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Vasodilatory Effect of the Fractions from Crataegus pinnatifida and
Isolation of the Active Component

Ho Jeong Choi, Dong Hoon Shin, Git Whon Kim, Heung Mook Shin*

Department of Physiology, College of Oriental Medicine, Dongguk University

This study was performed for the investigation of vasodilatory effects of Crataegus pinnatifida Bunge and for
isolation and structure determination of the constituent from the active fraction. The fruits of this herbal drug were
extracted with 80% methanol, then fractioned successively with methylene chloride, ethylacetate and n-butanol. Among
the fractions, ethylacetate fraction exhibited the most effective vascular relaxation against phenylephrine-induced
arterial contraction. In order to isolate the active consfituent by activity-guided fractionation, this fraction was
chromatographed on silica gel to yield seven subfractions. Among the subfractions, the active one showing the most
potent vascular relaxation activity was further separated by prep. HPLC with reversed phase Microsorb C-18 column
using 1% acetic acid and methanoi gradient solvent system to afford one pure compound, which revealed a potent
vasodilatory effect. Instrumental analyses (NMR and mass spectrometry) of the isolated constituent indicated this
compound to be (-)-epicatechin. The vasodilatory action mechanism of this compound should be further investigated.

Key words : Crataegi pinnatifida Bung, vascular relaxation, HPLC, (-)-epicatechin
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1 ok AS7A B2 Lg XFAE0) EEH UAT
T B Qs nget #xF Y oF 40-50% Y7t BYE
2 Sl (coronary atherosclerosis), &84 FH (congestive
heart failure), £5, UIE71A &3} 22 BXEOZ Qldl, UdE
QHE AEIGHA 670g olulo] oFE BE&E 19 Eria BTk
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Al 2 ABEEE HIE2E SXE JYFEIH 2HSIH &
nEY &0 Ll dekie ol a9 V1M AT
2 0 Y40 2HE HAE A ALE A 7Rk
FHshedl 593 9Ee 8 Rz gt

LU# (Crataegus pinnatifida Bunge)i= Z}0]3} (rosaceae)ol]
&oke ARIIRY H=8t IKIEA] BRe BMESHL e HiRsl
o - 8§ - o 28] I MALRKS 852 AREM It
iR, RS XE5IM BILRY 552 ERRNES TR
S AEMNY. QUHOT Hll €Y & SHAHEY A
dlol amEolny®, 7] e84 A5dY, gus A= &
th 1 HEE Tkl 524, diEl! C B3lE, oy,
crataegolic acid, tannin & saponin 5& 73 ACTE YUIA
Act. ] BAAGI PdE UYS HFE = phenylephrine-
ST LEuT0) S ROIAFE", MM E nitric oxide B
ZIE B Yoo|gag” U ojgF 5] ASH| PKCad &
A3} LC20 QIAH5He] oxil7} Bgo] B ARy, v 8
Fol zhgo Bosh= @HEFHY 243 ol tigt s
o} & 4 gict. ol AXk= ke ol G&ol it 1
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Q19 7 E HiEHORE ol 84E UEhE FEHES
T837] 814 methanol, methylene chloride, ethylacetate,
n-butanol 2 &AMEH O E F&E3I] 2} BElo tid Edolet a7
& BAsKT HEHENE v R &40l 7iE 4dA Lehd
ethylacetate 2E 22 RE HHES Bl 7IVI2HHS
2 TFXEE TTHINCH o] EZ9 243 0| EHE B
B eEE BISHLA ich

As R U

1. ME

ABEES ASF 300-350g9) #H: Sprague-Dawleys) 87
£ HRER SX)71 238 AISA0A TEAIEE §86] &2
BHHA] 25 o]d) UEA AR, 21£2T; &%, 50~60%)ol
HEAR) & ALKt & A8 ALS3H e 3k
R&ghPE Aol 7ol ARSI

2.9
1) g £ ¥ 28

XS 1 (Crataegus pinnatifida) 200g2 MBI
round flaskoll @11, EF 1000mlE 71814 718 &8 & &

EYE JHAE AHSIIL, o] N E rotary evaporatorE Z}et
5% & 53 UX6ld B F&E B2 329558 AUt BE

£9 MzRE A (/& 200g0) 80% methanol 142 71511
80ColA} 4417 FEBIALE. A™”9 FEAS FHold ZUSH
712 £ methanolg 21 HASIL YEUZIE X6
REE9 AEE SINCt T, LPHA] FEA2 methanolS
ol 2€ ¢l 1ot ths, 8IS 8mlolx SH8M £28 &
A F&cld 8w B E A £85I\ ckScheme 1). 2t & 9] 5
B2 methanol 32.7g, methylene chloride &% 5.52g,
ethylacetate £2] 11.65g, butanol 22 29.2g0IrC}. Y YRS
2ol gd0)g 840) 71 =UE ethylacetate 282 UE35)
o TEH 22 4gg stk

=

=

S
=
=]

Crataegus pinnatifida (2009)

extracted with 80% hot MeOH
for 4h, then concentrated

MeOH extract

added with water, then extracted
with methylene chloride

\ v
Methylene chloride layer Aqueous layer

concentrated extracted with ethylacetate

Methylene chioride fraction

Ethylacelate laye | Aqueous layer |

extracted with
concentrated butanol
Ethylacetate fraction Butanol fraction

Scheme 1. Preparation of the methanol extract and the fractions of
Crataegus pinnatifida using methylene chloride, ethylacetate and
n-butanol.

2) geawe izt

EFE sl SlAI T, S 48 91 g5 Y
EWE HESINCE ol ARG EVIA(95%0:+5%CO)E X
3}A17] Krebs-Ringer bicarbonate &%(NaCl 1198, KCl 4.,
Ca(l; 2.5, MgCl, 1.2, NaHCO; 25, KH,PO; 1.2, glucose 10 mM,
pH 74)0 €1 4204 UFASY AEZA I XYL AASG
3 o 2mm BEE 2T} u2|FefS thSW B aortic ring)S A
ZRGIATE. olFH vHE EEE physiograph AX|o] (@3l 4
ol ALE3KdT).

3) Bora 53

95%2) 02} 5%9 COE EFSE 7HAv} H&HO R B
1 37:05CE |X == Krebs-Ringer bicarbonate S (NaCl
119.8, KC1 4.6, CaCl, 2.5, MgCl; 1.2, NaHCOs 25, KH,PO; 1.2,
glucose 10mM, pH 7.4)0] peristaltic pumpE E35l 4 ml/min
9 £ 2 521 Y& organ bath(8Y 1.5 ni)ol] EAZRE &
761 % E2 organ bath9] Ao AHA7| L LIEE B2
< FEHET] dFsle] S84 JHE 7S5t A8y
ZEAX|(Grass FT-03)E 0|83l £7] A& 1g BEH5HL 14]
2ol 3EAT & gl 0]83Igrt EBEWE 3x10°MY)
phenylephrine (PE)& ARE3I0] F 1 £F7]0l o]28E W, W
#e & F5E 2 2 2EE STEE Fosi UERE H18
& physiograph(Grass 7, USA)E &£ 71E3519Th

4) TLCE o| &3t 2259 JE0]

TLC aluminium sheets (Kieselgel 60F254)Z o|&3sIix,
£ull= chloroform-methanol-& 30:7:39) |82 &l 0]2 440}
718 =2 ethylacetate Foll EREIYE HEES RABINT

5) Column chromatographyE& 0] &%} 0]} 282 He)

2212 A% 1B Merckrl) silica gel 60 (230400
mesh)E ARSI O] silica gelS chloroformoll HEIGIA
glass columnol] £ZXA17]1L 10gQ) ethylacetate & & loadings}
. o]542 8l gradientE Fo| S chloroformPt E&
HUl1l t}EL chloroform-methanol 10:1, 7:1, 4:1, 2:1, 1:19} 8]
2 AN S iR 1 viA 2ol &= methanolg} AFE3I 7
N9 28 & IAck

6) HPLC 843

Analytical HPLCE GilsonA}e} 306 B} UV detectorZ Ab
E3l8 1, column® TosohA}9] TSKgel ODS-80TM column
(4.6mmiD x 150mm), flow-ratet= 1ml/minZ 3} 245IAct
81 gradient 242 X7] 0% B, 1027} 20% B, 1087} 50% B,
1027+ 70% B, 1027} 100% BE & 4087t 5431 o] m,
8 AE 1% acetic acid’} &85 2ol 8n BE 100%
methanolo|C}. Peak® A& UV 280nmoljA] A5
Preparative HPLCO] S4%71€ analytical HPLCS} EUSIL,
column reverse phase (H4})2] Microsorb C-18 (21.4mmlID x
250mm)E ARSBIHTE.

7) AEEY

2R W Fx BME 6] mass spectrometer (HPLC/
MS/MS: Perkin Elmer API2000)Z AM23IQiCt Injection mode
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Wi B2 go| @41 HEREH0 B oF

£ DIP modeolll, B4 voltage: 45¢VE B45i%ct. DIP
injection & voltageE HEA)7|H 25K = target E219] &
AFgo] 29108 #QIB}IL, 291 peakS target® Z scanningdid
Ol23}e peakE U2 T TIYBAL) TEE BIIUCH
8) NMR 54

ZE NMR (nuclear magnetic resonance; $1X}7|- 25 222
4}) 582 Bruker Avance 400 spectrometer system (9.4T)ol|A]
APEAJCE TH-NMR AUB2 32K data pointsE O]8 159
relaxation delayE A&} 3239 transients7} AAEY T
90pulsex= 9.7s7} HE=IR 21, spectral widthi= 5708HzS X8
Bl A4S AAISIACE 13C-NMR 4A&o) th5kd 64K data
points@} 259] relaxation delayE A 8&310] 1024transients7} 41
BEIU T, 90pulse= 9.8s, spectral width= 23474HzE K& 51
B4 UG Carbond] £FE F23617] 5] DEPT(@
=45°, 90°, 135°) AlEE +PIACT

Y4

1. Phenylephrine F& #&8o) tish (L&Y o)2E}

WM E Ex) Sloi4]l 3x10-6MQ] phenylephrineo]] 0]}
FEGP| thold 1 B FEE9 sTY olgals Bast
Art. FEHER 0.1mg/ molA] 77.23+5.20%, 0.3mg/ meoll A} 9545+
1.88%, 0.5mg/mt Ol&olA] 100%8] EYEH o|AFHE LI}
WRATH (Fig. 1).
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Fig. 1. Relaxation effects of the water extract of Crataegus
pinnatifida on the phenylephrine-induced contraction at different
concentrations in rat thoracic aorta. Values are mean+SD(n=7).

2. it 2829 dolg gy

i 220 S0l SHE 5T SIS Fig. 2
oA E=Hl9L Zo] methylene chloride 282 23]8 & 9
EHOE PERE E#H4EES 571220, methanol 282
78 & n)R)X) QLUACE. Ethylacetate 23 1} butano] 23
2 Sk JEHOTE £E5EB/E o|RAZCH, 1 0l99) BT
& ethylacetate 2210] 0.0Img/mlof|A] 43.3+%, 0.05mg/mlol 4]
68.7:%, 0.lmg/mlol|4] 87.6:%9] 0]&+8S H 1, butanol B
glo] 2}Z} 6.36+11.29%, 52.24+7.26%, 78.29+16.88%2) olAEE
LIENRO] ethylacetate 2210) &8 ol thdt o] AT 7} 71aH
f3l19ek
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Fig. 2. Relaxation effects of the fractions of Crataegus pinnatifida
on the phenylephrine-induced contraction at different concentrations
in rat thoracic aorta. Values are meanSDin=4).

3. TLC 2441

7ve ggo] FHold ethylacetate 2328 ol g8 HES
ZASE] 48kt WA TLC (thin layer chromatography)E 414
SKACE Fig. 3041 B Hi9} Zo] B8(A)oll= 6-759] 4 =oj
gREol ASE U + UR2H o] Holl FWo|VEHE L}
He 880 A€ ASE I UYHEB)2 Beld 84
d8E Uehdn).

8
O
0
o
0
O O
A B

Fig. 3. TLC of the ethylacetate fraction of Crataegus pinnatifida
using the solvent system chloroform-methanol-water 30:7:3 on
Kieselgel 60F254 aluminium sheets. A elhylacelale fracton, B pure
component (epicatechin)

3. Li#k ethylacetate O|X} 220 o} &4

o] 28 5 Aol ol 71a FHojid ethylacetate
2&E column chromatographyE 0] &35l gu) gradientE® F
o] A& chloroformPt EH H UL THS2 chloroform-methanol
101, 711, 41, 21, 1:119) HIEE £AH O S HINI vhX| o)
= methanollt AFB3}10} 7709] 0)xHRA 2 (subfraction)S BHE ¢}
B OIS g0l NE HAEIITE

a2 Z3, 005mg/ml F O0Img/mie] T E=ToiM
chloroform-methanol 2:19] 2&o] 714 43 dFo|& M
LIERNCKFig. 4, Fig. 5).
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Fig. 4. Vascular
ethylacetate fraction of Crataegus pinnatifida(Cp) on the
phenylephrine-induced contraction at a concentration of 0.05mg/ml
in rat thoracic aorta. Values are meansSD (n=3). 1 chloroform, 2
chioroform-methanot 1G:1, 3 chloroform- methano! 7.1, 4: chloroform-methanol 4.1, &
chioroform-methano! 21, 6 chloroform-methanol 1:1, 7: methanol

120

100 + o s
® 80L
a
2
s 60
®
=
& 4o0f

20 +

)

1 2 3 4 5 6 7

Cp fraction (0.1mg/m1)

Fig. 5. Vascular relaxation effects of the subfractions of
ethylacetate fraction of Crataegus pinnatifida(Cp) on the
phenylephrine-induced contraction at a concentration of 0.1mg/ml
in rat thoracic aorta. Values are meantSD (n=3). 1: chloroform, 2
chioroform-methanol 1G4, 3 chloroform-methanol 7.1, 4 chloroform-methanal 41, 5
chloroform-methanol 2:1, 6 chioroform-methanol 11, 7: methanol
5. HPLC 24 A3}
1) Analytical HPLC

Open column chormatographyE &3l £2l$} subfraction
ZolA] ol G371 7V =A UERD fractiong methanol
7 29] 8uj gradientE Fo} analytical HPLCZ FE3ICt 4
719] major peak7} chromatogram 4Joll LIERL} o] E&oll= Ho]
T 470 o]39l HEo] gfElo e ALE BEMEUCHFE. 6).

-
o
=2

Voltage [mV]

-
rd

Time fmin.}

Fig. 6. Analytical HPLC chromatogram of the most active subfraction
prepared from the ethylacetate fraction of Cartaegus pinnatifida.

2) Preparative HPLC

248 HPLCE E3d #QI3t 4719] major peakE 242} Bzl
o] A5k HA BF & (preparative) HPLCZ 248I%ch &
A AL analytical HPLC3} 8Y$F ZHE ALESIRTE. Fig. 7
oA He Bl 2] 4709] major peakE chromatogramatoll4]
B 4 otk

100+ 2
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Fig 7. Preparative HPLC chromatogram of the most active subfraction
prepared from the ethylacetate fraction of Cartaegus pinnatifida..

6. 22t HE9 gaUsE A

120

100 |
8§ 8o}
=2
[=)
£ 60}
x
3 T
® 40p = T
20
0
1 2 3 4

Cp component (0.01mg/ml)
Fig. 8. Vascular relaxation effects of the components isolated by
preparative HPLC from ethylacetate fraction of Crataegus pinnatifida
(Cp) on the phenylephrine-induced contraction at a concentration
of 0.01mg/ml in rat thoracic aorta. Values are meantSD (n=5).

120 ¢

100 +

80 r

60

Relaxation (%)

40 +

201

1 2 3 4
Cp component (0.05mg/ml)

Fig. 9. Vascular relaxation effects of the components isolated by pre-
parative HPLC from ethylacetate fraction of Crataegus pinnatifida
(Cp) on the phenylephrine-induced contraction at a concentration
of 0.05mg/ml in rat thoracic aorta. values are meanSD (n=>5),
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i 289 ol gy

Preparative HPLCE 22i8la] 12 47 H B9 dgo|ag
HE FESKITE ol HEHBoA 42 27} 0.0img/miz}
0.05mg/ml9] 7K ET oAl 2z} 90.67+3.06%S} 93+5.29%9)
daolet AUE BIOH UMAlE 2% oSIchFig 8, Fig.
9). Bol, o] HE2 U2 5T TIE 420 13 Ho} =2

gde UEhARAch

7. 24 (Mass spectrometry)

DIP injection ¥, voltageE WHEIA]F|m EA5lH total ion
chromatogram %! mass spectrum (Fig. 10)& QYoo o] o]
EB0A F target EX (B 2)9 X0l 9190 201511,
peak 291E targetOZ scanningdle] O] 231F peakZ QP 3,
fragmentation pattern®} EARFES ZHGIT) Target E219)
MCA scan spectrume Fig. 1134 Zit}
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Fig. 10. Total ion chromatogram (upper) and mass spectrum (lower)
of compound 2
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Fig. 11. MCA scan spectrum of compound

8. A7 EH B&E4 (NMR spectroscopy)
1) 1H-NMR spectrum 3}4J

WHEZRE 22, A 248 5 gaolg gap) 71a
=4 Uehd 88 29] FXE 243190t HA, FREY $4

S22l Bdt A7

9 EF, 4 AXNEE &GP Asld 1H-NMR spectrum@ &
ABIFr). Spectrum(Fig. 12)2 a1433] By, H49) methylene
protonE0} 8=249ppmI} 2.69ppmoll 2z} % 7§9] double
doublet (dd)2Z LIEHGOM H-29} H-39] methine protonSS
8=4.74ppm3} 4.02ppmoll 27} L}ERGTL 5709] aromatic proton
peakE §=5.74~6.89ppmAlolo] HXIBIHCE IB)T 5719
OHE 8=8.7~9.3ppmAlololA] broad multiplet HENZ Liehg
th 748 2 peak (8=3.7ppm)= £8 EuiF0l #9E Boli §
g AHolrh.

Fig. 12. 1H-NMR spectrum of the compound 2. The greatest peak at
5=37ppm Is resulted from water contained in the solvent. The broad multiplet peaks at
8=87~93 correspond five OH protons,

2) 13C-NMR spectrum &{43

& 29 #E2EY ©49 YR, &, FRE ;IS Yt
o] 13C-NMR spectrumE EH3I4C). Spectrum(Fig. 13)4}ol| 4]
2F 15709 g@asE RIS EH C129) C158 §=115.149}
11517ppmoijA] LiEhY 8 7HS) peakE Ro|m C-133%} C-14= §
=144.799} 14472ppmollA] LIER} B 7MY peakZ@ R
spectrum &oll& peak”7} 137§0iL} expand spectrumE 20 &

aF7h 1570 4g & 4 Aok

Fig. 13. 13C-NMR spectrum of compound 2.

DEPT spectrum (pulse width 8=135°, Fig. 14)0lA1& 1719)
CH2 carbon (down peak)3} 77§2] CH carbon (up peak; C-12¢}
C-15%& 8=115.149} 115.17ppmoilA} LIERT 3t 7H9) peak E H Q)
O] LIEhxiT. Table 1 ofl data® ZEEGIH FAIGIHTH HE 29
TZOl #BSE old9 NMR FRBE Bl o] EREg
(-)-epicatechin® & EIESIF L TAEE Fig. 140) LIERIAC)
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Fig. 14. DEPT spectrum of the compound 2.

Table 1. 1H- and 13C-NMR data for compound 2
13C chemical shifts tH chemical shifis

atom No.

(multiplicity) (multiplicity, coupling constant)

2 7837 {d) 474 (s)
3 6224 (d) 402 (s)

; 249 (dd, 33 and 16.5Hz)
4 B2 269 (dd, 43 and 162H2)
4a 98.92 (s) -
5 156.85 (d) -
6 9448 (d) 574 (d, 22H2)
7 156.50 (d) -
8 9546 (d) 590 (d, 22H2)
8a 156.08 (d) -
i 13097 (s) -
2 115.14 (s) 689 (d, 1.3H2)
K 14479 (s) -
4 144.72 () -
5 115.17 (s) 667 (m)
) 11835 {s) 668 (s)
OH - 8.7-9.3 (broad m)

Fig. 15. Chemical structure of (-)-epicatechin

9. (-)-epicatechin 4 29] ¥ £&F AxEH

22]3F 48Q) (-)-epicateching] @0l FHE BEEIY
C}. Phenylephrine 0.1 uMoll i3t =830 sl 2 REE
A9 5L E eIl £EAAEUE S-¢ 21, 10 uM 0]
49| 5ok 90%0]49] A o] HEHE VEMIRCH 11 §
Ih= A9 8% 9EH o)]dr) (Fig. 16).

o
o
i

100 [r
80
60

40 F

Relaxation (%)

20 +

1 2 3 4 5
EC concentration (uM)
Fig. 16. Vascular relaxation effects of (-)-epicathechin(EC) on the
phenylephrine-induced contraction at different concentrations in rat
thoracic aorta. vaiues are mean+5.0(n=5). 10.011M, 20.1uM, 31aM, 4:10uM, 5:100uM

i

al

TEUAS HEEN HEHEY A0I0E Aol SWEs
doA BdEI HJ2Z 4 {0lol FHIIE dt IBEE
nES AFESKE S HxEY A& AYIXE AL
HEWA S} HAEH O Z Q18 AMYES TAAY 5= YTt ¢
SlojA] LEUS XFE Gaed U9 Aokl UA @2 HE
=AE EC SYUYE 2EGIEEA ZEFROZ uFUY)
A3 Aol wiaE ¥lg MAskE Uck It AEK
N SREJAMES HREE Y B3l ol RIS
Z Q8 N&Ael Rojrt gl B0l B2 #Xke0l
ARE ¥loty Y= dFolrt. FZ W ABZFEE uige s
XY SN ERE Bago] A A7|7F Al8ol 7@ AR
OHIE ZHeksly) |8l SEte) ARIE HIRe R MYl 558
A@H o2 BM37] A AlE7} B0l o] FX| L ATt whEhAd
AEFOE FYo] AT SN ERE SHYEE HsIL
ol e dejgd e d7she A2 BT AHELCE A
Al 7iddol § wiolzl € 4 Uk

{L# (Crataegus pinnatifida Bunge)= ZH}3} (rosaceae)oll
&3k AR Y0 UEA] duiE QR HAKEY &
SOE AAE 436 v Mse FUE BHOE AEH
Ak, 22 SUAAGIENS0] UTAAHA] AU X Foll MAUsH
I ATt kS B2 OIS d7E A8 B3 JE
Hoj gom™), 1 Add 25 gHe BILR 50l 710
8t Mot WMo AA ZER @AS 488 ¢+ Urk S &
meme Ese JEBA9 Belol 7oA &l E7E
ool M Egse] X Fol YA FUE VERE ACE
£ & Ut 0]} Q) AEWA S BE AEH dFEE
Bolg W /1M dF™, 45kE LDL(low density
lipoprotein)ol] Q] R¥ £S4CEZHE & NIlAEY BS
zhgo] B4Rl slelglo] B Hiton™ 4guA 9 o
2 Zole Wl Jujol tidt B39 XIBH 377 Q7=
T g ERigE H R g @t FE ¢F Basa Uk
0. it Iiidml o] BHE R B2l FETFE the
g7 ol RAEA] RUTEH welk IWRERE ofd o d
2ol g@ol @4 & VB L JEA #E51 S IWEE

=

=
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Wi 229 o1 S5 SREH #E AT

methanol, methylene chloride, ethylacetate, n-butanol®} &&=
Z &%, 28 Joldch 1S e EEE & 71 4% 84
£ LERA ethylacetate B8 S silica gelol Q3] 28 350 I
T 7719] O|AREE (subfraction)S HRUT) olE 2E § 749
FWo| S Ve B2 S reverse phase Microsorb C-18
columng AHE3} preparative HPLCE 4719] FQ peakE &2l
SIRACE 4719 FQ peakE 71E Z6H ol 4 E Vehd
peakd] T2 E ¥i5]7) $1510d NMR spectrum} mass spectrum
2 =88 2, 0] 4R FRE (-epicatechin® Z FHHA
o} L EEE BH5Al ()-epicatechin® phenylephrined] 95}
SER £&E Tl sk As o]AZEE VBRI $H,
ol EMEHs Z43 RES |El719 AlA, fel7lol 2
AAEA S5 EUH STUAHE FRY] 2ol ol A
B ACE YRR 298] HAAIA & @t 22 il
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