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This study was performed to develop high-value-added biomaterials for health and beauty products.
Extracts of ethanol and hot water and their subsequent organic solvent fractions were prepared from
Lees of Wookukseng (LW), a commercialized Korean traditional rice wine. We investigated their activ-
ities on blood coagulation, platelet aggregation, hemolysis against human red blood cells (hRBCs), and
anti-oxidation. The water content, pH and brix of the LW were 80.3%, 3.94 and 13.0°, respectively.
The yield of ethanol extraction (6.62%) was 3.15 times higher than that of hot-water extraction (2.1%),
and the ethyacetate fraction (EAF) of ethanol extract showed the highest content of total polyphenol
(128 mg/g) among the various fractions. In anticoagulation activity assay, the EAF of ethanol extract
showed a 15-fold extension in TT, PT, and aPTT, indicating that the EAFs contain various inhibitory
substances against thrombin, prothrombin and coagulation factors. In anti-platelet aggregation activity
assay, the butanol fraction and water residue of ethanol extract showed significant inhibition activity.
The activities were comparable to aspirin, a commercial anti-thrombosis agent. The above extracts and
fractions did not show hemolysis activity against hRBC up to 5 mg/ml, and had radical scavenging
activity against DPPH anion, ABTS cation and nitrite. Our results suggest that the active fractions pre-
pared from LW, which has no specific usage until now, have a high potential as novel resources for

anti-thrombosis agents.
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A0, 13], 9] 2 st aH413, 31], (23] &
G2l oA E3}(E], T4, 15] B E ZatEH[16], &
Bi[11, 19, 20] 2 HIT Al EFH[30] Tol LA AoH,
HToe FHe 29, v 3 FEAA &34, 20, 21,
32] ol RuHHA AF %WMJEA o] 7hs Aol o
o AF[24, 28]7F e A gl

2 AFHgA = TS o] &3 I HIHA FALA NH

=3
<

aE me My o (o
P md et
A=)

iy
A oAl EEN A4S gelstglen, §3
SHA A HrrA = T2 AHEE aspirind] 3}
© 2498 40| e, 34 FH 2250 FHAAR
ol g 7Hedhs A vk ATh]. ool £ AFANE A
T4 ethanol ¥ @ FEEZHH A48 f780 £9
EES ZASA d9ga A S, B4R FHA &4,
A AdF gdLA 4 st 24E e A3 Agd
FH GRS gAdsglon, $54 Fu F2E9 €4
BIE& o] &3 FEAA MNE 7hsAE FAstA7 o]
B3t Hpolt),
Mz 3w

AE=

B A A8E 54 Fube 20139 ()= 9
A AN A Add Fubs Faitol Adston, Fuk9

FEE AZE A F9 AR FA s 1OHH9]

FE 7k F100Col A 3087k 38 WHE FEsgon,

2 filter paper (Whatsman No. 2)& A& & 7+¢t
(Eyela Rotary evaporator N-1000, Tokyo Rikakikai Co.,
et #Z= AN 718 8= A=z
ES Eol 989¢ ¥ n-hexane, ethylacetate 3 bu-
tanole ] 4314 £AHoZ B3ty HFHoE B AF

e 5

ES 35stgon, 4o EEEES |9 5YS HHo
2 At zse] Bua} 39THI0| G ethanol 222 A2
£ M= Fa As FA tha) 10819 95% ethanol

(Daejung Chemicals & Metals Co., Ltd. Korea)& 7+&t & 4
Lol A 2447, 338 Wby FEeglon, FEA2 AU F
A oz Ak xste] ETE 248N o) F 7718
i Y25 A719 LT oz 2A8 T FH B
FE FEw 4 29 FLANBEL DMSOY A3 &
T2 =9, invitro FEA &4, &@?‘ S84 9 itg
g4 Bt Agstit. FdH SR AHEY A

A% control plasma (MD Pacific Technology Co., Ltd,

Huayuan Industrial Area, China)& AF&3F%SH, PT re-
agent$t aPTT reagent=MD Pacific Hemostasis (MD

Pacific Technology Co., Ltd, Huayuan Industrial Area,
China) 9| &4 A %< AHE3te] ZA8EATH9, 10]. 718 AHE:
g Al QFQ Al oFF o] 422 Sigma Co. (St. Louis, MO, USA)
o AF dete] A&t AP AER Fu NRE
?}%Eﬁﬂj ﬁl%&‘ohﬂ'ﬂroﬂ A B33k 9l th(voucher speci-
men 2013-KSD-W2-1~5, KSD-E2- 1~5).

gsn M
gdd g4 F AL uAY FAHL AFEY thrombin

time (TT), prothrombin time (PT) ¥ activated partial throm-
boplastin time (aPTT) & 43t H718tHTH10]. ¥ &3

ANA T5F4 98& 93t thrombin 2] A4S ¥ 7}0}
< TT& 37T A 05 U thrombin (Sigma Co., St. Louis, MO,
USA) 50 ul¢k 20 mM CaCl, 50 ul, g 559 A& 10
ulE Amelung coagulometer KC-1A (Amelung. Lemgo,
Germany)9| FHo| &¢ate] 2&3F ¥h&AIZ1 &, @4 100
HE A7He F %o 18 gAY Ade ZAsNL
1, thrombinA 8 242 33 o] WEF AR TT 439
Wit A& & o272 DMSOS TT ¥+ 9] ¥l 2 et
ATHI]. & 9914 %7741(11 V, VIl 9 X 1A} &3 &4
< TRHOE FHste PTe €4 70 plof B4 s=9
A& 10 Wl coagulometer -/] TR Hrpste 37TCAA 3%
b 7k %, 130 pll PT reagents #H7bstal dAo] 331

W7k o AZbe 33 WEF AP HEA R Yehflon,
prothrombin A3 &4 33] o] W& A5 PT 439
H#AE DMSOY PT B4 vl Z YER) ATH10]. WA
B2 o3 dAFnEAY S Hrbehs aPTT 549 2ol
=, BFER 70 st g =0 AR

i1}

10 ulE coagul-

ometer FE AJ}stA 37TAA 3EZ 712 &, 65 nl9
aPTT reagentE H7}ska thA] 37Tl A 383t ¥H-g-3t 4 Th.
o] & 65 ul CaCl, (35 mM)& #H7}3t & dAo] g w7}
o N+ 33 HhEd A9 HdA s Yegloen, aPTT

A ZHE 335 o] WHEG AR aPTT AP LA E
DMSO®] aPTT B 74 9] Hl2 YERHAT10]. olwf A5 o
ZTF O 2 aspirin (Sigma Co., St. Louis, MO, USA)<, &1j
27O 2E DMSOE AH4-38tgth

= |
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2 TH
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SAAE gL, MAd=
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T impedance H[27] A&t oH, Azt &
Z(platelet rich plasma: PRP)—— HAAAERE F5Tot
gtk PRPO) AAE R FAAHL 71E9 B9, 10/
d3tA stgoH, AR 33L& Whole Blood Aggregome-
ter (Chrono-log, PA, US.A)E AH&-3l] 37Tl A S48t
A 10 mM CaCl, 50 ul, suspending buffer 147.5 pl, A&
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5 p7F 39 WS cuvetteol] 50 ple] 4% (5x10° cells/ml)
SHFEAZ collagen

A& FAs 5t S
g3t %2 amplitude, slope,
FATH27]. ol™, amplitude
A7t E o dojve 4
T SHREAE H7rE A%
o] 71¥71€ YER T, area under

) Pat S7 HES EASE A0 A AT
A9 A HAE YeEpAT27]. A5 &

< 2 A& 4l DMSOE A7He Bzt

o A<l area undergt® HIE WE-EE YERATHY, 10].
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>
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riu
2
~8
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=2 3 229 dHA Bt dgez
S o3t &8 24 < HUskolY. PBSE
33] FAE A AEF 100 ulE 96-well microplatel] 7}t
G w2 AREY 100 e 7HE T 37Tl A 30
Zom, ofF, whEAS 1083 UAlE e (1,500
S 100 plE ME-L microtiter plateZ &3
T &80 e JrI2 F& FES 414 nmol A FH 5
ATHI]. AE9 &u] 2T ZE DMSO 2%)E AH43t3 o
H, 44T 88< AT AY 2T EE triton X-100 (1.0
mg/ml) Yamphotericin B (0.02 mg/ml)& A-&3tAch &8
24 e 059 FHS ol &dtoq Adsu
(%) Hemolysis = [(Abs. S - Abs. C)/(Abs. T - Abs. C)] x
100.
Abs. S A E H7FTY 3%, Abs. C: DMSO H7H¢]
$33%, Abs. T: triton X-100 A7}79 §HE.

o Qo

ALSH 2AM

F=4 Fu AR &4kst 242 DPPH (1,1-diphenyl-2-
picryl hydrazyl) anion scavenging activity [DSA], ABTS
[2, 2—azobis(S—ethylbenzothiazoline-6- sulfonate)] cation scav-
enging activity [ASA] ¥ nitrite scavenging activity [NSA]
SRR Hrtstsion, &A%Y 2T EE vitamin C
(Sigma Co.) &, €1l tiZFE& DMSOE A&t th6]. ¥
A DSA FA9 A%, ¥ v=2 4T A5 20 plel
99.5% ethanol o &8A71 2x10* M DPPHE 9} 380 nlE
Yol E3tete] 37T A 302 T ¥H-EA1Z] ¥, 516 nmel A
microplate reader (Asys Hitech, Expert96, Asys Co., Austria)
& Aot FREE ZAGGT DSAE AR A7bs
A7he FEE EEE HASATH6]. ASA 249 75,
7 mM ABTS (Sigma Co.) 5 ml¢ 140 mM potassium persul-
fate 88 mlE 412 F &AM 1643 Bl& Adste] ABTS
Fol2& FANZLH, o] F o] &h< 414 nmol AN FFE
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ol 157} H =& ethanolZ 3|4 st4th. ZAH g4 &9
190 plot AlE 10 pIE EFS & F2 A 627 WA

(%)= 24t A6].
ASA (%) = [(C-5)/C] x 100, C: DMSO 274 §%E, s:
NE A7 F3E.

NSAZA o] 7§, obdatd &1 mM)ol A E &< 7t
sk o} 7] 0.1 N HCl& 713l pH 122 28 %, 37T A]
1A 93 A2 3 Griess reagent (Sigma Co.)E 7bstal £%
st o F 1587k A2 M ¥A F 520 nmoA FHE
ZAsko] ZE nitrite ¥& AU NSA (%)© T+
Aol oJaf A tat A THe].

NSA (%) = [1-(A-C)/B] x100,

A:1 mM nitrite 8 A 55

9 FAE,

B: 1 mM nitrite 899 F35, C NEY FI=.

A7bete 1213 ¥k A7

7|El &M

ZE et H o] E(Total flavonoid) 3 Z8 2 7]&9 B1
g 2e]l E}E} ZAsAoH, 449 NS 1847
methanol W Bt &3t o 73k FEH 400 plol 90% dieth-
ylene glycol 4 ml& 78t ©hA 1 N NaOH 40 pl& ¥ 1
37CAA 1A g F 420 nmel A FFEE SA AT
EFANFLEE ruting AHESFTH F2 29 = (Total poly-
phenol) &2 A S 400 ploll 50 ple Folin—ciocalteau, 100
ule] Na;CO; E3H-8H& Y Ao A 143 $Ad & 725
mme A FFE=E 5760}91‘3}[26] EFANYOZ = tannic
acid® AH&3tAT 9 AF A $oE phenol-sulfuric
acidi <, #4949 @F’k«] 7399+ DNS W& o] &3tAct
[29]. ZA7re] #M A e 33 wbRd A9 Ho wAE
UER AT

de e

SHEY
Al
=

M
¥ AvE PSS 21.0 A S A2 meantSD & e

Uslen, 7zt #1719 Aol ANOVA %_'—H 39 oM, Dun-
can hEHI 0 ASHOE BAA Fo4 A4 2AAH.
O FEL p<0.052 AT

k1 B3 A

Tt ?%?‘z} < 80.3%, pH 3.94, br1x 13.0
& e oF 1.8%E eIt B A ethanol F&9
ZEEL 602%F GF FE 21%HT 3154 =&
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&< YER ST (Table 1, 2), ethanol FEE2| 4 n-
hexane £8 50| FEEY 94%E AA st AL A&
Fol W $ =2 utd, A4 FEEY A% nhexane Y ES
0.1% olatE YEH At Fitethanol F+EE 9 4 ethyl-
acetate 8, butanol 8 9 & I3 FEY £ga gL 44
24%, 204%, 678%F eI W, A FEE9] AF 4.0%,
11.1%, 848% 5 UEW o, €4 FEEL ethylacetate TZ &
2 B ZFE §Fo| ethanol FEE HE] =55 & 5 AU

th. 4} ethanol &= 2 0|9 £=9 %‘%ﬂﬂ% L
grrolE g F4 A, v FEFL ethylacetate &
2(128 mg/g) % butanol (6.2 mg/g)N A EA UEtO
o, ZEHE 0T FFE ethanol FEEF 2 & FFEA
07~1.0 mg/g0 & Jhd 0 & £/ Yeyth(Table 1). =3
2% 9 Y9 S g REo| hytanol B8 2 & AEE|
A 425~520 mg/g® 322~502 mg/gC.2 & FHF S el
Atk 2y d FE= 2 o9 2= A4S, HdE
32 ethylacetate 8 Z butanol £ oA EA YEGS
U I e 43.8~469 mg/gO & ethanol FEEHTE W
A dehon, £EetR ol §FL2 n-hexane &8l A
18 mg/g 2 7} E7 YB3 Th(Table 2). T % $U9
A FEEd e AAse = FREANA =4 Uehs

o} o] 23 A= Fuk ethanol B Y4 553 o] 89 £
al

5.:

YEo] 4 g2 gt ARES dfsla deS A
A2, ethylacetate <] & A& 7t54& AA g
M FEE A|RQ| EHST KoHEM
T4 Fuke ¥ &4 HItE s 95 A A

< Hrtatgt. vA 272 AEE FE A aspirin (1.5
mg/ml)& FH T wa TTE 16w, PTE 174, aPTT
T 149 AZAA $E d4S AfEHS dEhAT
(Table 3). =4 49 ethanol F& &9 4§ W g A3
G4& YEFH A2, butanol &8 7 ethylacetate &8 ol A
2 A< thrombin A3 ¥ prothrombin # 3] &4 o] YEb
o, £3| ethylacetate +8 9 A% 5 mg/ml oA TT,
PT, aPTTEF A 158 o] 4¢] A48 SuAZHE et ol
% 7€ & thrombin, prothrombin ¥ coagulation factor #|
#29E Yepdth(Table 3). ol8 & ZEd A= 25
mg/ml F=ANAE YEtY TT= 319, PT 9 aPTTE=15H
o] AR A FH9] ethylacetate TZEo] ZEd 4 A
AdAEd s 2S¢ F A FH F9HAd EEN
Aol 2ol gl =4 Fute] ¢ FEE919 4 ¥ bu-
tanol ¥ 2 ethylacetate &l A <A<l TT, PT, aPTT
AFZA ol Yetstoy, EEN A&l 7HE +T bu-
tanol ¥ 4% 5 mg/ml FEoA 1.74]9 A A
agulation factor A3 &4 o] 7} ¢3 ethylacetate &4 ©]
7% 5 mg/ml FE=olM 1789 A LS e o], etha-
nol #&= AERT vk Y51 A 24 S ettt
(Table 3). WetAd A3 AsjA LS AMs +54
FuH9] ethanol FEE9 ethylacetate £ &S o2 &
AEAY A 2 E4E84e] Fesitdy AddE
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Table 1. Yields of ethanol extract and its solvent fractions of lees of wookukseng and their component assay

Extraction or

Component (mg/g-extract)

Samples - . 0 - ;

fraction yield (%) Total flavonoid Total polyphenol Total sugar Reducing sugar
Ethanol ex.' 6.62 1.0+0.1 35.01.1 394.1+17.0 367.8+15.0
Hexane fr. 94 0.3+0.1 1.4+0.1 77.2+1.3 1.6+0.2
Ethylacetate fr. 24 0.3+0.0 128.1+2.0 96.3£3.5 22.8+19
Butanol fr. 204 0.2£0.0 56.2+3.6 425.8+14.1 322.3+13.8
Water residue 67.8 0.7£0.1 265413 5202+17.4 502.2t16.4

1 2 .
ex : extract, “fr : fraction

Table 2. Yields of hot water extract and its solvent fractions of lees of wookukseng and their component assay

Extraction or

Component (mg/g-extract)

Samples . . o ; :

fraction yield (%) Total flavonoid Total polyphenol Total sugar Reducing sugar
Hot-water ex." 210 0.7+0.0 345411 312.3+23.4 2224+0.8
Hexane fr.” 01 1.8+0.1 4.0+0.0 65.0£1.2 3.940.2
Ethylacetate fr. 4.0 0.9£0.1 46.9+2.2 193.243.6 87.1£1.9
Butanol fr. 111 0.940.1 43.8+0.9 232354 220.4+9.1
Water residue 84.8 1.3+0.1 21.0£0.1 3 23.9+18.5 199.9+5.6

1 2 .
ex : extract, “fr : fraction
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Table 3. Effect of the different extracts and their solvent fractions prepared from lees of wookukseng on blood clotting
Anti-coagulation activity (x control)
Conc.
Samples Ethanol extract Hot water extract
(mg/ml)
TT PT aPTT TT PT aPTT

DMSO - 1.0£0.0° 1.0£0.0° 1.0£0.0° 1.0£0.0° 1.0£0.0° 1.0£0.0°
Aspirin 15 1.6£0.1° 1.7£0.0° 14+0.1° 1.6£0.1° 1.7+0.0° 14+0.1°
Ethanol or hot water ex.' 5.0 1.1+0.1° 1.1+0.1° 1.0+0.1° 14+0.0° 1.0+0.0° 1.0+0.0°
Hexane fr.” 5.0 1.040.1° 1.140.0° 1.140.0° 1.0+0.0° 1.0+0.0° 1.0+0.0°
Ethylacetate fr. 5.0 >15.0" >15.0" >15.0° 1.420.0° 1.3£0.1° 1.7£0.2°

2.5 3.1:0.1 >15.0 >15.0 1.120.1° 1.120.0° 1.2+0.1°
Butanol fr. 5.0 1.340.0° 1.3£0.0° 1.0£0.0° 1.740.2° 1.240.0° 14+01°
Water residue 5.0 1.1+0.0° 1.1+0.0° 1.0+0.0° 1.0+0.1° 1.0+0.0° 1.0+0.1°

Data are presented as relative clotting time based on solvent control (x control). The thrombin time (TT), prothrombin time (PT)
and activated partial thromboplastin time (aPTT) of solvent control (dimethylsulfoxide) were 24.0 sec, 18.6 sec and 40.5 sec,
respectively. Different letters within a column differ significantly (p<0.05).

1 2 .
ex : extract, fr : fraction

hv A

gen, THE 3 Agste A8 S I (primary hemo-
static plug)E 379 gh[28]. whetA] aspirin? 22 E34H<
o SHANA = FEAAR ALHL Stk =4 F9F
AR 4% 5 < Hrtsy] fdl, vA &9 272
AH8® DMSO® 4% SH%5< B/ 23} area under
118.8< UEtoH, Ao o851 e d4d &
AN A QA aspirin (0.25 mg/ml)> area under 68.9% EF
o] &l o =7(DMS0)9| 584% i og—a UERY o]

™
9z

FFE a3 SRANZH S YeleH, sEdE44
SHANE e A TH(Table 4). 34} ethanol FE£E(025

mg/ml)®] 7% amplitude 15Q, area under 92.0< LHEF o
DMSO®| 78% 4% &% S YEH Ol aspirinthe
FetA T o SHAHE YeEbH A2, butanol £ F
& AREoA = 585~59.89] area under #t- VEU o E?J_
=9 aspirin o BAste SHANE HEAT EF

o] 44 FZE A amplitude 12Q, area under 83.1:3:

o]

Uetdo] DMSOS 704% 843 $3%5S dehidlow,
ethylacetate ¥ % butanol &4+ DMSOY ]3H
581~ 60.8%° E4W o] YERth 5ol AL, & F
E9| n-hexane A w¢ AEd a9
Ve b}, oo tigk F7tdQd A7 B
o A719 A3ds 34 FY ethanolFE &E°

dan SHAN Aol 53,
SERH d4 %%‘Jxﬁﬂxﬂ o] 7bsdtE Al
5?’%‘ FHA 9
BIE2 05
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gt AdEATG
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Table 4. Effect of the different extracts and their solvent fractions prepared from lees of wookukseng on platelet aggregation activity

Ethanol extract

Hot water extract

Chemicals/Samples

(mg/ml) Ampli Slope Lag time Area  PAA' Ampli Slope  Lag time Area PAA

tude (R) (Q/min)  (sec) under (%) tude (Q) (2/min)  (sec) under (%)

DMSO 18 2 30 1180  100.0 18 2 30 1180  100.0
Aspirin (0.25) 11 1 38 68.9 58.4 11 1 38 68.9 58.4
Aspirin (0.50) 7 1 58 45.7 38.7 7 1 58 45.7 38.7
Extract (0.25) 15 2 45 92.0 78.0 12 2 38 83.1 704
Hexane fr. (0.25) 25 10 2 266.5 225.8 27 6 5 251.8 2134
EtAc fr. (0.25) 15 2 30 102.7 87.0 11 1 40 71.7 60.8
Butanol fr. (0.25) 8 2 38 59.8 50.8 9 2 31 68.6 58.1
Water residue (0.25) 8 1 40 58.5 49.6 21 3 26 1408 1193

'PAA : Platelet Aggregation Activity. Data are presented as representative result relative of independent three determinations.
Amplitude is expressed as ohms by maximum extent of platelet aggregation, and slope (rate of reaction) is determined by drawing
a tangent through the steepest part of curve. Area under is a calculated area in descent drawing during platelet aggregation.

’r : fraction, *EtAc fr.

: Ethylacetate fraction. The concentrations of samples used were 0.25 mg/ml, respectively
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Table 5. Hemolytic activity of the different extracts and their DPPH 9] 4£7%, ABTS %] 27% ¥ nitrite 275
solvent fractions prepared from lees of wookukseng o Jehglon, 55029 AA% B4 =712 Yehd S

against human red blood cell (hRBC) solatelt, ©2A 21 89 A9 ethanol 2EEo] d%
Chemicals (mg/ml) Hemolysis against hRBC (%) FEERG 953 245E YeEhld oy, 05 mg/mlE ol
DMSO 0 A 94%, 233%, 31.6%°] DPPH &°]& £7%, ABTS %ol&
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Fig. 1. Radical scavenging activity of the different extracts and their solvent fractions prepared from lees of wookukseng. The (A),
(B), (C) and (D), (E), (F) indicate antioxidative activity of the ethanol extract and hot water extract of lees of wookukseng,
respectively. Symbols; 1: vitamin C (0.006 mg/ml), 2: vitamin C (0.0125 mg/ml), 3: vitamin C (0.025 mg/ml), 4: ethanol
or hot water extract (0.5 mg/ml), 5: hexane fraction (0.5 mg/ml), 6: ethylacetate fraction (0.5 mg/ml), 7: butanol fraction
(0.5 mg/ml), and 8: water residue (0.5 mg/ml), respectively.
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