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Inhibitors of Monoamine Oxidase Activity from the Fruits
of Crataegus pinnatifida Bunge

Seong Su Hong, Ji Sang Hwang, Seon A Lee, Xiang Hwa Han, Jai Seup Ro and Kyong Soon Lee*
College of Pharmacy, Chungbuk National University, Cheongju 361-763, Korea

Abstract — From the fruits of Crataegus pinnatifida BUNGE, ursolic acid (1), quercetin-3-O-orL-thamnopyranosyl(1—6)--D-
glucopyranoside (2), (—)-epicatechin (3), quercetin-3-0-f3-D-galactopyranoside (4) and quercetin (5) have been isolated and
identified on the basis of their physicochemical properties and spectroscopic evidences in comparison with authentic samples.
Among isolated compounds, quercetin showed significant inhibitory effect against MAO.
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O-o-L-rhamnopyranosyl(1—6)--D-glucopyranoside, quercetin, MAO

AR (Crataegus pinnatifida BUNGEYE $-2lule} 744
o] ThE, &, PR U YUdwEo 2 3k (Rosaceae)
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Crataegus%s 2)%-2] %o B3 A1LZE Zhang' ¥ 5

o C. pinnatifida Bge. var. major N. E. Br.8] 90232
8-C-B-D-(2"-O-acetyl)glucofuranosyl apigenin, 3"-O-acety-
lvitexin, pinnatifin C, D, I, quercetin, 3-O-B-D-glucopy-
ranosyl quercetin, 3-O-B-D-galactopyranosyl quercetin, 3-
0-B-D-glucopyranosyl(6—1)-o-L-rhamnosyl-3-0-B-D-
glucopyranosyl quercetin, 3-O-f3-D-glucopyranosyl(6—1)-ot-
L-rhamnosyl quercetin, kaempferol, 7-O-a-L-rhamnosyl-3-
O-B-D-glucopyranosyl kaempferol, pinnatifinoside-A, B, C,
DE R332, Ding'” %°] quercetin, hyperin, vitexin,
rhamnosylvitexin, sorbitol, diethylamine-HCI ¥ 2-(4-hydro-
xybenzyhmalic acidZ 2389tk Park'” 0] Crataegus
pinnatifida var. psilosa®] 3+ Z5E ursolic acid, corosolic
acid, euscapic acid, B-sitosteryl-3-O-B-D-glucopyranoside
2 hyperin® B389}, Zhang So) C. pinnatifida®) &
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© 2 HH¥ pinnatifida A, B, vitexin, 6"-O-acetyl-vitexin, 2"-
O-acetyl-vitexin & 2"-O-thamnosyl-vitexinS: W 2 8}% 2,
Wang'? 50) C. pinnatifida bge. var major N. E. Br.2] #|
ZH-E protocatechuic acid, gallic acid, catechol % p-
hydroxybenzoic acidE =133t}

Crataegus®s 2152 A @A A AT2+ Jeong”
o] ursolic acid®] chitin synthase Il 3] 2432, Min'®'"”
0| C. pinnatifida Z5-¥] cytotoxic triterpeneZ HIV-I
protease A& S5 HILSIAT]
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B AFoHe HAP o 2 7E MAO 84 Aafzre
7R N2 SRS ek o] 22 S 3 -2 59
227 ABe] NEAD S8alr] o ATe] Astoz
MAO 844 A&l 235 vepd AAERRe] MeOH A2 5
Y 559 =22 Es%ien, o] ¥ quercetin®] &1
MAO &4 A3l &35 el R

of o

ME o

HEME - 20019 1098 FHEAE shlox] A
A S APt A% T Aldste] APAEE AL
St AERE2 AESH 2L vl § SRSk
oFstt) s FEA(CBNU-00126) 2@skaTt.

A P71 2 Al — §74-2 Biichi (Model B-540, Switz-
landrke] 54 S9715 ARSSIC™ BASA] 48kt UV
+ JASCO V500 UV/VIS spectrophotometer (Model LE
599, UK.)E, IR Perkin-Elmer spectrophotometer (Model
LE399, UK.)E, EI-MS+ Hewlett-Packard, MS Engine-
5989A E, FAB-MS+= JMS HX-110/110A (JEOL, Japan)&
'H 2 "C-NMR-E Bruker (Model AMX-500, Germany)Z
ARg-ate] S48

Column chromatography-8 3| = silica gel 60 (70-230
mesh, Merck) ¥ Sephadex LH-20(20-100 p, Pharmacia
Fine Chemical Industries Co.)2 TLC plate= Kieselgel 60
F,s, plate(0.2 mm, Merck)Z2 UV lampe Model UVGL-25
(UVP, US.AE AME39.29, MAO A3l 4L fluore-
scence spectrophotometer(Perkin-Elmer LS50B, USA)S A}
&3] 2l Al 2 Sl £48 55 B 19
AlekS ARE-EIAT

F& 9 22| - 37431 AEs AR 20kgS 80%
MeOHE H-gollA 33] §HE. S35l A& FZ2AS o3,
7 AEE351e] MeOH 92350 )E AUt} ©] MeOH <
25 7 wet £83le] CH,Cl, 912+(18.5 g), EtOAc &)
22304 ¢) 2 BuOH 92204 g)F 7}z Ath o] &
MAO &4 A48 vehd CH,CL, #3135 gl ths}
o CH,CL,—>MeOH &0 2 7]-&7] &2 A)HA silica gel
column chromatographyS 22131 &7)] (MC1~MC6)°] &
S AR} A MC3E n-hexane—sacetone £H O &2 7]
<71 -82IA1A silica gel column chromatographyS HHe- 2
Al&ted compound 1(18.5 mgye LATH HA] MAO B4 A
3 2+8-& el EtOAc #3254 g)ol th3le] Sephadex
LH-20 column chromatography (10% MeOH MeOH)E A
gate] e7le] EE(EAI~EA6)CE 3, EA2 E39) o
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3l MCI-gel CHP 20P column chromatography (50%
MeOH)E 2 A3l compound 2(22.3 mg)} compound
3(45.1 mg)2 EA4 ¥ EAS 82 2%F compound
4(21.2 mg)?} compound 5(15.2 mg)E 242} E sttt

Compound 1 — White powder; Liebermann-Biirchard
reaction : positive; m.p. 288-289°C; IR vKBr cm™ : 3440
(OH), 2920 (CH), 1690 (COOH), 1030 (C-0O); EI-MS
(mlz) : 456 [M]*; "H-NMR (CDCl,, 500 MHz) & : 0.72,
0.75, 0.86, 0.92, 0.95, 1.03, 1.09 (each, 3H, s, Me), 2.93
(1H, d, J=4.8 Hz, H-18), 3.72 (1H, d, J=10.3 Hz, H-3),
5.23 (1H, m); "C-NMR (CDCl,, 125 MHz) & : 38.7 (C-
1), 27.7 (C-2), 79.7 (C-3), 38.7 (C-4), 55.8 (C-5), 18.03
(C-6), 33.5 (C-7), 39.6 (C-8), 47.6 (C-9), 37.6 (C-10),
16.8 (C-11), 125.7 (C-12), 138.4 (C-13), 42.7 (C-14), 28.1
(C-15), 24.1 (C-16), 48.3 (C-17), 51.2 (C-18), 39.1 (C-
19), 38.7 (C-20), 30.4 (C-21), 35.9 (C-22), 28.1 (C-23),
154 (C-24), 15.5 (C-25), 16.8 (C-26), 24.0 (C-27), 181.0
(C-28), 24.1 (C-29), 21.5 (C-30).

Compound 2 — Yellow powder; m.p. 214~215°C;
FeCl,, Mg-HCI test : positive; IR vEE; cm’' : 3413 (OH),
2938 (CH), 1658 (C=0), 1559, 1504 (C=C), 1061 (glyco-
sidic -OH); FAB-MS(m/7) : 611 [M+H]", 465 [M-rha+H]",
303 [M-rha-glc+H]"; 'H-NMR (DMSO-d,, 500 MHz)  :
7.58 (2H, dd, J=1.9, 8.3 Hz, H-2',6"), 6.88 (1H, d,
J=8.3 Hz, H-5"), 642 (1H, d, J=1.9 Hz, H-8), 6.23 (1H, d,
J=1.9 Hz, H-6), 5.38 (1H, d, J/=7.2 Hz, anomeric H), 4.37
(1H, s, anomeric H); "C-NMR (DMSO-d,, 125 MHz) §:
177.3 (C-4), 164.1 (C-7), 161.2 (C-5), 156.6 (C-9), 156.4
(C-2), 148.4 (C-4), 144.7 (C-3), 133.3 (C-3), 121.6 (C-6),
121.2 (C-19, 116.2 (C-5, 115.2 (C-2"), 103.9 (C-10),
101.2 (C-1"), 100.7 (C-1"), 98.7 (C-6), 93.6 .(C-8), 76.4
(C-3"), 76.4 (C-5"), 75.9 (C-2"), 74.1 (C-4™), 71.8 (C-4"),
70.5 (C-2"), 70.4 (C-3™), 68.2 (C-5"), 67.0 (C-6"), 17.7
(C-6™).

Compound 3 — Pale red crystal; m.p. 234~236°C;
FeCl, test : positive; IR vKB cm™ : 3282 (OH), 1628
(C=0), 1522, 1471 (aromatic C=C), 820 (aromatic ring);
EI-MS (m/z) : 290 [M]*, 272 [M-H,0], 152 [B ring], 139
[A ring], 123 [B ring-CHO]; 'H-NMR (DMSO-d,, 500
MHz) 6: 477 (1H, s, H-2), 4.04 (1H, d, J/=3.6 Hz, H-3),
2.52 (1H, dd, J=3.3, 16.5 Hz, H-4), 2.72 (1H, dd, J=4.3,
16.5 Hz, H-4), 5.76 (1H, d, J=2.1 Hz, H-6), 593 (1H, d,
J=2.1 Hz, H-8), 6.69 (1H, dd, J=1.8, 8.2 Hz, H-5"), 6.71
(1H, d, J=8.2 Hz, H-6"), 6.93 (1H, brs, H-2"), 8.75, 8.84,
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8.93, 9.14 (each, 3-OH, 4'OH, 7-OH and 5-OH): "*C-
NMR (DMSO-d,, 125 MHz) §: 155.8 (C-7), 156.2 (C-5),
156.5 (C-9), 144.5 (C-3), 144.4 (C-4'), 130.6 (C-1), 1179
(C-6), 1149 (C-5), 114.7 (C-2), 98.5 (C-10), 95.0 (C-6),
94.1 (C-8), 78.0 (C-2), 64.9 (C-3), 28.2 (C-4).

Compound 4 — Yellow powder; m.p. 225~227°C;
FeCl,, Mg-HCl test : positive; IR vKBr em ' 3358 (OH),
1660 (C=0), 1598, 1497 (C=C), 1080, 1011 (glycoside-
OH); FAB-MS (m/) : 465 [M+H]", 303 [M-glc+H]"; 'H-
NMR (DMSO-d,, 500 MHz) & : 5.42 (1H, d, J=7.5 Hz,
gle-1), 6.24 (1H, d, J=1.5 Hz, H-6), 6.45 (IH, d,
J=1.5Hz, H-8), 6.86 (1H, d, J=8.0 Hz, H-5"), 7.71 (1H,
dd, J=2.0, 8.0 Hz, H-6), 7.57 (1H, d, J=2.0 Hz, H-2'):
PC-NMR (DMSO-d,, 125 MHz) §: 156.3 (C-2), 133.5
(C-3), 177.5 (C-4), 161.2 (C-5), 98.7 (C-6), 164.1 (C-7),
93.9 (C-8), 156.3 (C-9), 103.9 (C-10), 121.1 (C-1"), 1152
(C-2)), 144.8 (C-3), 148.5 (C-4), 115.9 (C-5"), 121.1 (C-
6, 101.8 (C-1"), 71.2 (C-2"), 75.8 (C-3"), 67.9 (C-4"),
73.2 (C-5"), 60.1 (C-6").

Compound § - Yellow powder; m.p. 311 ~313°C;
FeCl,, Mg-HCI test : positive; IR vXB cm™: 3350 (OH),
1685 (C=0), 1615, 1505 (C=C); EI-MS (m/%) : 302 [M]";
'H-NMR (DMSO-d,, 500 MHz) 8: 6.22 (1H, d, J=1.8 Hz,
H-6), 6.44 (1H, d, J=1.8 Hz, H-8), 6.92 (1H, d, J=8.5 Hz,
H-5", 7.58 (1H, dd, J=2.0, 8.5 Hz, H-6'), 7.71 (1H, d,
J=2.0Hz, H-2), 1253 (1H, s, 5-OH); “C-NMR (DMSO-
dg, 125 MHz) §: 146.8 (C-2), 135.7 (C-3), 175.8 (C-4),
160.7 (C-5), 98.1 (C-6), 163.9 (C-7), 93.3 (C-8), 156.1
(C-9), 103.0 (C-10), 121.9 (C-1), 115.0 (C-2), 145.0 (C-
3, 147.7 (C-4"), 115.6 (C-5), 119.9 (C-6)).

MAO E2#lo] SEHK — MAO A8% Naoie] W4
T FEAGA ST MouseE WHEslT M= Rajs)
o (889 T F ice bat’d]X 10 mM K - PO, buffer
= &3 025 M sucrose & (pH 7.4) 3] F-S 7}5}
homogenizers& AHE-3te] 1THA] w2 3027 4-63) 22
SPAZTE HomogenateS 1,200 g2 5571 AlEalale]
= 35 T 16000 g 2087 AR ste) e A
el =7} 100-300 mymPt ¥5=% 10 mM Na-PO, buffer
(PH 74)8 YL AEA7A MAO 48107 s19on —70°C
Bt

71289 M= - -20°Col ZAH kynuramine S F&
Al 500 uMo] =S 590 F jce bath AollA] Bekslo]
ARESIATE HEE 8713 9] HEFEE 100 uMe| ST}

MAO EY&E - MAOY] A2 Kramlo] Hol| Fa}
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o] 430k wkg-8719] 02M K- PO, buffer(pH 7.4)
720 Wi, B4 30 W, AlE. MeOH Ext. B ©hel gagn
8l 50 wWiE a7 37°ColA 587F ATt Kynuramine
(500 uM) 200 prE 7] EARHS-S WPA7| 7 308 3
10% ZnSO, 250 e} 1 N NaOH 350 w2 7hste] 243509
RGOS 3.000xg® 587+ AARE|E T A5 350 W
° 1N NaOH 700 W 7} o, A5 150 uis s}
W44 = 4-hydroxyquinoline®] FE2 S#4 %A (hex/
Aem : 315 nm/380 nm)E &3P, © A}
4, At MAO 844 S43I9ith
H O
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Compound 12 WA LZA] Liebermann-Biirchard ¥H-2-
o Fd& UEPNAL, IR spectrum®] 3440, 2920 2 1690
cm 9|4z OH719} aliphatic proton @ COOHZ. &)%)
= 55 bands YERIRITE Mass spectrumelAE molecular
ion peak’t m/z 456904 FHEERUL, retro-Diels Alder frag-
mentation®] 2|3 base peak?] m/z 248 2 m/z 2079] frag-
mentation} & 7]l X} COOH7} Bl & m/z 203 fragment
ion®] #&E0] APAILS] triterpenoic acid® Y5 Ich
'H-NMR spectrum 0.70-1.10 AJolollA] 7712] methyl signal
3} §5.23914] olefinic proton©] #2E I, §3.7200 A]
J=10.3 Hz®] H-3 methine proton®] ¥ =o] OH7} AT
Hof Tkl g3kl om, §2.9390 % J=4.8 Hz] H-18
°] doublet® 2 JER= H3 "C-NMR spectrume] C-12,
C-139] olefinic carbon®] §125.7 2 § 138404 Vel
ZO 2 A urs-12-ene type®] triterpencic aciddS & 4 )
ATk oo 717184 A3t 8 #§*05te) vy
compound 1-% 24 CyH,,0,9] ursolic acid® 891, %
74 3k3lr}. Compound 2+ B34 Bobid Ao 2 FeCl,
tesol]lA] 2240 Mg-HCI testolA] 3448 7hzF Vel IR
spestrume 2. 3413 cm ol 4] OH, 2938 cm™ o)) A] C-H,
1658 cmollA C=0, 1599, 1504 cm™ellX C=C, 1061 cm™
oM glycosidic OHO| Z#E Yelle F40)7t ehda
UV spectrums B9 258 2 359 nmol| M S+F0] & ve}
ylel flavonol F=A2 343 4= UUr}. 'H-NMR 23
H Z aromatic field®] §6.23 (1H, d, J=1.9 Hz), 642 (1H,
d, /=19 Hz)?llA] flavonoid A¥e] H-6 ¥ H-82] Mg 2<]
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m-coupling®] &=, §6.88 (1H, d, J=8.3 Hz), 7.58 (2H,
dd, J=1.9, 83 Hz)elA] B¥<] H-5, H-2, 69 signatS e}
o™, Z<] anomeric proton®] §4.37914 singlet® = 1}
it Fo| oA Y-S E v 2] anomeric proton®] §5.38
oA J=7.2Hz] doubleto 2 VER} Fo] BAIYUS 22}t
A & AT FAB-MS spectrumo| X &= m/z 6119014
[M+H]" ion peak& m/z 465 2 303914 Z}Z} hexose 2
methylpentose”} 224 fragment ion peakE #EE = 2l
o] flavonol 2] 17]2] methylpentose®} 17H2] hexose”}
24 SRIERE AT 5 Aok = g A E ¢
7] #18k] PC-NMR =FEZHNA quercetind ¥ 2L of
C-27F §9.6, C-47F § 1.5 AR shifts]o} #&H I, C-
37k 82402 IAPF shiftF o] ERIER €3¢ Fo] A
o] glycosylation shift7t Lot 21 AT 5= AT}
g §177.3914 C-49 carbonyl”) & 3T 4 AN,
51447914 C-3'9) carbon signal, & 148.4%14 C-4'¢]
carbon signalo] 2 &RIE]o] C-3' 2 C4' ¢l proton
°] hydroxyl’]= X|&=o} 58 & 4= AUt §101.2904
glucose®] anomeric carbon signatg- § 100.7914 rhamnose<]
anomeric carbon signats ER1Z 4= U 0™, glucose®] C-
67} §67.0°2 §7.0 AR shiftElo] 2lo] glucose C-691
thamnose”t A=} U5 FHT 5 AT o] 717]
224 Ao o 27 050) ¥]mE compound 25 C,H,,0,,
MW.=610)¢] #2212 Zh= quercetin-3-0-o-L-rhamno-
pyranosyl(1—6)-B-D-glucopyranoside =, rutin® 2 391, %
Aot

Compound 3& 1&A HAAH O 2 FeCl, WH3-ol| Yo,
IR spectrum®i A 3282 (OH), 1628 (C=C), 1522, 1471
(aromatic C=C), 820 (aromatic ring)em™" S|4 78t &<
7t YERY flavanol Fr=AE 3 = QYT ELMS
spectrumlX= m/z 290014 [M]" molecular ion peakE 2+
2 5 oA flavan-3-0l2 FFE 4 AT 'H-NMR
spectrum A= H-5'9] signalo] §6.69914] J=1.8, 8.3 Hz3!
double doublet®.= 4 = o] H-6'9} o-couplingd}Z $137,
H-6'9] signak §6.719114 J=8.2Hz! doublet® E4=4]
t}. §5.76, 85.93%1 4 coupling constant J=2.1 HzZA] H-6
3 H-8°] M2 m-couplingdrE 549 & A, §2.525%
8 2.72914] H-49)| 71213hk= signal double doublet®. & V}E}
0™, H-27} B ring®ll 23} singlet® & §4.77914 Vel
31, 84.04904 H-39] J=3.6Hz3! doublet signat }ERY
At} H-29} H-39] coupling constant (broad singlet) 2 C-2
(78.0), C-3 (64.9)2] carbon chemical shift= Ho} 23¢9 %=
cis typeQl (—)-epicatechin} 5U3} patterns HoF51 9l
t}. "C-NMR spectrum®ll 41 carbon signalo] 157]°]3, &

—
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8] C-30] 8649914, C-3'9F C-47}F 22} §144.5, & 14449
A T8 = C-39 C-47F OHWZ|E A &= o] S 1l
g 4 USiTk. oldel 717184 A 2 B Pse) viws
compound 3& A+ C;H,,0] (-)-epicatechin® = F}1,
R A=

Compound 4= AR HZ FeCl, W34 252, Mg-
HCI Testoll 4] 3488 VERARICE. IR spectrum®] 73 3358
(OH), 1660 (C=0), 1598, 1497 (C=C), 1080, 1011 (glyco-
sidic-OH) cm ™' B4 28 FFHE JERIEZ flavonoid
glycosideZ 43}, UV spectrum®ll 4] 258, 360 nmel|
Al FU7 UEREE flavonol FEAZE FAE 5 2L
2ok FAB-MS(positive) spectrum® A= m/z 4659 A
[M+H]"2] molecular ion peak, m/z 303914 hexose’} €2t
¥ fragment ion peakE ZH} #&E = 9lo] quercetin &
ol 1242 hexoseZt AHE IRHEE FHE F AUTH
'H-NMR spectrum®IX1E §6.24 2 56459014 J=1.5Hz$)
doublet& H-6, 82, 6.86°14 J=8.0 HzS! doubletS H-5'2
5743t H-6'} o-coupling®2 & 4 AATE §7.71904
H-6'¢] proton signal®] J=2.0, 8.0 Hz2| double doublet® =
FAE S, §7.579014 H-2'9] proton signal®] J=2.0 Hz<]
doublet>. 2 #2E| ] 0™, §5429]A glucose anomeric
proton®] J=7.5 Hz! doublet signal® JERIEZ Fo] BA)|
de & & Ak PC-NMR spectrum@ A& quercetin
g o) C-27} §9.3, C-47t 8 1.7 ARPESE shiftslo] #
)5, C-30] 822 AAFOE shifi]o] HEFEZE C3
o] o] X|&=]S] glycosylation shift7} ot AL &lgh
T ATt §177.5904 C-49] carbonyl’|E HEE 4= U
3, 8144.8, §148.59 4] C-3', 4' carbon signal®] #3250
C-3, 4 91219} proton®] hydroxyl”|Z &= o] &S &
T A 810189014 F2] anomeric carbon signalg &1
g = lon, Fo v HE 7|00 §71.2, §75.8, §67.9,
873.2, 360.19] signalo] #HFE = dglem L7l
olste] Fg EFETH Zol TLCE & A3 AHT Dol
D-galactose]-S & = AT} o] 717184 A & &
3 P31e]l vl E compound 4E A+ CyH,0,9]
quercetin-3-0-B-D-galactopyranoside <, hyperoside 22 &
&1, E8skrh.

Compound 5& 9|34 @2 FeCly RES-olA] 2F4,
Mg-HCl teseoll 4] 34 YeRll= 5 flavonoid ST ¥Hg-)
PFAE YERAATE IR spectrumol A& 3350 cm ™'l hydroxy
71, 1685 cm™'ol| carbonyl”]ell €& F=7} #2EQ T, EI-
MS spectrum®l| A= m/z 30290141 [M]" molecular ion peak
2 ## £ Atk 'H-NMR spectrum®l| A1 = aromatic
fieldol A 8 6.227 §6.449) J=1.8 HzE 27} m-coupling &}
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Table I. Effects of the various compounds from Crataegi fructus on monoamine oxidase (MAO) activity in mouse brain

MAO activity (% of control)

Compounds Concentration(uM) (nmol/min/mg_protein) 1G5, (UM)
Control 0.88210.033 (100)
1 100 0.724+0.023 (82.0) > 1000
2 100 0.60810.007 (68.9) 177.8
3 100 0.660£0.015 (74.7) 269.5
4 100 0.60310.008 (68.3) 2339
5 100 0.331£0.012 (34.9)*** 62.0

The control of MAO activity was taken as 0.882 nmol/min/mg protein. The percent of control activity was shown in parenthesis. The data
were expressed as meantSEM for 4 experiments. Significantly different from the control value: *p<0.05, **p<0.01 , ***p<0.001

(Student's t-test)

3 S5 flavonoid A2 H-6 ¥ H-82] protono] 2|3k
doublet signal2- VRS, §6.9290 J=8.5 HzZ o-coupling
83 3 doublet, §7.58¢) J=2.0, 8.5 Hz= o- % m-
couplings}al )& double, doublet, § 7.71° J=2.0 HzZ m-
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