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Isolation and Identification of Two Psoralen Derivatives as
Antioxidative Compounds from the Aerial Parts of Angelica keiskei

So-Joong Kim, Jeong-Yong Cho, Ji-Hyang Wee, Mi-Young Jang, Yo-Sup Rim’,
Cheol Kim’, Soo-Cheol Shin®, Jae-Hak Moon*, and Keun-Hyung Park
Department of Food Science & Technology, and Functional Food Research Center, Chonnam National University
'Division of Environmental and Agricultural Science, Sunchon National University
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*Division of Food Science, Sunchon National University

Hot water extracts of Angelica keiskei aerial parts were solvent-fractionated with ethyl acetate (EtOAc) and
buffers (5% NaHCO,, pH 8.0; 1.0 N HCI, pH 3.0) to obtain EtQOAc-soluble acidic and neutral fractions. EtOAc-
soluble neutral fraction was purified by Sephadex LH-20 column chromatography and reverse phase HPLC.
Assay for purification of antioxidative compounds was performed by spraying DPPH solution on thin layer
chromatography. Two isolated substances were identified as pseudoisopsoralen and 8-methoxypsoralen (xanthotoxin)

by FAB-MS and NMR analyses.
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(BHA), butylated hyroxytoluene(BHT), Z1&] 1L tertiary butylhyd-
roquinone(TBHQ) 5°] ©]-&Eo]A| 11 o} 1 wolAd 1l A
Ul =Ao] A HHo(6) Fatsdo) AshEA Hdd A2
AR o] o] 2757 Q) ol BHow HA
A 2RE sAe] Mg 288 93 d7E )4
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2V Z(Angelica keiskei Koidzye w|va]=h
= odtid thdAl xEo® gAY, AHE, Az
=Y, A8Y, Bk, 1Y, AFEE, 945 59
P EAeg A AF, BE 5o ookl
Atk AdZzo] A Ar2e Szt
chalcone, xanthoangelol 2 4-hydroxyderrisin®](7),
Hol 28 B51E R chalconeo(8) ZH2} By FEE R HE
s WO bp glom, 1 Yol ¥a) 2289 histamine
Azl FHE JEATEHE xanthoangelol §-%4, xantho-
bergapten, imperatorin, oxypeucedanin, oxypeucedanin
hydrate 5] E4do] Eel=glom, o]& &2d 3t 7+ 29
AR Adrb 23w owh ok, 2ela AXE A
FEES WL s A1), FUzEZ2 ¢
g A EE-(13), ZHEE28(14) 5o Hajo] Bk A7I) B
AL Hold glom, uAES NHaA) U= cynaroside (futeolin
7-glucoside)®} luteolin 7-rutinoside?} 'FA= o7 v} rk(15). 2
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7 hyperoside®] EA1E Bk vt Slrh

Ao B AFaE £ AR giE s g
gt B9 A7 Fslo] 2 FFEES] ethyl acetate 7}
£ 24320 2HE teolin 7-O-B-D-glucopyranoside, quercetin
3-0-B-D-galactopyranoside, ~ quercetin  3-O-B-D-glucopyranoside,
quercetin  3-O-o-D-arabinopyranoside, kaempferol 3-O-o-D-ara-
binopyranoside 18] 1 luteolin 7-O-rutinoside 2] 6% flavonoid
A E g - B Bad v Ado(17). B =2dMe
a2 F&ATEA MM FAEHEL] T AT o
el Ago] Yo G5FEE] FYU & (ethyl acetate 7}
& AR ERE BYEA 2F0] FVIE FHEHWIC 2
yee Bysiazt o
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B A AMEs AN Z(dngelica keiskeiys AFZAA A
wE Aoz RS 40°CalM 6A7F FE55E(107-107 torr)
o] Ao WA o] BAS AE GFrEo2FH Al
kol A B2 ARSI

E$MEFo| & ¥ HN

Az AR AZETRSkeyS FEO0C, 305, S0L)E
%23 F o7sld o AH(16 L) 5% NaHCO,E °]&
ated pH 8.02.2 A3 ThE, ethyl acetate(EtOAc, 18.7LX3)
2 2u)sld EtOAc 7HE 34 8F(EtOAc-soluble neutral frac-
tion) 584 A48 H (ageous-acidic fraction)>.Z 33T
o] g4 2R 1.0N HCE 7Fske] pH 3.002 =43
% thA EtOAc(13LX3)Z Eulisle] EtOAc 7HE 2382
(EtOAc-soluble acidic fraction)} 584 &l{-(aqeous fraction)-
2 g3t

Sephadex LH-20 column chromatography2| ZX0i <&
p=i

Lu $(18)2] el 93] Sephadex LH-20(70-230 mesh,
Pharmacia, Swedenys MeOH/H,O(1 : 9, v/v)& “d20llx 244]7F
ZoF B3N Z] vk, e Sl column(3.7X21 em)e] FX
A7l F, MeOH FEE 10-100%7H4 10%4(ZH SAE 150
mL) Z7H7)E step-wise & HHOZE Bt

High Performance Liquid Chromatography(HPLC)0| 2fgt
EHH

HPLCY| 93+ AAE pBondapak ODS column(7.8 300 mm,
10 pm, Waters, USAYS ©]&3l 4.0 mL/min(Model 510 sol-
vent delivery system, Waters)?] 422 a433{rt. Sephadex
LH-20 column chromatographyell ¢J3] g% 50% MeOH &
5o 254nm¢} 7& 34 (Model 486 tunable absorbance detec-
tor, Waters, USA)9IA] 35% MeOH(pH 2.5 by trifluoroacetic
acidye o1 AL ANl && - B

E2olE #MEF9| 77|18

AAE SEH 733 4L $3) 'H-nuclear magnetic res-
onanice('H-NMR, 500 MHz), "“C-NMR(125MHz), two-dimen-
sional NMR(2D-NMR), 22]5. FAB-MS(fast-atom bombardment

mass spectrometer)®] 7171848 AAEATH

FAB-MS &4

FAB-MS %412 Tandem Mass Spectrometer(JMS-HX/HX
110A, Jeol, Japan)E AH&3&t1C ™, matrix AJ%FS R mera-
nitrobenzyl alcohol(NBA)S AH&-3t51th.

NMR &4

G454 'HNMR, "C-NMR % 2D-NMR spectrax Fou-
rietransformnuclear magnetic resonance(FT-NMR) 7]71(500 MHz,
wiINOVA 500, Varian, Walnut Creek, CA, USA) 23] &4
sgon, fulE CD,ODE, 233 WEEFEH S ARS8
2 J1EHA0R S

SSHEY 3

22E 9 4458 Y9 DPPH radical-scavenging B4
2A: Moon 5(19)¢] #gel w&} DPPH(1,1-diphenyl-2-picryl-
hydrazyl, Sigma, St. Louis, MO, USA) EtOH -&(100 uM)
27mLol| FZE0) TFH A58 03mLE AT ¥,
vortex mixerZ 7PHAl EFe ohg, Gl 3087 WEEAIR)
%, 517l FFEE S vaTE A
2l a-tocopherol(Sigma, MO, USA)S ©]-8-3%1.2™, DPPH rad-
icalo] 50% scavenging=l12l FEE SC,(50% scavenging con-
centration) &2 UERATE

A4 L gelFANN ] PR AA: Takao 5(20)2 W
Hol| o] AAg o} wEl®l EZE TLC(thin-layer chro-
matograph) platedl] spottingste] 2-3g SujAR HMT T,
DPPH ethanol £-°4(200 uM)2- platel] F-F-35te] Hepo] e
Hol7 FRoj} B3-S sl FAHoE WU
(TLC-DPPH®)).

pE g =
MME XAR YiEEc| SuRs B Yy
AME AP AZRDTRSkS D52 FEY F, oiBal

o ol A5AL EtOAcE SviE 3t EtOAc 7H: AH4
2E(125 g5t FtOAc 71 FAGEQ4grS At o8 &
28 422 DPPH radical-scavenging 848 74 23,
50%%] DPPH radical-scavenging 5%(SCs,)= EtOAc 7H& M
gHo| 21 pg/mL, EtOAc 7Hg FAEEo] 18ugmL, 123
a-tocopherol 8.0 pg/mLe. 2 UERgT) iz EFFEEY
EtOAc 7Hg BR-E9] 34+3184L a-tocopherol®] E/del H]
& offt wre S ooy 18 HEEC EFE HHY
S EElS W, 28 7 RS AN e ditEse
o] FHrElo] g kAol A AAFEACE webA "
3E F W)t @Ao] E& EtOAc 7H FHIES dide
Fatal R dElE A=Esnh

[ R

EtOAc 718 SM&lRc=zTE &S Edol tha|

AMZ 452829 FtOAc 78 48R Q24 g, dry wt; 25
kg eq)s MeOH/H,0O £AI(MeOH &S 10%4 F71, step-
wise 8%)% Sephadex LH-20 column chromatography®l] ©]3f
82 - 23sle] TLC-DPPHE S ol§3le] itsiatd s A
3k A3}, 50% MeOH EH(221.8 mgelr Arshado] vhebst
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77X HMBC correlations

Fig. 1. The structures and important correlations observed in the
HMBC spectra for 1 and 2.

. o1& W4 2Z uBondapak ODS columnd] €3 HPLC
(35% MeOH, 254nm)¥-4& 33 Z}, retention time(r,)
23.94% H 2544204 peak’t AEEHO] 25 7 peakd] 3
=25e B3¢ & g4 At o 23 2% 8%
= BFERY Aksigdo] dgEIT adM Yz
HPLCel| 9J8) ®bE. - B#3le 35 1(r, 23.94%, 1.6mg, &
AFEhE S 2, 25.44%-, 22 mg, MEHE 77} v
st
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313HE 1°] FABMS(positive) spectrumoll A} [M+H]* 187 2
[M+Na]" 2092] pseudomolecular ion®] A& Ho] o] 813HE<]
Aol 18692 ¥ = AUSATE BPC-NMR spectrumell A} 15:¢]
carboxylic carbon(d 162.9, C-2) ¥ 10%2] sp? carbon(d 159.1-
104.7y& 23+ T 1159 carbon signale] #&HEo] 3ghHE 1
< 1159 €48 749 dEYS ¢ & A%tk 'H-NMR
spectrume A= § 8.05-6.409] 6HEl AP3h= sp* B4 proton
o] A&EAt). o] F § 7.55H-5)% 7.5 H-6)NA S7HI=8.5
Hz)® et 22 1HES proton signalSZ2E] benzeneZol]
ortho form®] protono] EAF-E & 4= Uem, § 8.05H-4)%h
6.40(H-3)1X 57HJ=9.5 Hz)=Z Jehd 2+ 1HES] protonS =
B cis form®] olefinic double bond2} &7} 74314l A|AME]
ATk B § 715H-3, 1H)2 7.90H-2, 1H)Y] 57HJ=2.0 Hz)
signalE 2581 furan =4 <14 & protone] EA7} AAFES)
o 22| #EE 2349 protond] £ Y BAEES w3sly
< o, SIEE 19 FET=E carboxylic carbon (8 162.9, C-
7438t benzene ¥l o-pyrone®He] ZFHE coumarin Al
TEE FBhaL Aol ARFEJL oY) FETEE £%
£ 313HE 12 heterodd 732 ZH= fucocoumaring 7t
SH7l AAFEI QT o] BgtEe] Hih ket paeela
3] 2D-NMR #4-& 35te] 7} protons} carbon 7+e] A}
HAE At 53], HMBC spectrum (Fig. DollA §
8.05¢] proton(H-4)2.ZHE § 125.69] carbon (C-5) 7k, 27
3§ 6.40(H-3), 7.51(H-6) ¥ 7.55(H-5)¢] 2 protonS.23E §
11539] carbon(C-4a) 7rell A3-3A17F 3250} coumarin?)
benzene ring®ll ZFHE A protonSe] 9R(3, 499} 5, 69)
7F A=At Egh § 7.55(H-5)2 7.90(H-2)¢] proton®. 25
B 8 118.09] carbon(C-7)°ll, L&)l § 7.51(H-6), 7.90(H-2") %
7.15¢] proton(H-3"C 25 § 159.12] carbon (C-8) signalell Z}
Z} cross peak’t HEEo] furanHe coumarin®] 7, 89 g}
Hol 52 & & sUem, 53] 2919 891 7holl olEHlE(oxy)
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Table 1. 'H- (500 MHz) and *C-NMR (125 MHz) data for 1 and
2 (CD,0D)

Compound 1 Compound 2
Position
'H (mult., J) BC 'H (mult., J) Bc
2 - 162.9 - 162.9
3 640(1H,d,9.5) 1147 636(1H,d,9.5) 1152
4 8.05(1H,d,9.5) 146.8 8.00(1H,d,9.5) 1468
4a - 115.3 - 118.1
5 7.55(1H,d, 8.5) 1256 7.53 (1H, s) 115.0
6 7.51(1H,d,8.5) 110.1 - 128.1
7 - 118.0 - 149.2
8 - 159.1 - 134.0
8a - 149.7 - 1443
2 790(1H,d,2.0) 148.0 7.87(1H,d,2.0) 148.7
3 715(1H,d,2.0) 1047 694 (1H,d,2.0) 108.1
-OCH, - - 424 (3H,s) 61.9

3}HE 29] 'H-NMR spectrum] A& 1%9] methoxyl”] €]
proton(d 4.24, 3H, s) B 5SH#2] sp* B4 proton(8 8.00-6.36)
o] AZHAUT}. 22 methoxyl”) 9} benzene ol ZAdtE 1H
2o sp* ¥4 proton(8 7.53, s, H-5) @ ZALOZ shiftd §
6.94(1H, d, J=2.0 Hz, H-3)9] protons A9t Es 31E 1
o] spectrum¥} wH9- FALSE FEL B, SFHE 2= benzene
2l methoxyl”]7F AHE fucocoumaringd 7FsAdo] AJARE Q)
th "C-NMR % HSQC spectraZ+-E] 122 carboxylic carbon
(6 1629, C2yg X 659 sp? 43k &2 [118.1 (C-4a),
128.1(C-6), 134.0(C-8), 1443(C-8a), 1492(C-7)], SHE S| gp?
methine carbon [5 108.1(C-3), 115.0(C-5), 115.2(C-3), 1468
(C-4), 148.7(C-2)], 28]3L 1] methoxyl carbon(d 61.9y7}A]
T 12%9] signalEo] HEEHUY olo], vt HEe rxs)A
< #8f HMBC #4& st 3148 29 7} proton 2
carbon ZHoll 2= HMBC spectrum 4Fe] 8 A#dAE
Fig. 19 Yepdh § 7.539) proton(H-5) & 108.12) carbon
(C-3) Zbe] AAFAZRE furan B0) coumaring 6, 7910 2
FHol ASE ¢ 5 AN, 53] 5 7.879 proton(lH, d,
J=2.0 Hz, H-2)O. 25 ¥ § 14929 carbon(C-7) 7+oll g
cross peak=HE] 2919} 7919] €A 7o) ol Z (oxy)A T o] B
d¥ psoralen TZE Halr S-S AT 5 ). w3
methoxyl7] 2] proton(d 4.24)2ZX-E § 134.09] carbon(C-8)
signal= 7l cross peak”} 71&=|0] methoxyl”]= 8910l Z %
EoA glFo]l FRIEAT. HFEH o2 FABMS(positive) £2
< W3 A, MHH] 207 2 [M+Na]” 23971 AEEo] Ex)
Fo| 20602 ERlEo] NMR 249 9ls) TxasiA® 55t=
o BAR dzjgo] =) wela, o)ike] NMR 2
FABMS #-4°l 2J3) 3}3HE 2t 8-methoxypsoralen(xanthotoxin)
o2 FRAM =

2 A7olA FAHE 259 furanocoumarin® FIEL cou-
marin A2 o5 WPHARE PR oz A
EABHE coumarinFE T1 7F 800 BHE do] WS EA
of de] BxHo} 9lom, 53] vy, 33, 3, 235
# Fol Eol EAETH21). ©] furanocoumaring B}3HE-2e- 3
A8 AgAQ)U FABEEH23)Y FHE FE W@y
U sheEol, B34 27 slo)A DNASHY AT5(22,24)
o] WA zhshA 422,25 ¥ 7171 EE d(23-27)0
Heol Astst 9 Ae|shs 2w glolMz Tl tidoz
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8-methoxypsoralen(xanthotoxin)°] 4HslE 4 Z2A 24 dz|g o]
A Re HgoZ AEHY. I 8-methoxypsoralend A%
28yt Ami(1elid FAEE v o MME dojMes A
02 BAEN2Y, pseudoisopsoralenc] AAEZRE T
o A 3 Ao AZEY. B AFZFE pseudoisopso-
ralen} 8-methoxypsoralen A|5.9] AZEH 100g T 2H2} 64
ng 88 pgdl ©EFHS Hilou FAHY Fo &4 58
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S A3 A3, pseudoisopsoralens} 8-methoxypsoralen(xan-
thotoxin)2. 2 FA 3}l

HAtel 2

E AtiAE 20043 Adgm sk paxge o
oz oo ZA=YYt)

2

A
rat

1. Halliwell B. Free radicals, antioxidants and human disease:; Curi-
osity, cause, or consequency. Lancet 344: 721-724 (1994)

2.Karlsson J. Antioxidants and Exercise. Human Kinetics Press,
Champaign, IL, USA. pp. 97-106 (1997)

3.Bidlack WR, Omaye ST, Meskin MS, Topham DKW. Phy-
tochemicals as Bioactive Agents. CRC press, Boca Raton, FL,
USA. pp. 241-270 (2000)

4. Shi J, Mazza G, Maguer ML. Functional foods: Biochemical and
Processing Aspects. Vol. 2. CRC press, Boca Raton, FL, USA.
pp. 367-393 (2002)

5.Mazza G Functional foods: Biochemical and Processing Aspects.
Technomic Publishing Co., Inc., Lancaster, PA, USA. pp. 403-437
(2002)

6. Seo GW, Cho JY, Kuk JH, Moon JH, Park KH. Identification of
antioxidative substances in Allium fistulosum L. by GC-MS.
Korean J. Food Sci. Technol. 35: 988-993 (2003)

7. Yoshihiko I, Kimiye B, Hiroshi T, Masahiko T, Kouji N, Mitsugi
K. Chemical components of Angelica keiskei. V1. Antibacterial
activity of two chalcones, xanthoangelol and 4-hydroxyderricin,
isolated from the root of Angelica keiskei Koidzumi. Chem.
Pharm. Bull. 39: 1604-1605 (1991)

8. Masaharu M, Yoshiyuki K, Kouji N, Kimiye B, Hiromichi O.
Artery relaxation by chalcones isolated from the roots of Angel-

12.

13.

14.

15.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

F2Hel8A B2 Psoralen FEAIE S v 2 B3 659

ica keiskei. Planta Medica 67: 230-235 (2001)

.Kouji N, Kimie B. Histamine release-inhibiting activity of Angel-

ica keiskei. Nat. Med. 55: 32-34 (2001)

.Okuyama T, Takata M, Takayasu J, Hasegawa T, Tokuda H,

Nishino A, Nishino H, Iwashima A. Anti-tumor-promotion by
principles obtained from Angelica keiskei. Planta Medica 57: 242-
246 (1991)

.Kimye B, Tadashi K, Yuko Y, Masahiko T, Mitsugi K. Chemical

components of Angelica keiskei Koidzumi. (V). Components of
the fruits, and comparison of coumarins and chalcones in the
fruits, roots and the leaves. Shoyakugaku Zasshi 44: 235-239
(1990)

Emiko S, Aisumi H, Rumiko T, Yasuo A, Tetsuo M, Koichi K.
Effects of angiotensin 1-converting enzyme inhibitor from Ashi-
taba (Angelica keiskei) on blood pressure of spontaneously hyper-
tensive rats. J. Nutr. Sci. Vitaminol 45: 375-383 (1999)

Park JR, Park JC, Choi SH. Screening and characterization of
anticholesterogenic substances from food plant extracts. J. Korean
Soc. Food Sci. Nutr. 26: 236-241 (1997)

Park JC, Park JG, Kim HJ, Hur JM, Lee JH, Sung NJ, Chung
SK, Choi JW. Effects of extract from Angelica keiskei and its
component, cynaroside, on the hepatic bromobenzene-metaboliz-
ing enzyme system in rats. Phytother. Res. 16: 24-27 (2002)

Park JC, Cho YS, Park SK, Park JR, Chun SS, Ok KD, Choi
JW. Isolation of flavone 7-O-glycosides from the aerial parts of
Angelica keiskei and antihyperlipidemic effects. Saengyak Hakho-
echi 26: 337-343 (1995)

. Shim JS, Kim SD, Kim TS, Kim KN. Biological activities of fla-

vonoid glycosides isolated from Angelica keiskei. Korean J. Food
Sci. Technol. 37: 78-83 (2005)

.Kim 8J, Cho JY, Wee JH, Jang MY, Kim C, Rim YS, Shin SC,

Ma SI, Moon JH, Park KH. Isolation and characterization of
antioxidative compounds from the aerial parts of Angelica keiskei.
Food Sci. Biotechnol. 14: 58-63 (2005)

.Lu YR, Foo LY. Identification and quantification of major

polyphenols in apple pomace. Food Chem. 59: 187-194 (1997)
Moon JH, Terao J. Antioxidant activity of caffeic acid and dihy-
drocaffeic acid in lard and human low-density lipoprotein. J.
Agric. Food Chem. 46: 5062-5065 (1998)

Takao T, Kitatani F, Sakata K. A Simple screening method for
antioxidants and isolation of several antioxidants produced by
marine bacteria from fish and shellfish. Biosci. Biotech. Biochem.
5:1780-1783 (1994)

Torssell KBG. Natural Products Chemistry: A Mechanistic and
Biosynthetic Approach to Secondary Metabolism. John Wiley &
Sons Ltd., NY, USA. pp. 88-91 (1983)

Harayama T, Nishita Y. Efficient and convenient synthesis of
angular furanocoumarins from hydroxycoumarins. Chem. Pharma-
col. Bull. 44: 1986-1988 (1996)

Elgamal MHA, Elewa NH, Elkhrisy EAM, Duddeck H. *C NMR
chemical shifts and carbon-proton coupling constants of some
furocoumarins and furochromones. Phytochemistry 18: 139-143
(1979)

Guiotto A, Manzini A, Chilin Pastorini G, Rodighiero P. "*C-
NMR spectra and carbon-proton coupling constants of variously
annulated furocoumarins. J. Heterocyclic Chem. 22: 649-656
(1985)

Sardari S, Mori Y, Horita K, Micetich RG, Nishibe S, Daneshta-
lab M. Synthesis and antifungal activity of coumarins and angular
furanocoumarins. Bioorg. Med. Chem. 7: 1933-1940 (1999)

Bose AK, Fujiwara H. "C NMR spectra of some furocoumarins.
Tetrahedron 35: 13-16 (1979)

Murry RDH, Jorge ZD. A simple method for differentiating
between angular and liner 5-methoxyfuranocoumarins. Phy-
tochemistry 23: 697-699 (1984)

Baba K, Nakata K, Taniguchi M, Kido T, Kazawa M. Chalcones
from Angelica keiskei. Phytochemistry 29: 3907-3910 (1990)

(20053 19 319 A4 20059 7€ 24 A=)



