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Abstract

Direct thrombin inhibitor, which is effective to prevent or cure the thrombosis, has been investigated in
worldwide. In this study, we tried to screen antithrombosis agent from edible or medicinal plant. A strong
antithrombin activity was identified from methanol or 95% ethanol extract of buckwheat seeds. The solvent
fractionation of buckwheat extracts using hexane, ethylacetate, butanol revealed that the butanol fraction has
a prominent antithrombin activity. Thrombin time (blood—-clot formation time) exceeded to over 2,000% by
addition of the butanol fraction at concentration of 312.5 ng/ml, whereas thrombin time extended to 336%
by addition of aspirin at concentration of 1,500 ng/mL. The butanol fraction showed anthrone-positive and
ninhydrine—negative reaction. The active components were heat—-liable, acid—unstable non-proteinous macro—
molecules (>30 KD). In vivo analysis using ICR male mouse showed that the buckwheat extract was superior
than the aspirin in pulmonary thrombosis, KCN-induced coma and death. Our results suggest that the buckwheat
is a potential as an antithrombosis agent and medicinal food.

Key words: antithrombosis, buckwheat seed, Fagopyrum esculentum Moench, KCN-induced coma and death,

pulmonary thrombosis
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£ DMSO(dimethylsulfoxide)oll 53l ¥ w3t FE 2 3
Algle] 224 2884, activated Partial Thromboplastin
Time(aPTT) 574, @ 2 AF A4 Fobol) A4t A
ol A&7 B ol AT Y, §|3H-, aPTT reagent, 2
A o=@l 2 rutin ¥ tannic acid® Sigma Co.(USA)E
Bel Felstgi oy TLCE €% silica gel plater Merck
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In vitro & &4

Thrombin time(TT) : TT A&} 7, 7] &l R,
7,10,19,20)% Amelung coagulometer KC-1A(Japan)Z- ©]
43te] oY S A7 FA 3] Hrlsait 37°CoAA 05
u Ei‘ﬂ 50 pLF 20 mM CaCle 50 uL, thefgr Fx9] A7
% coagulometer®] FX.of| £ 3le] 287} uk
] 1 %, 82100 uLE A 7Fe 5 EAo] a1 uj712] ¢
He FAE e, A8 2T 2= b5 3 heparin
Z2F 2= DMSOE 214319t DMSO9 4
A g veb ek TT 2 37+ 33 k53t ’:433
2 SPSS program(version 10.0) ©]-83te] meant
SD® ‘/PENI“ o, A& H7FAI G A e &0 dET
o] $A o2 v ghell 1008 F3ted %2 vebuiglch
(6,7,10,19).

activated Partial Thromboplastin Time(aPTT) :
aPTT A& ¥7 100 uLe} chefeh w22 A5 F&59
10 uLE Amelung coagulometer KC-1A(Japan)8] & B0l
A 7)ated 37°Cell A 387k 7123 ¥ 50 uLe] aPTT rea-
gent(Sigma, ALEXIN™) & & 7}eb 3 ohA] 37°Cell A 387
wlj k3t sl Tl o] F 50 uL CaCla(35 mM)£& A 713h F H Aol
S WA= A7EE SAFAHE,7,10). Lo H2FE
= DMSOE AH&-3H91 2. “4 o] 74§ 5529 S I A& e}
Wt aPTTe] 2 ob= 33 w8k A3 2 32 SPSS pro-
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Table 1. Thrombin inhibition activity of buckwheat seed extracts prepared by different solvents

Thrombin Inhibition (%)

Conc. I . Aspirs - 5
(ug/mL) eparin spirn Extraction solvent :
Hexane Methanol 95%-Ethanol Water (30°C) Hot water (100°C)
0 100.0x1.1 100.0£1.1 100.0x1.1 100.0£1.1 100.0x1.1 100.0£1.1 100.0£1.1
1 1254+31.2 -2 - - - -
15 >2,000 - - - - -
500 >2,000 136.7+16.3 110£4.3 147.6X35.2 25841408 121.7£55 107.2+29
1,250 >2,000 28751454 1308%£36 69652152 1,328.41294 156.5+£95 1287+19

PExtractions, except for hot water, were conducted at 30°C for 14 hr. For hot water, buckwheat seeds were extracted at 100°C

for 30 min.
®Not determined.
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Table 2. Thrombin inhibition activity and contents of total flavonoid and polyphenol in the organic solvent fractions from

methanol extract of buckwheat seeds

Thrombin Inhibition (%)

Total Total

Fraction Concentration (1g/mL) flavonoid polyphenol I\il(;hcséidrrlln ég;?tri(z)r;e
3125 625 1,250 (mg/g) (mg/g) N
Aspirin 136.7+16.3 ND 2875+ 454 NDY ND ND ND
Hexane 105.21+3.12 164.57£11.27 196.531+4.31 1356 60.88 2 +
EtOAc 186.46=4.22 222.43+0.49 1,058.651+194.12 5.08 17.89 - +
BuOH 14534+3.77 45374110667  1,960.78 +63.54 1859 91.40 - +
Water ND 105.63£3.24 110.4+48 12.75 62.91 - +
UND: not determined. ¥ —: negative, +: positive.
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eolAlHlol &, HErgo] o7 34 §7]4n £3&
AN Az} sk 2385 31.26%, o dolAlelo] E £ E
519%, Her-g E3E 1716%% dgon, EF AFES
4278% % Al FEA AL odolAEo] E 2 —‘:’r%:%
& oA A el e, 53] ek B8 A5 625
2 1,250 ng/mL 5ol A 22t 453.7%, 1,960% 4] =2 EE
g Al 448 Bof NG e AQE= Aol ZH7 45
vl 2 19.68) X d=e] EEN S 2 IAYANS 8
2 A g o = sl Table 2). dl2olAlelo] & 283}
g 332 di oy whSelle 24, EE uhSole
Z¥zk oF A& vhelle] visbRa AR o selEglon
Zhe] £ 8o & Fefikoln §F 9 ETeldlw TS
223t A3 o dollelol & +& 2] A% 508 mg/g, 17.89
mg/gl 2 Vel on Rekg B3] A 7+7k 1859 mg/g,
914 mg/g 2 & 5““4 J o] AaAl e A=A )

F A 24 el e,

156.25 ng/mL2o] P& FmelA] 22595

7421w, 3125 pg/mL el A & 2,000% o142
70

%Lxg%y_oqy;ﬂz;o olAdlEl Hr) A 7 FAHAA]
A 84 -& veh Ak (Fig. 1. &9 Febe £33 29 aPTT
27 A3 3125 ug/mLe} FEolA 1,000% o14ke] ¥4
aAdaRE HLEM‘”D} ﬂﬂ“‘ Tare) A AR AlE
7 AR HE el FkE 2 E0) A AT 4 ok
A& &A% A7 05 NHC -9L°“°ﬂ 1717 A2’ % 54
@ B4 aAle] Yehdon 100°Ca A 30272 Aol
218142 6096 4 =) B & 24 sheiTh(Fig. 2). wkl ok
TR FAF AAY L G FARAE dehtA] o

2000 - v
i
!
1600 i
!

Thrombin inhibition (%)

0 500 1000 1500 2000 2500
Concentration (ug/ml)
Fig. 1. Thrombin inhibition activity of 95%-ethanol extract
and solvent fraction layer of buckwheat seeds.
Thrombin inhibition (%) was determined by measuring of throm-
bin time of sample and DMSO, as described in materials and
methods.

®, cthanol (95%) extract; O, hexane fraction; ¥, ethylacetate
fraction; ¥, butanol fraction; W, water residue; ., aspirin.

7t7b gals ot webad e Extef 8t
2 Aba}h el vjawA kA ehA] X3 FAE
7R B2 G R HEH o] &8 YA = vlgd X,
BlAkA e 5o s FAel Hade o 4 gt g
7iEe] diE Fxe Fo A=A EA=E 484l rutin,
3 myricetinell 93] & A %H o] vehtEsxA]
= 3413}t oW 9] rutin, ferulic acid ¥ myricetin $°]
29 =34 2o 7y, A4S MEEa 2o AYD
A Az ok &3t 13723 24)5 o] 912 rutin®} ferulic
acide of 23 9] 50% A E] EEN A& 9 A ax)
E et ow, myricetin®] 75 EF W A A} A4
A ootrb(Fig. 3). =& TLC ¥4 A3} od 2525
G A B3 Fol| A, rutin ¥ ferulic acidol] AH-2-3e 4o
=7 &9k (Fig. 4). w3t HFutg 2 g0 AxEL
70% <l gh-g-<l) §-sh A7) F Amicon YM—SO(CENTRICON®
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2000 1 (a)

1500 -

I Before treatment
0.5N HCI for 1h

1000 -

Thrombin inhibition (%)

500 4

2000 1 (b)

1500 -

1000 -

500

A B C

I Before treatment
100°C for 30min

A B C

Fig. 2. The stability of thrombin inhibition activity of aspirin and the butanol fraction of buckwheat seeds against (a)

acid treatment or (b) heat treatment.

A, aspirin (1,250 ug/mL); B, the butanol fraction of buckwheat seeds (225 ng/mL); C, the butanol fraction of buckwheat seeds (312
Bg/mL). Means with the same lettered superscripts in a figure are not significantly different at the p<0.05 level by Duncan’s multiple

range test.
2000 v
|
- !
8 ]
s ]
2 1500
=
8 500
£
£
£
-3
£
£ 250 A
=
-0
0 T
0 500 1000 1500 2000 2500

Concentration {(ug/ml)

Fig. 3. Thrombin inhibition activity of rutin (O), ferulic acid
(@), myricetin (¥), and the butanol fraction of buckwheat
seeds (V).

Thrombin inhibition (%) was determined by measuring of
thrombin time of sample and DMSO, as described in materials
and methods.

SEdie S8 ug X g g4 dF

Ago ARE T e vl FAbe A2 B R F o
Reort, FEAYE AT FEEY T2 AAS AT 34
SAHE A Y F21e A4 25 E E AR
355 1,000 mg/kg &3 AFFAG A5 WA o] A
T A7) 2ol HAHA ko, A AA HPA
A 272} ujaste] f-2) A2 gl A gkt w2,
FEAd 24 AE5E AT A9 EAUE 2 KON S
o Ax YA AY 4 A FELEE A e e §

Fig. 4. Thin-layer chromatogram of rutin, ferulic acid, the
95%-ethanol extract and solvent fraction layer of buck-~
wheat seeds.

The extract (6.25 nug), fraction layers (6.25 ug), rutin (2.5 ug) and
ferulic acid (2.5 ug) were loaded to silica gel 60F24, and then
developed with chloroform:methanol:water (52:28:8 v/v/v), and
stained by spraying 10% H.SO,.

a, 95%-ethanol extract; b, hexane fraction; c, ethylacetate
fraction; d, rutin; e, ferulic acid; f, butanol fraction; and g, water
residue.

35 AlgxEE 25
D F0HAY
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Table 3. Effect of aspirin and the butanol fraction of buckwheat seeds on spasm-lasting time, requirement of active movement,

and KCN-induced mortality

Samples (mg/kg) Spasm-lasting time (min)

Requirement of active movement (sec)

KCN-Induced mortality (%)

Control 17.27+7.552% 5144 232%" 82.7"

BFBS" 25 -9 279+ 167° -
50 - 179127 30.0
150 8851584 320+187" -

Aspirin 150 153716617 372+101% 40.0

UBFBS: the butanol fraction of buckwheat seeds.
,Z)MeaniSD (n=12).

IMean+SD (n=8).

YSingle experiment (n=30).

Means with the same lettered superscripts in a same column are not significantly different at the p<0.05 level by Duncan’s multiple

range test.
®Not determined.

2]ell 4] 372%
o, o4 YE
50 mg/kg F-©

187 &

1274, 150 mg/kg F
‘4*5}‘4101 ot~ Fojfrt
‘}°ﬂ‘?} v o REs 2EHE

238 A$ 25 mg/kg =+ 150 mg/kg
1”'-r°4 Brh 908 AFRE Ve, o] = AREE A
s B SEME ﬂﬂﬂoi Jehds EA2 g
sstee) e} gk
30':}94%!«1 T2 2] ol A
wh, g2 7ql o auE Helt
"‘rE}‘ﬂ"i °V\J43L4 -rAd-& &
5, Ay 51%“3
Hal 50 mg/kg EE2
7} 30mte] 4 o] A A=A of 4]
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Hoivh =4 B4 FHTL ICR "H3ag o) &8 A
A7, Ay 384 AY L AT A ohas AR}
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