Journal of Environmental Science International
28(11); 993~1004; November 2019

pISSN: 1225-4517 eISSN: 2287-3503
https://doi.org/10.5322/JES1.2019.28.11.993

ORIGINAL ARTICLE
4 A3t 2719 fEA

HEX} - HE2T| - O|BE

ool chetaL Alokg st

B 9 54 A7

{o

Isolation and Characterization of Constituent Compounds from
Leaves and Stems of Chrysanthemum boreale Makino

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

Abstract

Chrysanthemum boreale Makino (C. boreale) is widely distributed in Asian countries, and has traditionally been used to
treat various inflammatory diseases including bronchitis. In this study, we aimed to isolate biologically active compounds from
leaves and stems of C. boreale. Chemical components were purified by column chromatograpy and recyclic HPLC, and
characterized from their spectral data (IR, MS, NMR). Biological activity experiments were conducted for Farnesyl-protein
transferase (FPTase) activity, apoptosis and nitirc oxide (NO) release. As a results, three sesquiterpene lactones were isolated.
Compound 1 (4-methoxy-8-O-acetyl-10-hydroxy-2,11(13)-guaiadiene-12,6-olide) showed strong cytotoxic activities having
an average growth inhibition of 50% (Glso) value of 1.89 ug/mé against human colon adenocarcinoma cells. Compound 1 also
showed a low half maximal inhibitory concentration (ICsp) value of 10 pg/ml for NO release. In the caspase 3 activity,
compound 1 and compound 2 (8-O-(2-carbonyl-2-butyl)-3,10-dihydroxy-4,11(13) -guaiadiene-12,6-olide) exhibited 94% and
90% apoptosis inhibition activity, respectively. Compound 3 (4,8-O-diacetyl -10-hydroxy-2(3),11(13)-guaiadiene-12,6-olide)
showed a strong inhibitory effect on FPTase activity with 90% inhibitory activity at a concentration of 100 zg/ml. These results
clearly show the presence of lactone compounds in the leaves and stems, which may partially contribute to the
pharmacological activity of C. boreale.

Key words : Chrysanthemum boreale Makino, Sesquiterpene lactone, Cytotoxicity, Farnesyl-protein transferase, Apoptosis, Nitric
oxide
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A1}, 553} oA FFofl AR G A AKKim,
1996). RIZtol| A= 7| 3A] 1742 1l =3ko] 23} 9
= A2 HhEo] B85 ghom, n|AH A& 3tsto] o
7] gHgo] ofatl= AR oA a7 1A ol &
ofatE ¥4 WL Qlok

At 220 A ELO 2= of Al /D @ U(essential oil), =
2} -o| E(flavonoid), Z2]obA|E dl(polyacetylene)
59 88 ARS 33l QL OH(Kim et al., 2003;
Kim et al.,, 2010: Kim et al.,, 2015a: Kim et al.,
2015b), HERS: 22 0] §}o] EH4(Kim et al., 2010)
1 o} &2 1] 7 A1EA](Yang et al., 2012), oAl 2. Q9]
b glof EAJ(Kim et al., 2015) Fo] R =}k
Kang et al.(1996)-& X 3}oF gy} Qlctkal B
handelin& £2]5}93 21, Han-2 DPPH #}o|Z-2- A A
2/d-& Z+= apigeninT} linarin& H-2]8to] X 113} v}
QItHan, 2003).

Aehs A wohe of5h SHo A Ao as& =
ARRE AR QZF - FAIEESQl UACC62,
HCT15,U0-31, PC3 W A549 cellof| tjjalod A=t 2o
A B-2]3t sesquiterpene lactone©] A ZE=A] A4S
Elfl= Aoz HEQtKJang et al, 1998).
Sesquiterpene lactone-2 =3lilo] &31= A 552 &
HH TARREORA HE RHoR 284
(lipophilic)o|w 7} 25k 7}A] 11 Q) tHFraga, 2012).
Lee et al(2017) Ak ik E7|oflx] Hegh
guaianolides”} acyl CoA:cholesterol acyltransferase
(ACAT) AL 713S 215}tk Kim et al.

= 0=
(0162 4F520] 4:57] 55 5220 w3 AR A

9] 34 8 0] .7 T4 tfsto] iEshch. w
Al=0] Zroj| A B8] % germacranolides+=S. aureus, B.
subtilis, B. cereus, E. coli, V. parahaemolyticus®| T
510 AL el 208 B nEckang et
al., 1998a).

AR7IA] Al=rol] thgt A-0] th e & A==
o] 2ol 0] LS HIEe AL e] T 9lo] chat
T o XY E|A] o2 Aol A=) ¢t &7
felol M2 oFel a4 SRS A Eo 2
A1550] SHEHIRLE Thaal ) AL B 4 912 Ao,

=0 ouv& =T M=

AlEAk o] ol g0zt SHollM A=) 2 tlEo] vt
E715 K o8 = IThH Al &) o] E o)
3 Zlojck. mbA 2 dtoll A= ol 2 E T
oM 357 Boof Wol ARl le k=] At
7|25 E AR dE A fEdEe &
2loFRlaL 11 sel g g1 5te] Halsh= Hielt
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=
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1. AR ME

A5 of| 4] ARE3EARH(C. boreale) 2 74 A AL
| o] ZAgR| el AR e] 1ol Al XL Al
Asto] Aol ARGyl o, S22 EE(CHCL) o2
FE=0h &, Ao 2 A|9JR 9-E7] Skex A
oA SFREEE 0L F 33 BrEslo] &3 &
rotary evaporator & 7+, 5-=5t0] 85 ¢ 5] A A
520 Col| BakshA A fa/gae] fe]of o851
=

2.2, A2k R 77|

RPMI 1640, DMEM, Fetal Bovine Serum (FBS),
penicillin-streptomycin, trypsin-EDTA+= Gibco
(Rockville, MD, USA) A& ARME3I%a, PBS,
Tris-Chloride, EGTA, EDTA, ammonium sulfate,
phenylmethylsulfonyl fluoride, leupetin< Sigma (St.
Louis, MO, USA)oJ| A F-913}% T} Rotary evaporator
(R-114, BUCHI, Switzerland), UV/VIS
spectrophotometer (DU-70, Beckman, Fullerton,
CA, USA), UV lamp (UVGL-58 Mineralight lamp,
UVP, Upland, CA, USA), Polarimeter (JASCO,
Japan), IR spectrophotometer (ATI Mattson Genesis,
UK), MS (JMS-DX300, JOEL, Japan), NMR (AW
500, Bruker Analytische GmbH, Germany), MPLC
(Yemazen, Japan), recyclic HPLC (JAI, Japan)2] A
2 Abgakck

23. slEiE 1, 2, 39 22|

A Q2] Ske S BRELEO R B3] UL
Z3Z5 157 g&-silica column (70~230 mesh, 10x15
cm)©f| loading o] S22 ZE/H|ER&-20] S3hgufjol 4|
ek vl 02 o7 1A A A ZnE
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TS IS 16719] ARSlE 2 UeRlth 2=
Ol B2 7122 precoated TLC plate & Ag-3}o] Ak 1
AR 0 2 ZAZHAIZL F, UVasanm, UViagenm 2AFE10%
hato] WAy ] MZETFRE k] Ajolo] el &
okt 16709] w8E FollA UVasin A FsHA| 3
-8 e Rf 710] 0.7~0.9 (CHCl; / MeOH=19/1)
olm,  10% WA FEMom  uiEol
sesquiterpene lactone © & A )= B35 Fr.102 41
w5}t Fr.10-2 silica column (230~400 mesh,
5x16 cn)ol loadings}o] 22 2 EE/oLHES] Sulz3t
of| A OFAIE ] Bl &S AP O 7 207 23} e =
b 1ofa S A@sto] ChA 107)e] REER Ll
t}. o]0l A Rf Zho] SR 2 EZE/OAE=1/10]40.92]
Fr.4< sesquiterpene lactone 2 FA5}3l silica
column (230~400 mesh, 2x17 c¢cm)©]| loadingd}o] H
Al ol EobAE| o] E o] Eo-grfjoll A o oA o] E 2
Hl S-S XA O 2 2o 7b(19/1-1/1) 32 A A=
e 123 & A A5 Sesquiterpene lactone © &2
FA == 2 o] W2 fraction preparative TLCE- A
AJsto] §440] BHHE 1836 me B9iTk

SR 29F3- 2 A7]0A dEt X A aEntE
a3 0] 167} HEE Z0]|A] 0.25~0.4 (CHCl; / MeOH
—1O/1) S RE G 7HA L HEIE Fr 14 HE Helste)
t}. Fr.140] tfsto] 2lehs 10|49} 5 Let 2712] 22
el 2 ulE TefalE Alkjalo] 127)9] HalE g 7S
5hlem, o] Fof A Rf gho] ofl e =/m|gha=19/1 ] 4]
0.3Q1 Fr.8-2 A &3} ). Fr.8 2 vd i 2 2 eto| =/v)
E2(9/1)0] SUIERIO.2 MPLOE AATsle] S
A Ao, g S 2 eto] &/ oeh&(25/1) <] -8
%310 &2 recyclic HPLCE HHE A © & A A3} &
BEEIE/OMA|E(3/2), olHIE/ o HotAE o] E@/1) 9] A
W8] 25O 2 preparative TLCE- A 85| 549
3leHE 25 37 mg, 3FHE 3246 mgS A ich

2.4, YMZZ0]l st == A

2 A9dol ARSRP AMlZF= ACHN (kidney
carcinoma), LOX-IMVI (melanoma), SW620 (colon
adenocarcinoma), PC-3 (prostate adenocarcinoma),
A549 (lung carcinoma) 0|1, SHLAYH-F-8F LY of| A]
Al Q1 Ze 24 ’rot ARE-5H3ITE 96 well plate

o] Zbwellof 5x10°~2x10°7]2] A§ N ZEL F55}aL
37C, 5% CO, HjF7]ollA] 24X)2F vjeksto] Ml2E
well &] vjetol] F2IAI7] & TAE & 3|43 A|=(30,
10,3, 1,0.3 gg/ml) 2 2] 5t 48 4|7 o wjoFateiT).
Ao NS GILE AL | flste], Al =5 7=
Aol A 9] MlsEaX(Tz, zero time) 2} A & T4l <]
medium b 715101 48 171 vl 3.2 o] AEHC,
control) & 7} 5= 0] A| &5 T/ L 48 AI7F 3l
& o) AT, test) & 212} 2 310] h2.2] S]]
e} Al=7F HAIE S 50% AAIshE =l
Gl50(50% growth inhibitory dose)& AAFF3 ]

Tz)> TQ ZA$:[(T-Tz)/(C-Tz)] x 100
Tz <T9l 7% : [(T-Tz)/ Tz] x 100

2.5, FPTase?| &M =4

FPTase 2] 2AJ-2- Scintillation Proximity assay©]] 2]3f|
24519} 20 ple] *H-FPP (farnesyl pyrophosphate),
20 ul biotin lamin B peptide, 10 pl A]Z-8<H, 10 pl 9]
assay =80 (50 mM Tris-HCI, pH 7.5, 25 mM
MgCl,, 2 mM KCl, 5 mM Na,HPO,, 0.01% Triton
X-100)2 g1 38 52t pre-incubationgt & 40 plo]
FPTase S Yo]311 37 Coj|A] 1 A]7F 59T incubationdh
t} 150 ule] SPA bead/stop reagent solution2 g
W32 A A1 7] 2L vortex 3 Th, 3027t A2l 4] v

|5t 3 liquid scintillation counter & 2743} th

2.6, Apoptosis Xslf A&

U937 A3z 10 uM etoposide S #| 2]3}¢] apoptosis
2 G0k 4417 0] | 0 2 cell o) oS P
Sto] apoplosis ORE 13} BAEIGOM, AES
harvest F & A-2 cell lysate & ©]-85}9] apoptosis]|
a7 TS Gt Bl caspase 39 B 5
A5FA ) EtoposideS T35t 749 G- =5 caspase 2]
e FojX o B S 7Eo R ZF AR Al &
A& 3kAks}9IT] Pyrrolidine dithiocarbamate (PDTC)
= 32 caspase 3 AR A

2.7. NO & xsff A8
NO & Ag) 4L LPSE S T5 RAW 264.7
cellof 4] wjeFoloz wk=El= NO,o S Griess
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Table 1. "H-NMR and *C-NMR spectral data for compound 1
Position 6c (ppm) Su (ppm)
1 5.79 3.2(d, J=2.35 Hz, 1H)
2 132.6 6.01(dd, J;=5.9 Hz, J,=2.45 Hz, 1H)
3 1374 5.90(dd, J;=5.9 Hz, J,=2.1 Hz, 1H)
4 89.5 (Quaternary)
5 50.4 2.77(dd, J;=11.65 Hz, J,=1.7 Hz, 1H)
6 77.6 4.31(dd, J,=11.75 Hz, J,=9.3 Hz, 1H)
7 47.0 3.78(m, 1H)
8 73.9 5.19(m, J,=9.4 Hz, J,=5.7 Hz, J:=1.4 Hz, 1H)
9 48.4 3.16(m, 1H)
10 12.6 (Quaternary)
11 135.8 (Quaternary)
12 169.1 (C=0)
6.32(d, J=3.3 Hz, 1H
13 1245 S.SIEd: =29 Hz: 1H§
14 25.5 1.20(s, 3H)
15 21.1 1.42(s, 3H)
' 169.6 (C=0)
2' 21.3 2.13(s, 3H)
3 50.7 3.24(s, 3H)

reagentS ©]83t TFEHor =AYk RAW
264.7 cell2 100 1g/ml penicillin-streptomycin X 10%
FBSE #7}3t DMEM ujj 2| 2 s oka}od 1x108/ml 2] 35
=2 ZA3E 5 96 well microplate2] Z}Fwellof] 200 nl
2 B0l 24)7F 59 37°C, 5% CO; incubatorof| 4]
HiFeLat Ag UM S 2 A& A AT = A=
S vz 2 238t RS- DMSO]| thoksl e & =0 4]
25 ple}LPS (1 ug/nl) 5 plE 22 2 ajsho] thA|
20A17152137°C, 5 % CO; incubatorof| A] vl ¥} Tk
HjoF & ZFwellof| A1 100 pl 2 AHs-o4-S- 2{3}a1 o 7] o)
Griess reagent 100 nlE- 715 3 microplate reader 2
540 nmoj| A B2 A5G

3. Z 1t

3.1, Ak2o| yat Zy|oiM 225t BEIEE0| Ax
SN SIS 1
3RME 12 FALRARS] S 2 A] A @A AT EF
A1 3500 cm o] A HE 2|01 &=(-OH) 5|2} 1759

em 712] 27]12] 7E2 1 D 7)(-CO), 1645 cm™ F-20]
4] C=C9] peakk A5k IR 18 ket W
28 E ol A= FAfo]& (M) ¢ peak 7 m/e =336
A T2FE 913, m/e=276 (M™-60)9] fragment ZH-E]
acetyl 7|, m/e=304 (M"-32) 2] fragment & =] methoxy
A7k 1) AL ks RS e 4 ok
BC-NMR AZ ERof| A=tk 71187 ke 1S o
T A e, 3}8H4 o5k 6 169.6 ppm, 169.1 ppm
o] peak 25E] 27]2) 712 0 U 7|7} EAJRhehe AFLS
oF 4= QIGItE. DEPT 901} 135 A% Egof A= 47119
CH; (3Hx4=12H), 27§2] CH, (2H*2=4H), 77}2] CH
(IHx7=TH), 18] 11 57} ¢] 42} ekA7} 2R 5} gl-e-o
2 4= 9103, T 'H-NMR A2 E 7 0] 2| Eu] 2 g o]
SRetEolli=24719] a7t EARES & 4= QIS TK Table
1). o]t EgohARl AmE Tl & o, okghE 1
O] BA}A-S CisHpuO = 4T 4= AT

BC'H COSY (HMQC) ~AHEZA endo
methylene 1712} exo methylene 1717} 22} Ujof] )
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Fig. 1. Chemical structure of compound 1 (A), 2 (B) and 3 (C).

©

(A) 4-methoxy-8-O-acetyl-10-hydroxy-2,11(13)-guaiadiene-12,6-olide;
(B) 8-O-(2-carbonyl-2-butyl)-3,10-dihydroxy-4,11(13)-guaiadiene-12,6-olide;
(C) 4,8-O-diacetyl-10-hydroxy-2(3),11(13)-guaiadiene-12,6-olide.

F 4= ATk o] 9] A= DEPTAEH E Y 9]
B3} = AXsHIch HUH COSY A ol
H13a/b(6.32, 5.81 ppm) 2] vinyl YAAx = allylic $J*]
©] H7(3.16 ppm)¥} w2} peak”} 2|11, HT-
HS8(5. 07 ppm) 2 H6(4.31 ppm)3} w2} peak 7} 212}
TEE AT H8-2 H9a/be} 1A ¥ o] Ll H9a/b+= T
oFe| WAl peakE TEHE 4 gllrk EFF Ho
H5(2.77ppm) 2 H7(3.16ppm)3} w2} peak 7} 2=
o, H5+= HI1(3.2 ppm) & H6(4.31 ppm), HI-S
H2(6.01 ppm), H2+=H3(5.90 ppm) 1} 22} peak S 2+
7} 318 2 900, H3:& o |4} T} peak & T2 8
4 gtk

ok A E FEEHS 5kl HMBCR 244
B ATC10 Bl Ae)E H14(1.20 ppm) @} HI(2.31
ppm), H9a/b(3.04, 1.82 ppm) 1 x} peak 7| 2= 137,
C4 Bl H3(5.71 ppm), H5(3.77 ppm), H15(1.42
ppm) 2] W2} peak”7} THEE|QUTh C11 BH4=H13a/b
(6.32, 5.81 ppm)&}e] W2} peak”} WA= 11, C1 &
2= H8(5.03 ppm) X H2'(2.13 ppm)&} W2} peak S
T35 QT o] Bk Avle} BelA RS
v w5} SIFHE 1-2-4-methoxy-8-O-acetyl-10-hydroxy
-2,11(13)-guaiadiene-12,6-olide®= 574 = AciFig.
1A). o] a2 Aol A= A5 Halk= E40|81

=

iy ook

3.2, A=9| ut ErIoM Ealet sltESe 712
SH sR=E 2

S 2= S 1 R A = A o) &
22X Ao AuER o 2 KE AP A1 4=7|(-OH
2714} 72 R 7](-CO), C=C&] peak 7} ZA 5L QU
S o}lalgiet. ek AUEH HE Aol 2(M)2)
peak 7} m/e=362 0|4 LFEFE 11, m/e=344 (M'-18) ]| A]
hydroxy~], m/e=262 (M'-100)°]|A] angeloyl 7] 2] £3
Z] 2l fragment ©]- peak7} 212} T ]

BC-NMR A3 E ZHoj| 4] 20712] Bk peak 7} TH2E]
1, 384 0)%53k 6 169.2 ppmT} 166.5 ppm O 2 H
g 2719 7k R 7|7 2R As G 5= STk
DEPT 903} 135 AHEFH o] A= 47[19] CH; (3Hx4=
12H), 37]2] CH, (2Hx3=6H), 67}2] CH (1Hx6=6H)
PHEATHS o 4 1510 HNMR 2] 0) 2 2n)
2HE o] slgtEol = A7 F26 7] AL Qltk= A
= o UK Table 2). wepA] o] 3t #3812 Q1 &}
BE Zoto &, 3lehE 29] EAFAS CyoHasOs =

i)

e

o

BC-'H COSY (HMQC) AB E & 2] WX} peak 2 5
E] endo methylene 27112} vinylic methylene 1717} &
Aol EARIThHE A& o 4= UL o] A
DEPT A#|E & o] Axlol o x]5}¢t}. 'H-"H COSY 2
= E Hof| A H13a/b(6.13, 5.86 ppm) 2] vinyl S A=
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Table 2. "H-NMR and *C-NMR spectral data for compound 2

] .

o]}i

[<Xaa]

Position Sc (ppm) Su (ppm)

1 553 3.25(m, 1H)

2.25(m, 1H
2 350 1.94Em: IH;
3 80.3 4.95(d, J=6.3 Hz, 1H)
4 132.1 (Quaternary)
5 135.7 (Quaternary)
6 77.3 4.76(dd, J,=10.9 Hz, J,=1.65 Hz, 1H)
7 47.6 3.34(m, 1H)
8 70.6 5.60(m, J,=9.3 Hz, J,=5.7 Hz, J;=1.6 Hz, 1H)
9 509 2.19(dd, J;=13.1 Hz, J,=4.0 Hz, 1H)

1.87(dd, J=13.1 Hz, J,=10.3Hz, 1H)
10 72.7 (Quaternary)
11 144.5 (Quaternary)
12 166.5 (C=0)

.1 =3.3 Hz, 1H

1 1241 S 8e0 129 11 1)
14 13.5 1.97(s, 3H)
15 22.5 1.03(s, 3H)
1' 169.6 (C=0)
2' 127.0 (Quaternary)
3 140.1 6.28(m, 1H)
4 159 2.02(m, 3H)
5' 20.5 1.94(s, 3H)

allylic $]1%] 2] H7(3.34 ppm) T} coupling-& 3}aL, H7-
H6(4.76 ppm) ! H8(5.60 ppm)T} coupling= 3L Q)
= Ao] TEE I H8-2 H9a/b(2.19, 1.87 ppm)<}
couplingstil Q1o H9+= H8Z Aleshile
coupling& TS 4= gl itk H6->- H7(3.34 ppm) A
H5(2.68 ppm)} coupling®ki QJolom, HI(3.25
ppm)S H2a/b(2.25, 1.94 ppm), H2a/bl= H3(4.95
ppm) ¥} coupling ©] T2 ¢l k. 2 2] % H3'(6.28 ppm)
X H4'(2.02 ppm)$t W2} peak7} TEE QT H5'
(1.94 ppm) FAA+= H3 2} allylic coupling2- 3}
= & AT wEbA SlekE 2=2071
sesquiterpene lactone ZAo] 47]9] E©AE

angeloy17]7} 01388 21 4= Q131ek o} ake] sty
B A2 HE SI5HE 2= 8-0-(2-carbonyl-2-butyl)

-3,10-dihydroxy-4,11(13)-guaiadiene-12,6-olide 2 &

K
31

-2 I

il
N

AL
e e

T+

X

4
d

% E|9lon), @7 AFRol A 1T Ho| gl &
o] o{rk(Fig. 1B).

3.3. Ak=o| Qlut Z7(0|M 22lst FEtEEe
S R=E3

S}EHE 3. Rl Ae) BARA Aol AslEgo
11759 cm 7+ 1645 cm™ o] 4] 37119] 72 B I 7)(-CO)
o] peak 7} A3k T S-S o 4= U], e AvE
ol A= EAFo]& (M) peak 7Fm/e =364 0] 4] =3
1, m/e=304 (M*-60) fragment@} m/e=244 (M'-120)
fragment 2 5E| acetyl 7|7} 27| A8} Qth= AR
2 9& & AUtk E3h me=226 (M'-138)9]
fragment 2 5-€] hydroxy 7|7} £A5}aL Qloh= AR
oF = 919i}. "C-NMR A3 E oA gk 527} 19

Aok 22 o & dglon), S8 o5k 6 170.0

SES
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Table 3. "H-NMR and "*C-NMR spectral data for compound 3

Position Sc (ppm) Su (ppm)
1 58.4 3.25(d, J=10.1 Hz, 1H)
2 131.6 5.94(dd, J,=5.8 Hz, J,=2.5 Hz, 1H)
3 1394 5.83(d, J=2.4 Hz, 1H)
4 84.9 (Quaternary)
5 53.6 2.75(dd, J;=11.8 Hz, J,=10.1 Hz, 1H)
6 78.6 4.34(dd, J;=11.9 Hz, J,=9.5 Hz, l1H)
7 48.4 3.14(m, 1H)
8 71.7 5.02(m, J;=21.6 Hz, J,=10.8 Hz, J;=4.2 Hz, 1H)
9 512 2.32(dd, J;=13.1 Hz, J,=4.2 Hz, 1H)
1.84(dd, J;=13.1 Hz, J,=3.8 Hz, 1H)
10 72.8 (Quaternary)
11 135.8 (Quaternary)
12 169.6(C=0)
6.33(d, J=3.2 Hz, IlH
13 1255 5.85Ed: J=32 Hz: IH;
14 25.4 1.18(s, 3H)
15 25.1 1.47(s, 3H)
' 170.0 (C=0)
2! 313 2.14(s, 3H)
3 170.0 (C=0)
4 313 2.17(s, 3H)

ppm, 169.64 ppm2] peak ZH-E| 3712 7122 7|7}
AR = AFES & = )1Q1T DEPT 903} 135 9]
EdoA 4709 CH; (3Hx4=12H), 27§2] CH,
(QHx2=4H), 77)12] CH (1Hx7=TH), 67}|2] 42}k47}
FEAEIAL 98-S U 4= AL, 'H-NMR A#ER 0] A
FH|2HE o] lghEol= 24709 AT EATS &
= ASITK Table 3). o] 2|3t 33H4]Ql A2 & F3st

At

BC'H COSY (HMQC) AdEHo|A
methylene 17]2} exo methylene 17]7} 22} Ujof] 24|
& o 4= 9Igich olAke] ATHES DEPTA =R el
At 2 YAk 'H-"H COSY Ag|E-ofA
H13a/b(6.33, 5.85 ppm) ¢ vinyl %A=} allylic ©]7]
o] H7(3.14 ppm)Z} W2} peak”} H2HE| Q1 al, HT-S
H8(5.02 ppm) X H6(4.37 ppm)Z} W2} peak”| 2+2¢

endo

W E It H8-2 H9a/b2} A2 =] 313l H9a/b+= o
ole] WA peak T 4 Yok E3 H6S
H5(2.75 ppm) 2 H7(3.14 ppm), H5+= H1(3.25 ppm)
1l H6(4.37 ppm), H1-2 H2(5.94 ppm), H2= H3(5.83
ppm)a} LA} peak S Z7F B 4 o0, H3L o o]
A 17 peak S T2 3 5 @19

HMBCZ &A43 2 23t Cl10 B Aed
H14(1.18 ppm), H1(3.25 ppm) 2 H9a/b(2.32, 1.84
ppm), C4 BtA= H1(3.25 ppm), H5(2.75 ppm) 2
H15(1.47 ppm)2}2] W2} peak 7} A= AT} C2 B A
= HI1(3.25 ppm), Cl1 A= H13a/b(6.33, 5.85
ppm), C1” B4 HS(5.02 ppm) U H2'(2.14 ppm)<}
A} peak S YT = QIQATE o] o) FogeHA Ate
M2 3L 4,8-O-diacetyl-10-hydroxy-2(3),11(13)
-guaiadiene-12,6-olide 2 574 %l 9 H(Fig. 1C), At
oM Ao s Hikes S22 3= ]Itk
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Table 4. Cytotoxicity of compound 1, 2 and 3 isolated from C. boreale against various human cancer cell lines in vitro

Gls (eg/ml)”
Compounds
ACHN LOX-IMVI SW-620 PC-3 A549
1 2.61 2.55 1.89 3.02 3.57
2 3.62 3.56 2.52 6.37 >10
3 6.05 4.98 >10 >10 >10
Adriamycin 0.089 0.0432 0.196 0.76 0.28

“"Each compound was examined with five concentrations (30, 10, 3, 1 and 0.3 xg/ml). Gls, values of compounds represent the

concentration that caused 50% inhibition of cell growth.

Table 5. Farnesyl-protein transferase (FPTase) inhibitory activities of compound 1, 2 and 3 by scintillation proximity assay

Compounds (100 g/ml) 1

2 3

Inhibition (%) 54

78 90

Table 6. Inhibitory effect on the activity of caspase 3 by compound 1, 2 and 3 isolated from C. boreale

Inhibition (%)
Compounds
100 pg/ml 20 pg/ml
1 95 93
2 97 42
3 91 75
3.4, A20IM E2let SRES0| AMEF| Cist 78%, S} 3-290%9] 75t AshaS vk

in vitro NIEES8AIS
SFA|3£5=91 ACHN (kidney carcinoma), LOX-IMVI
(melanoma), SW620 (colon adenocarcinoma), PC-3
(prostate adenocarcinoma), A549 (lung carcinoma)o|
tistod Ao lakE7101 4 213t 352 sesquiterpene
lactone 5] M| 2540 TS ZARH 23} Table 40]|A]

= HEe} o] KL= Af| Lo s A] =/d o] ekt
E3] 315HE 12 o) 27-¢] Adriamycin H U= =9kx|qk

%

AL AM-EL E R3] TS Glao 9] 3.57 1
nl o]t u|wA Ze S Btk

3.5. A20jlM 22|58 3FEtES2| farnesyl—protein
transferase (FPTase) X{sif&A

of gt oA &= dolrr| £51e] Scintillation
Proximity Assay & A5}t 1 A1} Table 5@ 2
°] 100 pg/ml 9] oA SR 12 54%, SRHe 2+

3.6. AZOA 22|53t FIEEE2| Apoptosis KsHEHA

Apoptosis A=A ] A RsA-L 2] 9
5}o] 3%9] sesquiterpene lactone 5] 23} caspase 3
o] &/ Al =g A HE QL) 1 A3} Table 69 Lt
EP ule} o] BIFHE 12 100 prg/ml 2] 351=0] A 94%
£ A5, S 2+ 100 pg/ml 2] 5ol A 91%
£ Asfisto] et EAde Al

3.7. A=0lM E2et BRSS!
WE XsHerd

LPS 2 -3-=% murin macrophageol| 4] Hjx] U] 2 =
SN0 o] At} |7 S ol 7] 915}
o] Griess reagentE ©]-83F NO production inhibitory
activity assay S A A5} ) 1 A1} Table 70 VERA

uke} o] 31ghE 1-21Cs 4to] 10 pg/ml o], 3}5kE2
=1Cs gk 15 pg/ml, 3FgHE 3-21C5 4] 20 pg/ml =

=9| Nitric Oxide (NO)
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Table 7. Inhibitory activities of compound 1, 2 and 3 against LPS-induced NO production in murine macrophage

Compounds 1

2 3

Inhibition (ICs, zg/ml) 10

15 20

Sefubete] gizka ol i AHte] o
719) 558 7 Sk a7} Qlrkar 5
L2 T5e] WHPL A 2 P RS EAL
ol ol @ o npalekan sl e} o1 Qe el
ah4] ATERE A 20| 25 Bol $A170 1yt
Bolu, WeAshag, Aok W 21 ol o vt

(o]

2w
N =
J

AL Qlrks Zlo] FWEISporel et al.
1991) e}l elel= ETh7} gl 0.2 QA glo.
LH(Bensky et al., 1986), Al=+2] oF g AJ o] tjjgl ekt
QA7) o) 20l 41 4] ek Sleirh 2 Bof A1) o
] cumambrin B - =4 E3} & $9] germacranolides
£ wloto] ol 5ol gt Aol MlEsA, FahE-
ol gt Aelgde ®agh vb 9ltKJang et al,
1998a). & A= =3tk A=l Aol A efa AR e
2 oJJATE]=sesquiterpene lactone-2 H-2|5}0] 1 1%
= 7ol AP RS Wik 2 Al e A
A% ol Ao R d el Thalo) 21 = o) 9lrk
Sesquiterpene lactone-2-flavonoid 2} WA 5] =s}a}
A E 0] QlofA] slkA B70] 2| 352 (chemotaxonomic
marker) 2 ARFEITE L3-S o) 23] sesquiterpene
lactone5-2 phosphofructokinase, glycogen synthase,
DNA polymerase X thymidyrate synthase@} -2 &t
2} 2 (thiol-containing enzyme) S #] sl & ¥t of
2}, o] sesquiterpene lactone-2 glycolytic pathway
@} Thal 2k of] SHHE] = thiol-containing enzyme 2]
S AR AHd o] 5] Atk Giordano etal.,
1990). 12 A9 of| A& S} 22 a-methylene-y
-lactone group< $H3-5}= sesquiterpene lactone A&
SBHEE-9] 736k A2EEA]L o,3-unsaturated ketone
group©] 7]Qlgtcal Hilw|oj#] ¢l O m(Ahn et al.,
1996), ©] group©] Michael acceptor= Z-8-5}0] AYA]|

W] nucleophile (DNA, enzyme, receptor)™} Ag3Ho
2 AZ54AS U= Aoz =4 H

T, hsto] wrertol ufek glof ofet Al &
Hoz A oFo A 71 e el & sl skl o=
o = A RFIAL SRz o] AT Y=k
d] Z]of| mechanism-based bioassay 7} A 7jito]|
Qloj A uj-§- = Q5 HH © & KA1 @]t Matthias et
al., 1991). X =371A] 7+ mechanism-based bioassay
Wl 2 1 215 of| 4] FPTase inhibitor B3-S A8
SFRALE. FPTase= A 3298|543 E3k5 24sh= 4o
A 7ol Pofsh= a4 59| L2 A] faresyl
pyrophosphate 2] farnesyl group= &3l o A Q.
2 kS ©dSh=ras proteinof] HEsh= e Tt
(Janice et al., 1995). o]o] wha} & ¢1510)| A FPTase 2]
A SiA| EAE: 3l Ao Bl of thshe] ol
A}, 3712 FHE HFo)| A 50% o] 42| FPTase &4
24 Aol BT EIRIEI] 0] hek 3.2.90%0) 7F
E2 A aiE Hloh ahE 39 -, QA Al
Fof| gt A FEEA]-S thE sesquiterpene lactone X T
A UeR = 71 0 2 | o} a-methylene-y-lactone ring
2 313-3}= sesquiterpene lactone A¥ RS9
FPTase 2] A= a-methylene-y-lactone ringo] 7]<1
Sh 220 A ESA Kok 2319 F5o] uket
A2 Afolahekan B4 S, T3 e -2
oA x| 2HA| o] F7-2}F FPTase A2/ 2} o H A4
o] 9l& Ao Tekelo] 71413 177t Wagt Ao
= A7k,

A= ZFE Aapoptosis)= SETE A= §lo] A2
A i Wbo 2 AlEre] A S §A|Hn, 24
o)A A] of & A& {WFA7ITKFink et al., 2005). v

=272
P, W N 3 o) g 2 W wsle) )

2 274 W s gt peto] 9o m, ol 4
o] L wlsZ oM apoptosisol 7] 21gt A EAE S 1t
1A} caspase 2] EAJSHE L33t apoptosis 712 o]
517] 913k A7 2hs] 218 = AL QIei(Elmore, 2007).
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Z1e| B2 apoptosis & A Sh= SFohEE0] HA=set
o] Eelotel F A BESRIER T2 ey
Sick 2 ARl A 3714 shehe 5 Siehe 13
H.2.20 pe/ml ] e of| 4] 75% oJAFe] et TS B QY
o, 53] sRHE 3We AlE54e w22 Hg

FPTase A|3124 2} apoptosis #/akego] 245 et
HO DR G APPFS Az QYT 5 e
e AL AL R T

SThaL gk = Qle Ao 2 AR E

Fo= HAA AN Dofuh=HEs- 52 Shh= ¢l
Al o] = frAIsk=t E et A Al AE) F9f 5h
Lto|tH(Grivennikov et al., 2010). 3}X|9 G5 W1-3-0]
T SHA| ojubA| B oFa -2 whg A ke] ¢1]lo]
Fok vhd 9154 1ol oI5k 19 Thd ol A 188
=7 A= ol ot Al -2 AE o il
O I3 AAAE B ojEal QIckKim et al., 2009).
LPSQ} e Aj+2] W= Nitric Oxide (NO)E I}
ChAbTEo = MR SRS S N 42 2
t}. NO= Nitric Oxide Synthase (NOS) 2] 2}-&-of 2]3]]
L-arginine©| L-citrulline . 2 H3}=]= 1}4 of| A A A]
|, iR 0] 2| 3ol FRRE vIH =g | Aol A=
ol B4R FFAEA A AEAE Ed 2 1Y
Aol A= ol E 4 = U2l Stk Barnes, 1995). 514
Tkt /3 Al prostaglandin 5-2] A& S5k
FSHEe= ABA71H, HEF shock & A 27]+=5 3l
FA 28517 = SHcLowenstein et al., 1994). w2}
A, NO 9] Tp&-& o2 7hA] Aeet& Q] ZAIE
ek 4= 9lom, NO O &5 Aok A== 2
Sh= 22 NO 2| 54 02 fHlE = 2 2| =4 o) 7Y
= QIR a%t AR HeEr: olggt A S g o=
2 AtolAl= A9 Q=704 213t sesquiterpene
lactone 55 ©]-8-5}0f T A1 4| 32 v QF UL 2] NO A4 =
= SAstelen, ek 1, 2, 39 1G5 gk 217} 10,
20,30 z2g/ml © = SFRIE| AT NO A/ off w3t A sfed
2 sesquiterpene lactone52] a-methylene-y-lactone
ring HTh= 8449 F-Fof| wheh -2 Aido] Y=
7o 2 ThEH, sesquiterpene lactone 52 S22 &1}
2| 2HA| 0] FFroll ThE B/ o] S5ol/d- 2 NO 2| gl
& 3}=NOS 9] active site]] gt 7] A2 2] Eoldxk
Hze] Eaol it Galee] o] Sof elgt Aoz

(

EEC e

oo A= 2 e 42 Qlat & 7)ol Q1A Al
2o A Al 3255/d-S LFER AL FPTase ¥} caspase 2+
W NO 2| XS A 3fi5l= 339 sesquiterpene lactone
o] ghriElof Yl skt Helw skehe 1,2, 32
Lee et al.(2017; 2017a)0] AF=-2] A3} Z7]0| A EE]
5ol HFE T sesquiterpene lactone = 2| 3H7] 2] £
FoF QA7) t}E A 2-& sesquiterpene lactone ©. & B}
Sk o) - A 350 SR golt 354 A
S e QYA RAR B H 5 e AR AR

=,

528

Kb Q1 572 B ARl AR 97 $lste]
Clopgt 220t ofulS whEE 0 2 AAJSlo] 374)
guaianolide type 2] sesquiterpene lactoneS{(3FgH= 1,
2, 3) 251t 3lgHE 12 4-methoxy-8-O-acetyl
-10-hydroxy-2,11(13)-guaiadiene-12,6-olide, 3}¢H-=
2+=8-0-(2-carbonyl-2-butyl)-3,10-dihydroxy-4,11(13)
-guaiadiene-12,6-olide, 3}3Ha 3-2 4,8-O-diacetyl-10
-hydroxy-2(3),11(13)-guaiadiene-12,6-olide = &%
soick olSe Fokat AEe] tfEAQl A|EA R
sesquiterpene lactone #| g 3}gHE0) Xt H5FE A=9]
A E7oME Aeoer Hise 8otk 3F9
sesquiterpene lactone 52 tJAFO & Q1A A (2S5
th3tin vitro A Z5/3S AR AN} Al 25402 B
o} 53] 3kghE 10] 7ot ALEAL Belch FPTase
2 A8l Abe Bk 10] 54%, SRHE 2= 78%, 3t
T 3-290%9] 733t A oe-2 ik LPSof ofsf
o} YA NO & 3Z9] sesquiterpene EF3HEo] 2] A
sflEe SISkl E3t 359 9l5hE-2 caspase 39
442 90% o4 A5t apoptosisE A 3l|sH= &3}
S Uhehuloich ol4go) 17 Ak 4ke) 92715 ¢
ojut H5 A gl By} Q= TRt RtefAIA 9} 5,
A58 71678 AlFe g Adshet 712 A=k d 4
= Zlolek 53], A7 7|8 e Hde® &
A|7F =] AL ol A 718 A S v 257 e A

(o]

2 el A RS 4 Qs A EE 2L 4 9L
o]t} Bio}, 2.2 13} 270 vlo] A2 0.2 oo

=
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31 4:8to] 3157] whitel A0 Qlu 2715 AMES)
vl 2710] Shn} W Golat Ao AT,
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