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Structural Analysis and Biological Activities of Sesquiterpene
Lactones Isolated from the Leaves and Stems of Chrysanthemum
boreale Makino

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

Abstract

Chrysanthemumboreale Makino is widely distributed in Korea, China, Japan and Southeast Asian countries. C. boreale is one
of the herbs used for treating various inflammatory diseases in oriental medicine. The present study was conducted to identify
biologically active compounds from the leaves and stems of C. boreale. We isolated two sesquiterpene sactones from the leaves
and stems of C. boreale using silica gel column chromatography and recyclic high perfomance liquid chromatography. The
lactones were characterized by their spectroscopic data (NMR, IR, MASS). These compounds were subjected to Farnesyl Protein
Transferase (FPTase) inhibition, Nitric Oxide (NO) release inhibition and apoptosis inhibition. The structur of the following
isolated compound were elucidated 8,10-0-Acetyl-2-methoxy-10-hydroxy-3,11(13)-guaiadiene-12,6-olide and 4,10-dihydroxy
-8-0-Acetyl-2,11(13)-guaiadiene-12,6-olide. In the NO release inhibition assay, compound 2 showed strong activities, with an
ICso value of 7 png/mL, whereas compound 1 did not exhibit significant activity with an ICso value of over 14 ng/mL against murine
macrophage.
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1.2 2 A9 o ek AYzEEIt Yoo et al., 2011).
Al 29 R o 2= of4ll4d 2 Y(Shin and Choi,
SEuet SH olde] AR Yo d7| Eazsta 1986) 3} B4, sesquiterpenoids ~12]37 chrysanthemin

QM AR 243 C. indicumo] 1] o] okzt e

folo] AT A A7)t A1E-2] FEf7} ulf-$-

AN
S
ARSI, A1 2 745 Eah o] TopR] ofo

S°] o H(Lee, 2003), -G AEOSZ = camphor,
cis-chrysanthenol, a-thujone, 1,8-cineole, a-pinene, 3

-caryophyllene, germacrene, camphene, umbellulone
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4l B-pinene 5¢] ® 1% o] QtiHong, 2002). Tt
ATARES Y5 &eF a7t Qlvkal HarE handelin
< H2)3}% 2 j(Kang et al., 1996), 12|37 DPPH &}t
oS 4A ZAS Z2H= apigenin¥} linaring- #2235}
o] ® 73t L% Qlth(Han, 2003).

R Al 29 Aol diste] ZolA &gt
sesquiterpene lactone> QA A2l UACCH2,
HCT15, UO-31, PC3 W A549 cellof] B & 735k Al
ZEHo] Lehi Aoz Busigon, 97 24
of tj3}te] S aureus, B. subtilis, B. cereus E.coli, V.
parahaemolyticusol] +F21-g-0] Uehh= o= B
313} tHJang et al., 1998a, 1998b). U Ao A=
ZojA E2lE dF Aol L1210, K562, AS49A4|3E
of geF A7t Y= Ao s Husglon, A=
Z%9] chloroform Z&&0] 7= ZH ) B. subtilise}
V. parahaemolyticuso]] thste] Z3et gatefo] Qlrkal
H 113} tHNam and Yang, 1995a, 1995b).

psto] digglof whet orell et AjE-e Y
S zA o A 71K} e e S sl sty o

rE

[o

i} E x| 23}aA} = ko] ARE T Q= v}
&l 7P 2ol vizhdE 7Eke] AAEEHIAIE

(Mechanism-based bioassay)©] 3}A| 7ldko] 9lo]
A o 25k i o 2 BASET QltiMatthias and
Kurt, 1991). wW7}HE 7|9ke] BE2/dAE -2
EE RG-S 7HAIH, AeEgdi) et oA B
HA| 9] screening testo]] ARE-EF 4= Qli= S 7HA|
3L Q7] wiszol] 714 Sl o= b AL Qi 1
L SR 7124 2EA] o= sheka2 e 4= ¢l

22 AysiotiopollA] 7V A Holn A Mo
ATE] AL Q= FoFs2] BlLk= Nitric Oxide (NO) 2
1, NOL ZAHoR fEatm, vl Belysin,
Hw 22210] regulatory pathwayoll Qlojx] Za3t
A=A RAAEL Q= AR 7)A|(Free
radical gas)©|tHBoyd, 1989). NO+= zl-5-/do]7|
Fof] EFSE AU} 422A]|(Membrane transpoter) 2]
T glol= AlEurs S8 2k 4= /lem NO9
DY 2L o] 71A19 vhefRt Aeaga 248t

d
N

A
o

7oz otel A 9tk Venditti, 1981). NOX
HE 2 Messenger molecule) 24 HY 7|5,
Havh3al, Hof A4 AHH
PAIZe) g 5 AT 4
A Qlo], AR ol A= A WellA
oahe TesAIEk O SR HAl
ol s A oA Hzkeh =42

[-J

e o

e
rE S A
o

oX

ox.

ofX

2 [J(L;‘ ll-f% ue gk ol rr

o

l

I
T
l_‘

NO 2] faj2hg-of tfgh A2+ e 2]ofe] 23]
i ] e wolditie vt 9lew
(Sun et al., 1995), S| ZZHS HEF LIFZHIOZ
ASAA Abaoto] Aj-sES ASHAI7]1aL guanyl
cyclase @} 72 = Q 3t §4-9] Fe-S clusterE 349+
oA AEol £4S F & Aohs Bt ot
(Nagava et al., 1997). I3l F=4 A} $74 NO
AY7do] 57F=]°] NO Synthase (NOS) A|3AIE F
shel @54 BEo) RS AL 4 gles], <)
&9 o)&A Gico] NOS-TT 43} BA 7} k=
H %= QItiPickmam, 1986).

A NO O] b2 o 2] 7HA] Ae|eh2Ql &
AE 5= den, NO W& AAlshe At
= WAk A N0 =408 s = A 2

7HE 913t a3k A= detE

AN ZAPHE(Apoptosis)2 TR S0 vl 1haY, 2
2| 0] {4, 22]9] &4 o] Tof| A|aL o] A 5ol
Al dojup F7F DA A Al =Rl ARl
2] apgolct. olajgt AlEZARS] Ao 2= FE|SH
Z| 02 A|azute] =3 d(Blebbing), Al 283} 34 2] 5
=, NE7F 2ZPGHA AlEZARE EA|(Apoptotic
body)7} B/ %= 59 WS} wgstar, Asksha o
2 A7) DNA7ZF 94 50-300 kbp A =9 & %7+
O 2 ZepRl o]%of 200 bpo] gprf 2719 AHO
2 A AMEApde] HPgHQ EYoR o=
DNA g & Ato] eojdti(Kinloch et al., 1999). F
o2 540 2= SPG-22kl ezl EFAH "] &
7VE|al AlzAPE 2419 o] SAES 2o
EAWAZZEM|UA|(Transglutaminase) 2] 40|
7Vl T}, Al AP of| A= A SZ ] AK(necrosis) 2= &
0] 7tz A2 WE=o] Al Q= f2|=A] got

oy rlr of
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O AlZSol &35 74 et AF7] &3l
MR HEAte] SEXHol 9 71A) Thao) B
g;}q e Ao HaEo] Qlet| o] Foll= AlE
APES AAIsh= AE2 7H BCI29} friesh= 2o
2 oked Baxsl o] olSo] Mz swrioln
(Homodimer) T+ 38| Zc}o|H(Heterodimer) S ©]
211 )t} ESF caspase (Cysteinyl aspartate-specific
proteinases)2}il el AJAH|Q] ThHABaE A
(cysteine protease) 50| AJTATe] 0] 9o]A] %0
8} A3HS slthal BarE o] QlthBurow et al., 1999).
Z| Lol = AR o &0 7 03} A|3Eo] 288
wF R} M| 3Z 2| 220 Z23F caspase 2] WS-} A E
AP 712k oslistr] f1Rt Art 2hds] AdE
oItk LEEE MEARS ZHeks SskEEo] A
A=fetolM elstel= S8t SRedER 74
& vEhy 9
wehA] B AolAle e Al ALolA of
AR O 7 JAE]E= sesquiterpene lactoneS 2|5}
o] 71 122 Fusty, MESHA AL Frlsto 7
W A2 AAE e B4 el 1 &5
;“0] 9tk 2, A=) A] sesquiterpene lactone2 £-2]
3 2231514 A4 9 FT-NMR, Mass, IR X-ray
3 )5t 24 BA171E ol gate] o5 Si3t
d JLRE s, Be - 5A4EH e ke
PTase (Farnesyl Protein Transferase) #|3j&4]
TN 44 A LT oL N AL
& Astol ol 5 AT 2o AR
H]EHA Ak 7R AL o TEh X

r{ r°4'

m*HUJNO

211, AEA M=
H Ao A ARg-SE A=A Chrysanthemum boreale
M) ehe 5Ee F/b0Y ettt
A a3 of| A FofHtol FPTase A3 &AJT} Nitric
Oxide =451/ 2 A|2ZAFE(Apoptosis) A&
X B fEA R Helol] AHgahr.

212, N & 77
Tris-Chloride, EGTA, EDTA, ammonium sulfate,

ﬂrlII rl

phenylmethylsulfonyl fluoride, Leupetin, ZnCl2
Sigma A}, Anion exchange Q-Sepharose Amersharm
2 Pharmacia Biotec AF9] A& ARME-3}SITE Rotary
evaporator (BUCHI, R-114), Heating mantle (7]43%}
sk E106) UV/VIS spectrophotometer (Beckman,
DU-70), UV lamp (Mineralight, UVGL-58),
Ploarimeter (JASCO), IR (Mattson, Genesis series)
MS (JMS, DX300), NMR (Bruker, AW500). MPLC
(Yemazen) 59| 7]7|& AH8-5F3ATh

2.2, XMz 3 g
2.2.1. FPTase XaH&tM

2211, FPTaseQ| 22| HA|

Alglo]l ARE-E FPTase:= Yokoyama and Gelb
(1993)9] wle] met 22 gAsIgch BagoR
+= 31F (Male Sprague-Dowley, 100~150 g)9] &
Bolsto] o] A9z A2skT 100 mLe] w2t o
2890 A (50 mM Tris-Chloride, ] mM EDTA, 1 mM
EGTA, 0.2 mM phenylmethylsulfonyl fluoride and
0.1 mM Leupetin)E 713t & €S Z8o|| A waring
blender=2 2As}sIE L #+-AS 60,000 gofl A 70
E5<t AR st A2 AU 30% ammonium
sulfate 2 4°Coll 4] 3087t FA13E 5 12,000 gof|A] 10
BEeh AuRs PR AEAL 50%
ammonium sulfate2 4Co|A] 3087} 5
12,000 gofl Al 102-53F 422skich &2 20
mL 2] €= B (20 mM Tris-chloride, 1 mM DTT
and 20 1M ZnCl,, pH 7.5)0]] =0] Exjute] thol 4 L
of ghal BojA 4417152t A T 4 L] AjRe
kgl B2 12417H5) ThA] BAHEHIT) 40| 2
o gole 70To] RpiRA ol emsla wubE
o) 2l olelo] g3 20| Rk AAJel ek

Anion exchange Q-Sepharose (Pharmacia Biotec.)
£ Bo) e T FR4R SH5] Ao 959 C
(K591 B + 50 mM NaCl) 7}5}o] B3 o} 27] 2
5 AAo}LA} ok S 2ol WL B | mLe]
£0] 252 NaClo] %% 7]27](50 mM — 500 mM)
£ olgslo] AAsch AAEY TeAS EAT
e Z743te] 05~1 mymLe] HER Hi A
FPTase 0] 70°Col 4 Basta Al A1kt
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2.21.2. FTPase?| &M =X

FPTase®] &A-2 Scintillation Proximity Assay
(SPA) ol oJaff Z74Jstqick 20 uLo] 3H-FPP
(Farnesyl Pyrophosphate), 20 pL biotin lamin B
peptide, 10 pL A|Z-8-91 10 pL2] assay $H=8-20(50
mM Tris-HCI, pH 7.5, 25 mM MgCl,, 2 mM KCl, 5
mM Na,HPOy, 0.01% Triton X-100)2 @11 382521
pre-incubationdt & 40 pL 9] FPTaseE YolFil 3
7CollA 1AIZF59t incubationdtch. 150 uLe] SPA
bead/ stop reagent solutionS g0 HH-3-2 AX|A]7]
I vortex @t Th, 3047t A2olA] WA|gk & LSC
(Liquid Scintillation Counter) & 23} t}.

2.2.2. Nitric Oxide (NO)2Q| H=XaiM&

NO =] 31232 macrophage©]l &J3f ujj ¥}
© 2 YE5E NO,9 5% £ Griess reagents 0]
| FEEHoeR S5k AlZF== murine
macrophage Q] RAW 264.7 cell 2 ARE-515 ) wfjokel
2 glucose 4.5 g/mL, 2 mM L-glutamine, antibiotics
(Penicillin-streptomycin) 100 pg/mL 2 10% FBSE
73t DMEM HiAE ARgsIlom, 5~10x105
cell/mLo] E|%=2 10 mL petri disho]] 10 mL&] g1
37°C, 5% CO, incubatoro| A vljoFs}ict,

ARdstr] ok Aol AlxE dAn|HS o]&sto]
1x10° cel/mL 2] %= 243+ 3 96 well microplate
9] Z} wellof 200 pLA F-5=5}0] 2417+ 52 37°C, 5%
CO; incubatorofl 4] HiFsIcE. 3 FUH o= 4
Bolg AT & 2e A2 @ kS DMSO
(Dimethyl Sulfoxide)o]] Tt TE= 531 A= H
5 uLe}LPS(1 pug/mL) 5 L= 2| 2 A 2)sto] thA|
20A]7FHE2F 37°C, 5% CO; incubatorof| A o5}l
o} wieF 5= ZF wellofl 4] 100 uLA 5HE& FskaL
o}7]o] Gries reagent [A; 0.1% N-(l-naphtyl)
ethylenediamine 2HCL(in DW), B; 1% sulfanilamide
in 5% H3PO4(in DW)] 100 pLE- 713t & microplate
reader 2 540 nmoj| A =& =439t

2.3. Apoptosis MSHAIE

2.3.1, Caspase 39| €& 2 HE My
Caspase 39| T4 U937 leukemia N|EF-E
15 mL 2] R10 HJZ|(RPMI 1640 + serum 10%)Z 3¢

3} T75 culture flasko] = 3 CO, incubatoro]| 4] 48
A7 ujesl3itt EtoposideE 100 iM 5= &2 {5}
I 4A17F B2t o wjeket of3 du|7 S 2 apoptosis
o] 75 WSt AlZE A4E2(3000 rpm, 10
)3} 3 lysis bufferS 2] 2]5}o] L& cell lysateS 4
Sof 3057 WX 3 3 10,000 rpmol|A] 1087 4]

welat] B2 A5 caspase £EANOR ARG

2.3.2. Caspased&d LRE I Xofl &

U937 M|3E2} 96well microplateS ©]-8-3F A|ZAL
H Asfed A etoposided] FE=}F A AR
Z}7] e sho] U937 AL MEZAMES =5k,
cell lysate?} caspase 3 A7} A|32o] M| ZAMES &
n7g o WEskgich oledt 2 Hig e R AR
£ 4|5kl etoposide = M| ZAPES F-=7t 3447
Fof AnFoz A2o) Hefs sl AlEZARE

FE 13 B, AxE ot & 92
lysate S ©]-8-5}9] caspase 32| &4-& DEVE-AFCE
7142 S45I3t). Etoposide S FoI3h 39 =4
caspase 2] 2/J1} H] oA Q] ZAE 7|E 02 ZF A
29| A3 AL HAEII O, PDTC (Pyrrolidine
Dithiocarbamate) S ¥ caspase 3 - A A= A}
25131tk PDTC+= human thymocytes©]| 4] etoposide
ol 218 G AEAES 1-10 M) 5 2 435}
Aokl B = QoK Gurtu et al., 1997; Lee et al.,
1999).

i

o

24 M2 H Mo F&

=7HA thtekelcetar A 2aol A 29
Hko. A= Chrysanthemum boreale Makino)-2 734F
B FHA] 5 LriiollA] 20129 10 15U FE]
25U7HA] 4z of] A A 3 kg(dry weight)& A A]
oA APeipor, 2RREES AMgslo] 2E31%
o) 35 o R = o] 22 ARt A2 3 kg
d-2-0l| A CHCL; 40 L2 33] §hEsfo] 3253 5 7
E571= A wFcko] S 2 s] AlA
20Ol HHBPRA G Re] Helo ol gaigict.

o

401'

2,5 Malgd=Eo| 22

AFo] 28 A9t A% 3 kg Ak2o|A] CHCl
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40 L= 33] HHEsto] 32531 & A0S s57]1= 4
%, 5= CHCl; 2555 145 g5 A3ith
251, BEtE 19 22

ShRHE CB-1.2 AFe] 913t 27] 3 kg FREE
508 FESIY ¥ XFEE 145 g silica
column (70~230 mesh, 8x13 cm)?] loadingd}e] &
B2 ZE/MEE0] Ed-g oA mEZo] ves A
Aoz Fo7hH(1/0-0/1) 12 2y 2nkE 18
& AAste] 18719 £EEE UrSlth #3=9
5 7132 precoated TLC plate S ARE-3}o] Al 1
Ao R AZNAZ] F, UVasam, UVigm AR}
10% SFAko]] WP &)= vk o] A2k} Rf (Rate flow)
Zke] Zpolofl whe} EF5iet 187]9] E&lE FollA
UVasim©l Al oFsHA] 338- UrEhim R gho] 0.7~
0.9 (CHCI; / MeOH=19/1)°]11, 10% ZHilofA| 2
A6 2 "R T o] sesquiterpene lactone O 2 A T =
B35 Fr.10< silica column (230~400 mesh, 5x16
cm)©] loadingdto] SR 2 EZE/OPNEQ] -Gul 23]o]
A OPHIES] B8-S 2AH O R ol 749/ ~ /1)
23} el 2ok e 9] 2 Alste] hA] 87| He)
=& WStk o]FollA Rf glo] SRRIXF/OME
=1/1°f|4] 0.99] Fr.3-& sesquiterpene lactone &3 3
A3}t silica column (230~400 mesh, 2x17 c¢cm)©]|
loadings}o] Sl o HobA|H| o] E0] Zgh-g-mfjof 4] of
SopAHo| B9 vl&S HRIA 0= Fol7hH(19/1—
1/1) ZPAZute 15 E AAS}al, sesquiterpene
lactone 02 FAE= BHo] @2 FIES S22
SEE/T|eR2(49/1) 9] 81230 2 MPLC2} Recyclic
HPLCE vHE 202 AlXslo] §4t0) SHHE 12 10
mg& ATk

252 3fetE 29 22

SRtE CB-12 Ak Sl £7]| 3 kg S22 EF
O 7 F&3lo] Ao Z3EE 145 g2 silica column
(70~230 mesh, 8x13 cm)ol] 28 28 & L2/mEre
O] E-guoll A mEEo) HleS HRA o7 o7}
H(1/0—0/1) 12} A 2ntE Tl 95 HAlske] 18
el #eE= Uitk #8EY 2R I
precoated TLC plateS AR50} Al 12Oz

ANAZ] F, UVosam, UVigem ZARRE 10% SHAko] dF

Al = BE o] A7Zk) RE gEe] Afolof what FRok3l
o} 18719] 285 Fol A UVasan oAl OF5HA 8=
LRy Rf ZFo] 0.7~0.9 (CHCl; / MeOH=19/1)0]
a1, 10% Ak A E24] © 2 A E] of sesquiterpene
lactone 0.2 Z=AE]= BIE Fr.102 silica column
(230~400 mesh, 5x16 cm)o|| 28 SR ZEE/0A|
=9] G 2ol A obMlES] HlEE SR 0= o
7FH49/1~1/1) 22t Al A 2ntE T 9 5 Al s}
Al 8709 RE== LRSI ofFollA Rf go] =
ZRIEE/OA|E=1/19]|A] 0.72] Fr.5% sesquiterpene
lactone ©. & 3% 3}11 silica column (230 ~400 mesh,
2x15 cm)©]| loadingste] AV OO H 0] ES] &
ol A oHotAEHo| E L] HlE&SE HRA O =
o7k (19/1—-1/1) Azt aE A5k,
sesquiterpene lactone © 2 3 ¥]= E-Zlo] 1ko. B3]
2o Za e 2/uehe(49/1)0] 8230 2 MPLC
9} Recyclic HPLCE WHEA 0 &2 AAg ths 225
SEE/OMIEGR), olElZ/oEotAEH ol E@4/1)9] A
7H8-ul] %0 2 preparative TLCE A2 02 AlA|
st fAde) 3ghE 25 12 mgS ATk

3. Zut & n¥

AF7HA iEE w7l 71 A=A
(Mechanism-based bioassay) B & £ A3 o]

Mook oot

tlo
>,
oo
ol
ol
2
£
)
)
i
~
q
2
o
rr
>
e
10
o\
1>
A=)
;

&

2els B Ao Pofol AaF] shiw
A] farnesyl pyrophosphate 2] farnesyl group2- ras &
o] Ageh 9ehe Ttk T, ras BRS 4
R2AAAE Bk AL 71 S0 o)
319 3l TR = A BAlero] 21 kDao| 1L 188-189
o] ofsliite 2 Ao} Qlon, fraH el
(Nucleotide) E(GDP 2} GTP)x} A3l 4= )t} Ras
CH A0 ras protooncogenes©f 23l W=t o]
s G TR Agel Feld st

oedo] ok dHA Stk o] FHAN=E AA
harvey-ras(H-ras), kirsten-ras(K-ras) & N-ras& 25

Ol Aol == HFRES] ol ras T
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(H-ras, K-ras @ N-ras) 2] AE3H2 &Alo] 30%0|4t
H g2 o= HolH ras RS 2Hal Qleks Zlo]
= U 53] F7e(90%), HU(50%), /A%
(30%) -2 =2 H1E & HolH ras FHXE 2L 9L
0] ZRIE] 31T}, Ras T2 G proteinZ} HFRE7FA]
& GTP-bound form (switch “on”) wj A& HE=R}
(Signal transducen)2 A3 GTP7} Eefo
GTPase activity = GTP 7|53 E =olf ol
Zle] GAP (GTPase Activating Protein)o] 2]3}jA]
GDP= 7}=Ea)g uj ug-Adskswitch “off”) =7
e,

B2 GAP-S AAZ 9] ras Al oA w45}
(switch “off’)7} H7A 3dl= A RZXHNegative
regulator)©]t}. 14, oncogenic ras Ho]of| 23 4]
12, 13, 59, = 61 HHA| Q] olu]icAto] HSHE ras T
wj oA o] GTP 714128 352jo] 2008) H
ZH4Eo] 91S Wak ozl GAP] SJ3 GTPase 2
43 52l0] 4215014 oncogenic ras G & 44
Aol ras 2.} o5 @ 252t switch “on”(GTP-bound)
el E ol A Erk webA rasol]l GTP7F gk
FHlE SRS Al R 41T glo] AR e
2 AsHe] Azdg TS ASE Hujo] A
O] HYut FAE £XIA71A] ErKJanice et al,
1995). o]¥ v|AAFA Q1 B3} A2 carcinogenesis
of A4AQl g 4xorh

olof wjg} H ¢IqLof| 4] FPTase (Farnesyl-Protein
Transferase) 2] A4 ©A-S Fall Al=r2] A=A

of et} eropi izt shick
3.1, BgtE 1at 29| 1= 738

311 ERE 19 28T

SRhE 12 BT S EA Ao AdE
o)A 1759 cm’' T} 1645 e o) 4] 37<] 712 R I 7]
(-CO)SJ T=7} 2A ekl o= & 4= UL, A=
A#EF| N B0l (M)2] 3] 27t m/e=3789
A TEEQYI, me=318 (M'-60)2] fragmentS}
m/e=258 (M'-120)2] fragment 2 5-E| acetyl7]7} 27}
ZABHL Utk HHE A& 5= Uik

Table 149} ZFo] "C-NMR 23| E ol A= &
2 7F 207 e AL o 4 e, 38k o)F

=
=

%k §170.1 ppm, 169.41 ppm<] T3 Z X ¥ 3719] 7}
2Hd77F EAgthe AMS o 4= 3U%lal, DEPT
907} 135 AE o] A= 5719] CH; (3Hx5=15H), 2
7}9] CH, (2Hx2=4H), 77]|2] CH (‘Hx7=7H), 1&]1
6719] 4xjetart EAEta S & 4 U, E
'H-NMR 23| E 0] ZHu] 25 o] S1gHEofi= 26
o] 7t EAVHE o 4 ek olejet Haak
A ARE B 2w, AR 19 EAAL
CaoHpsO7 2 4T 4= QT

BC-IH COSY (HMQC) A EZHo||A endo
methylene 17]]2} exo methylene 177} 24} Wof &
A o 4 Ao ol4te] ATFES DEPTATIE
o] Ausat & dA|sgick. 'H-'H COSY ~#=
HollA H13a/b(6.18, 5.49 ppm)Y] vinylFAHR|+=
allylic®]*] H7(3.78 ppm)d} w2} w=7} =1
H7-2-H8(5.49 ppm), H6(4.24 ppm)1} w2} 1] 27} Z+
7} = ]lal, H8-2 H9a/bot A o] Qlal H9a/b
= of ol4e) 1A} w28 e 4 flslch ERtHo
2 H5(2.78 ppm)<} H7(3.78 ppm) 1} w2} 1] =27} 3
ZE o H5+&= H1(2.31 ppm), H6(4.24 ppm)3} HI
© H2(4.03 ppm), H2+=H3(5.91 ppm)3} w2} 1] ZE
717} 348 4 9100, H3L o ofi 1A 928wt
4 glgiek
T} THHR) FEFHS $iske] HMBCR 4
3 E Ax} C10 g Z2|E H14(1.94 ppm)e}
H1(2.49 ppm), H9a/b(2.30, 1.90 ppm) L2} 3|27} 3+
2911, 18] 31 C4 B H3(5.71 ppm), H5(3.05
ppm), H15(1.30 ppm) 2] w2} 3|27} T&E 31, C2
Blal H3'(3.21 ppm) 9F7L Cl1 BRAL Hi3ab
(621, 5.59 ppm)THe] 2} w) =7} PHEkE|Ql T, C1'Er
2~ H8(5.11 ppm), H2'(1.94 ppm) 3} w2} 3| 2.5 3
g ek

ole] wgsld Avjol BAARE Vw2 2
3 Sl 12 53] + 73e] + S1e)e] 7| EEAS
7}A| 3L Q)&= sesquiterpene lactone?l guaianolide %
oA 281 21%]ol methoxy 135, 8,101 9{=]of 27]<]
o-Acetyl 7155, 11 $J*]o]| exomethylene 153 7}
A1 Q)&= 8,10-0-Acetyl-2-methoxy-10-hydroxy-3,11
(13)-guaiadiene-12,6-olide 2 574 &I tHFig. 1).

|

il
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Table 1. NMR data for compound 1

Position 6c (ppm) Su (ppm)

1 55.6 2.31(m, 1H)

2 83.7 4.02(m, 1H)

3 126.6 5.91(s, 1H)

4 151.1 (Quaternary)

5 54.6 3.05(dd, J;=10.6 Hz, J,=7.1 Hz, 1H)

6 82.1 4.22(dd, J1=10.7 Hz, J,=9.3 Hz, 1H)

7 47.0 3.78(m, 1H)

8 739 5.19(m, J1=9.4 Hz, J,=5.7 Hz, J;=1.4 Hz, 1H)

9 417 3.04(dd, J;=17.0 Hz, J»=6.1 Hz, 1H)
1.93(d, J=17.0 Hz, 1H)

10 74.0 (Quaternary)

11 138.7 (Quaternary)

12 169.4 (C=0)
6.18(d, J=3.5 Hz, 1H

13 1211 5.49Ed: J=3.1 sz IH;

14 18.4 1.36(s, 3H)

15 32.7 2.00(s, 3H)

I 170.1 (C=0)

2' 21.5 2.17(s, 3H)

3 170.1 (C=0)

4 30.7 2.15(s, 3H)

5! 55.8 3.21(s, 3H)

312, 8fElE 29| TEEY

SR 2= PR EARA Aol AdHEY
oA 3500 cmollA] AFAQ L4=(-OH) & Elﬂ’r
1759 em™ E.2] 27]12] 7}2 8 Y 7|(-CO), 1645 cm’’
F2ollA C=Ce] 7|37} EA8taL Qlrh= A Aok
of. A AsEYoAE BExlol&M)e] w=v}
m/e=32204 YEPGEI, m/e=3049|4 hydroxy”],
m/e=262°]| 4] acethyl7]2] E4 % 9] fragment ©|-2 I
A7} 242 A QAo

Table 2042} 7Ho] PC-NMR AFEHo|| A= 17
o] eka w =7} TRE QT DEPT 903} 135 2]
E3o||A] 37[2] CH; (3Hx3=9H), 27]<] CH, (2Hx2
=4H), 77§9] CH (1Hx7=7H), 4%} BtA7} 57 248t
S & 4= 9%l o, 31EkH o]F4k 100 ppmol el B
E ghe o3 ETE /A AUSS & S+

170.4 ppm} 170.5 ppme] T I 2R E 27[9] 7l=2 &

917t EARke o 4 Ak
'H-NMR 2= 10] A5u] 23 of shghol
L 271 227 A5 ok AL o S 9ldch
ufeha] ofeigh HeEHA Q) RS Saketo] 2 ul, 5}
hE 29| BAFAE CiHnO0s = 548 4= U3
BC-1H COSY (HMQC) ~#HEZ] mx} ,qii
2] endo methylene 1712} exo methylene 177} &
A ol EAITIRE 28 o 4= L, ole] a5
DEPT 2dEg o] Ao} Ax|seick 'H-"H COSY
23 E 0| 4] HI3a/b(6.23, 5.89 ppm)©] vinyl %A
A= allylic $J2]12] H7(3.24 ppm) 3} coupling2- S},
H7-2 H6(4.60 ppm), H8(5.10 ppm)3} couplingS 3}
3l Qe o] #EEQIE H8: H7(3.24 ppm),
H9a/b(2.28, 1.82 ppm)£} couplingd}al 1} oLt HI
+= H8-& A 9|8} 11+= coupling S ¥H3F 4= 9l 1
2|31 H6-2 H7(3.24 ppm), H5(2.68 ppm)i} coupling
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Table 2. NMR data for compound 2

Position Sc(ppm) Su(ppm)
1 58.16 3.26(m, 1H)
2 131.2 5.92(dd, J,=5.85 Hz, J,=2.55 Hz, 1H)
3 139.5 5.76(dd, J1=5.83 Hz, J,=2.0 Hz, 1H)
4 84.2 (Quaternary)
5 54.9 2.68(dd, J;=11.95 Hz, J,=10.15 Hz, 1H)
6 78.7 4.60(dd, J1=11.95 Hz, J,=9.3 Hz, 1H)
7 47.4 3.24(m, 1H)
8 72.0 5.10(m, 1H)

2.28(dd, J1=12.9 Hz, J,=4.25 Hz, 1H)

? 506 1.89(dd, J,=24.0 Hz, J,=11.6 Hz, 1H)
10 71.9 (Quaternary)
11 137.0 (Quaternary)
12 170.5 (C=0)
6.23(d, J;1=3.3 Hz, IH
13 1235 5.89Ed, J1=2.90 Hz, 1121)
14 23.2 1.13(s, 3H)
15 23.6 1.42(s, 3H)
' 170.5 (C=0)
2! 20.0 2.12(s, 3H)

3}l 9190 ™, H5= H1(3.26 ppm), H6(4.60 ppm)T} 9} H1(3.26 ppm), H9a/b(2.28, 1.82 ppm) L2} 3] A7}
couplingd}al, E3FH1-2 H2(5.92 ppm)2} w2} 1= TFEQ a1, 183l C4 EbA= H3(5.76 ppm), HS
= oEE o+ glglen, H2= H3(5.76 ppm)i} (2.68 ppm), H15(1.42 ppm)®] w2} =7} w2k= Q)
coupling©] ¥HEE| a1, H3-2 ] o wat 925 al, C11 k4= Hi3a/b (6.23, 5.89 ppm) -] 12} 1
zZhek 4= glolot Bt 41411 542 $15te] HMBC 27} W= QA C1' g4 H8(5.10 ppm), H2'(2.12
2 B3| E A3 C10 A Z2)E H14(1.13 ppm) ppm) ¥} WA} 1| FE 2 & 4= QI ATk weka FEE

OAc OAc

15

Fig. 1. Chemical structure of compounds 1 and 2.
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2+= 177l k45 ZH= sesquiterpene lactone =72o] 2
) BE ZHe acetyl7|7h ol gl & 4 U9
=3

ope] By Avtel RAARE nws) & A
1} M 2= 5] + 7a1e] + 5ae]9] 7| EE AL

7}A| 3L Q)&= sesquiterpene lactone?l guaianolide %
ofl A 4% £2]2F 109 $1]of hydroxy “155, 8 £14]
o o-Acetyl 715, 11 9]*]¢f| exomethylene 15
2 7}A]A Q)= 4,10-dihydroxy-8-0-Acetyl-2,11(13)-
guaiadiene-12,6-olide 2 574 % ITHFig. 1).

t= 10t 29| M2y

(/]

3.2 &

3.2.1, M=ol At E7|0N 2alt &
FPTase XsH&td
NEDOEESER

lactone =2

ton
I

o

=59

Ha2Jgt 23£9] sesquiterpene

g 1= ok
=2 =2

§_]: =
o}i 7] 9J3}o] scintillation proximity assay& A5}k
Atk 71 A3} Table 30 LrERd HERL 2] 100 png/mL
o] oA FFHE 12 59%, SFHE 2+ 43%2] A
e Bk

Table 3. FPTase (Farnesyl Protein Transferase) inhibitor
activities of compounds 1 and 2 by scintillation
proximity assay

Inhibition ratio (%)

Compounds 100 pg/mL
1 59
2 43

3.2.2. M=ol At E7|0M 22| SEESES
Nitric Oxide (NO) & XMa{E
Abto] Qi Z7)o| A E2] gt 23£9] sesquiterpene
S A4S & murin macrophage©f| &]3f v X
ZER=NOS| o] At} P77k E &

lactone 5=
W=

Table 4. NO production inhibitory activities of compounds
1 and 2 against murine macrophage

Inhibition ratio (ug/mL)
ICso
1 14

2 7

Compounds

o} 7] 95}4] Griess reagentS ©|-8-3FNO ®& A3
SAJAFH-S AAEFG T 1 A7) Table 40 e v}
oF o] 3lgkE 12 1Cso gkl 14 ng/mLo|w, 3lek2
= 1Cso g0 7 ng/mL= B4 7ot S/ H T

3.2.3, At=9| Yut E7|0|A 228t EES2
MIZAE Xot2td

Abato] olut Z7)of| A Helst 229] sesquiterpene
BRERE N ey
S AP Sl AR fEsHe A0
&ef2 caspase 39| /S Afsfsto] AlEZAMES A
afet= AL 3Hglcth 1 A3} Table 5o Uehd vlet
2ol sletE 12 100 ng/mL o] “sI=of| A 94%E A|3f
51911, 311 2= 100 pg/mL 2] =) A 91%E A
sffsto] et BAS Hl

Table 5. Inhibition effect of apoptotic caspase 3 of compounds
1 and 2 isolated from Chrysanthemum boreale

Makino
Inhibition ratio (%)
Compounds
100 pg/mL 20 pg/mL
1 94 71
2 91 65
4. 2 2

oA == esquiterpene lactone B 0}01] 1?— %
FEElT, e TS Brlslo ] f2e A
AF §o) A EAL BT 2, Aol
A
le}

A& 7= =248 2tk & %ﬂﬂ@}@ e
A} 9l FT-NMR, Mass, IR X-ray 5= H|&5H 2 2
F71715 o]&ste] 0|59 et F2E 5
o} 22jar 5] - s E SRES S = FPTase
A AT NO A AsEHAE 9 A A
AT S AAsLe] Stolut = Ak} 7o
A EARA ] A 1SS 2AL] )
ZdeS g8

1. Al=9] ol &7 loﬂ/ﬂ et 27HA] shekE 13}
20f tht 254 Ay, B 5318 + 7aL] + 551
2]9] 7] A 1} a-exomethylene-y-lactone moiety &
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7}A] 31 Q)<= sesquiterpene lactone?l 2 2 B A
tt. & 3gE 12 sesquiterpene lactone$l
guaianolide ZoJ|A] 2 ¢]J*]o] methoxy 13, 8, 10
oAl 2709 o-Acetyl 15, 11§39
exomethylene 152 7FX|al Q1= 8,10-0-Acetyl-2-
methoxy-10-hydroxy-3,11(13)-guaiadiene-12,6-olide
2 574 HaL, 3RHE 2= 5318 + 7418 + 53129
71EZALS 7HA3l R+ sesquiterpene lactone
guaianolide o]l A 41 $x]<} 108 $J*]of] Hydroxy
8, 8 Yo o-Acetyl 1, 11¥ o
exomethylene 152 7}A]1l 9= 4,10-dihydroxy-
8-0-Acetyl-2,11(13)-guaiadiene-12,6-olide = 54 &
e

2. Ao QL E7]0f| A EeEj 3t 2714 Sk 13
25 HF O & FPTase Aei&/d At NO W& A
S Ae B AZAPE A d Ade sk
oy A5 gk e AR A=A S A
7Ve/d5 AR A3t 31 12 100 pg/mL o] =
ol 4] 59%°] FPTase A|a&/dt, 94% 2] A|LALE |
SIS Helom, NO W& Az dd 23 ICs
grol 14 pg/mL 0 &2 velytth 34¢E 2+= 100 pg/mL
9] E=moA 43%2] FPTase Ad|&AT}, 91%9]
apoptosis A &d-& H 3o, NO W& #|sied4
o B Cso gko] 7 ng/mL O 2 LERTh

ALl 2

= 2013 diReteldistal 71 AHa A <
Alane AEHASHT ool HAE=HY T
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