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Two pyranocoumarin constituents have been isolated from Angelica gigas and were identified as
decursinol angelate (1) and decursin (2) by means of NMR analysis, respectively. Human acyl-
CoA:cholesterol acyltransferase (hACAT) inhibitory activity of decursinol angelate (1) and decursin
(2) was evaluated. Decursin (2) showed significantly inhibitory activity against hACAT1 and
hACAT2 with ICs, value of 137 and 168 uM, respectively, whereas decursinol angelate (1) exhibited
weak ACAT inhibitory activity. These results suggested that decusin from A. gigas might be effec-
tive for the prevention and the treatment of hypercholesterolemia or atherosclerosis by inhibitory
effect on hACAT. The contents of decursinol angelate (1) and decursin (2) were analyzed in various
parts of A. gigas including flower, seed, leaf and root using LC/MS/MS (ESI, positive ion mode,
MRM mode). The content of decursinol angelate was increased in order of flower, seed, leaf, and
root and decursin content was increased in order of flower, seed, leaf, and root. It was expected
that unused parts including leaf and flower of A. gigas might be useful as new functional sources
by their high contents of decursin and decursinol angelate.
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oF Flegt Ao Qg ojdFH FHF 5ol NS SIS
Aol F2 AMgshe ez d#A UtHSong 5, 2004]. &
3] FH= AEHE FRIW X5 FE AMEEIS7] wfiel
ExRE 93] “female Ginseng”o|Ztal® E2]->-THSarker
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[Lee 5, 2003a], &HZSE I [Kim 5, 2006; Seo 5, 2009;
Shin &, 2009], & =a3Kim 5, 2008] 5°] LU 1
9] Holle A2 F4 ANEHKIl T, 2008]9 HERerH
Zol=of] oJgt 7]oy Aofjell thek BT & Yan 5, 200415
H) 23 A AM EZR G Kang 5, 2007; Epifano 5, 2008] &
Tk 8550 BalErt

Aacyl-CoA:cholesterol acyltransferase(ACAT)+= free cholestreol
& cholesteryl ester(CE)Z ZZA|7]:= E4&ZA] ACATI,
ACAT2 F 719 isoform@2 FA|3H}. ACATIS t2lA 2o
A foam cells st F2 2HESIL ACAT2= A7olA]
cholesterol®] &5 ZA3l= ZoZ U4 Ui Rudel 5,
2001]. 3, ACATel <J&f thalAEo] CEZF 45 o] foam cell
o] HH FFHow FHAS} ). AP hACAT
g4 = hACATI, hACAT2 F $/7} J=Ul, hACAT 84
o] BHS JAlske B2 A SHSHES F5E IAs
o AN FdEe FHSHES] F AN F JaL 7
Al dHE S ZESe] WEEe AS dAlsl dF 29
ZHE 5 Wojm=d ¢ vk B 9 Xl FZE
0] FHHE A WAsl APHor sHAsE G
T U AoF 7|E7] wiiEo] ACAT A 7ie Bl
FARgo] Qe IA T FUAsS § AEdEe A8A)
Mke] F83%k A 0F G8HIL UrHLawrence?t Gregory,
2000].

F2, F3He ApEEe] Map S tggst 71%5/d0]
RBUEAXN AR 7154 F SAE 2L Qlok v,
3] AdiAL #E w5l gk Bae mgdk otk w
A B AFeHEe IAFAZFE FL2 pyranocoumarin A E-S
HEsial aAgFeolg sUAss 5 AEdES XEA
o] F2% FA ACAT Aaieds Hrlste] A= 7117371
A 2AEA ] T TS AESLAL sisinh

AEAE. AR 58 A 33 Ungelica gigas) B
= ] FELEY AR Tl AjE 292
AIEZS 2006 10900 FEhste] 2ol Axd F B A
< ARt Tl = =
20074 1090l $19} FLs TN AujE 292 HINE
FEsle] PR FAAX T ZAT A AER MRS
At

Alek & 7)7]. HEAERTY R Beot AAE ¢
3l silica gel column chromatography(silica gel 60, Merck,
70~230 mesh)E AAEA T TLC #4¢l+= Silica gel 60
F254(precoated, Merck)E& AME-31aL o|ufl detection reagentZ=
10% H,SO, 895 ARSIt e 52 #ed aehe
9 7x F48E& 91F NMR 5%°l= JEOL INM-LA400
FT-NMR  spectrometer(JEOL Ltd., Tokyo, Japan)7} AR&-%|3ichH
7154 AEe LOMSMS E4dl= Agilent 1200 HPLC
system(Agilent Technolgies, Santa Clara, CA)Z} TurbolonSpray
sources 7FAZL Q)= 3200 QTrap mass spectrometer(Applied

Biosystems, Carlsbad, CA)E A&tk hACAT1/hACAT2
A B2S 18] 10% triton WR-13399F TNM-FH insect
mediumS Sigma Chemical Co.(St. Louis, MO)IAl T34
31 50% Grace’s insect medium< Gibco-BRL(Grand Islands,
NY)IA FY3HH2™ fetal bovine serum3} HyQSFX-Insect
MP mediume Hyclone(Lofan, UT)IX #4315tk DNA A
g a4E New England Biolab(Beverly, MA)S} Invitrogen
(Carlsbad, CA)SZHE] FAsIH o™ FHHE virus A2k
insect cells(SM & Hi5)E 9|3t Bac-to-Bac system-= Gibco-
BRLOIA F948lsith. 2 9] 718k AoFee BF S5 AR
I WA RS 1450 Microbeta liquid scintillation counter
(Wallacoy, Finland)2 Z%31$it}.

& 9 29, 39 o] 2% AR 3kl 80% MeOH
= 6LF ¥l 7Y B3 Aol WAsl T 63 Y WHO
2 FE8L, S F JAF w5k F 63]d AAH F=,
523 MeOH 5= (MeOH ext., 729 gy CH,CL:H,0(1:1,
14L) EF8m=2 F 638 &7 Euld § CHCLTS 23T
CH,ClL, 5% 30gS S silica gelo] Z2E column
(5%40 cm)°llA] open column chromatographyS AA]S}ATE &
Z81lE Hexane:EtOAc(30:1—1:10) EF-2w)2S AL&-31] 7%
7] €82 500mLA 83 BYogHE HE compound 1
(857 mg), 2(1250 mg)s 2zt ‘e AISFATE

Compound 1: 'H-NMR (CDCl;, 400 MHz) & 7.59 (1H,
d, /~9.5Hz, H4), 7.16 (1H, s, H-5), 6.79 (1H, s, H-8),
623 (1H, d, J=9.5Hz, H-3), 6.10 (1H, q, /7.3 Hz, H-3"),
5.13 (1H, t, /~4.8Hz, H-3"), 3.23 (1H, dd, J=17.8, 4.8 Hz,
H-4'a), 290 (1H, dd, J~17.3, 49Hz, H-4b), 1.89 (3H,
J=11Hz, H4"), 1.84 (3H, s, 2"-CH;), 140 (3H, s, gem-
CH;), 139 (3H, s, gem-CH;); “"C-NMR (CDCl;, 100 MHz)
8 16699 (C-1"), 16122 (C-2), 15641 (C-7), 154.15 (C-9),
143.11 (C-4), 139.39 (C-3"), 12859 (C-5), 127.26 (C-2"),
115.80 (C-6), 11325 (C-3), 112.76 (C-10), 104.57 (C-8),
76.62 (C-2"), 69.97 (C-3"), 27.84 (C4"), 25.04 (gem-CH),
23.19 (gem-CH;) 20.48 (2"-CH;), 15.71 (C-4").

Compound 2: 'H-NMR (CDCl;,, 400 MHz) & 7.53 (1H,
d, /9.5Hz, H-4), 7.10 (1H, s, H-5), 6.72 (IH, s, H-8),
6.15 (1H, d, J/=9.5Hz, H-3), 560 (1H, s, H-2"), 5.03 (1H,
t, /49 Hz, H-3), 3.14 (1H, dd, /17.0, 4.6 Hz, H-4'a),
2.81 (IH, dd, /~17.3, 49 Hz, H-4b), 2.08 (3H, s, 3"-CHy),
1.82 (3H, s, H4"), 132 (3H, s, gem-CH;), 131 (3H, s,
gem-CH;); “C-NMR (CDCl;, 100MHz) & 165.60 (C-1"),
161.13 (C-2), 15831 (C-3"), 15634 (C-7), 154.03 (C-9),
143.10 (C-4), 128.61 (C-5), 115.87 (C-6), 11541 (C-2"),
113.06 (C-3), 112.68 (C-10), 10449 (C-8), 76.63 (C-2"),
68.90 (C-3"), 27.77 (C4"), 2736 (C-4"), 24.89 (gem-CH;),
23.02 (gem-CH3) 2021 (3"-CH,).

FFA T 71 RS LOMSMS #4. g
9 AR 20mgdll 80% MeOH 1mLE P37 ultrasonic
batholA] 208 BOF 233 F2S stk FEAL AL
st AENE {713 ZHFE] 80% MeOH | mLE i th
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d gom F=, At 23l AX F=3 A
THe A HF 2mLE FI9E HF0] 045 um membrane
filter?2. o3}k & LCOMS/MS 418 Al8= AME-soiTh e
7 F9E Ase] AR e LOMS/MSE AAEIEH], LC
HHL Zorbax eclipse XDB-C18(4.6x150 mm, 5um, Agilent
Technologies, Santa Clara, CAYS A3}, LC o84 e
water(A), 90% ACN(0.1% formic acid, 2mM acetic acid)(B)
g £3tete 71271 8EE 8&sI=T(0-30%: 50% B—>70%
B, 30-31%: 100% B, 31-37%: 50% B), olu] ol&54e] f&
2 Ade £xE 7Hzb 08mL/min, 20°CE 3FATh MS
spectrometer®]  Electrospray ionization(ESI)  positive ion
mode® 31 collision gasE HAT AREEFSL, spray voltage
¢} source ==& Z+ZF 3,000V, 750°CZ 3FHTh TS
declustering potential(DP), collision cell entrance potential
(CEP), collision cell exit potentialCXP) =72 Z}z} 51, 14,
4evaiom,
medium, curtain gasi= 35psi®ATh  Collision energy(CE)=

collision activated dissociation(CAD)  gas+
decursin, decursinol angelate Z}Z} 7.5, 6€V, entrance potential
(EP)= decursin, decursinol angelate Z}2} 39, 91 eVZ 3151t
AJHo] ATFEAILS multiple reaction monitoring(MRM) mode
2 unit resolutionol|A] AAJEHTE MRM #4293
deurcinol angelate®} decursin®l] 3l &3}= ion pair(protonated
molecular ion/product iony> ZtZ} m/z 3292/115.1, m/z 329.2/
83.00.2 &3t Adnle] zE3t HolE Fd o= Applied
Biosystems Analyst version 1.4.2 softwareE AM-3I3AT}.

S, ZF7 ¥ FEEQ HPLC-UV #4ox AdLe
Zorbax SB-C18(4.6 250mm, 5pum, Agilent Technologies,
Santa Clara, CAyS A3, LC °l§% 27L& acetonitrile
(A), water(By2 &%ste] 7147] 2= =312 (020
60% A—100% A, 20-29%: 100% A, 29-35%: 60% A),
UV HE7] 3, ol sdel 7% 2 ZAde == 77 280
nm, 0.8 mL/min, 35°CZ 3}33t}.

hACAT1/hACAT2 A3&84 3. ACAT A &4 54
Brecher®} Chan®] WP [Brecher 5, 1980; Lee 5, 200113 ©]
& ok W¥E Cho 520031 W= BiGich =, opllE
o I mgmLe] TE2 &3id FH2EZ 89 6.67uLE ok
E 39 10% triton WR-1339 6 uLe} EFsla, FA7g o]
gato] oMES FIAA AASIATE Dol EEC FF
FE el FY2HEY 57 30mgmL7F HES 2Hst
HA FHEEHE RS Az 10 ule] FHEEE
galo] 10uLe] 05M KH,PO, buffer(0.5M KH,PO, 10
mM dithiothreitol pH 7.4), 5uL2] 0.6mM bovine serum
albumin(BSA, essentially fattyl acid free), hACAT1Z} hACAT2
7V 242 A ¥ His AXEZSE E23F microsomal
fraction 10 uL, B4HGE AEY 10uL 2 45uLe] SHTE
7tete] F 90 uLl EFES ARSI EFES 37C 75
oA 30i Bt ¥ RESAIZTE 10 uLe] [1-"*C] oleoyl-CoA
£9(0.05 uCi, FZE F%=: 10 uyM)yS ov] ¥h-gd E3Eo] 7}
sk, BAE EFES 37°C FEolA tA] 302 ERF WA
Zh EFE] 500 uLe] isopropanol:heptane E3E(4:1, v/v),

Fig. 1. The structures of compound 1 and 2.

300 L] heptane 2 200 uLe] 0.1 M KHPO,pH 7.4y 7}
alal, EHES vortex® AEHA TS ¥, F2olX 28 F
oF WIS TE. 200 Lol AYAE FEAS scintillation vialol
Y37, scintillation £(Lumac Co., Ballston Spa, NY) 4 mL
S H7IIA) o] E3=e] WAMIHS 1450 Microbeta liquid
scintillation counter(Wallac Oy, Finland)& 243} t}. g off
FFOZE oleic acid anilideS AME-EFA S, Theat 22 W
HoZ A& AT

ACAT inhibition(%)=[1-CPM(T)~CPM(C2)/CPM(C 1)
CPM(B)]x100

It

CPM(T): A58} 845 9L we] CPM #

CPM(Cl): N 82 YA &3, a4 9AS wjo] CPM %t
CPM(C2): N EE Y, 840E YA 43S wje] CPM %t
CPM(B): &9} A5 94 %S o] CPM #%
*CPM: Count per minute

-

47t 9 18
3 o] MeOH F&4S Guilwniste] &2 CH,CL
E3ozRE HIHASE compound 1, 2= FXE01S 93]
'H, "C-NMRE 43It Compound 1, 22] NMR spectra
datas HYU3| 4310, 7|RE o8] AF=F[Ryu 5, 1990;
Lee &, 2003b; Park &, 2007b]¢] NMR data®} ¥|w 3 A3}
zvzb ZFH el FQ  pyranocoumarin A< decursinol
angelate(1), decursin(2)] AOZ = ATHFig. 1).

AFH Belolx #2gt decursinol angelate(1), decursin(2)
stgtEol theted AAAF - 7ISAH S HES] 218
hACAT Aaigd< H7ksiaint. Alge] %5 100 pg/mLE 3t
o] hACATI, hACAT29| Higt A=gs A 2,
decursinol angelate(1yx= ZHz} 39, 54%2] Hlw4 92 A =5
YeRl= WhA, decursin2)> 72} 68, 75%2] $3 A =S
Yeplolth F 3§Eo] isoform?) A< wEstd I
el digk HESL 9ol 83 ZloR ARET &
/go] E& decursindl] thellre= ThFeh SEFLIAN Aall=E
24310] 1CS T3lE- ZAZH(Table 2), hACAT1Z} hACAT29]
iate] ICs, %ol Z+zb 137, 168uM<S UERHATE S,
hACAT17 hACAT2e] tigh A& AsdAe Hol#] edgte
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Table 1. ACAT inhibitory activities of compounds from Amngelica Table 3. Calibration plots and sensitivity for the determination of
gigas two Pyranocurmarins using LC/MS/MS
hACAT1 inhibition hACAT?2 inhibition Compounds Calibration plot' Correlation coefficient
Compounds (%) (%)
° ° Decusin y=6.18¢10°x+5.73¢10* 0.9987
Decursinol angelate’ 39 54 Decursinol angelate  y=2.95¢10°x+2.71¢10* 0.9988
Decursin 68 75 *y=peak area, x=concentration (pig/mL).
Oleic acid anilide? 57 65
"Treatment concentration: 100 pg/mL.
fPositive control: 300 nM. Aol RE A= 7IXe Zo] BuE vl 9l [Yan 5, 2004],
TS hACAT 2ol 2J3ll A== cholesteryl ester =<
;‘;l;l: 2. IC5y (uM) for ACAT inhibition of compounds from A. o] AHAo = ABQ] AT} Agto] 9leo] HE Ao A H
= U3} AFE 913 ACAT AsiAl7t 483 Ap B4 =
C d hACAT1 inhibiti hACAT?2 inhibiti - .
ompounds ibition inhibition A4z ADS] Xgol A8 4 9lSo] Bw%cHPugliell
Decursin 137 168 =

S, 2001, 2003; Runz %, 2002; Hua 5, 2003; Hutter-Paier
5, 2004]. = AB:Cu*" complext cholesterolE AFSIA|A 4-

w g e AMEE oleic acid anilide’} 300 nM & cholesten-3-one2 A3 F=8] ©]A-& cholesterol oxidase2]
504 hACATI1, hACAT20) that A7t 242t 57, 65%2] 7153 ARk Aok, ol Ap7F A=A 4-cholesten-3-one
Z3} v 3PA(Table 1), decursin®] hACAT As|&/do] o 9] FE% S| =ol =R o]#dk Cu* wi7lE cholesterol At

ol

A= skt ey 27tellA] 2|3k hACAT A3l/d& st a8 ADOl| LubERl WeA 71de] H g dso] B
o2 ®BIHE 55-dibuthoxy-2,2-bifuran®] hACAT1, hACAT2 2= tHPappolla &, 2002]. 53] ADZS el P24 =
A dAgo] ZHzt 1Cs, FHoZ 160, 190 uMQ! A3} Blspd oF o FHollA cholesterol 2|7} th AR HEFS F7HA7]aL
7+ =2 7A%o|AtHSong 5 2008]. B decursin®] hACATI1Z [Refolo 5, 2000; Li &, 2003], ADOIA] amyloid plaquel
hACAT29)| 3t #Ael|&Ae 208 ByEE A0R 1 F AB:Cu** complex’} F45-3F 2102 B 7EATHDong 5, 2003;
oF Aol xAtA} #H Aol gk Bl vlEEE A Lovell 5, 1998]. o213+ AR ZRE decursin®] -3+ ACAT

< g o, g5 gl tete] AFiAF A FA4E ol Al d/go] A FE=E AR AN [Yan T, 20041 &
|3 =] & AEE ot s AR Wyt & 3] AAAol Ug T USS FEE F UUTH

H, g=slo|HH (Alzheimer’s disease, AD) FSI=Z2l Hglo} S, = e IR ARSI A3 F=2 decursin,
2oz (ARl 9Jgt QIXF &/l tiste] A decursinol decrusinol angelate A3E-A7 = T2 B A TF HIE o] Qlo],
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Fig. 2. HPLC profiles of decursinol angelate (A) and decursin (B) standards, and 80% MeOH extract of flower (C) from A. gigas.
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Fig. 3. Chromatogram of the mother/daughter ion pairs (Q1/Q3 masses) for decursin (B) and decursinol angelate (C) from A. gigas extract
using LC/MS/MS method, flow rate 0.8 mL/min, positive ESI mode, MRM.

2 F9o] AR ik A7HI= v)gs AA et wEhA
] F-9E F2 pyranocoumarinA] AJF-0] RS G THEA
Sro M o]gsHA §aL MEAlE A FAEY o8k
s 93 712 8E E8skaat stk WA, 3
AF7E 3lo] £2]3 decrusinol angelate(1), decursin(2)S
F0= AMS3IAL HPLC-UVHOZ RS 319e o
2), HPLC 9% ZdollA F A wejste dEd +
Aoz FPHJct. 2ev B}y AgeiA ] 7 -2
FEAM 7 TS Rl BFs] flslel LOMSMS &
AE Akt el =, T4, 9, FEl= 80% MeOH
2 FZ3 % decrusinol angelate(1), decursin(2)e] -2 LC/
MS/MS2] positive ion mode, MRM modeE ARE-3le] =73}
Ak 2 A3, LO/MS/MSS] MRM modedl| A 7] 24
H]E3 BE FJo|A] decrusinol angelate(1), decursin(2) “3+
o] BF EAIEI A2 F AE2] protonated molecular ion/
product ion ©] 2202 BRI1gH 4= 9JT}. =, MRM mode ©
A F AR BE FEFHOE mkg 32922292, 3292/213.1

(protonated molecular ion/product ion) ¢4 7HAaL NS

[o ofN

i

AN

¥ H M
N o g3

_1
K
‘{

W 7z} AgEe] Bo] o]0 2= decrusinol angelate(1)7} m/z
329.2/115.1 ©]2%, decusin(2)©] m/z 329.2/83.0 o] 242 71X
3 9SS RIS (Fig. 3) ©] ZHzhe] o]24-E o]&-3lH
RS A HEATHFig. 4).

Decursinol angelate®] - BE|>QU>FTA>E £oO2 =9
o, decusin FFE FE>FAE>Y SO EUTHFIg. 5).
Balo| A= decusin, decursinol angelate 5 AJ¥-°] zFz} 0.839,
0.924%= A WhbHol| E3] QoA = Zk2F 0.204, 0.839%%
2] decursinol angelate $5©| decursin R TE oF 48] A=
=& Zlo] EXo|AY}. HFH FAPIA= decusin, decursinol
angelate A% ZFzF 0.338, 0.645% T-rEo] AR, A
X% decusin, decursinol angelate F Ad&o] ZFz} 0.262,
0.562% $Hrelo] AT 53], 7 22 =yt 35 =
2 AALE TRl S ¥ opEr B AAFe} 7o)
] 3ol pyranocoumarin /g% TFF FHSial SlojAd
T HA 7154 2AEA N TV 25 AeE 7=
oh o, A ] o ohE E e S VIS AR
Mslz] fleiM= JHsh] o] F ASAIZER g F-9lol
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Fig. 4. Representative Chromatogram of decursin and decursinol angelate in different darts of 4. gigas using LC/MS/MS method, flow rate

0.8 mL/min, positive ESI mode, MRM.
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H Decursinol angelate
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3 0.60
=
o
o
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0.00 -~ T T
Flower Seed Leaf Root

Fig. 5. The contents of decursinol angelate and decursin in 80%
MeOH extracts from different parts of A. gigas.

w-E pyranocoumarin ‘3ol E W] AEs & He/do]
Atk

AEH oz, FFANA E2lgt decursin 432 ACAT A3
o] mot IAEF, st 22 AW Age A

T e 718 AR I TRsAe BolFRlen, ek
I LA F T S ¥AAE FoldME decursint
decursinol angelate A3+-o] YAF shiElo] o] HEHA= F
G WS FRIE o83 AR 7IsA A Tl 7Fsd

Aog 7= et
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