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Abstract

Anticarcinogenic-active compound was isolated and purified from Angelica gigas Nakai. The compound
was identified as decursin (C1sH2Os; molecular weight 328) by mass, IR spectrophotometry, "H-NMR and “*C-
NMR. The proliferation decreased in a dose dependant fashion in the MCF-7 cells treated with decursin for
24 hours over the concentration of 20 pg/mL. The ICs; value of the decursin treatment for 24 hours were 31 04,
33.60, 27,24, 20.45 ng/mL in the SW480, 293, HepG2 and MCF-7 cells, respectively. The growth inhibitory
effect was stronger in the MCF-7 cells compared to other cells including 293 of human normal cells. The
chromatin condensation, apoptotic body formation and DNA fragmentation were examined in the cells treated

with decursin. These results suggest that decursin from Angelica gigas Nakai inhibited the growth through
apoptosis in MCF-7 cells.
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ol& g FH el g 7= FFHAZHE decursing] £

3H(Angelica gigas Nakai)= 71}e] 3H(Umbelliferae) 2 (5) @ A&BATE(5-8), decursin® Aol 3t $HAL
of F3he o 2802 1~2d AT wae, Aol WE A, AhE A Z3H10) 2 protein kinase C9
€ o9 #E 7HEel A st A2 AL o] &skw glch g4 22 2411 So) Rz glor B ddan)
D). 3= &5, 4B, F3 SA A 482 B0z Aul (12), 4kstE(13), FEAWel&a74(14), A AHPA
sto] ghow 7 AbAo] me}l gHtelx] AAEE A A EF7] A2}t apoptosis F2H(15) 2 in vitroidel| 4] A
(Angelica gigas Nakai, E37)9} diol4 Yiltse A& gy o Feuldyo] oigk ot RaET 9ivH16,17).

ZFH (Angelica acutiloba Kitagaw, 437)$} o4 A AAARoZ e ARAZ) vhe o At eavele] A
A= = F=9% 7 (Angelica sinensis Diels) & F83}9, 1 $ Alzbe] Akl FHE 2 NS B gke g ol A}
AEFH el s Aold Ao dHA Q). wEol Frh18). tF-E Q1A Wb sl o] e e

FFAL FRAHELLZE coumarinA Y decursin, de- AZke] Sl = B73ka oA 7HA] Adjelete A 2
cursinol angelate} nodakentin, umbelliferon, B-sitosterol S R o FE 3 9lem(19), o]} FElsle] FHT Alo)
59 AEo] Ffsel d#iA 9129 (3), 2 decursine oF FAAH ko] 9l EAE Az Aot S 2l
AW go} AAEA A7t i 18Y A8 o &7 I 9E B oot A A A A A8k AE F ot
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A2 o] 8-3l7] $13 Bd o] AL d= 2 9oh20). 53,
Szt A= 20009 59 g AfA 7} G3kalel Al X
H3 9la(21,22), 2 F FAEe 22 d7AEdd g8 A
AGA ] N FGazteE BuEw glod o2 dAx
of 3 A= A5 AA|TH15).

weba] £ AT FA9 ddadE Fs) g
Ao Az e F AR decursing £ A8}
3L, o) o] &8 7t A A EFol g AAGA EwE
T+r stk ghel

EREET

of

B A& o A3 SRB(sulforhodamine B), TCA (trichloro
acetic acid) ¥ bis-benzimide(Hoechst 33258)< Sigma
(USAA}F A%, Tris-HCI buffer= AldrichA} A1 E-& 4
st Aol AL8-3l4ich

23 (Angelica gigas Nakai)& 20059 64 AAEE 33
A &g AL A 2 g TeiaS Bl Flshed
4 F Aol Agsksich

=2 RE decursing| 22| Y HA|

Decursin2 SiOz column chromatography3te] 2]}l
k. 2 299 AzxE 100 g2 208l (w/v)E A=) 995%
methanol 2 Lo} &8H3te] 80°C W7 58 3/7F 54
33 W& F o AL 7MY 553819 methanol F+EE
700 g& FAstgrh 1 oFe H:09 methylene chloride(1:3)
£ 747 3007H 1,200 mLA ool Wi A-2ell4 347,
33] WhE-3le] ¥ g ¥ methylene chloride 3¢ 38tz
%% 3] methanol % ¥ 2% methylene chloride ¥
% 44 g At} o] & Si0; column chromatography3hed
hexane : ethyl acetate(30:1, 25:1, 20:1, 15:1, 10:1, 5:1, 1)=&
T2 2 fraction 52 # 3 ¥, ©}A] SiO: column chro-
matography3}te] fraction 30® ¢ll4] decursin 336 mg& <5
+9 3l cHFig. 1.

M|z MEH =3t

SRB assay: A3l A48 A E£59 SW480(colon
cancer cells), MCF-7(breast cancer cell), HepG2(liver
cancer cells) & 293(kidney cells)2. 2 33 A xF &g
2HE] Eofutol A Ag3slct old A= E vix| &
RPMI 1640 vk} o 2 Z+z} 109 FBS(fetal bovine serum)
7F A7M AL ASslgl e, ol 5 AlZE 37°C, 55%
CO- incubatorell 4] Ak wioksle] Aol Alg3}gic)
Monolayer® A}t SFA| EFE 0.25% trypsin-EDTA-&Y
2.2 A2]3le] single cell2 3HE F ol fubet A2
2 FE7} 1x10° cell/mL 5 =& 24 well platesl] #33}
I 37°C, 5.5% CO; incubatorell 4] 24417} v} & plateol

FAb - ol 4fe] - 4171 - R Y

Angelica gigas Nakai

| ——  Methanol Ext. (3 times)

Concentration

CH,CI, H,0
SiO, Column
chromatography  Development solvent
| — (Hexane : Ethyl acetate =30: 1)
Fr.1 Fr.2 Fr.3 Fr. 4 F|,-. 5 Fr.6.....
Fr.1 Fr. 15 Fr. 20 Fr.25 Fr. 30 Fr.35 ...
Decursin

Fig. 1. Isolation of decursin from the root of Angelica gigas
Nakai.

Axze] 322 galsta @2 methanol & &2 RPMI
164080 2] & o] 8-3to] 3 M slgd o, fraction 53 decursin
2 DMSO 40 mg/mLZ %<l ¥ 779 Fx¥ 2 RPMI
164002 2 34 g A 8F Hste 24417 W& F
microplate reader(Titertek Multiscan Plus, Finland)Z 540
nme 4 0.D3E FA3Igh

IC50(50% inhibitory concentration) #t2] 4t&: <14
A EF I AF2 [Cs e dAET F4] A
A&7} 50%d W] A2 A

tA 29 Fesha 3 QAFEHMCF-7) AZE
7t welld 1x10704 93 2447 A3 F 20 pg/ml $E=
HA7Fste] 24417k B2t vk F 943 €917 (Diaphot 300,
Nikon, Japan)& ©]-4-3t] 273 A2z Hefshs
wWsts vl fEsi)

Hoechst 94 53 9 #F: g7 248 2T
Aol QA M EF2] Aldel 9le] apoptosiset T 3}
Z)& #2)8}t7] 98] bis-benzimide(Hoechst 33258) |4 F
o} gestE FaAsg ot MCF-7 Al 25 0.25% tryp-
sin-EDTA49 22 ]3] single cellZ WHE F 254
E 57} 5%10° cel/mL HEE 8435t 6 well platec]
233k o8 37°C, 55% CO: incubatorel| 4] 2447k v ofs}
oot 535 A Ee 372l methanol 5 E, fraction 5 ¥
decursing FE=H 2 X33 24X 75 A7) £ 4
A &2 4l hoechst £ (5 pg/mL) 2.2 JAstz JFHn|F
(BH2-BH2-RPL-T3, Olympus optical Co. Ltd., Japan)<
o] §-3tod do] YPeWsE AT vt

Detection of DNA fragmentation: Cell Detection
ELISA kit% AH§3te] DNA & A#FA o2 2439
th. 24 wellell 1x10° cell/mL& #F3}o] 2447k <k vk
3 & A2 RE E2l3 decursing FEEE Alsigdch
24217k wloF F JAEE] (1500 X g, 5 min)3ted A EE 3|5
&3 32, 500 uL2] incubation buffer® A7} incubation
(30 min, 15~25°C)g+ 3, A1 E-2](20000 % )3} AFZA=t

e e

~ =3
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€ A3l e} 96 well plate 100 L9 coating solution-g in-
cubation(overnight at 2~8°C)& 3 A|A3s}a, 2+ welldl
200 uL#] incubation buffer® % 7}3ted incubation(30 min,
15~25°C)F AA39}t. 4 well& 250 uL washing sol-
utiong- ©]-&-3}e] 33 A|HE F-, 100 pl. washing solution?
$A HE AEES 7 well®d 100 w4 A 7F8ke] incubation
(90 min, 15~25°C)&F ¥ solution A A3 th. Washing
solution&. 2 33] Al A 3}3 100 uL conjugate solutions
A7} incubation(90 min, 15~25°C)& ¥ solutione A
Astg el o} Al washing solution .2 33] A& 3k3 100 uL
9] substrate solutiong 3718k 250 rpmoll 4] 15~20%7¢
plate® shakinggr % 450 nmollX EFEE =A3}lgic)

Enrichment ___mU of the sample (dying/dead cell)
factor mU of the corresponding contro! (viable cell)
SAAR: Ad A A= A+ RFEARNE BAEG S

FARTE AT AR UTE2 ehiS 4 2 2
o EAA froAdel gt 7128 Student’s t-testE o]-4-3}
Art.

Zant U IFE

SHZEE decursin2| 22 X M
%3 ““H methanol FZ2E258 £33 methylene
chloride &3 Si02 column chromatography( ¢ : 2.5x 40
cm)E 53 l"‘?:E] 353 et o] wl n-hexane-ethyl acetate(30:1
—51) EFEE o] 83ted S FAHLS WA TIHEA
$Z47|4, TLC pattern(Fig. 2)ol w2b4] fractionsd}sd o}
I g &4 FAAI §EH F fraction 5ellA] A E )
A3 AAAA ZHE B $£&F9 F fraction 5%
n-hexane-ethyl acetate £&-& oA Lvjo] FA-& w3}
A|AZF 23} SiOs column chromatography( ¢ : 1.0x 25 cm)
sted Be]gk A3 TLC patternel| A €29 3 fraction 309l
] main pointd] 1719] 33HE-S £e]819 3, UV spectrum
254 nmellA TLCA &9l 23 9 pointd & & = 1%}

g8 g sHeEe 2542 NMR spectrometer

Ext. Methanol! Fr. 5 Decursin

Fig. 2. TLC fluorescence chromatograms of decursin from
the Angelica gigas Nakai by excitation using 254 nm.

(Bruker, AW500)& AHg-3te] 'H, “C-NMR <" 33}
Mass spectrometer(JMS, DX300)% ¢|4-3t] EI-MSE &
sl 3, 712 w1 (23)8 FAZH v wste] F2E 24
shoict.

2HAIE 100 gi—‘"i‘Ei methanol $%3%}%] methylene
chloride® #3873} ¥ Si0O; column chromatography & %35}
o] 289 g9] compound A & EE|slac) o] 4
T2 AR Sste] A 2 Axpr)FH S A A

o}, compound 42} electron impact(El) mode® & &%
M8 g A BEatol2(MNo]l m/z 3284 reldm, o]
Ay ~HAEAL decursin® Y A3t A2 velyir)

w3 o] B A TREHS st 'H-3 “C-NMR
2HERS d9on(Fig. 3, 4), ¢+ Ahn 5(24)°] FH el
A B33 decursin? ¥ 5kt

Decursin: white crystals from MeOH. "H-NMR(500
MHz, CDCl3) Su(ppm): 7.57(1H, d, J=9.5 Hz), 7.15(1H, s),
6.78(1H, s), 6.22(1H, d, J=9.5 Hz), 5.66(1H, s), 5.08(1H, t,
J=49 Hz), 3.17(1H, dd, j-16.8, 5.0 Hz), 2.86(1H, dd, j=16.3,
5.0 Hz), 2.14(3H, s), 1.87(3H, s), 1.38(3H, s), 1.36(3H, s);

Fig. 3. H-NMR spectral data of decursin from the Angelica
gigas Nakai (in CDCl3).
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Fig. 4. BC-NMR spectral data of decursin from the Angelica
gigas Nakai (in CDCls).
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Fig. 5. Cell growth inhibition effects in MCF-7 cells treated
with decursin from Angelica gigas Nakai for 24 hours by
SRB assay.

Data values are expressed as meantSD of triplicate deter-
minations. Significant differences were compared with control at
*p<0.05 and “p<0.01 by Student t-test.

BC-NMR(500 MHz, CDCls) 8c(ppm): 165.7, 161.2, 1584,
1565, 154.2, 143.2, 1286, 1159, 1156, 113.3, 1127, 104.6,
76.7, 69.2, 279, 274, 250, 23.2, 20.5; EI-MS: m/z [M1'328.

Decursine dihydro—-pyranocoumarin 2] 3 EA =& A
decursiva(Miq.) Fr. et Sav.o|4] 2Lz ¥ yuEgon 7
o]%F Ahn £(24)2} Chen S(25)A % B % g}

HAE decursingl HME M

MCF-7¢ 3 =9 methanol %%, decursin 3§
fraction 5 ¥ A AIZ decursin®] A ZH-E 241317 98
(20, 40, 60, 80 pg/mL) F =& A3t 2447k v
S Z AR ZAE S A= Fig b 2} 34
2] methanol $%%, fraction 5 ¥ decursine A 2] £
oer o Az AL dAslglen, B3] decursin
<+ 3%% Y fraction 59 B]3le] Y53 =& JAE AR
AA ZE Jehlisi e 60 pg/mle] FEE A Al 90%
o] 2] st E AAAA EAE el

Yim 5152 A2 E2lq decursing A ARA
dAEF9] DU145, PC-3 ¥ LNCaPel|(25, 50, 100 uM) %
EHZ AT A A3 A EF A Lo] 22~51%, T~
54% H 9~72%2 A &L H3m}l 9lo] decursine] A
Eo| ARl g AR7 A} ol HleE Algdd.

ofx| &3}

QIA| ehM|zzol| CHEt decursin®| 1Cso 7k

A A A EFol NEt w2 2] methanol $%%, fraction
5 @ decursin®] ICs 3t 323} Table 13 2}, 379
methanol FZE&., fraction 5 ¥ decursin® SW480¢]| thjs})
747k 42.96, 32.84 2 31.04 ug/mL2] ICx #& YeEtdlz,
HepG2 Al Eol| dslo]= 242 3546, 32.23, 27.24 ug/mlLe]
Z& el e, MCF-74l dlsled = 2b2h 32.00, 20.66
% 2045 ng/mLe] & Hebo], decursin Aol AM4-g

7344

ol e - Al7IR - A

Table 1. ICsp values of methanol extract, fraction 5 and
decursin from Angelica gigas Nakai in various human
cancer cells

ICs0 (ng/mL)
SW480 MCF-7 HepG2 293
Methanol ext. 42.96+0.44 32.00%+1.30 35.46+1.75 41.14+0.51
Fraction 5 32.84+0.48 20.66+159 32.23+1.80 36.40+1.14
Decursin 31.04+1.23 2045+1.20 27.24+1.67 33.60+1.39

SWA480: colon cancer cells, MCF-7: breast cancer cells, HepG2:
liver cancer cells, 293: kidney cells.

Sample

o2 oA EF B} MCF-7¢ wiste] o] £2 A&
vetlgdeh. w3k oA A EQ 293 Al 25 Bt =
27t 41.14, 36.40 2 3360 nug/mLe] ICs #& viebfe],
MCF-7A1Z0l v]3te] x| Aol HA viebdg &
Ak

Decursin| Xza|ol| g etA|Ze| Helipist

BAA e AZELE AZSA FHER, At 24,
ulolgl 2o 7t & X3l ohefst 72 o FASel
o)) AlEzAIEe] A Ax A7t FaE A
T o efulR] ol AlE A Eo) A Ec) 1y g 34
methanol 3%-&, fraction 5 ¥ decursin® A&l W&
MCF-7 Al 29| Jefists #237] 913t MCF-7 %
A 85 20 pg/mLe] 2& FER A st 2447 vl T
Aze] FeEhy wals A ez fasch(Fig.
6). A Z2E Helslx] &L dx2T AxE AxsE {8
plate®] 71¥el F-a=o} AE BFE Fx5ha gl A

= APE g A7} loFEr) A HojA iR o i3t

Fig. 6. Photomicrographs (x400) of MCF-7 cells treated
with methanol extract, fraction 5 and decursin from
Angelica gigas Nakai for 24 hours.

@ Control, ® Treated with methanol extract (20 pg/mL),

© Treated with fraction 5 (20 pg/mL),

@ Treated with decursin (20 pg/mlL).



FAZHE HAGE Decursin® AALHA LT it AEEA 1389

Fig. 7. Nuclear fragmentation were induced by methanol
extract, fraction 5 and decursin from the Angelica gigas
Nakai for 24 hours in MCF-7 human breast cancer cells.
® Control, ® Treated with methanol extract (40 pg/mL),

© Treated with fraction 5 (40 pg/ml),

@ Treated with decursin (40 ug/mL).

AL BEFE S U3, =T dzTo) vt Az Px
Ardds Josty dss AP F U

Roh 5-(26)& HepG2ell B3} 2 238 37 Al A=
o =7 g et AZ £Ale} Wk wwd vt
et olep e AFHE mol AAY HFE decursindl
MCF-7 AlZ29] 442 AAFozA AX F4& oA
A71a, AEAE S fFEdhe Ao R B HepGaol hdt
e A7) maete fabghe o gl

Decursinol| 2|8t apoptosis {5 ZH&

29| methanol $3%, fraction 5 2 decursin®] &]7}
MCF-7 AlZ2] Abdell 9lo1A apoptosis F-E3H=2]& Lo}
B7] 918te] MCF-7 A Zel| o] & X 82 40 pg/mLe] $x=
2 A3 & hoechst FAsle] gFArH o= 3zl 4
I Fig. 79 Rk 27 Alzvts 42 533 J92
AR WA o) 5 AEE A3 A2 H$-E apoptosis
7t ol A zollA AFAHoz BAF A= FA7
(chromatin condensation)oll £]3}+ apoptotic body<)
Fefglx Wiyl A=
Al Bg FReA #EE

FAZEE] AAF decursin®] apoptosisE FrESI=XE
o8- gl g) 3)7] $8ke] decursing MCF-7 Al Xl 244 7F
21§+ ¥ Cell Detection ELISA kitZ A-4-3lo] DNA 2
< A=A oz B AF= Fig 8ol vehuisdch MCF-7
A Eo decursing FEHE X 2]s}9-¢ W apoptosis?] #]
Z QA EQ DNAZBH] 5= &4 02 Zolste AL

Folalglt). ol& nucleases] 213 A4 A nucleosomed)

==
£33 9
£3] decursin®] # 2] 79l

DNA fragmentation

Control 20 40 60

Concentration (ug/mL.)

Fig. 8. DNA fragmentation in MCF-7 cells treated with
decursin from Angelica gigas Nakai.

Data values are expressed as mean=SD of triplicate deter-
minations. Significant differences were compared with control at
"p<0.05 and “p<0.01 by Student t-test.

linker DNA¥-2-0] At 23 DNA ©#H3}2] Ajolm g
decursine] MCF-7A ¢l ™3}e] apoptosis =< o &
stk

Q ok
S0 =

FAREE FUEAS 33E-S silicagel column chro-
matography & °o]43t #2] 2 AAg ¥ 'Hel °C NMR,
MS, HMQC ¥ COSY spectrum(500 MHz CDCls) ¥4
3ol Bapek 3289 decursiny-& 7= 54 AR
decursing MCF-79 24417 Aelgt A3} 20 pg/mL o]l
A TR AR MEF AAS A2
SWA480, HepG2, MCF-7 2 2033} 7+ ¢l A| b E el o
&t decurcin®) ICs%t2 22 31.04, 27.24, 2045 2 3360 ug/
mLE Yl decursine ol A AR E5¢] 2034 25 £
3 & A 2o ¥lsted MCF-7¢l oiste] 71 =2 A%
oA &AL BolFY ot MCF-7 AlZel| decursing 2%k
A3} dzelx] FLd A2 ey} I Aol whs) A=
7o AL A2l 233 apoptotic hodyE B9 7, DNA
o) B} o] A= FH A £2F decursin
MCF-7 Al Z oA apoptosisE E-5td A EL AAS A3t
= 2% oA F}
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