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Isolation of Guaianolides with ACAT Inhibitory Activity from the
Leaves and Stems of Chrysanthemum boreale Makino

Jong Rok Lee, Moon Ki Park*
Department of Pharmaceutical Engineering, Daegu Haany University, Gyeongsan 38610, Korea

Abstract

Acyltransferase (AT) catalyzes the transfer of an acyl moiety from acyl-coenzyme A (acyl-CoA) to an acceptor. ATs play
important roles in the maintenance of homeostasis in the human body and have been linked to various diseases; therefore, several
ATs have been proposed as potential targets for the treatment or prevention of such diseases. The AT family includes
acyl-CoA:cholesterol AT (ACAT), diacylglycerol AT, and monoacylglycerol AT for the metabolism of lipids. Furthermore,
recent molecular biological studies revealed the existence of their isozymes with distinct functions in the body. ACAT plays a
critical role in the formation of cholesteryl esters from cholesterol and fatty acids, and is a potential target for treating
hypercholesterolemia. During an experiment designed to discover biologically active compounds from herbal medicines, we
isolated two known guaianolide sesquiterpene lactones from Chrysanthemum boreale Makino (Compositae). The lactones were
characterized from their spectroscopic data (NMR, IR, MASS). These compounds were subjected to ACAT inhibition assay.
Here, we report the isolation and structural elucidation of the compounds 8-0-acetyl-2-methoxy-10-hydroxy-3,11(13)-guaiadiene-12,6-olide
and 8-acetyl-3,10-hydroxy-4(15),11(13)-guaiadiene-12,6-olide. In the ACAT inhibition assay, compound 1 showed strong
inhibitory activity, with an ICso value 45 ng/mL, whereas compound 2 did not exhibit significant inhibitory activity with an over
100 pg/mL.

Key words : Acyl-coenzyme A:cholesterol acyltransferase, Hypercholesterolemia, Guaianolide, Sesquiterpene lactone,
Chrysanthemum boreale Makino
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Acyl-CoA: cholesterol acyltransferase (ACAT)
free cholesterol-Z cholesteryl ester® Z3A|7]= &
284 ACATI, ACAT2 5 7]9] isoform © & 5t
th ACATI-S TN 2o A foam cell-& & /d k=t
ZF=2 2835101, ACAT2E AAbo|| A cholesterol 2] &
o7 dHA Utk Z, ACATO| 9
3f] th 2] A 3£ 9| cholesteryl ester7} & & o] foam cell
o B FEA0R S et A
9] hACAT f49&= hACATI, hACAT2 &+ £&7}
U=l hACAT A4x0] ZHS Aoh= B8 X“H
ZYAEHES 575 JAIsk] AU Y%= =
2HEO| S FaAE 4= Q1AL Tt A EdiE =
g 2HEo] HEE= e Alste @5 Zd2HE
] Azof S| 2H|

— A=
SES Holmd 4 gk = B
2 WAjstol AYH O FUHeE

=
1t

_[___ Z;H 0].__

e 4= S AR 7| 7] 2ol ACAT A3f

=
A e vlma Htgol gl TABFolt B
A8 5 ABWA AEA o] 2o BHO

2 28571 QIt{McGinley et al., 1979).

Sliskovic?] Hirof oJ3hH 1A EZ ofuta} 2=
o &} 9)T, B3] Fujzste] ualy| <ol Pl
o] = M= 2712 2he IAES A2 A 7N
o] dgko = ACAT A3fiA]] 7o) F3d&ar 9l
=Hl, ACAT= Z|2HE9] of 2:H| =3}of| whodsto]
aiollA Fe2HES S, IHEolA Very Low
Density Lipoprotein (VLDL)S] A, RA|HbA|Ee} &
ol S AHEAE 2] F2of Hofskes &
A2 d#A QJcKSliskovic and White, 1991). w2t
A, B Ao A= Ba] = sesquiterpene lactoneo]] T
o 2AEE ARAZA A TS ZA]
o8l ACAT Al SAPS ol &-akalrk(Kim,
1996).

A7 eyt A oF 20000] 7FA] 2] oFg-AE

-t

& o= Wzl ghy m AMg3te] gheolE
w1, oF71A ool gt ol oAk Bl
7 5ol M= 9l o}xm o ofaro] HATE
o Sefuteto] thapet oFgAlEo] B S 71X
3 glom, ofu] Xujt, gt 2 B N RAZ
Mrstol QA B %ﬁ} ‘EAX] , 5

=2 mlm

Lietol A= of2fRt A5l
= ‘39,] }\Hﬂﬁ—/\‘lﬂ/gﬂ \;Lg A&
£l e 2ol gt S0 11 ?LXﬂZﬂ?l il
T UER Aol itk TRy 2ol Sofet oY
7}X1 AYofolut AlEof thet chefgt ofefahs] 2kt
awE2 wefel gt A7t 7HESkE AL qle
ttL ok&e] A|F7HA A7t vl ERt OP%‘ HER R
HE8 A E-L w5} $1atk 2o 25w 3 g)et.
A= Chrysanthemum boreale M.)2 E,LE}IL}OH &
Sh= opi= sl A RN T2 7 AlSE, E
% Sofl ARE|TL QU= ThAA 2H O @A 10-119
of AA H=9] opitoflA] oF 1-1.5 ecm =7]9] =gy
2 991, 49 ofolgfal: jit Alre] Hie
FEluet Mool opgsh, AE| Aoz Al vk &
=7 ST
AA7EA] LRl Aol digh AEATEE
borneol, DL-camphor, pienene, limonene, a-thujone,
! q,3-terpinene
59 essential o0ilZ} acacetin-7-rhamnoglucoside,

luteolin, camphene, chrysanthenone 2

luteoline-7-O-3-D-glucopyranoside apigenin glucoside
59 W FA|L} arteglasin A, angloylajadin 2
lactone 59 sesquiterpenoids”} EIilEo] Ut}
(Chatterjee et al., 1982; DanBensky and Andrew,
1986).
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Hpo|g|2of gk A a7} Qlrk= Zlo] S E L
(Sporel et al., 1991) #|43} 7Hto= a7} Ql= A
o2 A oL DanBensky and Andrew, 1986),
Abze] offAdRel that Wt AT} ol XA
a1 ol FE B0l Al=re] ZollA] cumambrin B
FEAEY F £9 germacranolidesE H2]3}0] 0]
Eoll gt @7dsl, AlE=2d, FA2HE Sl gk A
A4S H 15k HE QItJang et al., 1998).

Jeu Aol gk Ao oS S AlR=
ololRon] kg |siet Aol The H9lo] o
ofelhgolut HReATE 7o) ofola] YA gk
Agoleh. w3k, 2} oG W o] g3t 4 ek 4]
2A1910] olgole ZvolA] A9e] 4530] W &
olald oIt el T Zolut £k} e Be =)
T} 4159 QoA sesquiterpene lactoneE0| H2|¥
Aoz Wol Ako] olu} Z7]o|ME T3t ukaz}A|
2 sesquiterpene lactone©] Q31 A 2| A Elof &
3 Zolet olgsto] ozt 271014l sesquiterpene
lactone2 HE2|5}7| 2 3F9ich

Sesquiterpene lactone- isoprene unit 372 ©]F

A B4 1579] sesquiterpene S WA 2 S B
A A AHE2ATRS 7FAAL Q1= terpenoid AlE-2]
sgtEoltk 2z2 EE|% sesquiterpene lactone-2
18621 off¥AF(lactuca virosa L.)9] S B2 HL
B dofR 3u|AJEQl lactucino|® T12EE 2F 100
J 391 Barton and Nayaranan(1958)¢]] &Ja}| 1 s}t
A 27} 222 ek 7 5 U Rekon
o] &E ol $HE wI AlEd &8ks THAl= A
=9 ot ZoflA &= o] A|F7HA] 7000F o)
of P27} QA T3 2 AT} AHE 2] Sl
t{Charlwood and Banthorpe, 1991).

wetd, Fsje] 5k 4RSS 159 547
ol FAAAE S 2 A sesquiterpene lactone-2 Ha-51aL
Qletl, W% malo]n 2144 (lipophilic)o]] 7HE
2 AT gk A7 o)) dhbe Fu
ge] Aol Helsglon, Hze] Aol
73] 9] I AFA|(glandular hairs, trichome)©]] 7} &3}
Al EAstaL 7390l wheh A3 A=A 9] 5%7HA] ZF
A3h= 9= tHFraga, 1986). T3t sesquiterpene
lactone-> flavonoid 2} o7 £3] =8lhalzof| qlof

A kel Z57-2] A 3= 2 (chemotaxonomic marker)
= ApgHr,

Sesquiterpene lactone 2] 713 E%] 2121 functional
group2 a-exomethylene-y-butyrolactone group &=
(Charlwood and Banthorpe, 1991) ©]& Z-87|52
A=A 23 Aof 3t receptor site=A9] et
sb7] wizol, 547 Aaxof lofA H4=2]Ql thiol
group} amino group®] H|7}99A Q] alkylationS
T57] wizo SH 3FehE (ofl; L-cystein) 71510
methylene7]o]| 571A)7|H Zkgo] At Hoffmann
and Rabe, 1985).

Tz W ZAATLof| 93] sesquiterpene lactones
2 phosphofru-ctokinase, glycogen synthase, DNA
polymerase 2! thymidyrate synthase 2} Z-2 1} 4
(thiol-containing enzyme)S A3 Hul ofz}, of
H sesquiterpene lactone-2 glycolytic pathway @} Tk
W25 of] 5 HEE] = thiol-containing enzyme 2] 2+
= ARt ARdol dFE Itk Gtordano et al.,
1990).

wpebA 2 Ao AREdE 7HA]
Al ez RE fadeEs washy] gt
T2, ol AYshE o A=l iRt A
AN S AAstaL, 1 A Bla
HolE AlEA] FollA o =ie ghefeha] A vzt
awyog wol] ARESlal @l Al=(Chrysanthemum
boreale M.)¢| 1} E7]0| A ACAT Asfi/d= 2t

= & £29] sesquiterpene lactone-2- H-2]5}to] #|3

21, Mz U AZo| F&

= 213 o] A AR&-3F A+ Chrysanthemum boreale
M) Hes FEE2 7MY kel dist
WP el s Boptol AMgSler AR
(Chrysanthemum boreale M.)2 AAEE= FHA] &
5 dehellA] 20159 109 15UFE 25974 43¢
ol AAA 3 kg (dry weight)2 APl A x5}
gon], FRESG AMEolo] FEoAT FE W
o= Ahme] g A 9feh Ax 3 ks Lol
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SR2FEE 40 LE 33] HHESlo] 32&3F & rotary
evaporator 2 719}, 555to] gujg ehds] AAst
F 20T BAshRA fagie] Helo] o|gstel
=3

22, Nt & 7|7

221 A2k

AEA) 0] 22 9 fadEo] Eelof] AR acetone,
benzene, chloroform, dichloromethane, ethanol,
toluene, methanol, ethyl acetate & n-hexane 52| &
e S5 Ee 49ue ARESKHE Column
chromatography-&- silica gel 60 (70~230, 230~400
mesh ASTM), Precoated silica gel 60 GFpss TLC
plate (20x20 cm, 0.25 mm, glass), Precoated silica
gel 60 GF,s4 TLC plate (20%20 cm, 0.2 mm, alumina)
2 Merck Al, NMR-E& CDCl1;2} CD;0D+= Aldrich A}
231 @8- H,S042 Junsei Al Al &2 ARSIt

Cholesterol, bovine serum albumin(essentially fatty
acid free), oleyl coenzyme A, EDTA, mercaptoethanol,
potassium phosphate monobasic, potassium phosphate
dibasic-2-Sigma AL, [1-“C] oleoyl-CoA= Amersharm
AL, Trion WR-1339+= Nakarai A}2] A2 AR5}
t}.

222 77|

= 25 o|| ARE-E 7]7]%= Rotary evaporator(BUCHI,
R-114), Heating mantle(9]Ad1}sh, E106) UV/VIS
spectrophotometer(Beckman, DU-70), UV lamp
(Mineralight, UVGL-58), Ploarimeter(JASCO), IR
(Mattson, Genesis series) MS(JMS, DX300), NMR
(Bruker, AW500) 2 MPLC(Yemazen) 7|7] 5 A}
5190},

2.3. ACAT Xal{ety

2.3.1. ACAT 49| HEXK|
ACAT &A= Ericson 52 HPH-L k7t 2480
A28} tEricson et al., 1980). =, 4=712] Sprague
-Dawley | 72 AZ&3sto] 21 A9 5Hi] 0.9%
NaCl yz}-g-ol o = HlojF=al g3t 7] =2 &e}0.1
mM EDTA, 10 mM mercaptoethanol©| 33} 0.1 M
potassium phosphate buffer(KPB, pH 7.4) 802 &5

2F W1 Teflon bar homogenizerol| A H#213}A|7] &
47, 15,000 x gof|A] 1587 YHETsto] FeH
47, 100,000 x gof|A] 1A17F LAl skct o 7] A

Aol o) A Aake) 270k g @
9] KPB 258915 o] homogenizerof| A 23}k
o] 47, 100,000 x gof|A] 22}= 1A|7HE3E Y4

stoick. AaAel F skl A5l Wl 5 KPB 9
S-S Zt}s| o] teflon bar homogenizer 2 THA|
5} A7) QRE Fslol Thlo] SE7)8~10
mg/mLo] HE% KPB 900 = HebAlA o] 5L
rat liver microsome©]2} 3}32 1 mLA vialo]] U5=0]
ol -135C WEare] kst Addol ARg-skel

=

2.3.2, ACAT 409 &M =X

HE 3T rat liver microsome2 ACAT T4
o= sto] g1, pH, RRSAIZE, AN 7
|ll, &40 7, 7] E ol thet PR AESke] 2
2 aadhg2S gsto] ACATS 24 34
ek 72 21 9 Qx| whE aagd 4 W
H#] oM Eo] 83JA]Zl cholesterol¥}t Triton
WR-13395 =0l FEAA oMlES AAaTtAR A
A3}o] 0.1 M potassium phosphate buffer(KPB, pH
74y Yotk BN FPSAFIY] flske
bovine serum albuminS X|Z=%of 3l 30 M &
W1 DMSO = MeOHE =91 A|22 o] 3779
A 3057 RS A7 B [1-C] oleoyl-Coenzyme
AE 0.04 uCi7} A o 37T oA 301 WA R
t}. Isopropanol-heptane 1 mLE o] HH-3-2 XA
71 % n-heptane 0.6 mL ¥} KBP buffer 0.4 mLE Y1l
A A1 5287 gAISle] o] HeluH A5 200
uLE 3l scintillation vialo]] ¥il scintillation
counter (Packard Delta-200)5 o|-&35fo] AAE
cholesteryl oleate @] % =43}%ch. ACATS] &4
AL e A (1)l et Akt e

S e N

flo

% inhibition= [1-(T-C,)/(C;-B)]x100 €))
T : with sample and microsome

C; : without sample and with microsome

C, : with sample and without microsome

B : without sample and microsome
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Sample(3 kg)

Extract with CHCI3(40 L)

CHCl; extract

i) Silica gel C/C
CHCIl3/MeOH gradient
it) Silica gel C/C
CHCl3/MeOH gradient
Fr.1 Fr.4 Fr.7 Fr.18
b BiOAG i MPLC
“nexane ¢ gradie MeOH/CH,Cl,=1/9
Prep. TLC Recrystallized
CHCl;/Acetone = 1/1 cerystatiize
Compound 1 Compound 2

Fig. 1. Isolation of compounds 1 and 2 from Chrysanthemum boreale M.

2.4, ME|2dEEol 22

28] 22 AR Ax 3 kg 4204 CHCLy
40 L= 33] wHE3slo] &3t & rotary evaporator =
24k, ko] CHOI, 258545 6 91

241, 3= 19 22

3= CB-12 A 9157] 3 kg EERELFS
2 FE3l0] 94L& 232EE 45 ¢S silica column(7
0~230 mesh, 8x13 cm)°f loading3dle] S22 3xE/
H|ehE-0o] kg oA MghES] HleS FXIA R
=ol7b(1/0-0/1) 17 2 2ohE 1o al g A4
stof 18719] &= Wrdlth 28E9] &7 7%
2 precoated TLC plate S AE-3}o] A 1XFH O
2 ARAZ T, UVasam E UViesm AR} 10% H4E
ofl WA= v o] Azt RE ghe] Afolo] wel s
ST 187]19] E8& FollA UVasamoll Al oFsHA &
I yER Y Rf Fho] 0.7~0.9(CHCl; / MeOH=
19/1)0]aL, 10% Zpitelld FEMOZ WHAEof
sesquiterpene lactone &2 FA T = EIE FrdS
silica column(230~400 mesh, 5x16 cm)®]| loading3}
o 222 LB/ PR SujgoA oHES] g

= A OR #o7hH(49/1~1/1) 23 A azn)
EgfmE Alasiol tha $7e] BejEe sl
o]Fol A Rf gho] SRREF/OMAIE=1/10]4 0.83
Fr4E sesquiterpene lactone© 2 FA3}al silica
column(230~400 mesh, 2x17 ¢cm)©]| loadingd}o] H
LholdotAE|o]| o] Ea-gulollA o HolAH ol E
O HlE-& FRIA 07 Zo7hH(19/1-1/1) A=
vhETIE NS, SRR S EE49/1)o)
780l 2 preparative TLCE A A|5}o] §A1o] st
E12 13 mgS A3ich
242 3tEE 29 22

A Q)27 3 kg S EREEEOT FEdl0] L
ZFZE 45 g& silica column(70~230 mesh, 8x13
cm)©]| loadingsto] a}gha 13 FH3H Wi o= 77
SkGiTk olFollAl Rf gro] ofjE| =/mghE=19/10]4]
0.35¢1 3= Fr.7812 wEddlE2eto|=/mehE
=19/19] S|z 0 & MPLCE A5l 4B
AAZ o, oE| 2o Aasto] dMAH o) =4
20 mg& Aelem, o] IFEL 3ok 2 2hal st

.
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Table 1. NMR data for compound 1

Position 6c (ppm) 61 (ppm)
1 58.7 2.50(dd, J:2=7.2 Hz 1H)
2 85.7 4.26(d, J=1.5 Hz, 1H)
3 126.7 5.71(m, 1H)
4 146.9 (Quaternary)
5 53.8 3.05(m, 1H)
6 81.3 3.93(dd, J;=10.5 Hz, J,=9.6 Hz, 1H)
7 47.0 3.75(d, J=14.4 Hz, 1H)
8 72.8 5.10(m, J1=14.4 Hz, J,=5.1 Hz, J;=4.5 Hz, 1H)
9 434 2.31(dd, J,=15.7 Hz, J,=5.35 Hz, 1H)
1.93(dd, J;=15.8 Hz, J,=4.35 Hz, 1H)
10 72.6 (Quaternary)
11 137.5 (Quaternary)
12 169.2 (C=0)
6.22(d, J=3.4 Hz, 1H
13 1223 5.59Edz J=3.0 Hz: IH;
14 31.7 1.25(s, 3H)
15 17.9 1.99(s, 3H)
I 170.1 (C=0)
2! 21.3 2.16(s, 3H)
3 56 3.32(s,1H)

B3k 12 Salgate] BamA Holy Aveg
o4 3520 em™! H2o] M2 Ql LH(-OH) F4=w]2}
1759 em’' T} 1645 cm™ o)A 2709] 72K Y 7|(-CO)
of w27} EABHIL QS & 4 AT, A AE
HollAts EAtol M) 2] 371 m/e=3360]14 2
=93, m/e=318(M™-18)2] fragment=4-E] hydroxy
7)9F m/e=304(M"-32) 2] fragment =-E] methoxy 7],
m/e=276(M"-60)2] fragment2XE| acetyl”]|7} 27|
Skal Qlth= AEE d2 = Q3ich Table 10f] e
ghel o] PC-NMR A8 E oAz it 571 187
e A o 4 glglon, Slaka olEgh 6 169.2
ppm, 170.1 ppm&] FIAZHE 27]9] 7120 7|7}
TAfRIT= AR oF 4= QI91AL, DEPT 903} 135 &
FEHo| A 47]2] CHy(3Hx4=12H), 27}2] CH,

(2Hx3=6H), 77112] CH(1Hx7=7H), ZL2|1. 37] 2] 43}
ehar) 26k 98-S U 4= 99aL, E 'H-NMR 2
B o] Hpu e of SgHEoliz 247)9] 47}
ZAIRE o 4= 9ol of2fat HAHAQl R E
tsto] & o, S}ghE 19] A CisHuO6 2 57
P2 9lgick

BC-'H COSY(HMQC) A= EZHo|A endo
methylene 172} exo methylene 177} 24} Wof &
AFHE o 4 Ak o)4re] AL DEPTASE
Ho] AnkEat 2 AAskgint 'H-H COSY 22 EF
of| 4] H13a/b(6.21, 5.59 ppm) 2] vinyl FAJ A= allylic
9)2] HI(3.74 ppm)z} WA w|z7h PakE T HTS
H8(5.11 ppm), H6(4.04 ppm)1} w2} 1 =27} ZhzF 3
FEQAL, H8-2 H9a/b2} A= o] 913l Ha/b=
olie] WA WAE WHT 4 gk Ee He
H5(3.05 ppm) @} H7(3.74 ppm) T} i3} 7] 27} 745
¢l H5&= HI(2.49 ppm), H6(3.93 ppm)3} H1->
H2(4.25 ppm), H2+= H3(5.71 ppm)3} nx} 32&

o okt

il
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27 3 4 glom, H3E | ol WA} 7AE T
[esKex]

Rt A F257de flsto] HMBCE 4]
off & A3 C10 2= A2 ¥ H14(1.94 ppm) £}
H1(2.49 ppm), H9a/b(2.30, 1.90 ppm) .2} 1] =27} 3
2e] 9] T, 7123 C4 BhA= H3(5.71 ppm), H5(3.05
ppm), H15(1.30 ppm) Q] w2} 9|27} T&E AT, C2
Eh4l H3'(3.21 ppm) 944}, C11 BhAL Hi3a/b
(6.21, 5.59 ppm)¥}2] w2} 7] 77} P, C1' g
2~ H8(5.11 ppm), H2'(1.94 ppm) ¥} w2} 1|35
zhgk 4= Ale) mebA SlhE CB-12 187 't &
Z¥= sesquiterpene lactone =20 271 9] &FAE ZH=
acetyl 7|7} 201 S5& & & USUTh 2123l H6 9
spin splitting-2 % & 2 9] AMX spin system &2 45
K102 Lo, o)5 dde] BA g4 Ji=10.5 Hz
9} 1,29.6 Hzolt). 1, & H63k H77HS] 21 %efo]m,
I Ho3} H57ke] 23 Belolch. ueby $lo] 7
w2 5E HS, Ho W H7 2] YA|8FeH4] AL2+=H6
£ 71202 H5 Y H7-2 27} trans B €S 31 Q1
2 9Ju|sic} ESFHS8-E vicinal $]2]|o]] 9J&=H9a(2.31
ppm), HOb(1.94 ppm) % H7(3.75 ppm) 2} A5 2] 21
AMXY system ©. =2 spin splittingd}o] 854122 L}
BRG] o714 BRI L AR g = 1435 H, Jyg e
=5.1Hz Y Jig o, = 4.45 HzO| 31t} 0] 22 HR 9] 0]
$5h= 2709] Ak ol @ztol 00 E-& 180°0] 7}

A o, E b shte] FdAtek= 90°0 717

HO

15

Fig. 2. Structure of compound 1.

Al 2-E olu]gtct o] H9a9t H8o| 5 o
U= 2u|stH, NOESY 22| E oA H8o] H6 5l
H9ao} 733t A7), H20] H6 % H9a2} 73t A4
oA, & 54 BHol EAR = A E et |53t

2 HI13} 735 a7 ¢laz, Hio] HS
w Hobo} 745k AFHMIE Wo| iz 2he el 9]
the A& o 4= 9l ol4re] ATtRiE S |
of iz g3 ol Q| P2 18 4 At
(Fig. 2).

5 oRkE 125019 + 7a1e] + 54189 7|2 =4
< 7}A| 2L Q)= sesquiterpen lactone ] guaianolide
ol A 2H¥ 9]x]|o]| methoxy, 81 £]Z]¢f o-acetyl, 1011
QJx]¢] hydroxy, 111 $]*]°]| exomethylene 152
7}AAL Q)= 8-0-acetyl-2-methoxy - 10 - hydroxy3,
11(13)-guaiadiene-12,6-olide 2 574 =3t}

3.1.2, sE 29 128

shae 24 BlMe] Ao R A Hojil AER)
] 3416 cm™ of| 4] H 291 2EH-OH) F==19} 1726
cm’ o] 4] <=1 E 1 of sesquiterpene lactone o] £
29l 7} B Y7)-CO7F Ak rks 2 Uk
oy Zea Ao AHER oA 2 thE-d5=(Amax,
MeOH)7} 202 nmof| A #Ha=|glor, A=k AHE
o AE Bl M) 9] 7|37t m/e=3229 4 LrERs,
11, m/e=304 9] 4] hydroxy 7], m/e=262°J 4 acethyl”]
o] EX9] fragment 0] 2 7|27} 72} PakE| 9T,

BCNMR AZEHo|| A= 1779 4 =7}
ZH=]9131, DEPT 903} 135 AHIEHO|A] 27[19] CH;
(3Hx2=6H), 47}|2] CH,(2Hx4=8H), 671|2] CH(1Hx6
~6H), 47+ §ha7} 5 EATE & 4 Aslom, stet
2] 0|4 100 ppmo4f9] BLE Bkt o 2 A% S 7}
AL 2= & 4= AL 171 ppmt 172 ppm o] ¥] =
25 279 Fh2 a7 ERRS & 4 ik

'H-NMR A E 0] 2| Eu|25E o] 35HEdl=
Sa7h 207 EAF ek 2 & 5 Uglck o
2hA] o] 23k gkl AR E Fotste] & o, 2kt
=29 FARE CiiHn0s = 788 4= QU SIT:

BC-'H COSY(HMQC) AZE& o] wx} wjazH
E] endo methylene 2712} vinylic methylene 17]7} &
Ap o] EARthE Ae o o QAL YA AES
DEPT A9 E & 0] Ao} AX|SHGIT). Table 20419}
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Table 2. NMR data for compound 2

Position Sc(ppm) Su(ppm)
1 51.5 2.58(m, 1H)
2.00(m, 1H
2 378 1.725m: lH;
3 72.9 4.55(d, J,=5.8 Hz, 1H)
4 155.5 (Quaternary)
5 51.5 3.02(m, 1H)
6 79.0 4.12(dd, J,=11.1 Hz, J,=9.2 Hz, 1H)
7 48.5 3.81(m, 1H)
8 74.9 5.06(m, 1H)
9 414 2.28(dd, J,=16.3 Hz, J,=6Hz, 1H)
1.89(dd, J;=16.3 Hz, J,=2.1Hz, 1H)
10 74.2 (Quaternary)
11 141.3 (Quaternary)
12 1171.9 (C=0)
5.6(d, J;=3.1 Hz, 1H
13 1221 6.IEd: J::3.5 Hz: IH;
14 324 1.2(s, 3H)
15 114.7 5.34(m, 2H)
1 172.8 (C=0)
2' 21.7 2.13(s, 3H)

o] 'H-"H COSY A E oA H13a/b(6.01, 5.59
ppm) 2] vinyl FAIR|= allylic $)x]¢] H7(3.81 ppm)
7} coupling< 3131, H7-S H6(4.10 ppm), H8(5.07
ppm) ¥} couplingS 3}31 Q= A o] THEE| QITh H8-&
H7(3.81 ppm), H9a/b(2.26, 1.79 ppm)<} coupling s}
3 QA 0L}, H9= HB82 A @3}l couplingS T2+
3F 2= 9lojth. 18T H6S H7(3.81 ppm), H5(3.03
ppm)Z} couplingd}il 110 ™, H5+= H1(2.58 ppm)
3} couplingd}al, T H5+= H15(5.35 ppm)3} allylic
couplingo] TZE| St E5F H1- H2a/b(2.00, 1.72
ppm)¥ W2} U35 WEE 42 %o, H2abe
H3(4.56 ppm)I} couplingo] HWEE|QIT, H3S
H15(5.35 ppm)3} allylic coupling®] &= oM,
Ze)E FE-S Mass 2B EGo||A] acethyl 7|7} 9
& Tpelat 5 ARtk TebA) ol4be] sl AR
2 EgdEd 3RE 22 st 1774
sesquiterpene lactone =2 9] acetyl 7|7} &0 Q)= o}
Yol o sE el 228 12 4 kg 3)

15

Fig. 3. Structure of compound 2.

olArel AiE £33 HH SIgHE 2+ 8-acetyl
-3,10-hydroxy-4(15), 11(13)-guaianolide-12,6-olide 2]
SRHEE TP

E3h 2] 39hE 13} 2= Jang et al.(1998)0] 4%
o] Fs}a} AEo)A 2

5}o] H 118} germacranolide
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Table 3. ACAT inhibitory activities of compounds 1 and 2

1432 7}A] &= Guaianolides &] 2] 1283

Inhibition ratio as %

Compounds m IC g/mL
P 100 50 25 12.5 0 (pg/ml)
1 75 53 45 36 45
) . ] ] ] >100

*Tested sample concentration (ng/mL)

2 cumambrin ASM= ZAx}
guaianolide =42 BH & Tt

A7t o

3.2, MZA0N 228t Guaianolides2| ACAT XfaiEtd
Aol A BEfgh 3hE 137125t o s 1xd
% ARAZA) AL S ZAS7] SI3) ACAT
Aaer AR shich ACATAAS} HAAIES
Y= label® 7]2¢] chloresterold} oleyl CoAZ
o]-8-3}o] cholesterol ester®] YA olH L=

scintillation proximity assay ¥ S &2 A A|3} T}

71 A3}, Table 30] Uepd wle} 2ol SkgkE 1(ICs
=38 ng/mL)-& 73t /S H el o, 3lekE 2+ 100
ng/mL o) w0l 4] S-S ek skote. sheke
3}29) FAS 29)0| uJBE e ACAT A oHXﬂFn‘H
2% purpactin, acatelin 2 helmintosporol 53} Z+
& o] lsl o4 vrovk Fu) A EkTA
oA ZHE wlAER ACAT AsiAel GERI
“BPO01-A, B, M(ICso = 40-90 1M)5-3} 1] 7.5 £ uj
A 9] AR & H THKim, 1996).

4 22

Q1 optto] e Haele] AAelaL Qi Akt
Al 2EFe e 245 #Hske] IR, Mass,
NMRE3} 22 2347]7]2 of

11 ACAT A&y} -2 X
sho] vtk 22 A8 ATk

1. Ab=o] 13t E7)0 A &3t 2714 Skt 13
20] ofgt FxFA 2y, I%F a-exomethylene-y
-lactone moiety S 7}X| 1L )= sesquiterpene lactone
QA Zo = urs ATk

2. 3R_ME 12 8-0-acetyl-2-methoxy - 10 - hydroxy3,
11(13)-guaiadiene-12,6-olide 2 SA =313 3}HE 2

+ 8-acetyl-3,10-hydroxy-4(15),11(13)-guaiadiene-12,
6-olide2 A=t

3. Ar9] Q1 E700 A Rt 271A] shekE 13t
2] tigt ACAT AJsi&/d A3 7;54 ShekE 1(ICs
=38 ng/mL)> Bl 73t S-S el o), 9tE
2= 100 png/mL 9] FI=of| 4 /g ‘«PEMW ootk

BHzA AT, 9 SRHEES A15te] ot 27

M= Aoz Huk= Zolch

REFERENCES

Barton, D. H., Nayaranan, R., 1958, J. Chem. Soc.(Lond.),
936-971.

Charlwood, B. V., Banthorpe, D. V., 1991, Terpenoids in
methods in plant biochemistry, in: Dey, P. M.,
Harborne, J. B. (eds.), Academic Press, London, 7,
187-211.

Chatterjee, A., Sarkar, S., Saha, S. K., 1982, Acacetin 7-0-
B-D-galactopyranoside from Chrysanthemumindicum,
Phytochemistry, 20, 1760-1761.

Dan, B., Andrew, G., 1986, Chinese herbal medicine,
Eastland Press, Seattle, 59.

Ericson, S. K., Shrewbery, M. A., Brooks, C., Meyer, D. J.,
1980, Rat liver acyl-coenzyme A : cholesterol
acyltransferase : its regulation in vivo and some of its
properties in vitro, J. Lipid Res., 21, 930-941.

Fraga, B. M., 1986, Natural sesquiterpenoids, Natural
Product Reports, 3, 473-498.

Gtordano, O. S., Querreiro, E., Pestchanker, M. ],
Guzman, J., Pastor, D., Guardia, T., 1990, The gastric
cytoprotective effect of several sesquiterpene lactones,
J. Natural Products, 53(4), 803-809.

Hoffmann, H. M. R., Rabe, J., 1985, Synthesis and
biological activity of a-Methylene-y-butyrolactones,
Angew. Chem. Int. Ed. Engl., 24, 94-110.



1284

Jang, D. S., Park, K. H., Yang, M. S., 1998,
Germacranolides from flowers of Chrysanthemum
boreale Makino, Kor. J. Pharmacogn., 29(2), 67-70.

Kim, Y. K., 1996, Research of new material(in Korean),
FreeAcademy, 229-240.

McGinley, K. J., Leyden, J. J., Marples, R. R., 1979,
Quantitative microbiology of the scalp in non-dandruft,

dandruff and seborrheic dermatitis, J. Invest.

o} -

2271

Dermatol., 64, 401-405.

Sliskovic, D. R., White, A. D., 1991, Therapeutic potential
of ACAT
antiatherosclerotic agents, Trends in Pharmacol. Sci.,
12, 194-199.

Spérel, J., Becker, H., Allen, N. S., Gupta, M. P., 1991,
Spiroterpenoids  from  Plagiochila moritzana,
Phytochemistry, 30(9), 3043-3047.

inhibitors as lipid lowering and



