA ] mA+= &I

AAALAZA od Eho] PaBhre] cAMP A4
#H2EE NHHozZN HFA B o] §EHEZ cAMPY
A %7} @t Fig. 1-13~16014 H9k%o] HAFEEL
ol WAFEES ACY 43S AA(Fig. 1-13-16)

CAMPS] A4S 27N 4 Utk T, cAMPY] A4l MAE vPFEEe ENE =

olo

2 2 b

238

2.00 -

cAMP (pmol/10° platelets)

0.00 -

ADP (20 uM) - + -+ +
RB (ug/ml) - - 150 250

Fig. 1-17. Effects of extract RB from fermented bran on cAMP production in ADP-induced

human platelet aggregation
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« Fig. 17014 & 4 d=o°] ADP20 xM)-& intact platelets & control®] cAMP(2.09+0.17
pmol/10° platelets)S 214 UA 0.99+0.28 pmol/10° platelets7t2] A stAI AT o] AL
ADP7} ACY A4S JAANZCEZN ATPEHRE cAMPY AAS JAAN AL YH]|3H
=3

« a2, #7AFZEE RB(A50, 250 xg/mhe ADPQR0 xMol| o3 o] A3td cAMPL]
S 73 F7HA71 AthFig. 1-17). 53] v753EE RB 250 xg/mle ADP-#<!
Y233 W3 A 0.99+0.28 pmol/10? plateletsZH-E] 2.38+0.19 pmol/10° platelets7}
A cAMP A4d& F7HANZATHFig. 1-17). o]A& "} FZ= RBe a4 ACe &4

—1

Y

& ZJANZ o 2H cAMPL AL =AAZ AL ouldt) olAe I nPEZE

RB7} ADPol| o]3 dA4a-53 & AstA A AR 2L Aol tkFig. 1-9A).

o]o

(\h) ADP+#<l €43

3.00

1.50
- - '
0.00 .

ADP (20 uM)
Lp (ug/ml) - - 1000

HukgolM mAFE= Lp7t cAMP] Aol mA= & 3KFig. 18)

N
@
=]

N
o
o

cAMP (pmol/10° platelets)

=]
u
o

Fig. 1-18. Effects of extract Lp from fermented bran on cAMP production in ADP-induced

human platelet aggregation

« Fig. 1-180A4 ®M, Lp& ®Hlu 3 & H%(500, 750 xg/mbe] Lpol &A% ADPo
o]a) A3tE cAMP2] ¥=(0.99+0.28 pmol/10° platelets)ol] Hl&] Z7}= =] ket o}F
=2 ®5(1000 xg/mDe) Lpel <&l A%k cAMP7} 2.35+0.13 pmol/10° platelets7}A] Z7}
=9 thFig. 1-18). Lp(750 pg/mDell ]3] ADP§¢l @am-g-3lo] oI5 m(Fig. 1-10A),
Lp 750 ug/mlel oJsfA ACe &Ao] F7iete Aoz AFAHAFANE E7sta(Fig.
1-14), Lp 750 wxg/mie] oJ3iA cAMPO] Aol F7hstA ¥al ojZlith &L =2
1000 s g/mle] Lpel ¢JsiAl cAMPe] Aol F713F 212 cAMPY A S Eol7] fl3iA
= ol ¥2 59 Lp7t 2 8stte A ou|dth

(th ADP#¢l EA&AEHWSANA mAF=E LptLw7t cAMP A wx+= & 3Fig.
1-19)
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CAMP (pmol/10° platelets)

2.28
2.09
2.00 -
1.66
1.50 -
0.99 115
1.00 -
0.50
0.00 L
ADP (20 uM) - + + + +
- - 150 250 500

Lp+Lw (ug/ml)

Fig. 1-19. Effects of extract Lp+Lw from fermented bran on cAMP production in
ADP-induced human platelet aggregation

L]
A
o

F=E Lp+Lw(150~500 xg/mD-& ADP(20 «M)ol| ol&f o] A3stE cAMPY XA
S 783 wxoEFow ZUMAa AtkFig 1-19). E3] v|ZFEE Lptlw 250 u
g/mle ADPHQl HAA-$FuFSo|A cAMPAIAES 0.99+0.28 pmol/10° plateletsel] Al
1.66+0.07 pmol/10° platelets7}A] 7M1 ZtHFig. 1-19). o]AL | AFZE Lplwe &
oA ACY F4e TV CEA cAMPY S A AL 9rdit. =

| AL wAFEE Lp+Lw7l ADPo| 9%t dAB33 S A5 AN A 2 A

o] ATHFig. 1-11A).

(2) ADP+¢l E4&FASHT-EANA vAFEE Lw7t cAMP Ao vl x|+ &3 (Fig. 1-20)

2.50 - 2.09

224
2.0:
2.00 -
147
1.50 —_—
1.00
0.50
0.00 - —
+ +
500

cAMP (pmol/10° platelets)

3
ADP (20 uM) - + %
Lw (ug/ml) = = 150 250

Fig. 1-20. Effects of extract Lw from fermented bran on cAMP production in ADP-induced

human platelet aggregation

« Fig. 1-2091A4 & 4 d%o] n|ZAF=+ Lw(50~500 #g/mD& ADPR20 Mol 2l&] A
Aol A3E cAMPe] AL 73] Z7HA7)a JohFig. 1-20). &3] uAFEE Lw
250 xg/mle ADP¢l & 4383 u-So) A cAMPO] A4S 0.99+0.28 pmol/10° platelets
2 RE 2.03+0.31 pmol/10° platelets7}#x] Z7 A ATHFIg. 1-20). ©] AL v AFEE Lwvs
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HAaTNA ACY FAS Z/MAIPNCEH cAMPY HAS 2247 AL 9wt} o)A
T3 vAFEE Lw/l ADPO 93 435S AstA dAAZ A 12 ABol
91 THFig. 1-12A).

rlo

(mp ADP<l €4
1-7)

i
olo
i)
(z
olo
=2
>
A=
o
i
Y

E9° cAMP XA wXx&= a3 uvlu(Table

Table 1-7. ADP+<l @& ut-gollM vdFEE] cAMP Ao mAl= &3 v

nAdEEE 2= (ADP)el o3&k cAMP E7F (%) | ACS] 24
RB (250 pg/ml) 140 80.1
Lp+Lw (250 pg/ml) 67.7 68.0
Lw (250 pg/ml) 105.1 192.7

- 9] Table 1-714 & 4 15|, cAMPS] A4S RB, Lp+Lw 2 Lwol ola)A 27182
.

e Lwe= AC9 Aol RBRUY =% E3Ial cAMPY AL ot 4o F=Fo=
CAMPe] A4 & F7HA AT
(6) ADP-Ql dAa#dSHH-SolA wH|ZFZEo] cyclic AMP dependent protein kinase
(A-kinase) &/ | x&= & IHFig. 1-21)
A B

N
o

80

-3
o

56.25
70 645 £

w
o

60

50

46.7
40 i
287
55 2033
18.25
20
10
o 0
+ +

ADP (20 uM) +

IS
o

Light transmission (%)
S

Light Transmission (%)
&

"
5}

ADP (20 uM) + + +
RB (250 ug/ml) Lp (750 ug/ml) : + +
Rp-8-Br-cAMPS (150 uM) - . + Rp-8-Br-cAMPS (150 ub) - - +
C D 4,
70
60 56.25
60 s6.25 —t
e

50
50

40
40

30

20
1025
10
B -
o
o

ADP (20 uM) + + + ADP (20 uM) + + +
Lp+Lw (250 ug/ml) - + + Lw (250 ug/ml) - + +

Light Transmission (%)
Light Transmission (%)

Rp-8-Br-cAMPS (150 uM) = - + Rp-8-Br-cAMPS (150 uM) = - +
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Fig. 1-21. Effects of extract Lw from fermented bran with A-kinase inhibitor
Rp-8-Br-cAMPS on ADP-induced human platelet aggregation A; RB B; Lp C; LptLw D;
Lw

« A= vke} o] mAFEES [AC &43F - cAMPY HAF7Het= BEE T3 €
Ao FHAA O st AT

o oo A AAE cAMPE [A-kinaseo] #4135 — VASP T+ IP; receptor <14ks —
Ca”e] FAAAFZE T BB AA ) Fefsta gt

g
A2HFHE At f8i(Fig. 1-9~12) [ACEA 3} — cAMP A& 57F — A-kinase &3}
— VASP == IP; receptor Q14+s} — Ca® TUAAY] AR BAAE Aoz A7}
webA], A cAMP Z71ol 93+ A-kinaseo] A Elo] wXE n|RFEEY TS XA}
3t7] 913l A-kinase®| A 3]j#| Rp-8-Br-cAMPSE ©]-&3} % th.

. Fig. 1-21A-Doll A B % gl5o0] t7%%E RB250 xg/mD, Lp(750 xg/ml), Lp+Lw(250
pgml) 2 Lw(250 xg/mh ADPR20 pM)o] Fdsts A3 &(64.5+3.0%)< RB(250
pglm) e 28.7+1.5%Fig. 1-21A), Lp(750 ug/mDe 56.25+0.96%0) A 18.25+2.50%(Fig.
1-21B), Lp+Lw(250 ng/mD-a 56.25+0.96% 4 18.25+2.63%(Fig. 1-21C), Lw(250 1 g/ml)
2 56.25+0.96%1 4 10.25+0.96%7} A (Fig. 1-21D) A &} A Z t}.

« 121}, A-kinase A& A Rp-8-Br-cAMPS (150 x#M)& ADP#-<l & A3-$-Fuk3o A n]
5=w RB, Lp, LptLw 2 Lw7F AsfiAl7= 48 e S7HAFHEFg. 1-21A-D).
o]Z1 & A-kinase A &A Rp-8-Br-cAMPS7} cAMP9] 71%< 9AAIZl ARZA w3 F=
=< [CAMP — A-kinase]d 25 A A ADP#<l €482 Ao #ogts ofng

(7) ADP#¢l a3 uk-gol A VASPO| Ql4tsle] mx& v 35&59 a3kFig. 1-22A-D)
 cAMP/A-kinase:= VASP9] Ser"’e] phosphate® ZAZAlA VASP-Ser™ = <Q4tslAA, &
o Zo] fibrinogeno] @ATute] ol Q= integrin o 11D/ B30 2T += AL JA A
ZAozn o] $AF S ALY Be oble 2B eF Ca’Y F
A& AN
« U|7}3ZE RB(Fig. 1-22A lane3, 4), Lp(Fig. 1-22B lane3, 4), Lp+Lw(Fig. 1-22C lane3, 4)
2 Lw(Fig. 1-22D lane3, 4= ztz} ADP¢l & 243-83uh-go 4 VASP(Ser™)e] ¢l4tsl=
ZZA71aL Jrh o)RAE uPFEES] cAMP A Z7HA-kinase 43 & E3

VASP(Ser™)& 73381 A Q1atstA 1S o m] gt
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2.00 192

1.50 137

p-VASP(Ser'’)-50kDa / B- actin
p-VASP(Ser'")-50kDa / B- actin
»
8

a 2 3 4 5 6 1 2 3 4 5 6
p-VASP (Ser!s7) T s ea e = = 50 kDa P-VASP (Ser's7) - e W 50 kDa
B-actin TSGR G GNP GNP WP 3 (Da B-actin D e GEED GRS S = —
ADP (20 pM) - + + + + + ADP (20 pM) - + + + + +
RB ( pg/ml) - - 150 250 250 250 Lp (pg/ml) - - 500 750 750 750
$Q22536 (50 pM) - - - - + - SQ22536 (50 pM) - - - - +
Rp-8-Br-cAMPS (150 pM) - - - - - + Rp-8-Br-cAMPS (150 pM) - - - - - +
C = 5.00 D = 10.00
= 4.39 =
& 3.92 2
é 4.00 _ =| 8.00
; 3.19 :
3.00 o 6.00 5.65
E 2
z z
%> 2.00 T~ 4.00
& £
g 100 = g 200
= =
s s
1 2 3 4 5 6
p-VASP (Ser'37) i — 50 kDa p-VASP (Ser'57) - = — 50 kDa
B-actin -_— U TP O ey o B-actin — ———— e —— {3 LD}
ADP (20 pM) - + + + + + ADP (20 pM) - + + + + +
Lp+Lw (pg/ml) - - 150 250 250 250 Lw (png/ml) - - 150 250 250 250
SQ22536 (50 pnM) - - . - + - SQ22536 (50 pM) - - - - +
Rp-8-Br-cAMPS (150 pM) - “ = - - + Rp-8-Br-cAMPS (150 pM) - - - . - +

Fig. 1-22. Effects of extract from fermented bran on VASP phosphorylation in
ADP-induced human platelet aggregation

A; Effect of RB on VASP phosphorylation B; Effect of Lp on VASP phosphorylation C; Effect of Lp+Lw on VASP
phosphorylation D; Effect of Lw on VASP phosphorylation

. W2 W 7}3=ZE RB, Lp, LptLw 2 Lwell 93] <143tEl VASPGSer®)e ACAH 3 A
SQ22536° ol&f o}F A3 A= UTHFig. 1-22A, lane 5; Fig. 1-22B, lane 5; Fig.
1-22C, lane 5; Fig. 1-22D, lane 5). o7& SQ22536°] ACS T4& AN 2=ZH
CAMPO| Ad& AANZ AARYde onst==, RB, Lp, Lptlw ¥ Lwe 4333 WHS
S AA A7) 98] ACe] 47 (Fig. 1-13~16)7 cAMPo] A4 ZZ(Fig. 1-17~200S A
A VASPSer”)g QA A S-S oulditt 18x ¢ow wFFZE s <l4tsiH
VASPSer™)e ACA 3| Al SQ22536¢] o3 A=A kg AHolth.

o 3 "ZFZE RB, Lp, LptLw 2 Lwoll &3] 214+sl8 VASP(Ser™)e A-kinase # 3f
Al Rp-8-Br-cAMPSell oJsf <+x3] A = AkFig. 1-22A, lane 6; Fig. 1-22B, lane 6;
Fig. 1-22C, lane 6; Fig. 1-22D, lane 6). ©]Z-& Rp-8-Br-cAMPS”7} A-kinase®] &4 &
AAZ ARAE onst=E, RB, Lp, LptLw % Lws= ADP#¢ E43-23S A A7]7)
93] cAMP/A-kinase®] ZAZZ AA VASPSer™NE <14siAZ S-S oudtt 19 &
oW HZBFZE s atst® VASPSer™)e A-kinase A &4 Rp-8-Br-cAMPSel ©]
& A=A s Aot

¢

A
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2. ADP =& PoYy wi7) TXAAA #d mao] 4 JA SolA 1738

7F Q¢9F

(D &AL Pl ZA #4H
st e 4w n ®

(2) & dFoA=s dads NEHAGEA Fol LAY SIEA thromboxane
Ay (TXApe]l AA #oJsl= cyclooxygenase-1 (COX-1)3} thromboxane A, synthase
(TXAS) activity 5ol vlX& vAFEE &35 ZA6IY vdFEE9] L0238
< H7Ho.

Q) HMAFE=ES ADP7E frdlshe @A HESAA AHdE TXAE AstA JAA AT
(Fig. 2-D.

(4) P 7}FZEL [COX-1 activity A — TXA, A AAlgE 2B A pathwayS

dForA, dHF A=

i

et

ZHow

(5) WebA, olate] AFERRE AU MAFEZL daBeAol WA GHZe
o +

o & < o, A¥E 93 F(hemostatic plug)s A3 3h= Hl
T EAF, A AZAN T #WEdEAs opr|git. whEbA,

Z sto] dqwt 2 X5 Ed g7 H@rlo glojA
o = EZZ collagen, thrombin, ADP &°]
2 | e Ao FE&A N Adsto
Ca®*$]&4  phospholipase C &43 —  daWuelxd<¢  phosphatidylinositol
4,5-bisphosphate 3 — inositol 1,4,5-trisphosphate®} diacylglycerol A4 — dAFA-SFH
&4 A4 9 FA(Ca”3} thromboxane A)3} +HEZ(ADP, ATP, serotonin %)9] 1]
AL AA d2Te FHANA AFS doit B AFdis daASHSIAEALY
TXA2] A 7 A Bosts 4 (COX-1, TXAS)S Ao mA &= nAFEE] &

I ALY vAFEEe] FELBEES HIHT

et
B
el
=
2

ot AP

(1) Preparation of human platelets

A AAA AgEgdozRE FUI platelet rich plasma(dAFFRd%, PRP)E
1650 xgollAl 10%7F YAl Reste] &t39] platelet pelletsS A1, Ao BHAA 5x10°
platelets/ml %] platelet suspensiong FwRIgT 2 AP = RAFARAAY F8&7]
FAE L 91 ¥ 3 o] FAPRBI2-07D)S wtTh

(2) Preparation of washed rat platelets
HNAFEES 577402 5ol Rate] HEojA 94 3.8% sodium citrateE o] &3] &
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a2 gste] bloodE G 3, bloodE 250X g4l 1087F AAlste] 439 PRPE Hg)s}
a1, o] PRPE 1650 xgollA 1083t dA &g st st5< platelet pelletss i1, washing
buffer(138 mM NaCl, 2.7 mM KCl, 12 mM NaHCO;, 0.36mM NaHzPO,, 5.5mM glucose, 1mM
EDTA, pH 6.9 % platelet pellets= washinggt %, suspension buffer(138 mM NaCl, 2.7 mM
KCl, 12 mM NaHCOs;, 0.36mM NaHoPOs4, 0.49mM MgCly, 5.5mM glucose, 0.25% gelatin, pH
7.4)9) F&35ke] 5x10° platelets/ml % =9 platelet suspension< 1] gkt

(3) Measurement of platelet aggregation

Human @23 (10°m)e mgo2ie Axd F2EQLwWS J78ekAY JrbetA @ 4
Bl 2 37C oA 3&3F preincubation A7l &, SIFEEHE A=38t 5EL SHES 53
sty 3 FEEREY AT o] dAHLF o] dojyw  aggregometer (Chrono-Log,
Corp., Havertown, PA)oll A =A== W] E3%(suspension bufferE blank=Z 3H7} F7}35k
A =1, o] FAEE 2 $HEE FrFAT v A E rat @& (10%mD)S 37T o A]
-7t preincubation A7l ¥, SHFEEHZ A3t 583 S ES AT

(4) Measurement of TXA;

Thromboxane A, (TXA)= EeH43le] Qb3 thAA|Ql thromboxane By (TXBy)Z #3l % 7]
o mebA TXBE S48t TXA9 w=& HU7Estdth rA o2 7E A x3 F==(Lw)
S FEEE FUleAY HzbekAl @2 human @AFA0YmDE  37COlA 3EZE

preincubationdt %, ADP (20 ¢#M)Se = A=3sled 5&F ¥HEAIF T BHES AHAAAIZ 3,
TXB; EIA kit (Cayman Chemica)E o] &3} TXB,o] T =5 =A3HTh

(5) Isolation of cytosol and microsomes

TXA2o] AAlo] FAsl= &4 cyclooxygenase-1 (COX-1D3 TXA; synthase (TXAS)¢]
sourceE A %357 918l Leed] ®H[Lee et al. (2012) J. Ginseng Res. 36, 40-46]2 o] &3}
YA &2 7] (ultra-high speed centrifuge)® cytosol % microsome-g 2] 3t}

(6) Cytochrome c reductase assay

COX-17} TXAS+= €439 microsomeol| EA)5L7] v microsomee] &3] &2 5A+=
A FQldtr] Y8l Leeo] WHllee et al. (2012) J. Ginseng Res. 36, 40-46]1% o] &3}
microsome®] marker enzyme<$! cytochrome c reductase?] 42 =AYt}

(7) Expression of COX-1 and TXAS

Pago 2 RE FE3h cytosol T+ microsomee] o M EZFEFo] COX-13 TXAS @z
o] A E=RZE FASH] Y3l Leeo] WH[Lee et al. (2012) J. Ginseng Res. 36, 40-4612
o] g3t th.

(8) COX-1 and TXAS activity assay
oz RE EZ3 microsomes 7FA 3l Leeo] WHi[Lee et al. (2012) J. Ginseng Res.
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H

36, 40-46]° we} COX-1 & TXASe] &8 =A3a}.

A

(9) PT (prothrombin time) ¥ APTT (activated partial thromboplastin time) =%

PRPZ 3000 rpm 107+ YA&te] platelet poor plasma (PPP)E Ezlsjitl. o] PPPE
sample® sl @N-g19] A%V} HE= PT9H APTT% Z4sdth AL PT 2 APIT =
A kol HAIE WO E o]FolF o, A X @9 (se0)E YERIT

gt A4
(D "AFZE Lw7F ADPRl AFEE AT olA TXAA Ao mX= A&7 (Fig
2-1)
« PATWS ADP 20 xME SHAAS o] TXA9 %< 23.95+3.40 ng/10® plateletsZ A]
o) 2 (base)9] 171(4.23+0.20 ng/10° platelets) B ch <F 5.74] Z7}= At
o 13y Lwe ADP7F S7HA1Z] TXARo] o4& w=o&F o2 AAAFH L, Lw 50 xg/ml
2 base %29 9 (4.60+1.18 ng/10® platelets)7}A] A Al ATHFig. 1-D).

o] A3& Lw7b ADPRQl AR S AdAAZ AQAEE ATF43)S v
gH Lwe @A EINEZAQ] TXAS S AAAZI7] A8l TXA9 Ao Ho3t
4 cyclooxygenase-1 (COX-1) T+ TXA, synthase (TXAS)2] &Alo] Ao &g

Aoz Azt
A, COX-1 ¥ TXASE =A3}7] 98] COX-1 2 TXAS7} #4)38}= microsomes
slal, microsomee] A&3s] FYEHU=X

HA

o r1r

i)
o
0

gkQlstr] #13l microsomee] marker enzyme

(FA &4)2 cytochrome ¢ reductase®] A4S =A3ta, COX-1 L TXASS] whulgwry
& A3,
30.00
23.95%+3.40
25.00 -
E 20.00 -
s
‘% 15.00 -
=)
”
= 10.00 4
4.23+0.20 4.60£1.18
> ﬂ LEOSE 145019 40006
0.52+0.06
0.00 - - i___
ADP (20 uM) - + + + + b +
Lw (ug/ml) - - 50 100 150 250 500

Fig. 2-1. Effects of extract Lw from fermented bran on TXA: production in ADP-induced

human platelet aggregation.

(2) COX-17} TXAS &35 H 8 8499 Z2A (Fig 2-2A, B)
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+ Fig. 2-2A= microsome?] ¥A&4¢l cytochrome c reductase® A4S vebd Zo|th
Fig. 2-2A°0lA & 4 d%o|, &4 homogenates, microsomal fraction % cytosolic
fraction®ll+= cytochrome c reductae2] &4 o] YelT}.

« o] < microsomal fraction®] 1= cytochrome c reductase®] &4do] 8.67+0.12 mU/ml
Z 4] homogenates®} cytosolic fractionol A X2t} 733kA] =94th.

« o]Z& COX-1 = TXASS FAFY O ZA microsomeo] £ HAtHE AL o|n) s,
« T30 2 COX-13 TXAS @ide] d-& Western blote = ZAIT Fig. 2-2Boll A
A A 5o], A2 homogenatesy cytosolic fractionol] 4] 2.t} microsomal fractionol] 4]
COX-1 (70 kDa) & TXAS (58 kDa)7} 7} ZshAl & = Aot

« o] A3 (Fig. 2-2B)+= microsomal fractionol| 4] cytochrome c reductase®] &Ado] 7}%
=99 A3 (Fig. 2-2A)9F Y X3t}

- mwe}A, cytochrome c reductasee] A3} COX-13 TXAS @ o] 71 =&
microsomal fractiong 7FAla COX-13 TXASS] A4S =43t} (Fig. 2-3A, B).

A

9.00 8.67+0.12 B
2
=
S
$E
=] :
o E &
Tl - - o
£z
e
S = 1 .
g TXAS s S 58 s
Microsomal Cytosolic
. . Homogenates v =
Microsomal Cytosolic 2 Fraction fraction

Homogenates

Fig. 2-2. Determination of enzyme source of COX-1 and TXAS. A; Cytochrome c
reductase activity in homogenates, microsomal fraction, and cytosolic fraction B; Western
blot analysis of COX-1 and TXAS in homogenates, microsomal fraction, and cytosolic

fraction.

(3) Lw7} COX-1 2 TXAS activityel] ¥ x|= &3} (Fig. 2-3A, B)
s TXAo= AR AAY Fofl a9t 1A A<Ql phosphatidylinositol 4,5-bisphosphate
ZXR¥ YA F = arachidonic acid (20:4)o COX-13 TXAS7} 2Fg3sle] A AT
o Wl A, 2045 COX-13 TXASe] 712 = Abg3le] Lwrl COX-13 TXASS Ao w] X
© &35 24, Fig 2-10A4 AlAIRE Lwe] TXA2] A JAEHE H7gh

(7h COX-1 &4 v A= Lwel &3

« Lwy COX-1 A3l A aspirine H7}skA] g2 microsomal fractione] YEbU= o) 29
COX-1¢] &4 18.331+2.068 nmol/mg-protein/mino] A t}.

« Lw (150, 250 xg/mDE microsomal fractionol] #7}stH S w Lwe] =7} S7Fghel o}
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2} COX-19] &Ao] At AL & & vk (Fig. 2-3A).

« 53], Lw 250 pug/mlo <% COX-1¢9 A2 dixde A (18.331+2.068
nmol/mg-protein/min) 2o} & A (10.476+1.546 nmol/mg-protein/min) & o) ZH
o 42.9% [(18.331-10.476)/18.331 X 100] A= Ao+ (Fig. 2-3A).

o 3 COX-1 A& A aspirineg vlnd =2 F% (B00 «ME microsomal fractionell 3
7Fste] COX-19] &84S ZA3AS o, =z (18.331+2.068 nmol/mg-protein/min)ol]
Hla] A= o] 13.659+2.457 nmol/mg-protein/mine] At (Fig. 2-3A).

e O]AL T COX-1 &A4-& 255 % [(18.331-13.659)/18.331 X 100] HAAZ AL 9
v 3ot

« Aspirin (500 «M)el] 293 COX-19] A& 25.5%°]l3, Lw (250 ug/mbel] <)%k
COX-19] A &L 42.9%°] 22, Lw2 aspirin®t} 73 COX-1 Asiz&S 7Ixgd= A
< 9v gt (Fig. 2-3A).

B 800.00 -
6554325572 676.07+17.41
A 25.000 - 700,00 + 6222746.94
E 18331+2.068 = 600.00 -
S 20.000 =
=] . £ §,3 500.00 -
E E 3757+1.180 i E £
T © 15.000 + % 1
" = 1047641546 « S 40000 -
2 »n S
o) <3
» £ 10.000 A » & 30000 A
53 22
=} = 1
E — £ 200.00
= 100.00 -
it 31.72:360
0.00 .
Lw ( pg/ml) - Lw ( pg/ml)
Aspirin (500uM) : ; ) i Ozagrel (11nM) - : . +

Fig. 2-3. Effects of Lw on COX-1 and TXAS activity A, Effect on COX-1 activity B;
Effect on TXAS activity

(L} TXAS Aol A& Lwe] &3

« Fig. 2-3Boll A|AIZ %o], Lwyk TXAS As|A ozagrele H7}skA] &2 microsomal
fractionell YeElY= tZz7e TXASS] &4 655.43+55.72 ng/mg-protein/min®| T

« TXAS A3|A| ozagrel (11nM)S microsomal fractionoll H7}slH S o, TXASe] &4
31.72+3.60 ng/mg-protein/min 2 A1 )z 2] TXAS 24 (655.43+55.72
ng/mg-protein/min)< 7stA A AAIFH S (Fig. 2-3B).

« 13}, Lw (150, 250 «g/mD2S microsomal fractionol]l H7}sti2S 7%, Lw 150 xg/ml
o oJsfA= TXASe] ZAo] 676.07+17.41 ng/mg-protein/minC. & A Wz 174
(655.43+55.72 ng/mg-protein/min)ell Hl&] TXAS &Ado] A F A Fu 7t & A3k
S HA

« 184, Lw 250 xg/mlS microsomal fractionol]l H7}stR =S 74-%, TXASS &4 otz
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9 41 (655.43+55.72 ng/mg-protein/min) B o} W& 622.27+6.94 ng/mg-protein/min.©.
Z A ek 5% [(655.43-622.27)/655.43 X 100] <A = Ao}
o Lw 250 gg/mlol &3k TXASS] A& 5% Lw 250 gg/mlol &3 COX-19] A&
(42.9%) 8.t} °F 8.6u) o},
e o]AL Lw7} COX-19 84S 71& ZAsA dAs = AL o msig,
. webA, Fig. 2-1014 AAE Lw (250 ugimbol /& TXA2 AAASNE Lw (250 u
gimhell &3 COX-1¢ A A et 242 AV Athe Ae gr|dh
e ol o] A [Lwe] TXA, AAAAZE (Fig. 2-1D) 2 Lwe] COX-1 A4 JA=& (Fig.
2-3013 2apd = AFZA [Lwe] ADPQl EAB-SHAAZE]E Lwrt 4TSN
ol mAste EdF, ASAM, HEF, sHASSSE A EAAY AHste JAELA
o

A & ke A A A,

et

@) A7/ AL dadsH vhe3 d4a vlal Bt
o ABAFFHA wRAREFESEO HAS qF 9 A SEe AT YA

o AAT FE=ddolth

[0

e NZFEE Lwet LWERE A =23 compound-XE B0 2 T3 & rato ZRE &
d AF st 4B H} A WS FHsA

) 42N vX = Lwek compound-X Fof &3

A B
100 100 100 EIDL 908 100

80 ﬁ 80 80

on (%) ()
o
3

60 - 60 60

Inhibition (%) { =—m)

40 40

Inhibition (%) (m—a)

Light Transmisyi

20 20 20

Vehcle Lw 20% Compound-X  40% Compound-X Vehcle Lw ' 20% Compound-X  40% Compound-X

C
100.0
100 9 7 100
86.
ﬁ 80 80
£ 60 60 =
£ £
£ 40 40 =
.;;h -3
20 20
136
61
0.0 26
0 +—1 =T —+o
Vehcle Lw 20% Compound-X  40% Compound-X
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Fig. 2-4. Effects of Lw and compound-X from Lw treatment on platelet aggregation. A,
Effect on ADP-induced rat platelet aggregation B; Effect on collagen—-induced rat platelet
aggregation C; Effect on thrombin-induced rat platelet aggregation

O ADP-¢1d A3 w3l A Lwet compound-X Fof &3}

. VehicleE (N ZMHOZHE d& FAIHI0YmDS 20 4 M ADPE WA Z S uf
ol HABLANS S 51.3+3.5% Aolwtth (Fig. 2-4A).

« oJZ(5L3£3.5%) < 100%= FH4tet S wf, LwFo oA oy AA-SHNES
85.7%Z A vehicleol vl&l| 14.3% A= A} (Fig. 2-4A).

« 20% compound-X FoJ7olA dojutEs HABSHWS S 76.0%FA vehicled] <]g+
HAW-SFNES 100% B8l 24% AA = At (Fig. 2-4A).

« 40% compound-X FowolA oy FATFZFHRESS 79.9%FA] vehicleo] <]t
dA-EHEEE 100% B8] 20.1% A= Aok (Fig. 2-4A).

]o

@ Collagen-918 A3 HWH-3-o A Lwel compound-X Fof &3}

» Vehicle R (22 RE A FA109mDL 10 xg/mlel collagen® 2 ¥H-g-A]
Z2< v oy TSNS 76.3+1.5% LWttt (Fig. 2-4B).

« OJA(76.3£1.5%)= 100%= 4t o, LwFoA oA dojyes 4y
90.8% 24 vehicleoll Hla| 9.2% A=At} (Fig. 2-4B).

« 20% compound-X FoJTolA doju= AT-SHRESS 86.9%F A vehicleo] <]k
A EES 100%0 B8l 13.1% A=A (Fig. 2-4B).

« 40% compound-X FojTolA doju= FAI-SHNESS 8lL.7%=EA] vehicleo] <3k
A EES 100% vl 18.3% A= Atk (Fig. 2-4B).

i

ikl

e
olo
rlo

@ ThrombinfA & &SRS A Lwe} compound-X Fof &3}

« VehicleRFod (2o 2RH & 410 mDS 0.2 U thrombino & WHS-A1Z
< o v EAASHNS +1.7% Yoyttt (Fig. 2-40).

« OJA(T7.0£1.7%)= 100%= SH4itetd g o, LwFoA oA dojyes L&A
86.4% =4 vehicleol Hla] 13.6% A=At} (Fig. 2-40).

« 20% compound-X FoliolA dojus AaFI-SHE-SS 93.9%ZA vehicleo] 2]3+
A4S RS 100%0 Hl3] 6.1% A=A (Fig. 2-40).

« 40% compound-X FfFoA dojus FATRSHNELE 97.4%Z A vehicled] 2%k
A& NS 100%00 118l 2.6% A=At (Fig. 2-40).

(Wp g vx= Lwetb compound-X Fof &3

- 118 -



Table 2-1. Effects of Lw, and compound-X treatment on PT and APTT

PT prolongation rate APTT prolongation
PT (sec) ) APTT (sec) )
of vehicle (%) rate of vehicle (%)
Vehicle 12.5+0.3 0 29.1£1.7 0
Lw 28.2+1.8 125.6 55.4+0.8 90.4
20% compound-X 15.8+0.6 26.4 35.8+1.0 23.0
40% compound-X 15.3+0.6 22.4 46.0+1.5 58.1

@© PTe] A&l v Lwel compound-X Fo &%}

« PT (prothrombin time)& &# o]l thromboplasting H7}ste] A2 11, VI, IX
2 X ol o3fA fibrin clote] FAdEo] @Ho] Fad W7tA ALQAHE YH|et= A
o 24, PTY <A (prolongation)& fibrin clot®] Aol &, W37} AAHE=E AL

on| st} o] e FHYPA S ot AL wrd s}

« Vehicle s T39S o, PT& 12.5+0.3 (sec)ol A3, LwFo] o PT= 28.2+1.8
(sec), 20% compound-X Fofof &gk PT+ 15.8+0.6 (sec), 40% compound-X Fofof 2]
g PTE 15.3+0.6 (sec)©] 3tk (Table ).

« Lw, 20% ¥ 40% compound-X& F3o| met, vehicleo] &% PT7F 2H2F 125.6%,
26.4%, 22.4% A7&= At (Table 2-1).

¢ o]Z2 Lw, 20% ¥ 40% compound-X<&] Fofof o3 ZZAEAgw dA-Za0 o) o
oy HddES AEdAES 5ol A5E F Ave A

@ APTTE Aol v x&= Lwel compound-X Fof &3}
« APTT (activated partial thromboplastin time)-& d#o] &4 0S w Y- AA} VI
2 X Soll a4 fibrin clote] FAE o] fo] S1d w7tA] L8 HE AE oW

A

=
>
—
—]
Lo
r2
o}
2
>
-
o
3.
=)
(@)
S
o
o
X
2
12
S
i}
rlr

e ZAozx dxddAol

ftlo
ol
rlr

of ]

m
£
ol
i
iﬁ

O

< W, APTTE= 29.1£1.7 (seoola, LwFEHd o APTTE=
55.4+0.8 (sec), 20% compound-X Foof o3 APTT= 35.8+1.0 (sec), 40%
compound-X Fofol ¢]3 APTTE 46.0+1.5 (sec)°] 1t} (Table 2-1).

« Lw, 20% % 40% compound-X& Tl wa}, vehicleo] 93 APTTZF 242 90.4%,
23.0%, 58.1% A7&= At (Table 1-7).

« o]Z& Lw, 20% % 40% compound-Xeo] Fojol| s dy@sAu] dA-g0) o) U
oJute HEuHAS Adads So] NgE F Jves AS grgn.

« Vehicleg &
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(th Lw, 20% 2 40% compund-X Foio] o3 &
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Table 2-2. Comparison of inhibitory effects of Lw and compound-X on platelet on platelet

aggregation and blood coagulation (PT, APTT)

Inhibitory degree of platelet Inhibitory degree of blood
aggregation (%) coagulation
ADP Collagen Thrombin PT APTT
Lw 14.3 9.2 136 125.6 90.4
20% compound-X 24.0 13.1 6.1 26.4 23.0
40% compound-X 20.1 18.3 2.6 224 58.1

« ADPol 93 dA4d-gFHkg2, collagen ¥ thrombinel &fs SFWHgo] LdojwtS o,
oo FPozHE EnEE= ADP 93 Ao ZA, ADPo| 23 A3
AAlste =2 AdHEdS g HIAHASAN R E ST FHEH] H F
« Table 2-204 & 4 5%°] 20% compund-X > 40% compound-X >
o FARSHS AN
o 184, 20% compound-X7} ADPHQlEAHA-SF &
of 714 s FIAAEHEAE A4E 5 ok
o ey, AA E4E 838 B e 23 g4 = A}
S0 2 A (fibrin clo)S HEFAH o T FAAAA AdRAS HIABAS D A3

S Yozt
o A, Lw 2 40% compound-XXEt}t 20% compound-X7} ADPF<1 &8 A3 &
AAAZAA T (Table 9), Y3112 AF7F = PT9 APTT+ Lwoll o8 7 73HA
Oﬂ%ﬂ goxm=z (Table 2-1, 2-2), Lw7} 713 #8€3 JdHAA ax= 714

2 UE Atk

o mpeba, S A3FAS FF A “Lwel HI|SINAAEAR” o AASt A, Lw
+ HASARAATY A RE AT FEREHO] H F A 43

12
Y
>,
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N
k=)
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w
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e
il
ofy
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[€)

3. ADP &4 P,Y1 S AA doluE Ca”-9&4d 4w 33 AsdA" %37
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(e

7} 8.9F
(D &AL P Aol ZA BAste HEATFOZA, GHdFY AEE FHO=E
5= 4:%% 2 k-3 R o= 3T}
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Q) MAREFZEE Lwe ADP7l #¢ste a3 WSolA Ca™e UL JAANAG
(Fig. 3-2).

(4) W7 [IP; receptor ¢14tsl ZZ(Fig. 3-3) — Ca” %9 AAI(Fig. 28) —
Ca*o]&4 wld <Q4aksl oA (Fig. 3-4, 3-5 — granule release ¢ A|(Fig. 3-6A, B)Ig}
+ pathwayE &3l ADPF<l A& AA-S(Fig. 3-Doll T .

(5) wetA, o)te AREZEE A4S HALEFEE Lve 4] vist=
A9 A8 Ee A SFHAA S87MssE g AgE.

oy
e
il
w
<
-0 FlO

i)

ek
o B>
_\:dl
olo
i)

A Y@z, & , Al WHaldas dozith wala, diaw %%JHJ%-OJ
AAE ZtE AFHA A3 oW 9 X8 EF BT Hrlo] oA 3—3& Q2o|t},
o SHNSS o8 4 A= EFZ collagen, thrombin, ADP §o] o, o5 4
BozerEAe TEHoT YHiuule e zhzbe] =84 0 a%o}oq Ca*"9] &4

phospholipase C &3 — A AA] 21 phosphatidylinositol 4,5-bisphosphate #3l] —
inositol 1,4,5-trisphosphate®} diacylglycerol A4 — VA AAEZD A L AU (Ca™
thromboxane A»)¥ 3¢ EZ(ADP, ATP, serotonin 5)o EH|AAHE A d4&HS 731
SAANA HFS Yot B AFAEs d2BSHEIEA Ca™e Y3} CaoE
A QArEe Wste mA e rAEFEE Lwe BFE ZAbstY 79 FEARAES
7o

L= R

(1) Preparation of human platelets

A NAA AGEdgPdoz e U3 platelet rich plasma(dAFHd %, PRP)Z=
1650 xgoll A 1083 AAEeste] 3139 platelet pelletsS A1, Ao LHAA 5x10°
platelets/ml & =2] platelet suspensionS FH| it B AL b= HABXREAHY F&7]
#AEFE A3 o F<2APIRBI2-07D s 3t

(2) Measurement of platelet aggregation

Human @23 (10°mDe mZo2iE Azxd FEELwWS IA78eiAY JrbetA g 4

B2 37Coll A 33t preincubation Azl &, ADP (20 xM)& H7lste] 583 dad-g3nt

S-S AlA aggregometer (Chrono-Log, Corp., Havertown, PA)ollA &A=& "ol B35 (g
o blank® 3 27} ARE 2w $HSE FrheTh Yave] $HHW ERrs 27t

S, SAH A R Baa

(3) Measurement of [Ca*7], mobilization

A ZU ] Ca® probegl fura-2/AME preloadingAl# 4-& AAHALAEGHo| LwsS 35
NAAG FHA7A Ee AeolA ADP 20 «M)S H7lete] 5831 wh-gAzIt} olu] Ca™
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A A (dense tubular system)ZHE MZAZ TYUHE Ca®'s} fura-29] AFEF A ZHE
U+ 337 =E fluorescence spectrophotometers o]&3ste] =Adoh. 374 =7F 7
39 Ca’'o] BHo] HE AL, 7A4std Ca®'o] Hdo] JAd AL ou3ith

(4) Western blot for analysis of IP; receptor (IPsR), myosin light chain (MLO)
phosphorylation

LwE H7}8AY #7184 922 human platelet (10%mD<S 37C oAl 387} preincubationdt

%, ADP (20 ¢ ME A=38tod 5#%F BESAFH T o] ¥E§-& lysis buffer(pH 7.5% 4 =|/&-3l

A7l % SDS-PAGEZ whlzae Rgsta, PR, MLCo| phospho-antibodyS ZAgA A

immunoblotting ©. = phosphorylation(14tsh & #2-=4 381 th. Phospho-antibodye] A g2

Axtstel] H & i}

(5) Protein kinase C (PKC) activity assay

43 us F PKCE pleckstring 4abstA gl e 24 Bulukg 5o #ojsts=d o2
PKC activity EIA kitE ©]&3}o] &4t PKCe &4 o2 pleckstring] <I4tsl =& 3

7Haeh

(6) Measurement of ATP and serotonin release

42333 Fo| MLC 2 pleckstrino] <I4kslEl® 4ol $x& XA 7= 9}
serotonin 5°] AAUH F3H(dense body)ZHE EHuH|HTH o]E9o Eu|HS Z}7}+o
assay kitZ =A3}o] Lweo] 843288 Huigo)

(7) Rat blood chemical assay (rat €<} W A& &4)

1597 LwE A3A A &% =(123mg/kg-body weigh)E 7]F o2 &
Fe AAstY F=W(saline, 62.5mg/kg, 123mg/kg, 246mg/kg)E E7 T3 & Ag nix|
ul o zoletiiz vl sle] MES & :ngullqg =5 gAe )

- o
7% ety SRl Asdch B SEAYe Al S8
o

(D mZAEaxFEE Lw7k ADP#Q AAEE AR -3 v+ &3 (Fig. 3-D

uM)E AR ARSHT-ES 56.25+ .96%77}11 S7HAIFARE, Lve 1 F=(10,
50, 100, 150, 250, 500 ug/mhelEH o= ADP7} F<ls A AT-SHRES JAAAT
(Fig. 3-1.
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70 4

60
56.25:0.96
54£2.58
+

50 A
41.25:2.06
40 A
30.25:2.06
30
20£1.41
20 A
10.25:0.96
10 A
3.75:2.22
0 -

ADP (20 uM) +

Light Transmission (%)

Lw (ug/ml) . 10 50 100 150 250 500

Fig. 3-1. Effects of Lw on ADP-induced human platelet aggregation

(2) A EFZE Lwrl ADP5-¢l [Ca®] mobilization @ IP; receptor Ql4tsle] wx]&= 1A
a7 (Fig. 3-2, 3-3)
(7h) ADP4<l [Ca®]; mobilizationel] w1 X Lwe] &3 (Fig. 3-2)
[Ca®Te] Z7te 4] $3WES ZA 7122 ADP7} 3o S do7]7] 9ja) o
Ao YR FAE [Ca”le Wdtd e Lwel &S ZAT 2 23, ADP (20
©M-E basal % (¢F 121 nMEHRE [Ca”TS ¢F 289 nM7HA] Z3lA] Z7FA AR, Lws
o %agi ADP7} Z74A2) [Cazlis AAAATE ©lA Lwrt ADPR<l E4a&3
A AAAR AFR. 2D AL ABBATL AL 9T FTh

B[P

T
oo
o

o

w
W
o

289.39

w
o
o

~
o
o

201.68

[
o
o

169.71

oy
o
o

[Ca?[; (nM)

IS
-

=
o
o

w
o

0

ADP (20 uM)

Lw ( pg/ml) - - 150 250

Fig. 3-2. Inhibitory effects of Lw on ADP-induced [Ca®]; mobilization

(L)) IP3 receptor Q14+slel| wx]&= Lwe] &34
« ADPol| 9oJ3] Z7}3l= [Ca®e IP;RO] S14ksHp-IPRIel o3 A@th whabA Lwel
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o3k [Ca™]) B9 IAI(Fig. 28)7F p-IPsRe) Zxlo] 23 AUA A HFig. 3-3).

16 1
14 A
12 A
10 A
08 A

p-1P;R/B-actin

06 A
04 A
02 A

0.0

p-IPsR

B-actin £34Da

ADP (20 uM) . + + 4 + 4
Lw (ug/ml) - - 150 250 250 250
$Q22536 (50 M) - - - _ +

Rp -8 Br cAMPS (150 M) 2 . = , " "

Fig. 3-3. Effect of Lw on inositol 1,4,5-trisphosphate receptor (IPsR) phosphorylation on
ADP-induced human platelet aggregation.

T

« Fig. 3-394 B¥, Lwe &% (150, 250 wxg/mDe]E& o2 ADPR/Ql EA&T-FHES-of
Al PR Q14kSA| A T

« o]AL Lw7t IPRRS SIAsiA o 24 ADP7F BH9AI71E [Ca”le IJAgtE A (Fig.
3-2)< 9om| gt

« PR cAMP/cAMP-dependent protein kinase(A-kinase)oll 2]&l] <l4tst=lm= cAMP2]
AL AAAZIAY A-kinaseo] &S AAA7IH PRE QI4kst= AAlE T whebA
ATPZHE CcAMPe AAHES ZZ A7)+ adenylate cyclase?] A3fAI<l SQ225363
A-kinase# 8] A4 1 Rp-8-Br-cAMPSZ ©]&3}la] Lwr} Q4F3lAIZ1 [PRol mIX& F3FS
ZAH T

« Adenylate cyclase A 3A| SQ225363 A-kinase A& A Rp-8-Br-cAMPS&= Lw7} Z7}A|
71 IPsRe] <1432 ZHAA AT o4& Lw7l cAMP/A-kinase pathwayE 73 P3RS <l
AstA o 24 [Ca™) TYe AFig 3-2¢F ADP4¢l dAw-33vh-g-o JA(Fig. 3-1)
of FAYSS or|g

3) mBREFEE Lwrt Ca®e]&A ©ld (MLC, pleckstrin) 21448} o W A& o2&}
(Fig. 3-4, 3-5)
(7B Myosin light chain (MLC) {14Fstel wX]&= Lwe] &3 (Fig. 3-4)
« ADPe] 9J3] Z7}8l= [Ca®l2 Ca*/calmodulin-dependent protein kinaseE &4 344 A
myosin light chain MLOE <IAFSIAZ o =4 dARS] Feustet &S s &
A 71 ATP 2 serotonin 52 Ew]o) 3ttt
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ek

e [Ca¥) BYE AAAZ Lwe X 519 #-g<l MLCY Q4sls A& o= o
« Fig. 3-404 HE ule} Zo] ADP7} Z7FA121 MLCe] <14k3k(Fig. 30, lane 2)& Lwe
E=rolzEx oz oA 59 thFig. 3-4, lane 3, 4). °] AZE= Lwol 28 ADPH<Q daw
S-S A(Fig. 3-D, [Ca”l 9 JAFig. 3-2), ATP 2 serotonin ¥ A|(Fig.

3-6A, Bt A2 AAAAVE A= rlgd.

p-MLC (Ser!) / B-actin

__ o
p-MLC (Ser'®) St G S . & &b . - 3D

ADP (20 M) - + . + + i
Lw (ug/ml) = = 150 250 250 250
$Q22536 (50 tM) - - - - +
Rp-8 Br cAMPS (150 pM) y - - . , g

Fig. 3-4. Effect of Lw on myosin light chain (MLC) phosphorylation on ADP-induced

human platelet aggregation.

(1}) Protein kinase C Aol vx|= Lwe] &3} (Fig. 3-5)

100.00
100 —
80
ey
&
g 60 57.86
&)
o
=9}
=
= 3312
F 40
)
=5
20
886
N .
0 .
Lw ( pg/ml) 150 250 250
R031-8220(10 uM) - - . 4 -

Fig. 3-5. Effect of Lw on protein kinase C (PKC) activity.
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« ADPe] 93 =718t [Ca¥le Ca”*ol&4 9] protein kinase C (PKOE E43= %3
pleckstring 14kstAlA A (4], serotonin, ATP 5)o] W&ES #9213kt

« Lwy} PKC A3jAI] Ro31-8220= ZH7bekA] e8> A@A S PKC activitys 100%2. 2 3
o Loz L o, PKC As|A Ro31-8220 (10 xM)2 8.96%= ZF3tA HA A TH
(Fig. 3-5).

o Lw X3 w=o|EFH o2 (150, 250 ug/mh) PKC activityE SGA|A1#H 2™, Ro31-82203%

Lw 250ug/mle A A3 49 Fsdoz JAHAH

« o]A2 Lw7l PKCY &A4& A=A pleckstrin®] A4S AAAZE &+ A=
oluj gy} F Ao serotonind} ATP] WEWHS(Fig. 32A, B= dAAZF JSS or]sh
=3

(4) ATP 2 serotonin releaseel| "] x]+= Lwe] &3} (Fig. 3-6)

YaH-gFo|l gojd w ZrlstE [Ca”l& ATP @ serotonine] W& of ZA #A3}t

it (T
1© olo
X

31, ADPel|l 93] Z7lHE [Ca®™) 93 MLC <l4ksl @ PKC activity A7) =
g4 %o] dense bodyZHF-E] ATP ¥ serotonin®] releaseS JA T Aoz A==z Lwrt
ADPoll 2]38F ATP ¥ serotonin® releaseE A=A XA}

A
6.2
6
6 4
% 5 | 4.9
= 4
)
s
=
& 34
=
2 4
1 4
0.2 02 02
o L mam _— ]
ADP (20 pM) : S = & 4+ 4
Lw (pg/ml) z 150 250 = 150 250

50Q22536 (50 pM)

Rp-8-Br-cAMPS (150 uM)
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B 90 -
80 -
70

60 -

7267
5232
4123
50 A
40 -
S5t 2887
21.98

20 | B8
. -]
0 -

- - : + + +

ADP (20 pM)

Serotonin release (ng/10® platelets)

Lw (ug/ml) = 150 250 : 150 250
$Q22536(50 M)

Rp-8 Br-cAMPS (150 pM)

Fig. 3-6. Effects of Lw on ATP and serotonin release. (A) Effects of Lw on ATP release

in ADP-activated platelets. (B) Effects of Lw on serotonin release

« Fig. 3-6AclA B, ADP+= ATPE 73tA| releaseA 71 AR, Lwe &% (150, 250 «g/ml)
oj=zx o7 ADP7} Z7FA1Z1 ATP releaseS A A 712l Qth

o I3}, serotonin release®l| w34l Fig. 3-6BolA X, ADP 9 A] serotonin releaseE 7+
SHA EXA71A, Lve B5 (150, 250 pg/mbelE# o2 ADP7} Z7}A1%] serotonin

releaseS A A Z T}

(B) Lwel ekdA H7}
o Lwe] SHAAS Hr1sky] e LwE SD rat (6week, male)oll 1597 27 o3t
(saline, 62.5mg/kg, 123mg/kg, 246mg/kg).
o A3MFETA L 1-22pd % AFe] wEW LwE 123mg/kg FoatgS w) 2 $o QA
Ee ALEdst 7] wEel, 2o wet 123mg/kgs FEFEE A3, FEFTE
1729), 1vf R 29} =2 574 T3

ot

=

Table 3-1. SFHA Hr7Fx x| 2]

*FAAR FIHAE gol Fo F7HRS 459 99
Alanine aminotransferase (ALT) A G- g, HE W)
Aspartate aminotransferase (AST) HA% AGds 25/248243%

Lactate dehydrogenase (LDH) A% A3
y-glutamyltransferase (y-GT) HA 3

Alkaline phosphatase (ALP) HA 3

Creatine kinase (CK) NFAE FALHAE
Amylase G

« 9| Table 3-19] *tHAQ HIrIAE= ZE 22 Ax7 AHEE FA = B8 a4



oW ALT, AST, LDH, ALP, CK 3 amylase:= oW &d(ol, Z4E2)dl o3 Adx=7/
Aol &4 o dd oz HEHA o o FriEH, y-GTe #d=A/A
27h &8 tow frEHE B224 Y T SUHET

s WEbA, olE Bae AR AAdS AAY de ol S8 osl SUhEHA o
=t

c MATEFES Lve] Fofol o d Fof IIHRFE SAHS RS UM

Table 3-2. 7HA %, AAAS, 28/ZA24% 2 428 x| Ws

Control Lw 61.5mg/kg Lw 123mg/kg Lw 246mg/kg
onHro -body weight -body weight -body weight
ALT .
34.6+6.0 98.142.4 99,9490 98.6+0.3
(U/L)
AST ) ) .
60.7+4.1 46.9+2.2 475434 471437
(U/L)
LDH -
758+11.1 76.4+3.0 655+4.9 87.7+11.9%
(U/L)
Y*GT a a a
36.4+4.3 20.2+0.8 20.6+1.7 982+1.6
(U/L)
ALD ) : .
454.8+30.7 341.4+26.8 264.2+22.6 256.1+18.6
(U/L)
CK b a a
204.1+16.9 920.0+18.6 24844210 949.3+10.8
(U/L)
Amyl ‘ ‘ ‘
Ey/f)se 342.3+30.1 346.2+105" 352.6+11.8% 334.1+29.5%

The data are expressed as the mean + S.E.M. (n = 5). ap<0.05, bp<0.001 vs. control

®E2A, Lwe] Fojol o Eﬁii%ﬂ Hls 74l eh(Table
Q)

o 71A & 3| Ve %

+ ASTE HEE, AP, THBATIBNA B Fol Z7hATh AW Lwe] Folo
o thxol WS gaWekTable 3-2. oA e Lwh Hd@, 4448 3 2%/842

A8 dorle 540 L, 23, 1, A

« LDH= & 9
LDH(76.4+3.0 U/L)+=

(Table 11). Lw 123mg<
st
JA(75.8+11.1 U/L)R Tt
2 YERtHTable 3-2).
« v-GT+= HASNA STt Lwe] Foof 9gf y-GT+

UL)XEt ofzt

AT SA B
thzwe] IA(75.8+£11.1 U/L)el
e

Lw 246mg<
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o) JA FAaF K Table 3-2). o] Lw7l te] 7s< A3A7le 37t da< 97

« ALPE 7HAZAA ZA8AT, Lol oo o8] ALPE thxzel sl Z7lehA ek,
o3® FoH A FaBTHTable 3-2). o2& Lwvt 2+l 7158 A8A71E &3} 9l

Aol A F7kskAIRE, Lwel Fojol o8] CKe thxaoll Hls)

:L
[ S
Z7ekA ¥ 938 ZAFATHTable 3-2). 14L& Lwrt A& 7% £= 24 2 24
o O
= =2

- Amylase: #AAT] A9 F7H3eh Lwe] oo o8] amylasers thxio] A7 £
do] A% TtHTable 3-2).
« odFt Zol, Lwe] Fofo of3) A%, AAAE, 2% 3% =4
A9 go] gtk AL

= Sith

Table 3-3. 21375 % 7%

Control Lw 61.5mg/kg Lw 123mg/kg Lw 246mg/kg
ontro
-body weight) -body weight -body weight
Blood urea
i« ‘ ‘
Hirosen 197418 19.9+1.4™ 19.8+0.9% 17,9278
(BUN)
(mg/dL)
Creatinine NS NS NS
1.2+0.1 1.2+0.1™ 1.1+£0.3™ 1.1+£0.2™
(mg/dL)

The data are expressed as the mean £ S.E.M. (n = 5). NS vs. control

« BUN2 urea #4F F9 A4S or|stH, ureas 1HolA 5490 v GEYOLZHE
ARE= AoZA Z4do] gla, m(urine)Z ¥iEHth

« Ureas 7]l AstEAS of €9 Fo astug 3b

« LwE Fo3E 99 BUNQ HxE& dixdol nl)
12). o]AL Lwrt 1HE8S dod)x o= RS 53
24 o]&% = ALT, AST, LDH, y-GT 2 ALP¢] &4 W3
< EFAINA Eethe A3K(Table 3-2)9F LX) gt

+ Creatinine> As A =Fo=2 wjiE=HA 4l
A Fo Z7}stE R, creatinineo] Yol ZF7}3
}.

« Lwel Fofoll oJ8) creatinined] wx=+& oo Bls Fold3Ue Wbyl gl tKTable

\I

159 ASEA ol&HT

d 9;11‘15 35]‘ ]‘ mME}(Table
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3-3). WebA, Lws ARARE 854 e & 5 Al
« o4 o] Lwk 1HAS, AAATL dos)A o HAol Jee X 5 AT

6) Lwe] et H7h ok
- 3 AF, ERIBAE,

’

A " Aol 715 HAA O T SR A7)

(7) Lwe] Tho]olE 2A 7% 71547
Table 3-4. Food intake®} Body weighte] ¥ 3}

Control Lw 61.5mg/kg Lw 123mg/kg Lw 246mg/kg
ontro
-body weight -body weight -body weight
Food intake L a b
(@) 26.9+1.0 20.5+1.2 20.8+3.0 14.4+2.8
g
Start
Body BW 250 226 244 231
weight ()"
A
®) (0)? 39.4+5.7 15.4+6.7" 12.6+13" 12.6+8.7"
g)°
A(g)/Food intake(g)
g/rood Iaxeis 1465 75.1 60.6 875
x100 (H+)
BW (D+®) 289.4 241.4 256.6 243.6

The data are expressed as the mean £ S.EM. (n = 7). ap<0.05, bp<0.001 vs. control

« Lwo] fololE 2HE 7|5 7FsA S food intakeo] wE A F(body weight)e] WH3Hg =
B

LwE T3S o food intake:x thxtoll wls] foAAA 74 cHTable 3-4).

Hx AF(start BW)S 71F2 2 39S w Lw £ 7%_191 AsH3t A Lws T
s o ol Hla Fo]dUA A okTable 3-4).

dzrol AFHstol] gk food intaked] W3l&e HH HA thxzao Hg| Lws Foo
e o ZEATHTable 3-4). T3k Lw Fofo] S7tetod = 1 W& 79 AP
« o9} e A Lwe] FoE TololE AR} USE HFdTFE ALEZA WS-
n| 22 Zlo|th

CEG, AFO Pat Aol ByR FBVATL Avky YZe

olot

o] FEoo o3 3F, AF, TH/EES, HAY L AFY Two] &4EHA Gdte= A
(Table 3-2, 3-3)& L‘{%}Eﬂ Lwe] Eoo] 93] food intakee} A|Fo] 7H4As= AL Lw
7(
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of, AR ESFEE Lwe] AFAAEO|L 7H (&P
(D ADPol 9J3t &43-23u-23 & A 7F3kintensification of thrombus) w74 &

ADP
il
V |
/ ,;\

AC|, IP, COX-1

IP;R 1]
ATP — cAMP ||— [Ca?*],] TXA, 1
MLCK PKC

l

MLC — MLC-p pleckstrin-p +—— pleckstrin

| |
'

Serotonin/ATP release TT

r

% Platelet aggregation «

L 2

Intensification of thrombus

Fig. 3-7. Mechanism of platelet aggregation by ADP
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Table 3-5. @432 A7

daadsd A7 H 1A

- cAMP A S7t 1XdE
- cAMP-2] &4 VASP(Ser™) <latsl 7 | Fig. 16, 20, 22

22 A &=
- COX-1 9Ael 9fg TXA, A4 A '
- ADP$-9) AME 298 Fig. 23, 25
A (in vitro) PR olAksl =7
2+ &
<[Ca”] 9 gA S

- MLC 14ks} oA
- PKC activity <A

- Serotonin ¥ ATP W& <A

Fig. 28, 29, 30, 31, 32

(2) °]& :
[ Antiplatelet effects of Lw due to inhibition of protein phosphorylation in ADP-induced

human platelet aggregation | o] & title2 SCI paperel]l Fa/AlA <A<,

« ADP+ adenylate cyclase(AC)e] &A1& AA AL S ZH ATPZHE cAMPo] AAS A
A ZITHFig. 33). oA IPsRe] wiAstE [Ca*liel Z7het 2 ABAZLS 71 Qo) 8t
AW LwE cAMPO] A S Z7lA17]a(Table 3-5, 1ad = AFAF), o]AS o] &3ty
PR& AatstAg o 24 [Ca”lel 59L& JAAZItHTable 3-5, 33k % A7A .

o Fawo NEAd Y9 [Ca®le myosin light chain kinase (MLCK)9} PKCeo] A4S

A ok Fig. 3-7).

- MLCK9] &4 == 93] myosin light chain (MLC)7} MLC-p& <14+3}A thFig. 3-7).

- PKCe] A=) 23l pleckstrine] pleckstrin-p2 <14k3}= thFig. 3-7).

- 9ak3atEl MLC-p$} pleckstrin-pE= sertonin/ATP release Wh3-o] #ojdte] HAASH S
SN0 =2ZH P S A2 oHEFig. 3-7).

- 231}, Lwe ADPol 2%k [Ca™) 59 — MLCe| <14F3HMLC-p) — pleckstrin ¢14+3}
(pleckstrin-p) — serotonin/ATP release % — FAA-SHRS F — Ao 7s3lst
+ 999 ADPHiZ) EATSHEAY A S AAAIFHTable 3-5, 3xbd = A2

« &3, ADP+= cyclooxygenase-1 (COX-1e] &4 & ZZIAIA arachidonic acid258 d4
H-&HEXEAR] thromboxane A, (TXA)2Q] A& FHAZItHFig. 3-7).

- 28y, Lwe COX-19] &4S dAAZI 2N TXAY AAES AAAA FEALB2AE

Athes AL WE3] JtKTable 3-4, 2303 % AFZA S,

A

= 7hx
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Q) Lw Fofoll o3k ADP#<l dad-g3uks oA 3 dod3a A 28 (29

it
k>
£
0/0
1l

9&

&

ot
2
oot
0x

« @A (thrombus)> €A Y -Funkgol o3 T

« Lws rate] B4 E Fosie d& dAady dAE VAN dARSHNS B d95
aREgof HX &= EHE ZAT

- LwZ 123mg/kg-body weight® rate] E7}o 2 EoJgS of AD
oA o® AAHJPFCAPAE AFA ).

- &3, A 5319 A7} 5= prothrombin time (PT)¢} activated partial thromboplastin
time (APTT)7} Lweol Fofoll o8] AAHAAFCAIE A723). oA Lw Fofol ¢
3 dH-gart JAES or|gt

s AEX O Z Lwe in vitrool A9l ADP#Ql A3 ex vivodll 412l ADPR<Ql A4
A 2 Y5 uES JAEAER Lve FEAAY ALAHE AHEE F AeS 9

eliciasg

o
Ho
r (o]
ek
P
e

oo
i)
2
olo
o
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A3 MG RE FEE HAS oY @ SN S8 9

Al gdd a5

=
i

N
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N
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(®))

4

)

L.
D

=% TEEDAA A% H 75/ =4

A3

Zo> 59 ZZ(middle cerebral artery occlusion; MCAO)Oﬂ o3t H&EN e AEF
5o i AF 250+20g2] Sprague DawleyS ALg3lH, AASE 03 3 AR E 1F
ANZ F #FHEF FATHE 55U nigEsHe EXAH7A =E2AZIT. S5
gzl Ho & ZINAHES AEY EATASHEE HAHAZ T agEsaE 2 od
@3t AdE nZ2EEHERE YA EAE ol & SE5FUE At 1 F 1A
< FUHTHMCA EHAHAMNE 5 dHFFo THE AT 1AEELL v

%, Reperfusion ¥4 Az},

FJFH2EE & AFF=0] MCAO 43 1¢ Az MCAO 3 £ 1, 3¢ TFZ<
5 H2EE 3t} 8 FH 2E+= modified Neurological Severity Score(mNSS)Z MCAO
TP A Fo PF FFe vl F Hristr] s S F o MCAO A 39 3F &4
ANt AYe 3UE HHEse] FFS MELE JEPATE mNSSolA 27484 e
0ol A 18% o2 Uetlim, A4 v+ 00, AR &4< 182 YEWAH. mNSS

B2H, A7}, §hAL #38 S A Este £ H2Eo|th

A1(2,3,5-triphenyltetrazolium chloride : TTC) : MCAQe°l 2J3] <=4 =8 3
S YA A Hx2E 24A2HA do] metallic brain matrixE o] &3t 2mm F7
g Ayste] 2% TTCE&He] x2S Gzt TTCOF Aolde v EZEg o}
AMo| Flo] £a4tE H 2o 31okA, FAxZ e mzlA HMo] =)

In situ cell death detection (Apoptotic cells) : 33 AFFEo| FoixE™ ZZPS A
3 & 7zt OFEE Perfusions AlPstA Aot AIsES AT ¥, Apoptotic cell=
gl & ¥ H9& molding ¥ ¥ Cryostate = 143 ¥Hx2AS #2449 ot dA
H zx2e 14L& 3P, TUNEL reagent & xg]3te] Apoptosis7t Lol cell S &

o2 huo oA N rlr filo
\-N mln »
o UR

2
o

30_1'_

Immunohistochemistry : 33 AdAFEo ZFodsH ZAZS AP F, 7+ 15

EES
Sampling= %8 ¥t} Samplinge Perfusion®} Molding Z12]a Cryostato.= <Igh =3

Sectiono|t}. Sampling 3, sectiondt Z2-S 1 ASIA ¥ i1, Primary antibody = &<}
Secondary antibody *&]l& %3l sl FZAE Detection & 4 AT} ol AL HE
Antibody S-S th&3 2t} Primary antibody24# FollE 57 2= BDNF, GDNF7} )
t}. BDNF, GDNF+= Neurotrophic factor gene©|t}.

2343
MCAO =3 3« A o] Infarct volumeolA] RBe} FAS &x. ZF O&9] Total volume?
Vehiclee <F 54%, RB5%+= ¢F 53%, RB10%+ <F 45%, RB20%+= <¢F 36% 18|31 FA=
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¢F 33%2] Infarct el 1AL, Cortexs= =AZE 2+ oF 31%, 30%, 30%, 22%, 20%=
el ow) Striatume ZHzE ¢ 23%, 23%, 15%, 13%, 12%= tERtch. Total volumeol
4] RB10%, RB20%$} FA¢] Infarct& Vehicleoll ®l3}e] significant atAl vFelskt}. Cortex
volume®l| A= FAoll Al significantd}A]l WElstaL, Striatum volumeoll A= RB20%<}F FAA
significants}A] Webstth.(Fig. 1-1)

{A) {B}

YVehicle  RB5% KB 10 RE 20% Fa i

&
ﬂ

Fig. 1-1. Effect of Rice bran (RB), Ferulic acid (FA) on the infarct volume at 3 days after
MCAO. (A) TTC-stained coronal section from vehicle, RB (5%), RB (10%), RB (20%), FA

W vehicle
BEE 3%

s
=

ORE 1%
EBERE %

¥ Lifarct velume

[FA

dal vrhpme roriex stnatiem

(200mg/kg). (B) The infarct volume was calculated as the infarct areas x thickness (2
mm) and expressed as a percentage of the lesion half of brain. Data are shown as means

SEM. (n=3)

* p<0.05, ** p<0.0l vs. individual vehicle group, * p<0.05, ** p<0.0I vs. individual Rice bran (RB) groups, * p<0.05, **
p<0.01 vs. individual Ferulic acid (FA) groups

(2) Fig. 1-2 MCAO <3 % 7|5 35 3 &4 RBe} FAS] &3}k MCAO 3 5 1244,
3R WE715HA] mMNSSE Attt 1A =& Iw°] 11-138 02 Severedt
s de Ut 3dA o= Vehicleo] oF 113, RBS%= °F 103, RB10%+= °F 94,
RB20%+= ¢F 74, FA®= oF 63 o= Uekgth RB20%<t FAdlA 85 77} significant
stAl YEbsH Vehicle®] MCAO =R ¢ &s3dM13 M2 #2])ell= Infarcto] vrebxt
o, RB20%E A e RddAs 53 do| Infarcte] VYeEbGA] ekgioh,
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16 Vehicle RB(20%)

oa

B lday

g x O3days

mNSS points

f L i
Vehicke  RB5%  RBII®%:  RB20% FA

Fig. 1-2. Effect of Rice bran (RB20%) and Ferulic acid (FA) on functional behavioral
recovery after MCAO. Neurological functional tests were performed at 1, 3 days after
MCAO. (A) Rice bran (RB20%) and Ferulic acid (FA) group showed significantly lower
mNSS score than vehicle group 3 days after MCAO. (B) The Rice bran (RB20%) group
showed reduce the infarct volume at motor cortex lesion (M1 and M2 site) compared to

vehicle gruop. Data are shown as means S.EM. (n=3)

* p<0.05 vs. individual vehicle group

(3) MCAO 3 % RT-PCRS &3 "IA1&F3 FAS 4+t fxxtel A z=dEdd A8
mRNA®] & A, Vehicle 185 HAAE7 w9 kg ¥hdA, Rice Brane F&E&9l
n7 d4FEE0 FYH RB 159 A= Vehicle 159 M ‘SH Significants}Al ¥dH=

7} 7Vt Ferulic acid (FA) 1% =3 significantstAl A =71 S7HgHS BT
PDI®} Nrf2 WdA T A w7} dF-FZE=°] &Y% RB IF©] Ferulic acid (FA) &
B o F71gHe #eld 4 Al 1831, Neurotrophic factor gene?l BDNF, NGF,
GDNFe] TdAdE =gk gls)| 1ot BDNF«] primerg o|&3 YAAEE U3 2
3}, Vehicleol] w3 v} d¢FEE°] FYE RB I1FNA significantstAl @& g =7}
S7VekR AL, Ferulic acid (FA) & =3 @HdATrE F71st9th. BDNF @HdA ==
Ferulic acid (FA) 2FEY v} dFFE5E0] Y8 RB 154 =5 ¢ F7lsks
o] BHth NGF T = A3 HA|, Vehicleol Hlg} n|7} d-F=E°] £U€ RB
7153 Ferulic acid (FA) 1&°] 718k A&Fo] Yt NGF ¢ =+
FA 7150 25 O =718k o] velytth GDNF 2HdA = Axt & A, Vehicleol #]
v d4FEE0] FUY RB 1§53 Ferulic acid (FA) 1Fo] 718t AEFS B
o], ol RB Z&Et FA 1F°] ¢ ®ol S7lstes A&Fe &dstdth(Fig. 1-3)
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Fig. 1-3. Effect of Rice Bran (RB20%) and Ferulic acid (FA) on mRNA expression by
RT-PCR using B-actin as a reference after MCAO. RNA was isolated from ischemic brain
after 3 days of reperfusion. Specific expression was determined in relation to the
expression of the housekeeping gene B-actin. (A) The levels of PDI and Nrf2
transcription was increased in Rice bran (RB20%) treated group versus vehicle group. The
band intensity of PDI and Nrf2 were normalized by the band intensity of B-actin and
individual values are expressed as the mean * S.E.M. Experiments were repeated three
times. (B) The levels of BDNF and NGF, GDNF transcription was increased in Rice
bran (RB20%) treated group versus vehicle group. The band intensity of BDNF and NGF,
GDNF were normalized by the band intensity of B-actin and individual values are

expressed as the mean + S.E.M. Experiments were repeated three times

#p < 0.05 , **p < 0.01 vs. vehicle, *p<0.05 ##p<0.0I vs. individual Rice bran (RB20%) group, *p<0.05 , **p<0.0I vs.
individual Ferulic acid (FA) group

(4) MCAO <383 Apoptosisel] tis+ RB20%<+ FAS] &3} TUNEL assayE &3l Apoptosisel
Aol &3E FJs Ey. &l Cortexe} Striatumo.2 ol A SA 3T
Vehicle 1&¢] Cortexell /1= Apoptotic cells7} ¢F 20170, w74 943550 FUE RB
a5 A+ ¢F 1577}, Ferulic acid (FA) Z1&dA+= <F 1542 =Ho] At} Vehicle 1
9 Striatumell A= oF 13470, v dsFEE0l FAE RB IFAAAE= oF 11071,
Ferulic acid (FA) &A= ¢F 1167012 =Ao] AT Cortexoll 4 2] Apoptotic cells=
7 d43=E3 Ferulic acid 1Fo] significantdlAl e, Striatumol A &
Apoptotic cells+= significantstA] xto] 7} WA] ek gkot.(Fig. 1-4)
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=1

Corex Sirfabavm

Fig. 1-4. Effect of Rice Bran (RB20%) and Ferulic acid (FA) on apoptosis after MCAO.

(A) TUNEL staining in the cortex and striatum area of ischemic lesioned side of vehicle,
Rice bran (RB20%), and Ferulic acid (FA) treatment (200x). (B) Quantitative analysis of
the number of TUNEL-positive cells. Data are the mean £ S.EM. (n=3) Experiments were

repeated three times

#p < 0.05 vs. vehicle, *p<0.05 vs. individual Rice bran (RB20%) group, p<0.05vs. individual FA (Ferulic acid) group

(5) MCAO <38 3 RB20%<2} FAolAM<e %1 < Hlw &3 ImmunohistochemistryE &3l
Hippocampus®] Dantate Gyrus. CAl, CA3 F&lo] &x}3l= Neuron® A X5 &<2l3)
B3kt Vehicle 1594l = Dantate Gyrus, CAl, CA3 9 A3 = < 20571, 5271,
7372 counting = L, ]7WF drFE=°] FUHE RB 2FA= ¢F 23070, 6770, 92
70, Ferulic acid (FA) 188 oF 2367, 6371, 89712 counting = ¢t} Dantate Gyrus$}
CAl, CA3 ¥-$jol A ¢ Neuron 4= Vehicle 1&ol B8] n7 453550 FUH RB
%3 Ferulic acid (FA) 15°] © ®ohs A3yl vebydch CAl, CA3 949
Neuron 4=+ significant3}A] x}o]7}F yeEbUR ¢kokar, Dantate Gyrus -9l 4]+ Neuron
7} significantstAl ZFo]7F YEbE-S B ATH(Fig. 1-5)
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Fig. 1-5. Effect of Rice Bran (RB20%) and Ferulic acid (FA) on neuronal injury after
MCAO. NeuN immunohistochemistry (A-L) in the hippocampus of vehicle-group (A, D, G,
J) the RB 20% group (B, E, H, K), FA group (C, F, I, L). Neuronal loss is observed in
the stratum pyramidale (SP) of the Dentate Gyrus (DG) region 200X (D, E, F), CAl region
200X (G, H, I) and the CA3 region 200X (J, K, L) at 3 days after ischemia/reperfusion

(6) MCAO <3 3¥#Alol Infarct volumeol 4 & v]7}H(L.p, L.p+tL.w, Lw)& &3 ZF 159
Total volume®] Vehicle2 ¢F 51%, RB 37%, L.p= ©¢F 28%, L.p+L.w+= ¢F 31%, L.w+= <F
25%2] Infarct eI 3L, Cortex= A ZE 242t <F 30%, 21%, 15%, 14%, 10%= e}
Yo, Striatume 2zt oF 21%, 16%, 12%, 16%, 11%% ebstt}. Total , Cortex,
Striatum volumeol| 4] =& 15 ©] significantstAl YelS T (Fig. 1-6)

(A (B}

Wehicle RB Lp Lp+bLw Low

Infarct walume (%)
1 W

Fig. 1-6. Effect of Rice bran (RB), Fermented Rice bran (L.p, L.ptL.w, L.w) on the infarct
volume at 3 days after MCAO. (A) TTC-stained coronal section from vehicle, RB (20%),
Lp (20%), LptL.w (20%), L.w (20%). (B) The infarct volume was calculated as the infarct

areas X thickness (2 mm) and expressed as a percentage of the lesion half of brain

Data are shown as means S.EM. (n=5) * p<0.05, ** p<0.0I vs. individual vehicle group, * p<0.05, ** p<0.0I vs. individual
Rice bran (RB) groups, * p<0.05, ** p<0.0I vs. individual L.p groups, * p<0.05, ** p<0.0I vs. individual L.p+L.w groups, *
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p<0.05, *+ p<O.0l vs. individual L.w groups.

(1) MCAO <3 # 71% 3% 3EojA @aw4Lp, Lplw, Lwel &3k MCAO +3
197, 34Al A5715A AR mNSSE Al 19Ad 2E IF°] 10~1358°0 =
Severedt F S-S YEFAT 3UA o= Vehicleo] oF 104, RBE ¢F 74, Lpe < 7
A, LptLwe ¢ 74, Lwe ¢ 6382 Yepbygrh. LptL.wel LwolA &5 H7H7t
significants}A] Vs oh.(Fig. 1-7)

14
12
10 3 * sk
IE ok
.g 8
W 1day
% 6
% O 3days
4
2
0

Vehicle RB Lp Lp+Lw Lo

Fig. 1-7. Effect of Rice bran (RB), Fermented Rice bran (L.p, L.p+L.w, L.w) on functional

behavioral recovery after MCAQO. Neurological functional tests were performed at 1, 3 days

after MCAO. RB (20%) and L.p(20%), L.p+L.w(20%), L.w(20%) groups showed significantly
lower mNSS score than vehicle group 3 days after MCAO

Data are shown as means S.EM. (n=5) * p<0.05, ** p<0.0l vs. individual vehicle group, * p<0.05, ** p<0.0l vs. individual
Rice bran (RB) groups, * p<0.05, ** p<0.0I vs. individual L.p groups, * p<0.05, ** p<0.0I vs. individual L.p+L.w groups, *
p<0.05, ** p<0.0l vs. individual L.w groups.

ot aof
S8 HEFol TAEHA infarcto] A HI Aol o] 7FA] 4kst FAAe}E A xd
=4 E0] #AstA Huh T3S apoptosisZt S7FskAl =™ wElA neuronal cell death7t Yo
gt I FEERB S ol &3 HEFY AASH Vs IES HASEAT 88 HE
<9 infarcto] ZaEE TTCHAM S T3 A5 A, RT-PCRE F3lo] d4tst Fx#k<Ql PD,
Nrf27h Z74ge elsth. 1ela A4 x" 22 BDNF, NGF, GDNF =3 Z718S R4
o HEFol o3 apoptotic cells®] & 83 A, vZIAFFEFES AT AFs5EY
cortex®} striatumol| A ZF4A S B Yvh 18]l ImmunohistochemistryS Sa A7 A EE sfn}
oA detectiongt A#, WA IFFEES AT AFTEANA AAANEEC] F7HES UEHY
At vPFLdFEFEE] FAAME F9 U<l Ferulic acidFA)= &4Hs F&E&37F dS
et =50 o ol& T3 AFsE 47 A=d U]%‘%E‘.?—’F% 31} FAZ} A1738H4
71535 2aE AFE Bt st 1

¥ &5 9 infarct® PFH7INA AASH 753 E

=
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D

g_g ;,7,]_ %0}7?_]-0]] ARl
Restraint stress= =214 < = = 4,
AANASS G5 4 9lal, o] Learned helplessness®] shg® F718-& o] 83 1
o|t}. Restraint Stressv= & 25 ¢ Wi 4AIZHH o] FojA| a1, 1F
¥ &= 97FA = Restraint Stresse} 4 v} F+E&3 Ferulic acide]
Zdp=
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Fig. 2-1. Effect of repeated restraint stress and extracts (Rice Bran, L.w) administration on

body weight gain for 14 consecutive days. Data are shown as means S.EM. (n=5)
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2 Z 57} Forced Swimming Test(FST) Z 3} Control?l Restraint StressE ®4]
12 Immobility timeo] ¢F 62%, Swimming timeeo| ¢F 237%=% YEISTE HEA,
Restraint Stresse} Salinee] =¥ Stress 1&F< Immobility timee] ¢F 127%, Swimming
timeo] ¢ 172% & RFA 9 Al7to] @o] =713} th Rice Brand F&E9¢ w7 44
FZEE |83 RB 152 Immobility timeo] oF 87%, Swimming timeo] ¢F 212%=& 4
EbtTh. Stress ZFo Hl3] RB IF°¢] 55 UsWe d5H oA ozt a3t
A7 A, significant3tA YERER &gkt v #EFEEQ Lw 152 Immobility
timeo] ¢F 63%, Swimming timeo] ¢F 237%=& Stress 1&ol B3] Lw 1F©°] &37o0]
Atk Lw 52 Stress I3 vlwstR<= o, significantstAl &37F Uepbgdo] ®]l

g b
o

rlo

t}.(Fig. 2-2)
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Fig. 2-2. Effect of extracts (Rice Bran, L.w) on immobility time (A), swimming behavior

(B) in forced swimming test after repeated restraint stress. Data are shown as means
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3)

SEM. (n=b)

okatoll &3 7}l Elevated Plus maze test(EPM) Z3}. Control?l Restraint Stress&
%S IF2 Open armsUNHd T2)E2 U AlZro] ¢F 123%, Closed arms=
gk AZto] oF 17622 &3 Pso & T ATk Restraint Stress "k Stress
5= Open arms timeo| ¢F 31%, Closed arms timeo] ¢F 268%= Control 1&3 H|lul
std= W we H5E d5S AL + AUTE Rice Brand] FE=¢ v dFF=
=2 o]83 RB 1F2 Open arms timeo| ¢F 58%, Closed arms timeo] ¢F 241%=
Stresso} HIwW3FRS wl, v]u|d v BHES B significantstl gkl 1 Wk, v

m{N' iz e
e N

WegF=E2Q Lw 152 Open arms timeo] ¢F 98%, Closed timeeo] ¢F 201%= Stress
J83} vlwalg-S o, significantdlA &7} UERTE o= (Fig 2-2) 9 $9% 3%
Hrtet 2 AxE JeEAoh(Fig. 2-3)
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Fig. 2-3. Effect of extracts (Rice Bran, L.w) on open arms time (A), closed arms time (B)
in elvated plus maze test after repeated restraint stress. Data are shown as means S.E.M.
(n=5)

|= SRS
Restraint stressg &3l 5% $£3/= sl MAIFFEER TanG
FEE LW)O] F5H7IANA FEo] AT &5 53%**3 7}Q1 Forced Swimming Test(FST)E
53 wavFFEE oA immobility time°1 ZolES gt 18 Bl s H kI
Elevated Plus Maze test(EPM)AME HEaFZES A2 AP -5=0°] open arms timeo] F7}
S el 0}935} weba BERFFEECWS T334 BT et 22 4FsEAA AF
HILe FFEATE S AFEA

rO
N
~
2
HJZ
H

]

3. P BYS FEES OIPLE FEES Agstel H34 mddA Az, 47 21
NAREFAR HAL sham 27 MmH7

7t A

(1) =g 59 AZ(middle cerebral artery occlusion; MCAO)e| 93+ H&EAN s A%
=& P AT 250+20g9] Sprague DawleyE Alg3lH, ddFE 3 & Al = F
AEsHe SEEHy upgEslo) EXA7MA =E2AIZY. v R RS F2
T FUHARS AEY. Ao v EsHERE YAEALE o] &3] 5505 HH T
o I % 1A B¢ FUHSHMCA dRHAAE 5 dHTF THE AT

INZEERE HAA &, AdF FFS AT

(2) In situ cell death detection (Apoptotic kit) : 8F A HE = %EHHE”“ Az A3
Sz} OF¥EE Apoptotic cell & &1 & > H-29E molding ¢ ¥ Cryostate 2 A3k
HzAg FAAH I 9 H 232 14S 3dstar, TUNEL reagent < X 2]3t
Apoptosis7t gt cell& gAstA T

(3) Reverse Transcription Polymerase Chain Reaction : 33 AdFEo| o5y Az
Al & 2y OFEE HZ2ZES FH]t TRI-reagent, chloroform3} isopropanolS ©] &
st TEANA mRNAE FE3 5, cDNAZ 4 $F PCRS o] &3l FRlstaA 3=

G AAAGED FRAAE SFANA A7F95oE sttt

(4) Immunohistochemistry : ¥F Ad % L& %EHHEU_H, AZS Ny F ozt
A& ZH| 3t} }_ZLO_ Perfusion®} Molding 3+ % Cryostate & =32|S

212 1143 & Primary antibody *]2]¢} Secondary antibodyS *]2]3}ith. ool A&
+ Antibody+= NeuN, SYP, GAD67, GABA receptor -©|t}.

=

2]
Z 2
5]
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v Ad4d

(1) MCAO <3 3 Apoptosisel] thd+ RB} L.we] &3+ TUNEL assayS %3 Apoptosisell
Aol a3E FlstAt}. Cortexe} Striatumeol] A 2] Apoptotic cells= RB2} L.w Z&Fl A
Zr23+9 ok (Fig. 3-1)

(A) (B}
Cortax Striatum
: 1 - .::.';‘-'l
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FEE N w
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v B 180
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. 1\ R 1 E OLw
: | —
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sl &7 A
‘?i-{:'-‘t-rl iy
1 e | Lt _:-*| (n]
A ._.*. a A o L p ol Cores Statum
T TN =5

Fig. 3-1. Effects of RB and L.w on TUNEL staining. (A) TUNEL staining in the
cortex and striatum area of ischemic lesioned side of vehicle, RB and L.w
treatment (200x). (B) Quantitative analysis of the number of TUNEL-positive cells.
Data are the mean + S EM. (n=3)

* p<0.05, ** p<0.0l vs. individual vehicle group

(2) MCAO <3 ¥ RT-PCRS %3 RB9} Lwe| 23l frxe} AAzHEHAA
mRNAS] W& A= Lw 15o] RB 15Kt} PDI®F Nrf2 2&o] o fostA =713
S & 4= At} Neurotrophic factor gene?l BDNF, NGF, GDNF2] #zz @d %
Lw Agze A F7tatth. (Fig. 3-2)
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Fig. 3-2. Effects of RB and L.w on the gene expressions of PDI, Nrf2,
BDNF, GDNF and NGF in the ipsilateral whole brain of the lesioned area.
(A, B) Specific gene expressions were determined in relation to the
expression of B-actin using RT-PCR. (C, D) The levels of PDI, Nrf2,
BDNF, GDNF and NGF gene expression were significantly increased in the
L.w treated group compared with the individual vehicle group. Experiments
were repeated three times and individual values are expressed as the mean

+ S EM.

* p<0.05, ** p<0.01 vs. individual vehicle group.

(3) MCAO =3 % RB& L.wolxlel #¥ < #Hla &I+ ImmunohistochemistryE 53
Hippocampus®] Dantate Gyrus. CAl, CA3 H-¢Joll &=x)s}= Neuron®] MEFE &35S
t}. Dantate Gyrus¢} CAl, CA3 B9l 42 Neuron 4= Vehicle 19l B3] RB} L.w
2E0°] ¢ ¥tk L.wE A3 Dantate Gyruse} CAl F9JollA= Neuron 47} #2]3}
A S7HHE Bk (Fig. 3-3)
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(A (B)

Number of neuron cells
o

Fig 3-3 Effects of RB and L.w on the expression of NeuN. (A) IHC showed
NeuN positive neurons (green); a neuronal marker in the hippocampus at 3
days after MCAO (200x). (B) Density of neural cells expressed NeuN was

significantly increased in the extracts of RB and L.w treated group compared

with the individual vehicle group. Data are the mean + S.EM. (n=3)

* p<0.05 ** p<0.0I vs. individual vehicle group

(4) MCAO 43} % RB¢} L.wollAle] synaptophysin®] & 3+= ImmunohistochemistryE &3l
Hippocampus®] CAl #-9]ol &A)35l= neurontjoll synaptic vesicle®] +& &<2lstAtt.
LwE g3 CAl F$]olA synaptic vesicle 7} f2l3tA =718-S B th.(Fig. 3-4)

(&) DAPT P-tusbudin IO SYP Merged (200)

Wehide

=)

B
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Humiber of Smaptophysn [n
[
&

s 3 3

RE

Fig. 3-4. Extracts effect of RB and L.w on the expression of 4-Tubulin III and
SYP.

(A) THC showed a-Tubulin III positive (green); a neuronal microtubule marker, SYP
positive (red); a synaptophysin marker and the double-labeling of 4-Tubulin III
(green), SYP (red) in the hippocampal CA1l region at 3 days after MCAO (200x).

(B) SYP expression was significantly increased in the extracts of RB and L.w
treated group compared with the individual vehicle group. Data are the mean =*
SEM. (n=3)

* p<0.05 ** p<O.0I vs. individual vehicle group.
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(5) MCAO <3 3% RB<} L.wollA12] GAD63} GABA receptor®] & 3}+= Immunohistochemistry
£ %3 Hippocampuse] CAl F9lo &A= GAD67S 213t th. RB-PCRZ GABA
A receptore] @S FRAstATH Lwe AHeEg CAl F9olA GAD67 F&stA F71st
A3, GABA A receptor Edo] 718ttt (Fig. 3-5)

{(A) DAPI GAD67
Vehicle
RE
Low
{B) 16 = (<) Sham  Vehicle  REB Lw
e % GADRT
1 GABA AR
L 12 | B-actin
; 10 4 35 -
< g -y 3
] £ 251 Dsham
2 &4 = .|
5 £ <1 Byekicle
4 4 E 15 : # % =
| 5 1- -5 e #—-- ERB
2 'I & 05 ‘ E*ﬁ:i OLw
o - ] .
Vehicle RE Lw GABA AR

Fig. 3-5. Extracts effect of RB and L.w on the expression of GAD67 and GABA
receptor A.

(A) THC showed GAD67 positive (green); a GAD67 marker in the hippocampal
CA1l region at 3 days after MCAO (200x). (B) GAD67 expression was
significantly increased in the extracts of L.w treated group compared with the
individual vehicle group. (C) GAD67 and GABA receptor A expression was
significantly increased in the extracts of L.w treated group compared with the

individual vehicle group. Data are the mean + S.EM. (n=3)
* p<0.05, ** p<0.0l vs. individual vehicle group

s1dAd HEFo] TAHA infarcto] A HH Aol o] 7FA] 4kst fAAket A3 x4
£ apoptosisE &34l =™ neuronal cell deathr7} dojdct

=
=
FErFE=RB) Ev nATEFEELwe o8& HEFT AP Js IES ASE
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% th RT-PCRS E3lo] &Hakst f4dx4¢l PDI, Nrf2rh $718S &elsidt =3 A4z
<l BDNF, NGF, GDNF So] 37I3s Bttt HE35 9| apoptotic cells®] & =
A%, WAREFESES AL HA¥sEE9 giEaddn dxACA FAF}ES BT
ImmunohistochemistryE ©] &3l v FEEFEES A AP FEANA vt 4

S7HgS JeEhddt. =9 mdE FFE-2 synaptophysin?t GABA A ZAMEZE F7HAIA T
3 APTEN 44 AHEH vALEFEE 3 7F3E 5945 Fgelsigon, o
AAGEH, AA J= Frtel 7@t 58
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4, &5 229 Fulo| A HAEZAE, 47 J2F FH {FHAA FEES FHANETER
fluoxetine Z1& 3 vl

7F A
D =53 EdFN =d Y : 2PdF=<S Restrainero] 23] Stresss =3kt
Restraint stresse= 2 Y<s WEste WA oE e AEd 57 EQbd &
AANARS G5 = 931, o= Learned helplessness®] dr5d F7]8S o]&3 WY

o]t}. Restraint Stresse F 25 & Y 44X o] FoX 1, 1FH = EXE 254
&= E7FA = Restraint Stress¢} 374 w7 FEE3 serotonine reuptake inhibitor<!
fluoxetine (FLX)< B4+ st
(2) Corticosterone £2& % : RS 3 & APds=9 A4S MESIY A A&
AHst @4 B8 3 Corticosterone kit-S ©]-&3}] stress hormone?! Corticosterone
TE2Ees SAAT

Q) &5/ EXHN A5HIF - 25 IsHIIEE FFA 5483 Forced Swimming
Test(FST)= Aldstdh. EQbdole dFH7tE2+= &5FA A3 Elevated Plus Maze
< EFA 24 AYs vehdt &

testEPM)= A3ttt 353 22 ALdS
FA 5748 vl Restraint Stress7b o] Fo]x]|7] Aol FFAE SAHsIA 7] S35
Forced Swimming Test(FST)& A+ H7IZ 252 3

Immobility, Swimming ©] 27}#] & o2 o] Fo]At} A & Pre-test sessionS =z 7|
2 FY9L& 158 F9 A7)a, Test session®l 24A17F Hell 5% F<QF immobility £}
Swimming AE=E A3t A71A4 Immobility= 9 o=z HIl&E Y E=d 28

L
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& FAY Holle o =AYl gl FHE FRUAET A2 ASHT Al
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o

[¢)
Y537} Elevted Plus Maze test(EPM)2 M=Z& 3732 ©AstAs= A& 7
Hiu 2 F3te] dis] oA & Hole AYS SAHYCE FEY FoAd &
g1 & 4 e Hlolgh B E Rols TEY AE JE @NEEY AsHF
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(4) Reverse Transcription Polymerase Chain Reaction : 35 AdFEo] Fuis™ Az
S A ¥, 4 OFEE Hx3AS FH|th TRI-reagent, chloroform3} isopropanol-S
o] &3te] Sampleo Al mRNAE %%f& 7, cDNAZ 34 F PCRE o] &3kl Felatua
st genes THFAA 719 OJ stA T

(5) In situ cell death detection (Apoptotic kit) : 33 HAFEo] Fx s AzAPS A
3 & 7k qEWa :u]leg FHdt, A¥FES Y3 F, Apoptotic celle <l &
= %% molding §+ ¥ Cryostate.®= 1AZ Hx2S 244 3ot A 9 23

143 & TUNEL reagent < = @3l Apoptosis7t ¥l cell S el th.

)

(6) Immunohistochemistry : 3# AFFE FTuxsw ZZS A ¥, 7 DIFHE=
SamplingS % 836‘}%11:} Samphng% Perfusion®} Molding 12|31l Cryostate = A& &
HatAo. 22& 143 F Primary antibody # 2] ¢} Secondary antibody A 2E &3l
FHAAE &I %]25{1:}. olo] Al-& = Antibody+= NeuN, SYPe} serotonine¢]t}.

. A8
(1) RS 43) & Corticosterone T2 &of tjgk RBe} Lwe] &3 2t Mo AFsEY &
HS AFHse] ELISAZ ~Ed# 2~ 3282 Corticosterone s =439tk Lws A elg
T2 stresse 2.t} Corticosteroneo] 743ttt (Fig. 4-1)

T

B0 0O —
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CORT levels (ng/m)
:
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Lk

Cormteoe Stress [

Fig. 4-1. Extracts effect of RB, L.w and FLX on the serum CORT
levels
The serum levels of CORT in the blood from Control, Stress, RB,
L.w and FLX groups. Data are shown as means S.EM. (n=5)

# p<0.05 vs. individual stress group
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(2) RS 3 ¥ Apoptosisell thst RBe} L.we] &= Hippocampus® DG, CAl3} CA3F-<
Z YFoA4 TUNEL assaye 3ttt Hippocampus® DG, CAl13} CA3%-2]¢] Apoptotic
cellsi= L.wd FLX ZFoNA 8 JA 2H4st ot (Fig. 4-2)

(A)

=z

D Cimrtil
Wotrem
|RE
OLw
BFLX

TUNEL-positive oeliufisids

8t eB8LEEER

Fig. 4-2. Effects of RB, L.w and FLX on TUNEL staining
(A) TUNEL staining in the hippocampus area of CAl, CA3, DG of
five experimental groups (200x). (B) Quantitative analysis of the
number of TUNEL-positive cells. Data are shown as means S.E.M.
(n=3)

x p<0.05 ** p<0.0I vs. individual stress group, # p<0.05, ## p<0.0l vs. individual control

group.

3 RS F3d £ $E&F/EXFN AsH/e 25 A5H7IJ) Forced Swimming
Test(FST)ol| A Stress¢} Salinee] FUE Stress w3 Hlwstg S o Stresset Lw7t F<
# Lwa9 Immobility timeo] 7F43lal Swimming timeS Z7}stdth Eobao) 53
7FQ1 Elevated Plus maze test(EPM)oll A L.w ©] Open armsel] HE¥-2Z& A|zto] Z7}3s}
A1, Closed armsel] MF-2& AHE ZH4stdoh Lw YL F3/EHE A5
FolstA A AF th(Fig. 4-3)
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Fig. 4-3. Extracts effect of RB, L.w and FLX on the depression/anxiety-like
behavior tests after 14 days RS
(A, B) Statistical analysis of behavioral data from the FST showed that the
immobility time and swimming time in Control, Stress, RB, L.w and FLX
groups. (C, D) Statistical analysis of behavioral data from the EPM showed that
the Closed alleys and Open alleys Control, Stress, RB, L.w and FLX groups.

Data are shown as means S.E.M. (n=b)
* p<0.05, *+ p<0.0l vs. individual stress group, # p<0.05, ## p<0.0I vs. individual control group

(4 RS 43 ¥ RT-PCRE 53 RB2 Lwel ANAZAEANAL mRNAS] W3
Neurotrophic factor gene?l BDNF, NGF, GDNF¢] 23 &<l3t¢th. BDNFQ| primers
ol g3l LHIAEE g A, stresso] vl L.wel FLX Z1&FlAl significantalAl &
AR =7 F7F5F9 L, NGFeF GDNF @A = 23 Vehicleo] Hls] Lwet FLX 1&©]
Z7Fete Aol Bt Lw IF9 AAZEEAD FAAe Edo] 7M fo3tA 5
7V glsk . (Fig. 4-4)
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Fig. 4-4. Effects of RB, L.w and FLX on the gene expressions of BDNF,
NGF and GDNF in the half whole brain of RS models
Specific gene expressions were determined in relation to the expression of
B-actin using RT-PCR. The levels of BDNF and NGF gene expression were
significantly increased in the L.w treated group compared with the individual
stress group. Experiments were repeated three time and individual values are

expressed as the mean £ S.E.M.

* p<0.05, ** p<0.0I vs. individual stress group, # p<0.05 ## p<(0.0l vs. individual control group

B) RS 3 % RBe} LwollAde w7 4 Hlw &3+ Immunohistochemistrys %3
Hippocampus®] Dantate Gyrus. CAl, CA3 F$jol &A= Neurone] MEFE &3
t}. Dantate Gyrus¢} CAl, CA3 B4 <¢] Neuron 4= Vehicle 1ol B3] RB} L.w
aFA F7FelE . Dantate Gyruse} CA1 B9 oA = L.wel FLX®] Neuron 47} 9
A F7 st A AT (Fig. 4-5)
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Fig. 4-5. Effects of RB, L.w and FLX on the expression of NeuN

Mumber of neuron oslly
[ ]

B O

(A) THC showed NeuN positive neurons (green); a neuronal marker
in the hippocampus at 16 days after restraint stress (200x). (B) NeuN
expression was significantly increased in the extracts of L.w and
FLX treated groups compared with the individual stress group. Data

are shown as means S.EM. (n=3)

* p<0.05, ** p<0.0l vs. individual stress group, # p<0.05, ## p<0.0I vs. individual control group

®6) RS 3 & RBe} L.weollA2] synaptophysin®] &3}+= ImmunohistochemistryE %3
Hippocampus®] CAl F-9Jol £#)3}= neuronell synaptic vesicle®] & 2IsIH T
LwE A2 g CAl oA synaptic vesicle =7} F2l3tAl S718S RAH. (Fig. 4-5)
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Fig. 4-5. Extracts effect of RB, L.w and FLX on the expression of a-Tubulin
IIT and SYP
(A) THC showed a-Tubulin III positive (green); a neuronal microtubule
marker, SYP positive (red); a synaptophysin marker and the double-labeling
of a-Tubulin III (green), SYP (red) in the hippocampal CAl region at 14
days after restraint stress (200x). (B) SYP expression was significantly
increased in the extracts of RB, L.w and FLX treated each group compared

with the individual stress group. Data are shown as means S.EM. (n=3)
* p<0.05, =+ p<O.0l vs. individual stress group, # p<0.05 ## p<(0.0l vs. individual control group
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(7) RS 43} & RB¢} L.wollAle] 5-HT (Serotonine)®] & 3}+=ImmunohistochemistryE &3l
Hippocampus®] CAl H-9o| &A15t= neuront] o] Serotonine®] & &RI3F 0. Lws
283 CAl H-9Jo)| A Serotonines=7} ol8tA Z713HS B k. (Fig. 4-6)

Y] Mierged (50x) DAF] Meoul 5-HT Merged (200:)

Lw

FLX

(8]

Humber of Serctonangic Meuron
Cella

E

E o ‘

E oF

i ' ﬁ 11
i Trew RE

Lw FLi

Fig. 4-6. Extracts effect of RB, L.w and FLX on the expression of NeulN and
5-HT
(A) THC showed NeuN positive neurons (green); a neuronal marker, 5>-HT
positive (red); a serotonin marker and the double-labeling of NeuN (green),
5-HT (red) in the hippocampal CAl region at 14 days after restraint stress
(200x). (B) 5-HT expression was significantly increased in the extracts of L.w
and FLX treated each group compared with the individual stress group. Data

are shown as means S.EM. (n=3)
* p<0.05, ** p<0.0I vs. individual stress group, # p<0.05, ## p<0.0l vs. individual control group

o aof
Restraint stress ROE &l = !
22l Corticosterones ZHAAZ o PF5H 7}t

e AFEEL.wo] 2EH2S o] 3 &I}
7} Atk RT-PCRES B3t A4 zZH"E4Q BDNF, NGF, GDNF =3 F7igs Rt
Restraint stressell ol&l] =8 &5/E<Hdol2] apoptotic cellse] +& A3 A3, L

w1
F ol Al Hippocampus®] DG, CA13} CA3F-9lollA ZAES Xt} ImmunohistochemistryE &
3 AAMEE vt A LwsE AT AP =04 AAANEEC] F7HgS YRS =
L.w =gl A synapse markerQ! synaptophysinat 5-HT7} =713}t o2 &3 $&F/E¢

o
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ool A Lwoll o3 7|538E anes A8L Bt st

2

3

.
1)

59 Z2(middle cerebral artery occlusion; MCAO)o| 2]3t H<&=d =

B Az 250+£20ge] Sprague DawleyE Ar&3tH, Ads&E vHd & A=
i S5 vpgEsHW o) BAAAA =AY vpg s FES
AR E AET R STHEREH YA EALE ol &3l 559
s

S TUHFHMCAY dHAHE T} AT TEe FAJT

4

[e]
Sa A3 o AF P v B Hrkes] $lel BEolFTh MCAO A 39 7t &
AT ARe e WBEte] WEe WMEEE Uehich mNSselA AAsHe )%
€ 09141 18302 E®, A4 wE 00)3, HrlASl £4¢ 182 btk mNss
o=, A7, 0, 28

=z o A(2,3,5-triphenyltetrazolium chloride : TTC) : MCAO®) o]& ¥ <&ato] 523
HolA A& HZXZAES 2mm FAZ ZAS A 2% TICEH XA S HA3)
TTC7} ol vEZEgotol] dAo] ol &4 HE2 2 s, Adx24LS “é*i
Al @Ao] Hrt.

P
—Erd

ot

AP A%

MCAO 43 3¥Aol Infarct volumeol|A L.w, HBAS} HBA+L,we] &= 7+ 159
Total volume®] Vehicle2 ¢F 54%, L.w= ¢F 22%, HBA= <F 42%, 12|31 HBA+L,w= QF
34%2] Infarct YEF A a1, Cortex= =ANZE 22t oF 28%, 13%, 26%, 22%= EFS
. Striatum< Z+zF °oF 25%, 8%, 15%, 12%= vtelwtth L.wel HBA+L,wA g :ngZ_b]
Z Aol it (Fig. 5-1)
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Fig. 5-1. Effects of L.w, HBA and HBA+L.w on the infarct volume at 3 days
after MCAO. (A) TTC-stained coronal section from vehicle, L.w, HBA and
HBA+L.w (B) The infarct volume was calculated as the infarct areas x
thickness (2mm) and expressed as a percentage of the lesion half of the brain.
The extracts of L.w, HBA and HBA+L.w groups show a significantly lower
infarct volume than the vehicle group 3 days after MCAQ. Data are shown as

means S.EM. (n=5)

* p<0.05, ** p<0.0l vs. individual vehicle group

(2) MCAO &8 % 7]% 3% 3|Eo|x9 Lw, HBA®} HBA+Lwe &3+ MCAO 3 H 1
dA, 3 AF7)5HAR!I mMNSSE Aldget. 194 o
Severedr 3 F U4 VeI 39 A o= Vehicleo] oF 12.34, Lws <F 11.3%, HBAE=
°F 10.7%, HBA+L,w& ¢F 11.338 o2 yelygth Lwel HBA+L,w A7 dF5 H 7ol A

Z A7t il (Fig. 5-2)
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wehicle Lo HE~A HEBE&A =Lw

Fig. 5-2. Effects of L.w, HBA and HBA+L.w on

functional behavioral recovery after MCAO.

Neurological functional tests were performed at 1 and 3
days after MCAO. The extracts of L.w and HBA+L.w
groups shows significantly lower mNSS score than the
vehicle group 3 days after MCAO. Data are shown as

means S.EM. (n=5)

* p<0.05, ** p<0.01 vs. individual vehicle group

|= RS

sdA HEFol T infarcto] AR Ao o2 74A F4kE FrAre Az
EdE0] #A3A ok AT EFEEL WS o83 HEF AATH 7]% QE% kol
A3NE Fotd HASHAGD HFAS] a9 ANFaHE BHAvta &z E

= Lwet 5 Agste A HEFTAAY A5 &35 F2Usty] Hsl mfarct volume =74
I TTCHM, 28 A3EA 75H 7] mNSSE A At
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6. M=rjeE 083 Compound X(SCX/3)©] BDNF, NGF, GDNF, 41743|%, @438} faatge] ddo
thak =37}

7. gy
(1) PC12 cell-& RPMI 1640, 1X, with 2.0omM L-Glutamine(HyCloneTM, #SH30027.0D)<2} 5%

2

3

fetal bovine seurm(FBS), 10% Heat- inactivated Hourse Serum, 100units/ml
penicillin/streptomycineS 22 culture mediaol] 37C, 5% CO9 w7|21& Zt&E
Incubatoroll A 2~3¥ A = ujj &3k},

Drug treatment : W]¥d pcl2 celle Z+ welle] 1x10°cell/ml® Zo}Z& & Groupl :
vehicle, SCX/3, Ferulic acid, Dihydroferulic acid(50uM in culture media) Group2
Dihydroferulic acid(6.25, 12.5, 25, 50uM in culture media)® Yo 24hs<t A elsk
H.0,5 A El3te] oxidantd el & apoptosisE #=3Hc}.

Cell Apoptosis #& : Apoptosis7} Dot cell e #&3sl7] 93l Trypan Blue AssayH -2
o] &3t} Druget H,O, treatment’} £ cellS 10,000rpmoll A 583t centrifugeste] =
ol B2 cell& serum free media 100ulel single cell eV} H =& FE3] FojF
o 83 FoF celldl media®t FF] 0.4% trypan blue solution(Sigma-Aldrich,
#T8154)S Y 58 F<9F wkg Ajxl & apoptosis?t Lot cell 49} live cell &
countingsle] Viability S =4 $+t}.

(4) Reverse Trascription - Polymerase Chain Reaction(RT-PCR) : maker 3=} &4 £

Tri-reagent(Sigma, T-9424), chloroform, isopropanol2- ©]-83}o] Ao A total mMRNAES
FZ3%th %3 mRNAS ThA] cDNAZ 43 & PCRES o]83te] 9U3t:= gened
ZZAZ H AVEES Fi 2d AEES #HIY 72 gened  Anti- oxidant,
Neurotrophic factor2 IHAHEE Bs|=dl Anti- oxidant gene nuclear factor
erythroid 2- related factor 2(Nrf2)o]3. Anti- oxidantell w& apoptotic cell deathi= PDI
E AF8-3tt}h. Neurotrophic factor2+% glial cell line- derived neurotrophic factor(GDNF),
brain- derived neurotrophic factor(BDNF), nerve growth factor™NGF)E Al&3}H
Housekeeping gene®. 2+ g - actine AF&3te] #23ho),

U A3

D

H0:2 =8 AMZAFE| A2l SCX/3, FA. dFAS =4

H0,5 &5 AHYAS o 50mMoA 50% =L &<l 3 vehicle, SCX/3, FA, dFA
2 AHgste] a3 21ttt SCX/3, FA, dFAoA &S] EAZ SR Fol3HA =
ob1 dFAZ} AE8o] AY =THFig 6-la). =3 dFA F=7} 50uM7HA] MR- os =
£°] =UtHFig. 6-1b).

dFAS] B3+ duidPe=
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Fig. 6-1. Effect of of SCX/3, FA, dFA treatment on H2O:-induced cell death of PC12 cell
(a) Viability of vehicle, SCX/3, FA, dFA. vehicle, SCX/3, FA, dFA. (b) Viability of
different concentration of dFA. The viability was calculated from the percentage ratio of
live cell number to the total cell number. vehicle, SCX/3, FA, dFA, different concentration
of dFA was treated to the cell for 24h before 30min—-H>O: treatment. Data are shown as
means SEM. (n=3)

* p<0.05. ** p<0.01 vs. individual vehicle group

(2) AAH3=Z, st FAAE] W34 SCX/3, FA, dFA®} 5% dFAe] &3+= dFA= NGF,
PDI, Nrf2 &4z 9dS ZJIAZ T ol ¥ 7% FEo =88 & Aoz =7y
(Fig. 6-2a). NGF, PDI, Nrf27} 50mM7tA 557} =242 wrdo] =9ithFig. 6-2b).
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(b) EE 7oz
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B-actin
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=]

Fig. 6-2. Effect of of SCX/3, FA, dFA on gene expression of nuerotrophic factors and
antioxidant genes in PC12
(a) vehicle, SCX/3, FA, dFA on gene expression of neuroproective factor in PC12. (b)

Different concentration of dFA on gene expression of neuroprotcetive factor in PCI12.

o} 9ok
SCX/39] =8 A#Eo
A =93 dFA7F A&

80 =AU

&

AQ)S BFEWITh SCX/3, FA, dFACIA AEg&o] BAH o= o5
o] AY %tk FAZ HE¥2 A3t S u) 50MAA HAHOE A4

o

H
(1) %59 AZ(middle cerebral artery occlusion; MCAO)ol| &3+ &4 f
< W AlF 250+20g°] Sprague DawleyE AR&stH, A &= v £ A
0

k
- 1
>
o

o
A\
9 o oy ol

F FUANE AT AUE MRESAZRE JARAES 0§ £250
o3 F 1A B FUEEHMCAY FRANE T AAFFe] U2

S T
=
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(2) =2 dA(2,3,5-triphenyltetrazolium chloride : TTC) : MCAO®| o] > &4fo]
[e=]

>

N5 H 44 & A o

T HHe 7

rJ

b
r_?L l‘kﬂ
2oy

®

o
AHollA de HxHe 2mm FAZE x2S st 2% TTCEHo] =2 FA
TTC7} Arobgles mEZEelole] dajo] Ho| &4d ¥z stk Pzze W
Al el gk,

o

(3) Reverse Trascription - Polymerase Chain Reaction(RT-PCR) : 33 AdFEo| 5

WoAZS AY F, 4 OFHEE ¥ xZ& F9ldth TRI-reagent, chloroform}
isopropanol= ©] 83l FEo|A mRNAE F=3% F, cDNAE T4 $ PCRE o] &3l
glstarat st Absh ARG = FAAE SEAA Ar7|Fdso= G

(4) Immunohistochemistry : ## 235 & ?ﬂ]lcliu“ AZES A & 4 OFEE Hx

.

218 FH|3} 57—%‘8 Perfusion® Molding 3+ % Cryostate & %2 Z#H3ch HH
Z2S 3143 % Primary antibody # 2]} Secondary antibodyE A 2|s}At). o]o A&
¥+ Antibody:= NeuN, SYP, Iba I, MGF-E8 %-©o]t}.

A3

(1 MCAO <3 % 3«A ) Infarct volumed} 217 7]5 3 &-oA SCX/3e] &3+= Group®

2 77}y Salined} SCX/3E€ H7 ol 3€zr FASH S w vehicle groupXt SCX/3 group
o] ¥ &£AF By} ZohFig. 7-1a). Z+ groupd] total volumeol A vehicle& <F 46%,
SCX/3= ¢ 17%=2 YEelPgthiFig. 7-1b). MCAO <3 H 1dA|, 3YA o A&7 5HAIS
AlYElE S o 194 2E 150 12~148 02 AZ3ek FF5dS Yehdda 3L A 9
+ vehicleo] ¢F 10.44, SCX/3& 7.8 o= YE}STHFig. 7-10).
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Fig. 7-1. Effect of of SCX/3 on infarct volume and functional behavioral recovery at 3days
after MCAO
(a) TTC-stained coronal section from vehicle and SCX/3 group. (b) The infarct volume
was calculated as the infarct areas x thickness(2mm) and expressed as a percentage of
total section of the brain. (c¢) Neurological functional tests were performed at 1, 3days after

MCAO. Data are shown as means S.EM. (n=3)
* p<0.05, ** p<0.01 vs. individual vehicle group.

(2) ¥HABAN mdoA HAME AME, AAIEY A-F FHAAQL SYP @3l dig Lwel a3
+= TUNEL-positive cells ¥4 MCAO % 39 A vehicle group¥} ¥l slH S w Lw
groupell A cortex®] TUNEL-positive cellso] 743} 3l focal cerebral ischemia % 3
Al vehicle group3} H|3}%S W no anti-apoptotic effect”’} UEFGFTHFig. 7-2a, b).
synaptic vesicle marker?l SYP<} neuronal microtubule g -Tubulin [+ vehiclez}
treated animals®] hippocampal CAl A Hol|Ax Z7}st9th. IHC= L.w groupel A SYP<]
o] vehicle groupE o 9] JA w55 WEFATHFEG. 7-2¢, d)
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Fig. 7-2. Effect of LW on TUNEL staining and on the expression of SYP

(a) TUNEL staining in the cortex and striatum area of the ischemic lesioned side of
vehicle and LW treatment (200x) (b) Quantitative analysis of the number of
TUNEL-positive cells (c¢) IHC showed B-Tubulin III positive (green); a neuronal
microtubule marker, SYP positive (red); a synaptophysin, synaptic vesicle marker and the
double-labeling of B-Tubulin I (green), SYP (red) in the hippocampal CAl region at 3
days after MCAO (200x) (d) SYP expression was significantly increased in the LW treated

group compared with the individual vehicle group. Experiments were repeated three times

and individual values are expressed as the mean + SEM.

(3) ChAT, nAchR, DCXE¢2] &M Lwe] &3+= FAA 417 marker ChAt2 vehiclex}
treated animals groupollA H7}stty. Z+z+ focal cerebral ischemia® 7 &, sham,
vehicle, DPZ, L.w groupell 4] ChAT-immunoreactive neurons®] 4= 25.00 + 1.00, 12.33
+ 296, 23.00 + 1.53, and 22.00 + 0.58°]t}. Immunohistochemistry+= L.w group®l 4|

* P < 0.05, = P < 0.01 vs. individual vehicle group.
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vehicle groupX.t} striatumol 4 ChAT positive cell& YebAT (Fig. 7-3a, b). RT-PCR
acetylcholine receptore] =& A=A Lwe axsE EA37] 3 AAS T
acetylcholine receptor gene®| transcriptional level2 vehicle®} B8} S o] L.w group
ol A olm YA =7}stdtt (Fig. 7-3c, d). neuronal markers NeuN®} DCX¢] @3 A=
= MCAO % 7¢ A vehiclez} L.w group®] hippocampal dentate gyrus (DG)oll A &243}
S IHC= L.w group® DG4 NeuN¥t DCXe]l 2dA =7} vehicle groupREth £]w]
= YeErdT (Fig. 7-3e, 1).
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Fig. 7-3. Effect of L.w on the expressions of ChAT, nAchR and DCX

(a) Immunohistochemistry showed ChAT positive neurons (green); a cholinergic neuron

marker in the striatum at 7 days after MCAO (200x). (b) Density of cholinergic cells

expressing ChAT in the striatum region was significantly increased in the L.w treated

group compared with the individual vehicle group (c), (d). The transcriptional level of
acetylcholine receptor gene was significantly increased in the L.w treated group compared
with the individual vehicle group. (e)Immunohistochemistry showed DCX positive neurons
(red); a neuronal marker in the hippocampal DG region at 7 days after MCAO (200x). (f)

Number of neural cells expressed DCX was significantly increased in the L.w treated

group compared with the individual vehicle group. Data are the mean £+ SEM (n = 3)
* P < 0.05 * P < 0.01 vs. individual vehicle group; ++ P < 0.01 vs. sham group.



o a0k

8. ¥4 wmdof A Compound X(SCX/)E
AHE, A3 = v 7t

7t AEH

() 4 Group : (1) sham (saline, 1 ml/kg; n = 3), (2) vehicle (saline, 1 ml/kg; n
positive (DPZ) group (Donepezil injection 1 mg/kg; n
123 mg/kg; n = 3) groups. Salineell =<I DPZe} L.wE MCAO %
TR

6d F<¢ M

1

(2) Morris Water Maze test (MWM)=
o] 55cm)ell Z o] 35cm, 23T <
=} platform (27 10cm)< & EW ol 2 1.5cm7t A Ax
2 U AAL 4 A+ escape platforme 3+ AMEHA
ot =A% platform 912 FE&E°| 7]o] &7l= Al7HE escape latency® 7|

= 95 4Y T 4 24 SW Y trial® o] FolAH AT ZF Z4eo] Aol A Rat

A AAE7] A 155 F<eF platformoll @74t} retention memory test+ oS &

t}. platform= A AS FES 30s &<+ water maze°ﬂ . o]A platform <

o] st 2yd A 7SSt ZF 7 trial § cageE Eolrtr] Aol §

Aoz T

AN

L

(3) Novel Object Recognition Test (NOR)smms open field box (80 x 80 X 40 cm)
syttt Rats EA §lo] test boxdoll 53
TYT EA7F A& test boxol|
of Rat& &3 EA9 AZL A7) e text
2 EA9 1&g EAE @5 =
< oo, WA 2E o, & o gM%=
o 70% ethanol® Wol&Eth AxE= A

o

A FEo| )3k Compound X9 feeding &7 w73

mL/pelleD ¢ A 23 F 14Uz AAFAT. IFS h2es 4

4)

=
T
1

Rk

Bok AT, #8717 Fo Rate

3, 3

3), and (4) L.w (L.w injection

= 7o

REL
N7 =

o

o<
EE‘T‘

N A Al
2719
Azt H

%%% 713+ pellet(05
(compound XH7ho

= grsien, A8 GULE AwAGE Axstel ABHH, o F 8UL TFY Ao
S AFEd. HAEZ A, AAF 2 vugrte 229 A(2,3,5-triphenyltetrazolium
chloride : TTC) W3} Reverse Trascription - Polymerase Chain Reaction(RT-PCR)Z
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EREEES

v A3

(D MWMe A Q1A 7] H7l= 353 7194 Lwe &3+ escape latency} retention
timeo. 2 AA3t}t DPZe L.w group vehicle groupd} Hln g2 u escape latency7}
F23tA ZastH et MCAO & 5¢ A sham, vehicle , DPZ, L.w group= Z+ Z+ were
27.88 + 6.40, 92.44 + 16.94, 42.28 + 9.11, and 34.72 £+ 8.04 o]t} (Fig. 8-1a). vehicle
group2 sham group3} H| s} retention timeolA v A TFAasHH T DPZe) L.w
group= vehicle group3} B3RS o retention timeo] 433 F7Fstdth. MCAO %
62 A sham, vehicle, DPZ, L.w groupoll A retention time& 2z 2z} 16.8 + 1.36, 6.4 =+
1.44, 14.2 + 1.43, and 12.6 + 1.66°]t} (Fig. 8-2b)
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(b}

Fig. 8-1. Effect of L.w on the ischemia-induced cognitive deficits in the Morris water

maze

(a) Effect of L.w on escape latency time in water maze. (b) Effect of L.w on retention
time in water maze on day 6. The L.w group shows a significantly longer retention time

than the vehicle group. Data are shown as means SEM (n = 5)

x P < 0.05 *: P < 0.01 vs. individual vehicle group;, ++ P < 0.01 vs. sham group.
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(2) NOR& 719 3ol A DPZel Lwe] &35 B7hstr] f1sll A3t th. vehicle group<
N2 EAS I&5% EAE @Ast=dl v percentage] A1ZHS Ryt DPZ<}
Lw groupa MCAO % 7¢ A &3 EAHG =2 EAE gAs = AE o
BTt sham, vehicle, DPZ, Lw groupollAl M2 EA4 &4 AI7FS 67.92 + 0.25,
49.88 + 5.06, 70.87 £ 2.41, and 66.78 + 3.57°]t} (Fig. 8-2).

(A)
8[] & 23
=y 4 .
£
£ 60- +
=
£
g 40 -
[=%
&
£ 20-
=
2
£ o
sham vehicle Conepezil Lw

Fig. 8-2. Effect of L.w on the ischemia-induced cognitive deficits in the novel object

recognition

(a) novel object recognition test was performed at 7 days after MCAQ. Data are shown as
means SEM (n = 5)

x= P <005 *x P < 001 vs. individual vehicle group; + P < 0.05 vs. sham group

(2) HAMo] fd =9 Infarct volumed} A7 7|5 3|&o|A compound Xo] &EI&=
vehicle groupE.o compound X group®] > <=4 H917F A okFig. 8-3). Z+ group?] total
volumeoll A vehiclee <¢F 57.22%, compound: ©F 28.74%% YERFTHFiGg. 8-4). T3+
mNSS HI2=E 37} A4 compound X groupe] F&&<l FFoA] vehicle groupEth &
ZAAaES UelleE AR YEy
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Fig. 8-3. TTC-stained coronal section showing an effect of compound-X feed additives on

infarct volume at 3 days after MCAO

Infarct volume (%)

3

e
L=]

Infarct volume (%)
3

ke
(=]

10

Vehicle Comp.X

Fig. 8-4. The infarct volume was calculated as the infarct area x thickness (2 mm) and

expressed as a percentage of the half of the brain containing the lesion showing an effects

- 172 -



of compound X feed additives on infarct volume at 3 days after MCAOQO. Data are shown

as mean S.EM. (n=3), "P < 0.05 vs. individual vehicle group.

miNSS Test

ODayl = Day3

mMNES score

Fig. 8-5. Neurological functional tests were performed at 1 and 3 days after MCAO
showing an effect of compound X feed additives on infarct volume. Data are shown as

mean S.EM. (n=3), “P < 0.05 vs. individual vehicle group.
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