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Thrombin Inhibition Activity of Fructus Extract of Crataegus

innatifida Bunge. Hee Young Ryu, Yung

Kwan Kim, In Sook Kwun, Chong Suk Kwon, Ing Nyol ]m and Ho Yong Sohn*. Dept. of Food and
Nutrition, Andong National University, Andong 760-749, Korea, 'Dept. of Microbiology, School of Life Science
and Biotechnology Kyungpook National University, Daegu 702-701, Korea — The fructus of Crataegus pinnati-
fida Bunge has been used as medicinal and food source in worldwide. In this study, a strong direct
thrombin inhibition and antithrombosis activity were identified from the methanol extract of C. pinna-
tifida Bunge fructus. The solvent fractionation of fructus extract using hexane, ethylacetate, butanol re-
vealed that the butanol fraction has a prominent antithrombin activity. Thrombin time (blood-clot for-
mation time) and activated partial thromboplastin time (aPTT) extended to 835% and 315% by addi-
tion of the butanol fraction at concentration of 1.25 mg/mL, whereas thrombin time extended to 287%
by addition of aspirin at concentration of 1,25 mg/mL. The butanol fraction showed anthrone-positive
and weak ninhydrine-postive reaction. The thrombin inhibitory activity was not related to previously
reported flavonoids or polyphenols. The activity was maintained against acid treatment (0.5 N HCl
for 120 min), but rapidly lost by heat-treatment (100 for 30 min). Our results suggested that fructus
of C. pinnatifida Bunge with non-heat treatment process could be developed as a natural source of

antithrombosis.
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AFol A, JjH gl
AkALRLe) ekE] A B 0 2 = ursolic acid, corosolic acid, eu-
scapic acid, oleanolic acid, cratagolic acid, hyperin, vitexin,
caffeic acid, procatechuic acid ¥ pyrogallol 59} tf%3t 3
=4 SFEE0] Riso] 9on1118], Ao gs &
A 4], WIHE &Y oolg FAB], 14
7HH =} zsL Tio 3‘_3',}[7,14] zsLOdZEJ,Hlo] ol oli}«] 101
o ZHEZ AH[1319], MEAE B4(117], F4r3 EA4[2]
%ol B glom, 3l chitin synthase [T A3 ZA)[8],
HIV-I protease A3} &4][16] £ matrix metalloproteinase-1
As @150l LA ok HITele A4 By ohg,
AR A ME FARGE ol AdEe] B Sl
quercetin ¥} 4], myricetin HH @), apigenin ¥] 3 9} epi-
catechin 50| 5o g st F40] FAHA ¢
t}[6,25,26].
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Z9 ZA e A& 200go wWE-E 1HEE 7hsto] 443 3

& F2agon, 33 BB F FF9E 50TAA 1A%
et sE3e] BuE ARt AME A AL 9% B
gk A B 28 zAle A8 200g9) SF5 18H
£ 743k, 30T Aol A 24413 FE&8 A, 100T A 14]
32 3, 298 50CAAM AT ZY wFst £
T2 AR e FEEY A9de B @89 F,
n-hexane, ethylacetate, butanol-& ©] 83} &4 02 8
3lz, B AFEE 3Fatch 98 AR = DMSO(dime-
thylsulfoxide)oll %<1 & A2 FEZ 343t thrombin
time (TT) 274, activated partial thromboplastin time
(@PTT) 37, @ 9 4 34 Bl Agdach 83 F
2 UILEY FBEAT BA gL AR gz =
Agtaon, 48 I ZA 4TolA 5000 g2 5% T A4
Balstel €4¢ 2estn WS AU Zasigen (A
NEAEA), 28A A sFate] AHEstIT

gy g8y
F8H FHe g9 TT £ aPTTE ZHsle] Pristd

. EEH A 84dL 7)E9 B3 Amelung coagul-
ometer KC-1A (Japan)E o] &3l 89 $uA7HE %3}
of B7}stgti{12.21-24]. 37°Cel A 05 U E24l (Sigma Co,,
USA) 50 pl9} 20 mM CaCl, 50 pl, st 559 A8 32
o 10 plE coagulometere] T2 o] EGFste] 287k ¥Hg-AIZ
3, 84100 plE A7 F 7o 18 gAAY NS
zAsgon, NE HRTO2E k23 Y(5213}8}, Japan)
7} heparin (Sigma Co.)%, 4l ET2ZE AlE tiA
DMSOE AH&-3tdth DMSOY| 7Z-¢ Hd 331%x9] A
22 BT @ 994 Wrke) ApelE 1 mg/mie) 4
AR 328 REE BYES 100CAA LA 43
g 3, 40T WAste AEEAH L ZAYT A IAA
712 Y8AE, 05 N HCl G 9B ¢ 22olA

271 3,1 N NaOH £402 pH 78 RAY3le] & &
Ae 233 AT EEY A 4L 33 oY HEd Y
o] HAA+EF O3 (mean:SD)E VERARITE $H aPTT
2,21-24]8] AS-olE, 7 100 plot I3t 9] Al
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8 Z2Z9 10 plE Amelung coagulometer KC-1A (Japan)<]
Exd Hrlste] 37CoA 387 7128 ¥, 50 ple] aPTT
reagent (Sigma, ALEXIN™)& 27}t 3 OA) 37CAN 3 &
7+ 9-gat gtk o] F 50 pl CaCl, (35 mM)& H7He & 8%
o] $3" GAAY A7+ FHSNET & hxToRE
DMSOE Ahgslgom, o] A4 55228 §aAZHE Uet
Ygich aPTTe] Aate 33 whE3 499 PR R FA
(mean+SD)Z WER] AT}

1+

J|E} 24

% flavonoid 9} 3Hg =4-& Davis W [5] whe} S 3}
Qom, 272+e) AEE 18A7 g wul F&3t3 7§
Zz7d 400 plo) 9% diethylene glycol 4 mLE H7tstx
DA 1 N NaOH 40 wl2 93 37CoA 147 93 & 420
nmoll A EJTE ZAHTY EFAIYC EZE ruting AME
&t th. & polyphenol &% Singleton 59 #3[20]e] o
gt ZZ7d 400 plo) 50 ple) Folin-ciocalteau, 100 pl9]
NayCO; 3848 ¥ Ao)A 1417 B § 725 nm
A EFEE 2P EFAGO2E tannic acidE A
£3tgth TLCY A%<, silica gel plate (Silica gel 60F2ss,
Merck, Darmstadt. Germany)E Al&-31% oW, 22X E:
W ek E(52:28:8 v/v/v) & AALHNE o AN F, 10%
ga4898 BEae slsigoth

Zat o o&

oft

AAAE B L SFEFE FEIF 4FY FE2EY 3
AA 100C 2 30T & #2589
7 Ee

1 oo on

& BeF
S ZFFE ¢ F d9eH, 44y FE5EY v
Z7to) w2 TTS} aPTTY F7h7} vlEl A o2 YeuAe
9kgttH(Table 1). 18yt 5 mg/ml ¥} 100C % 30T &
222X 2tz 136%, 149%2] TT Z7} 2 123%, 164% <]
aPTT 2712 Jeldtt. &8 dets F289 Ade
T & EEN As FA I aPTT F71E UeERSLL
v, 25 mg/ml9] FEolA 164%] TT F7}, 160%<] aPTT
Z712 YR, 5 mg/mle] FxoAe 7tz 1,390% 2
450% o9 27171 #AAH At ol FYHAR o] &HE
of~m@o] 1.25 mg/mlY] FE o)A 287%9] TT F7+E et
H[23]2 A o) BApate) GEA Ao of - AYHTEFE
oujsiy, dutdoz A FAo] $4¢ AR HI
[12]" $AUE, FUE, BUR 4 59 8 g 28 A4
2£230% 7238 843 Jepfith

Hge £3589 44 f7180 2929 F84 24

u

& Table 2] el ITH Hexane, ethylacetate, butanol 2}
2389 358 724z 1.0%, 5.1%, 209%°10 20, B 7



Table 1. Extraction yields of fructus of Crataegus pinnatifida
Bunge and the anti-thrombosis activity

Anti-thrombin activity

Extraction'  Extraction - 5 3
solvents  yields (%) concentration TT aPTT
(mg/ml) (sec) (sec)

5.0 > 460 > 250

methanol  40.4+1.1 25 542471 87.9+35

0 33122 55.2+14

water 5.0 495+48  90.9+4.5
3808) 36.7£02 25 26865  ND

( 0 33.1£22 55.2t14

¢ 5.0 450156 68.2+51
‘f&ecr 48105 25 258:71  ND

( ) 0 33.1+22 55.2+14

Extractions' were conducted at 30T for 24 hr or 100C for 1
hr.

TT* thrombin time, aPTT": activated partial thromboplastin
time.

Table 2. Sequential organic solvent fraction of the methanol ex-
tract of Crataegus pinnatifida Bunge and the anti-throm-
bosis activity

Anti-thrombin activity

Fractionation Fractionation

concentration T aPTT?

solvents yields (%)
{mg/ml) (sec) (sec)

2.5 48,6131 66.7+£74
n-hexane 1.0 1.25 403442 64.9+29
0 331+22 55.2+14
25 206.8+17.8 116.1+5.8
ethylacetate 51 125 38.1+10.6 74.4+6.5
0 33.1+22 55.2+14
25 > 460 174.1+£101
butanol 20.9 1.25 276.5116.7 94.1+4.2
0 331222 552+14
; 25 37.926.6 73.0+4.8
wa der 722 125 354358 655:4.4
resicue 0 331222  552t14

TT" thrombin time, aPTT% activated partial thromboplastin
time

Table 3. The contents of total flavonoid, polyphenol, reducing sugar,
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%O] 722 %a 1}113}@] EH -Er o] 84 EZE U3 th
Z 3 A7 g FE9 242 buta-
nol ‘_EM]H L}E}‘*C‘Dﬁ] 1. 5 mg/mle] FEoA 835%¢2]
T %—7} 315%,1 aPTT 2712 B of2mldn B4 38
g dEA gA4L JelUdc) 3-8 ethylacetate £ &A=
25 mg/ml«] FEolA 625%2 TT =71 2 210% 9 aPTT
Z7He UEh o] butanol FE R} FhH o2 ot &4
S Yeide], At &89 FPH 44 EZ0] ethyl-
acetate ¥-& 2 butanol £& o) t}ekslA EAsH, £3] bu-
tanol £8Fo| 8 A AL 2831 J5& YuFo
olg|g Ade, HT FYEFW &40 Rud WLFTA 4
559 &4 EF 0] ethylacetate © butanol £ 8ZA 1}
B, £3 butanol £EE A FEGF &40 vdehte
R 2 BAol frARHETH23].

A Weg £5E5H 42 2EEY F SR
ol:, Zelos ¥ F2& B3 A7 (Table 3), £4 £
535 E51 As) 249 Sol% 4BWAE YA 23k
t}. Ethylacetate #3olME £ & Edfirols & &
aro

ZaHs 32 229 d22 ey on, butanol B39

l

41:

o of

M+ ethylacetate ¥3] t}g0 2 £& Zalds ¥ %d-ako
Hehiler, F “i}ii ol & 13 ug/ge "+
& #AE Yehhth E§ butanol —Ev—-@.% Al anthrone

n‘.r{

o3} ofgt mnhydrm‘_ 28 JeHo], 11 FAEo B &
T°r L1EA EEE FFHUGY o] R “ﬂ YA 328
2] butanol Hi‘%A g4 ARL 30 kD ojAY nEA O3
Az FAsdol}, daTe Ad A9 Lgris] 1
Yo AFALALS] butanol ¥ 8 & L ethylacetate £ 8 &Rt} 3
A g dgron), JAs = 169 mg/ge HUD &
%2 Uehjol D9RRTE Go| 239 nBA 722 2
250, o)elg Az A4 G| $1 YFEOE A4S
2 3l Aol FROTAYL 28T W, 247 bu-
tanol £5<) $AEA0) A $AF P2 ¥ FAS
47 287148 Yeiele 2280, £ ol8d 23
xR Fo BHEZAZ BIE quercetin, myricetin
o AALzte] DEEU GA BolshA Be-g AX s,
A butanol ¥ E9 FEEH F4E& FH 2AH, 7|1E€Y

il Olﬂ rir

total sugar and protein in fructus extract of Crataegus pinnatifida

Bunge
Content (m
Solvents Anthrone Ninhydrin - (mg/g)
total flavonoid polyphenol total sugar
methanol ex. strong - 0.0055 717 111.13
n-hexane fr. strong - 0.0180 133 104.69
ethylacetate fr. strong weak 0.0096 2299 295.96
butanol fr. strong weak 0.0013 14.62 169.97
water residue strong - 0.0034 0.78 131.37

-; negative reaction
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B 1% quercetin, kaempferol, myricetin % rutin 5 o] I
A A dutadyt HuE EFE2]HE EEN A&
AelA o FEE Uetl AokFig. 1). =3 TLC 93 &
A A3} butanol E& M thgdt EAS0] HEHIUOY,
quercetin, kaempferol, myricetin & rutin A9 A& HX|
oFol(Fig2), AbAe] FA Bao] 7128l AR B 4k}
QA B1d 29 98 denid 2es Bsdd

500

— e BuoHf.
400 - -0~ - Quercetin

——-—¥-—-— Kaempferol
— =g —--  Myricetin
— —& —  Rutin

300

Thrombin time (sec)

Concentration (mg/mi}

Fig. 1. Thrombin inhibitory activities of methanol extract and
solvent fraction layers of fructus of Crataegus pinnatifida
Bunge.

a b c d e f g h

Fig. 2. Thin-layer chromatography of methanol extract and its
solvent fraction layers of fructus of Crataegus pinnatifida
Bunge. The extract (5 pg), fraction layers (5 ug) and 2
ug of standard sample (myricetin, rutin, quercetin and
kaempferol) were loaded to silica gel 60Fss and then
developed with chloroform:methanol:water (52:28:8
v/v/v), and stained by spraying 10% H;SO4. Symbols:
a, methanol extract; b, hexane fraction; ¢, ethylacetate
fraction; d, butanol fraction; e, water residue; f. myr-
icetin; g. rutin; h, quercetin; and i, kaempferol.

Table 4. The stability of thrombin inhibition activity of the
butanol fraction of Crataegus pinnatifida Bunge
against (a) acid treatment or (b) heat treatment

Treatment time Thrombin Relative
Treatment . . ..
(min) time activity (%)
Acid treatm m ' 0 166.919.5 100.0
(C(;S N H CT» 60 163.9+153 98.2
' ) 120 172.448.7 1033
0 166.9:9.5 100.0
Hea‘; 133?5“8“" 30 27,5422 165
60 224451 134

The concentrations of butanol fraction of Crataegus pinnatifida
Bungeused were 1 mg/ml, respectively. And the thrombin
time of DMSO as a solvent control in this study was 19.9:2.4
min.

ALY 8 A R AFINT A HME
butanol £8E2 4 A
(Table 4), 100, 30 ial o=
Uehd whd, 05 N HC A2 12 2
Yebgd. 38 Wli AHEET e O}MJ%'JOI Hold At
AR 9 d AL JENE[21,23, 24]¢ mE T o, 24}
AE ol &3 7154 41‘% Azde HZFEA 7 BFAHY
A0 % woEA, 12 32 FHAYY Aoz Ay 4
A AarAsl falstA ZE s FERN A G445 UEd
T 92 2 #£E< butanol FEE< A%, 05 N HC
1 A7+ 28] 2 100C, 3089 g 28]
AE AA[3)8td, AFHE 38 ALY ogsol AL
AHgol g =i}

U, AR A4S S48 Bl glol, a3 4ol §ol
seleh AZtE s, 4 BEFG B BE FAAF B}
Aol 48 YL §AY & oo 228t A B

7
A %229 butanol £3 FAHYE
o) MAA AR 2 AFHY Ao AW ek

2 o

€AY PES EHoE MR 328 % £¥ES
Asted, Relulel @R A4l A Bolake A 2EUY
thrombin time(TT) ¥ activated partial thromboplastin
tmePTT) 27} #4¢ 2359 223 248 Hrtals)
. A B84 B B FEute dUg $30
e o(FF A4 404%), butanol £ZA 7 ZEg
84& Jepf Aot AHAEALE] butanol E &2 125 mg/ml
9] =5 X 835%2) TT &7}, 315%9] aPTT F715 Ko o}
29URT 298 oo FEd FEH g4E Uehiioh
olg|gt A &AL 7|&9 B1E quercetin, kaempferol
myricetin 2 rutindE FH3GE £33 Azl #4545
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