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The objective of this research was to evaluate the inhibitory activities of phenolic compounds iso-
lated from Crataegi Fructus on c-amylase and o-glucosidase. The content of total phenolic com-
pounds of water extract from Crataegi Fructus was 22.5 mg/g. The inhibitory activity of the water
extract (200 ug/m/) from Crataegi Fructus on o-amylase and o-glucosidase was determined to be
100% and 82.6%, respectively. Isolation of inhibitory compounds was carried out on Sephadex LH-
20 and MCI-gel CHP-20 column chromatography using a gradient elution procedure of increasing
MeOH in H,0. The chemical structure of the inhibitory compound against o-amylase and o-glu-
cosidase was confirmed as chlorogenic acid by spectroscopic analysis of FAB-MS, NMR and IR

spectrum.
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ATk g Q] Aol mEH HEAR Ag
sk Ao FRIAA I&d H|O|EY e
W1, gl ARl R oIk AlgoAA E
AA3] F7teke o= ety fEivet B Sk o
T QlEd H|o|EY YuH ARoHE it A= 2o
28t 2 F5E AT HHOE o-amylase A3 thgk A
T7F AYHT At g-Amylases ©EEQ] a-D-(1,4)-
glucan %S afsh= BAagA A, &, VIAE, 25 5
o] gkpshE tialel] 20l oty ey B, BIRE, 3
5 & ©rstEd AHE Ay X85 Qe AEoA B
H o-amylase AsAlE 2, B, FFAE0 S FE
Ao G Tyt AEE E4o] o], I ek}
HAES o zg A7 Id& B AE foe AsiE
Aol tigtr = vE3E FHolH i ol AkdolA=
AAEE o&3 i 2ole] 7k 7o)t
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AleF & AFRAR. B2 EZ9 gEx s4e 93
Infrared Spectrum(Perkin-Elmer IR-1330, USA), Nuclear Magenetic
Resonance(Bruker AM-300, Japan), Spectropotometer(Unicam
UV-vis. Japan), Mass Spectrometer(Jeol JMS-PX 300, Japan),
Polarimeter(Jasco, DIP-370, Japan)o|t}. &2 &2 HAZ s
SXIA 24 Sephadex LH-20(Pharmacia, Co., Sweden), MCI
gel CHP 20(75~150 um, Mitusbish Chemical Ind. Co., Ltd.,
Japan)yS ARME-3}3L, TLC plate(Silica gel with 254 nm, Fluorescent
indicator on polyester, Aldrich, Co., German)% A}&-3}%1t}.
Soluble starch= DuksanA}ollA], o-glucosidase= FlukaA}ol| A
Z}zF st A1 52 He B2 AREE HPLCE Waters
2690 separations ModuleZ} 2487 UV detectorE AF&-3}% 3L
o) 522 acetonitrile> J.T.Baker*l2] HPLCH-S AR&-31%]
3, 2 2] formic acid, folin-ciocalteu A] 2}, trichloroacetic
acid(TCA), Na,CO; 5-& EFA S ARt

Age AR, B AP AR’ Ak 2000d 3€ o
A oM FABIe] 40 meshZ E4)3F F FE8 AFEE A}
313

FEEY ZAL MNE FEL E FETLY AF SHFTF 200
mill A} 1 g8 Yol 100 miE Z0E w7kx] 7143 5 Yzt
BN, YFE FET2ZE 60% ethanol 100 mell 2HAF 1g2
gol 74 F502 2447 A" 510,000 pmoll A 158 F<%
AR sl Z42he] g H-S Whatman No. 1 SR o3}
3l T} rotary vacuum evaporatorld] H=350] FEE XS
AT

Phenol 3}3E AF Al I mbl| 95% ethanol 1 m/i2} 557
4 5miE F7FSIAL 1N Folin-ciocalteu reagent 0.5 m/& E¢]
Z AolE F sE WAEkAL, Na,COs I miE 71 &, 3%
725 nmellA] 1A]7E o]djol] 22431990 gallic aicdS ©]8-3+ 7
FHAOZHE] F phenol 3HFES] FS StsIATE?

o-Amylase A3 84 4. a-amylase A3 &4 AL
agar diffusion method& ©]-8-3f] =733 th" plate= 5 g9l
agar®} 5g9] soluble starchE 500 m/ SF<l =213 121°C,
1587 2 =ikl 15 mpY E551o] Alxska, vz
A% 08 ul] 7 0.2 wel EA(1000 Unim)E 4332 Wk
TE FHT Uil 2RF FEES 549 419] platel] F<1 dise
paper $loll 24zt BF3kL 37°ColA 3U7F wjddk & LIS
mM L in 3% KI) Sm/E 7}ete] 1587 WA 5 Thge] 2
o7 g4 AEs okt

A& (%) =
[(thz=T0] AA) - whge] AAyzTe] WA ]X 100

o-Glucosidase A3l 84 4. a-glucosidase A3l &4 =74
&t7] flsto] Tibbot 592 Wl wet Wk S 50 mM
sodium succinate buffer(pH 4.2)¢ p-nitrophenol-o-D-glucopyranoside
(PNPGE &3IAA I mgme] s== 7185 wEllt) 714
Imek &2 0.1 mis EFEL thx7ell= 7 0.1m/, 1t
SToleE AR 0.1mie Bol 37°ColA 3087 wkAIR #

rphenolic compound from Crateagi Fructus extracts

ce at 280 nm

Absorban
ecopeoo0000 =~
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Fig. 1. Purification of phenolic compound from Crateagi Fructus
by Sephadex LH-20 column chromatography.

IN-NaOH 0.Im/S F7}ste] LA ojn) BAE p-
nitrophenol(PNP)2 400 nm®4] spectro-photometers ©]-8-3}]
2G5l om, 1 & HFEZF ponitrophenolZHE ZHAISE T
FHHNOERY Fofo] thd] o= As&S et

A& (%) =
[1-(H&2] PNP AR/ 27-2] PNP A4 %)) X 100

a-Amylase 2 o-glucosidase A& EH9 ¥, 7xd
AL 5keoll B85 Thste] Aeox 2407 &5 § 4R
(5000 rpm, 30 min)3le] M AAEE AU T2 FE3
A8 33] REESIATE rotary evaporator® F5 8L FEAL
Fig. 13} 7Fe] Sephadex LH-20(5X45cm) column®l] loading
3l H, 02 |&8w=E &t 1, 1, 1, IVE 289t 7+
EIE2 =% o a-amylase®} a-glucosidase AsEHAd2S
sl AsiEe] w& w8=-S Adsle] tA] Sephadex LH-
20(5X<45 cm)?t MCl-gele o]-8-3le] 23} 85 38t o] &
3E E& silical gel TLC plate(5.0X5.0cm)E  benzen :
ethylfomate : formate(1 : 7: 1, viv/v)2] Sm& AM&3ko] Zs)et
s, FeCly/KiFe(CN), MRS £ & 70°C F-2of|A]
2Hl AlA phenol compound®] #2] HAEE &Rl SO

Phenol compound®] &2 # 3}5H4 AF4. #ejd =49
B AR 1mgs Fotd PR3 578 HAE ol8sio
SAseH, [obe AE Smge Me,O 3 MeOH®l| 833}
o] polarimeter® =733Fth IR spectrums 213} Lz
AL 08392, NMR spectrum &5 HA= 10 mg
= 574 &7 DMSO°l &3iA715L TMSE 71E =4 & st
PMR(Q250 MHz)Z Z-43}5t}. T8k Mass Spectrum 742 3L
A AR 1mge AN (107~10° mmHg)olA negative ion
FAB-mass spectrums ©|-§-ato] 3}l Ao oa] A8t
St o] =4 gvwlEA = thioglycerols ARSI OH =4
Z70A emitter AF= 22~28eVolr, o] &919] 71&7Ij}e]
6~7kvellX A4S aiGich 94 #4224 AR 1mg
< Fsl 48rI7F 2 xSt 9] RS AlAS L A
LAEA7Z A8 $E C 2 HY 42 #4319eH, O
= TS 7IEoE AR o) gt
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Table 1. Content of total phenol in water and 60% ethanol
extracts from Crateagi Fructus

Table 4. Concetration of phenolic compound of fraction from
Sephadex LH-20 column chromatography

Contents of Phenol (mg/g)

Fraction number Phenol concentration (p1g/m/)

60% Ethanol extracts
19.2+0.20

Water extracts

22.5%£0.35

Each value represents the mean® SD (n = 6).

Zn 9 D&

HEA SfHEY . sy siE2 AEAe g 5’—:&
o} 9= 23 uaMHEe] shtEA 1:]—001:

TE} EAEE
7FA™, phenolic hydroxyl7]1Z 7FA32 $17] wj&ol] whi= %

o] AdiEAlEwt A Afske 5440l ‘”0‘31 s}, A
£ 2489 5 A VIS O 2 AFelA )
=4 =l A AR A, Table 1J+ o) B F2E
ol 225mg/g, oEhE FEEIM 192mgee] viE FFE
YeRUTE A 5% wekE FEECIA 52H10.9 me/g), &
(179 mgle), AZ1E(6.7 mg/g)e] HEA 3FES TH3
Tl Bk A3 vlwstd, AF FEEC] HEStE sl
HwA 555 4 T AU

a-Amylase A&}, TF3HE Al 2Rgol] G4l
Q1 o-amylaseel] thsled AALEZRE phenold ELETHF FE2=
HZ vwsey 2 A3 Table 29F 7°] o-amylaseol] gk
Al G 3 kS FEE(200 pg/m/)olA 2F 100%2]
A &S JeERTE A 50 25U o Rl 23 diAt
2HEEA QFEAJoRA | proantocyanidins 53 72 phenold &
2E oy dleoriE 2Ale Bos] fls) o o
f3aL 7] wliEol a-amylase AN 37t Aokl RS
™, a-amylaseo]] tiEh WlaZ] =& A &S vebd AL
E559] phenold EZ0] a-amylase A3 442 YeEp= A
o7 FZHrh

o-Glucosidase 3] &3, A} FEES TR27]YY o
glucosidase Z4iAs] &2 =43+ A3}, Table 37 7o) &
FEE(200 pg/miPlA 82.6%2] Ase-S UeRom, oeke

: b

I 115.20+0.14
1I 8.64+1.02
i 3.84+0.39
v 228.80+0.54

Each value represents the mean+ SD (n = 6).

FEEQ00 pgmPIME 12%2 & FEEHY 32 e
YERASITE. Mitsunage 572 YEIZT 5L opFprjopE
Fy| 2456 23 proanthocyanidin(PA)°] X|o} $-2)52] 91
o] H3l Y= Glase 84 TS AAsk= AS Hsigion,
o] TP PAZ} ©rslEd #HS 940 I 7)5E oA
TaL Jukar Bskar 7189 AE 29 a-amylase JA1EE
ety AeE EZo|u pPAE phenol A= &
ZZ a-amylase ¥ o-glucosidase] A4S A sl ¥ 1s}t
QArt. o)¢} 7ro] AAL ZZ‘:'-J phenold EAE o]gt g
3= Ha] a4 AL Ak Aew It
Sephadex LH-20°] -J'GP phenolic compound®] ¥2] 2 A
F. 2] a-amylase 2 a-glucosidase FAEES A 5]
$J5ke] Sephadex LH—20 columns AME-3t] 838t A3} Fig,
13} Zo] #le] £8& AU 4 =] He IdFE =4
St A3}, Table 49} 70| fraction I3+ IVOlA] 1152 ug/ml,
2288 ug/mlZ 8 & F 2 dE e etk 7 &
= 200 ugmle] F=F a-amylase®} o-glucosidase #131€Hd
=793t A3 Table 59} 72o] fraction VoA a-amylase A
42 95.7%, 28] a-glucosidase AN 92.6%= H
SlE F 7MY =2 A4S JeRSIT. Fraction 1> a-
amylase A& o] 78.4%, fraction 1= 80.6%, fraction 1=
65.8%2] AsfaE JePA o} a-glucosidaseol] et A3
& ZFz7} 209%, 27.8%, 37.1%% Y|4 e As|aasE ek
Sk Hulmes} Johnes=? phenolyd 2S5 i3t 21E F
=5 BT 4¢ 54 28E W] aaAErt w8tk B

ofi

N rlo

ot :‘"5 mlo

Table 2. Inhibition of extracts from Crateagi Fructus on a-amylase activity

Water extract

60% Ethanol extract

Fraction Number

clear zone (cm?) Inhibition (%) clear zone (cm?) Inhibition (%)
Control 12.2 122 -
Crateagi Fructus 0 100.0£0.00 0 100.0£0.00
Each value represents the mean= SD (n = 6).
Concentration of sample was 200 pg/m/.
Table 3. Inhibition of extracts from Crateagi Fructus on o-glucosidase activity
Water extract 60% Ethanol extract
Fraction Number
PNP (ng/m/) Inhibition (%) PNP (pg/m/) Inhibition (%)
Control 354 354 -
Crateagi Fructus 6.1 82.6+1.25 31.2 12.0+0.68

Each value represents the mean+ SD (n = 6).
Concentration of sample was 200 pg/m/.
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Table S. Inhibitory activities of phenolic compounds fraction from Sephadex LH-20 on o-amylase and o-glucosidase

. o-amylase o-glucosidase
Fraction Number — —
glucose (12 g/m/) Inhibition (%) PNP (12 g/ml) Inhibition (%)
Control 320.8 3.56
I 69.3 784 £ 024 2.81 209 + 0.12
I 62.2 80.6 £ 0.84 2.57 27.8 £ 0.99
i 109.7 65.8 £ 0.25 224 37.1 £ 037
v 13.8 95.7 £ 0.74 0.26 92.6 = 0.44
Each value represents the mean= SD (n = 6).
Concentration of sample was 200 pg/m/.
Crateagl Fructus (5 kg)
Filterate nadex LH-20 -
[——wo ®
-
Fraction | Fraction Il IFraction II!I Fraction I\fl
‘_Seonadax LH-20
{E1OH —> H0, 100-50%)
A B C D
MCi-gel CHP-20

Compound A

* (H0->MeOH, 0-5100%)
(8.48 g) (8.18 g)
10.61
( ) Compound C
(12.72 g)

Fig. 2. A procedure for isolation of phenolic compound from
Crateagi Fructus.

3R, Cho T2 SephadexE ©]&3l polyphenol FE5 &
g3k phenol FWH FAH71] gl wet 7] wol
phenolF9] 2|7} 7hssitial Basiglon, & d@e] 4kt
FEEY BNz B EZE(fraction IVPIA H2& 44
a7} &R1=o] Hulmes} Johnes®] Hiré} ARSI 12} &
&S Sephadex LH-20 dextran gelZ} 34 ©]XJA| phenol
F B/ 8913 MCl-gel2 ©]-8-3l nomal phase typeS!
EtOH — H,0%} reverse phase type?] H,0 — MeOHZ 7]&
o] F=E IV A7IH 8F Stk 2 A3, Fig. 29 72|
455 (comp. A~comp. D)?] 3IFFEES £33 +=H, Table 6
I o] wEj¥ BE =M a-amylaseol] tHF A8 249
o] 20% oo g YeRto™, 53] comp. CollA 97.6%= 7F
=& A3 e eI =3 a-glucosidased] thEt A

Fig. 3. Thin layer chromatography of compounds from Crateagi
Fructus.

3 @S =243 A comp. C7F 97.7%E 7P =S AaE
AL JeRRIT) a-Amylase 2 a-glucosidaseol] tdt A3 &
dol 7 5% comp. Co] T2E HA% A3}, melting
point7b 208°COF HIAFEE [a]fy -3529c=2.8, MeOH),
IR spectrumol4= 3450 cm'ollA] OH7], 1710 cm™ollA] F1E-A
71(C00)2] signale] Z+zF HEE A3, negative FAB-ms
spectrumol|A] m/z 354M| S ERISINTHTable 7). A& 1mg
< _r]aﬂ AN 7F 73t Axsle] H3] RS AlAS L AE
A2 AR FHE C % HY $e B Ok
x}‘o g VFe=R A]Al—z]oﬂ o3| kst A, C16H1809 C=
54.24%, H=5.12%, O=40.64%= YJEPT}. 'H-NMR spectrum
oA & 1.98QH, br d, H-5), 2.15QH, m, H-6), 3.52(1H, br
dd, J-29 and 83 Hz, H-4), 391(IH, br s, H-5), 5.08(1H,
br d, H-3) 5¢] quinic acid 7= felig signalso] #z=
3L, caffeoyl moietys== 6.15(1H, d, J=15.8 Hz, H-8), 6.77
(1H, d, J=82Hz, H-5"), 6.98(1H, dd, J=1.7 and 8.2 Hz,
H-6), 7.03(1H, d, J=17Hz, H-2), 742(1H, d, J=158 Hz,

Table 6. Inhibitory activities of phenolic compounds by MCI-gel CHP-20 on a-amylase and a-glucosidase

a-amylase o-glucosidase
Compound
glucose (ng/m/) Inhibition (%) PNP (ug/m/) Inhibition (%)
Control 320.8 3.56 -
A 239.6 253+0.24 225 15.3£2.65
B 222.6 30.6£0.77 2.72 23.6+0.74
C 7.1 97.6+1.36 0.08 97.7+0.37
D 228.7 28.7£2.04 2.56 282+1.24

Each value represents the mean= SD (n = 6).
Concentration of sample was 200 pg/m/.
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Table 7. Spectroscopic data of compound C

Type A amorphous powder
FAB-MS (m/z) [354.31]
polarity [Ot]zD6 —35.2° (¢ =2.8, MeOH)
1H-NMR 1.98(2H, br d, H-5)
2.15(2H, m H-6)
3.52(1H, br dd, J=2.9 and 8.3 Hz, H-4)
3.91(1H, br s, H-5)
5.08(1H, br d, H-3)
6.15(1H, d, J = 15.8 Hz, H-8))
6.77(1H, d, J = 8.2 Hz, H-5")
6.98(1H, dd, J= 1.7 and 8.2 Hz, H-6")
7.03(1H, d,J=1.7 Hz, H-2')
7.42(1H, d, J=15.8 Hz, H-7")
77.1(C-1), 38.2(C-2), 74.7(C-3), 72.9(C-4), 69.9(C-
13C-NMR 5),39.2(C-6), 125.8(C-1") 114.2(C-2"), 1.44.9(C-3"),

147.5(C-4"), 115.3(C-5"), 122.9(C-6'), 144.7(C-T"),
114.0(C-8), 166.3(C-9"), 175.0(Carboxyl)

Ol
I

Fig. 4. Chemical structure of chlorogenic acid.

H-7) 59 signalse] #&=] Jin 2] Bagh Az}l UX|
319371 wiFol compound C= Fig. 49} & #+XE 717
chlorogenic acidZ 57833t}
x =

AL FE2EZHE a-amylase, a-glucosidase AHEFS ©
AWE}a1 Sephadex LH-20(5X 45 cm)?} MCl-gel CHP-20E ©]&
afo] Asligd BES Akl FREAE sidith K 3=
o HEsgEe dge B FEENA 225mgle, 60%
ethanol FZEN4 192 mg/gl 2 Yelton, M} & 25
(200 ug/mlol A a-amylase, o-glucosidase &l &AJo] z+z}
100%2} 82.6%% WERHEOLE, 60% ethanol $-E5-(200 ug/m/)
M= a-glucosidase AEHEAFo] 12%= vk AfEAHS e}
o] A} & %55 Sephadex LH-202 o]-&3le] £33k 2
L I, O0, VY] 47F4] #8ES g53kaL A Sephadex
LH-203} MCl-gelS ©]-8-3}%] nomal phase type$! EtOH —
H,O%} reverse phase type?] H,O — MeOHZ 7189 s
E 371 AI71H £&31d A, B, C, D9 compoundsE |}

4714 compound % compound C(200 ug/m/)’} o-amylase, o-
glucosidase A &/do] 747} 97.6%, 97.7%= 717 =A et
Wom, FAB-MS, NMR# IR spectrume #43 A3}
chlorogenic acid® &-d% % th.

Key words: a-Amylase, o-glucosidase, Crataegi Fructus,
Sephadex LH-20, MCI-gel CHP-20
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