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Antifungal Activity of Decursinol Angelate Isolated from Angelica gigas
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Rust causes significant losses in the yield and quality of various crops. The development of new effective and
environmentally benign agents against the pathogen is of great interest. In the course of searching a natural
antifungal compound from medicinal plants, we found that the methanol extract of Angelica gigas roots had a
potent control efficacy against wheat leaf rust (WLR) caused by Puccinia recondita. The antifungal substance
was isolated from the methanol extract by silica gel column chromatography, alumina column chromatography
and C,g preparative HPLC. It was identified as decursinol angelate by EI-MS and 'H-NMR data. In in vivo
test, decursinol angelate effectively suppressed the development of WLR and red pepper anthracnose (RPA)
among the 6 plant diseases tested. In addition, the wettable powder-type formulation of ethyl acetate extract
of A. gigas roots significantly suppressed the development of WLR. The crude extract containing decursinol
angelate and the chemical appear to be a potential candidate for control of WLR. In addition, this is the first
report on the in vivo antifungal activity of decursinol angelate against WLR as well as RPA.
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Gymmosporangium spp. <l 23l A= A& 3t
tolm, A% 2=, Aa 2 B E Sl dAshk=
tﬂoh:]' E-3] Puccinia spp= "2 59 715 (P. graminis),

4, By, o9 o T 52 S5(P swrifformis),
%13’% 39 =Y T2 F2=Y(P recondita), R2]<]
U=H T S5H(P hordei), A7 F= (P coronata),
254 =H(P sorghi), = S (P purpurea), AVHTT =
(P saccharo) 5 22 ZEo| AAF R & I3)& F
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HH o] =3 Q= E70 F¥8 (Colesporium plectranthi
Barclay)o] wHAiste] & FA|7F H ]ﬂ-(Yun %, 2007).
Qo el 72 =He] WAE flste] AFe LHEt
slebEoke] AMEFS SHAIA Sith ?HZHU}Z] SRR
]_
o

e He ok adt 450 APstn LS
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3 A THChoi %, 2009; CoppingZ} Menn, 2000; Dik>}
Van Der Staay, 1995; Shukla &, 2009; Soylu &, 2010;
Yoon 5, 2010). 53], &2 HAEZS 0|83 Tk
£, AZ, AE Bl tigk AEAA] ol Ul =
% Hol e AE 2FEES AH olgs o

of ¢rdste] FIIA7F 2 FAES AL
st = A= Aol AUtHCoppingz} Menn, 2000; Dik}
Van Der Staay, 1995).

B Ao e G (dngelica gigas Nakai)2] methanol
(MeOH) FEE2 o83t in vivo Fa8d 23S A
Alstatt. = 243 ¥ =98, ¥ dPFH e, EvfE
g9 2 9 F25H st WA 23%E Role AL
AL, 2 5 W =gl tis] =2 €4d0] e
ot ¥ =gy s 248 Yehle E28 2]
$3l solvent partitioning®} column chromatographyS -5}
o decursin®] FHEZS H

0

TR, o] BFL in vivo

O

AgeA v =gyl tiste] daddo] =2 ez U
Ebch i, F2s5l g g2 500 pg/m/
FEoME A3 PAGAES JeRlA] egker o9 2]
xR giEsir s WA Ego] mofet oz SRIE AT
(5, 2001). ©] Ax= FH MeOH FE=0 5o
J ¥ =gy HAEZL decursin®|H, o] ThE A&
Hdqo] FF3AHL 7= EZE decursin®] ofd Tt
2 FgEdo] i JS5S HERHATH

FAE A Eobe thdd 220 EH, 1294
T8 et 999 252 Bl o] Y= vitamin
B,,, folic acid7} 28-S, vitamin E7} A-g7]%5¢] W
F FX3 4L ke Ao®E dHA Aok A,
2006). o] oksHy 28-S UER= 7352 coumarin
=42 decursin®]™, ©] 2]¢] decursinol, umbelliferon,
B-sitosterol F°] FFEO Ue HAoE HIHJT
(Konoshima &, 1968; Chi®} Kim, 1970; Kang¥ Kim,
2007). Bl F4E< decursin?} decursinol angelate]]
thste] & FF E7H(Lee 5, 2003a), Bl Z]ob A <
A @3 (Lee 5, 2003b; Bae &, 1998), =84 Ak} &
HE g7 (Lee 5, 2003c) B Al A E3H(Yoo 5, 2007)
7h Barso] ot zejy 39 GHENE 2 E
decursinol angelateE ©]-8-3te] H HF2=o| it g+t
ol Hst Ae AFS Aol

2 A7elrs APATE T8 37 MeOH F2
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AR, 2 AP ARES AIE= 20099 12, O
TFAA A o] grefboll A Fiste] AP AHE-EHA
S, voucher specimen gH=13}afAtol] Hg=o] Q)
FAERe] H2]. 7AxH I AIE 100 g& d2olA]
methanol (5 /)l Ak & oJ3}3t3TH MeOH FE &
et 553 = MeOH FE=(17 202 70% MeOH 1/
HEAZl & 532 n-hexaneSZ partitionS A A 5}
ZA8t3 YE MeOHES A A3 96k
et BT dojR A5 100% H,0Z A)-&3) st
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3.6g, n-BuOH & 26g ¥ & 5 6.6 g AAUTE In
vivo I8 HAAS F3t n-hexane¥ EtOAc #-8&
o] &S Ueili= AS IS, F #E8ES
FAA Y FFAUTE o] ZHE EHERS EEs]
#3te] 8E81 n-hexane:EtOAc(8:2-1:1, v/v)= silica gel
column chromatography(Kiesel gel 60, 70-230 mesh, 3.6 cm
i.d.x80 cm; E. Merck, Darmstadt, Germany)S 4 A| 3} T},
g4 E3ES tHA] alumina column(Neutral 90, 70-230
mesh, 2 cm i.d.x40 cm; E. Merck)?l] 7}t T2, methylene
chloridleMO)E &F3t & S/le] £9S 4S5 + AU
. &4 =245 el BAISH] 18k preparative
HPLCE ©|-8-3Fth. olw| preparative HPLC 2712 T
3} 7t} column: Capeell Pak C;5(20x250 mm), -8-Z-8):
0.1% trifluoroacetic acid(TFA)©] %7} acetonitrile=} 0.1%
TFAZ} %71 29| gradient solvent system, -F<+: 10 m/
min, A& 37 329nme] }A L F3t compound 1
(15 mg)S AU

217184, B 229 Fx2E 4] Hste] A
A 9 AR S AAERITE AR double-
focusing high-resolution(HR) mass
JMS-DX303; JEOL Ltd., Tokyo, Japan)Z ©]-&3to] =4
3FH T NMR  spectrum< Bruker AMZ-500(500 MHz)
NMR spectrometer(Bruker Analytische Messtechnik Gmbh,
Rheinstetten, Germany)Z 373} 3L, tetramethylsilane
(TMS)Z internal standardZ ©]-&3}%1t}.

3}31E 1(Decursinol angelate). P EH2-2 o]-8-3fo] A
o] % A AAA|. EI-MS m/z: 328 (5.1) [M]", 228 (32.7),
213 (100), 147 (1.8), 83 (21.8), 55 (21.5); '"H-NMR (500
MHz, CDCl;) dy (ppm): 7.58 (1 H, d, J=9.5 Hz, H-4), 7.26
(1 H, s, H-5), 7.15 (1 H, s, H-8), 6.23 (1 H, d, J=9.5 Hz,
H-3), 6.11 (1 H, q, J=7.3 Hz, H-3"), 5.14 (1 H, t, J=5.0

O

spectrometer(JEOL



A =EE] E2)3)k decursinol angelate?] ¥ HoHo] ek dEA 7

Hz, H-3'), 323 (1 H, dd, J=17.1 Hz, H-4,), 2.89 (1 H,
dd, J=17.1 Hz, 5.1 Hz, H4), 1.89 3 H, d, J=7.3 Hz,
H-4"), 1.84 3 H, s, 2"-CH), 1.49 (3 H, s, gem-CHs), 1.37
(3 H, s, gem-CH;).

39 A FF 4 AAH. AxE 2 10g2 v
3Fe] 100 m/2] n-hexane, MC, EtOAc 12| 3 acetone=
A7kste] 150 ipmO 2 a7 Bkt Aozl 7k =
2S5 74 =319 n-Hexane
s, & & FEEE MeOHoﬂ &gk o=
250 pg/m/ Tween 20 &l A&t F A=A o] 55t
o HE 194 AWadsE AR

T Z2FEEY AY. I ZFEEY FHEHS
gelstr] flste] AxH & < F4
AR E EtOACE 23] FZE3Ith Aol F2&8 44

=393, T EtOAc FEE(2 202 Choi 5(2009)2]
ol uje} =34 (Wettable powder, WP)Z #| Z23}5 T},

n vivo FAEA AA. A MeOH FZFE, F7]81
I 2 F3A Halde U E25H (P recondita)

FZEEL acetonelE &

Jgi r1o

of thste] in vivo FHB3E AR, g A+
220] Yol BRI 2AEAS 2AE) 95l
9 Bo=wo ¥stsle] v QY w2 (Rhizoctonia

ry
solani), EFYE AUF3o|H (Bomytis cinerea), EVIE
Y (Phytophthora infestans), 2.2] 317159 (Blumeria graminis
f. sp. hordei) & 33 ©AY (Colletotrichum coccodes) &
Z 67HA AEHol et in vivo FHEAES AT
MeOH FZE, FtOAc & &, BuOH 28 & 42 &3t
gt 52 MeOHEAFFE, 5%)%, n-hexane F3 &2
acetone(HEE%=, 10%)2=, za 3 ERYEY FI3A=
L3 T X3 & AHEGA Tween 202
250 pg/m/ FFELE I8k f%—?‘)ﬂ 5] F3itt. ol w)
WZETE 5% MeOH T+ 10% acetoned} 250 pg/m/2]
Tween 205 §Hrshe SHTE AHSSIITH 71 A W™

Zgra
ST

T=
Vhe] ZES ol§39n, TYIE RS G| 2T
SEF F 247 B FAT TS Azl 4B A
2 AEHAT. BT 39 WA 8 Fo WuEAee =

AFsFATHKim 5, 2001; Choi 5, 2001).

oA 2 ¥ APF-HrEH-E validamycin(507 5 g/
m/; Dr. Ehrenstorfer GmbH, Augsburg, Germany), EV}E
AL g2 fludioxonil(502+ 5 ug/ml; Dr. Ehrenstorfer
GmbH), EvIE WL dimethomorph(103} 2 pg/m/; Dr.
Ehrenstorfer GmbH), ¥ #2512 flusilazole(103+ 2 ug/
m/; Dr. Ehrenstorfer GmbH), X2 317}H-S benomyl(100
7} 1 pg/ml; Dr. Ehrenstorfer GmbH) % 5 €A H -2
dithianon(503} 10 pg/m/; Dr. Ehrenstorfer GmbH)S A&

skt
7}7ke] A& 3RO R HAAISA AL, o] 2HH
WA S-S o] st thEt 22 Aol wet UAVHE
AlRFsk At
WA 7HY%) = [(FAE T HE - AT THE)/
FA 2] EHE]x100
EAAE. ZE #2592 #H2l= PROC GLM procedure

(SAS institute, Cary, NC)& AF&-3ld X2]stit). 2+ &
Bof uiet MEg3 WX + EFAXKHSD)E EA B

AR o A8 AR EAREA] (one-way analy51s
of variance)2 ¥ ¥ F %S 33 Duncan's multiple
range test(P=0.05)% ©]-&3to] iz 7zt +7ke] 9

3 Apolg AF sl

w A AYATE F3 B MeOH FE=°] 2
gl talA 80% ol/de] WAl adE &

5, 2001). WA G MeOH FEEZHE U
ol thate] q+E4 S Zhe BEY e E AEs
37 MeOH FEES n-hexane, EtOAc % »n-BuOH
o]-got] GAF O E Guf FEst] W H25H| o
0}01 in vivo I8 AR AAsIATh 2 A% 4
n-hexane & % EtOAc ¥ E°] 1,000 ug/m/e] &
A ZHzE 80%St 87%= B H2EH et w2
AEas BATHFig 1). wEtA] 4 F259 dlste]
AL Holx EZAL phexaned FtOAc E8E9] Z&x|
ste A2 Yeh F B E25E ga4dd =229 &
g AAE A=t 24
chromatography, —alumina column chromatography 2}
preparative HPLCE &3t 3t§t& 18 skl 238t
k. e 19 72 2R S flste] AR 2 9
75 EA S AT SIE 12 A AXANZ electron
impact(El) modeE ©]8-3te] AFEAS HAAsH A3} +
Aol &(MNo] m/z 32894 YEFSIL, =2 fragment ion
S m/z 228, 213(base peak), 83, 55% T}, o] FHFAHE
-2 decursinol angelate®} Y X|3l= ASZ YEPSITE o]
Edo &3 L AL 95 'H-NMR AHEHS
At 33HE 12] EI-MS$} 'H-NMR spectrum? Ryu 5
(1990)°] X 313+ decursinol angelate2] ©] o] 9} vl w3t
A ARk Aom yepdol wet #ed dEES
decursinol angelateZ &7 F T}

Decursinol angelate= 4. gigas Y22 F+2 A+ T

1°%1JW$

8 ES silica gel column
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Sfoln, ol
nodakenetin, umbelliferone, nodakenin 52| coumarinAl &
AEo] 35| tkChigt Kim, 1970; Ryu %, 1990).
Decursinol angelate= 1966d HIC|UE-(Angelica decursiva)
o oA A5 Zels @

decursinol angelate 2§+ €]l decursinol,

coumarin =3¢l decursin

100 r
a
= 80
=
(]
3 60 |
[
>
S 40 |
T
o
O 20 +
b
0 1 L - 1 c J
n-Hex. EtOAc BuOH Aqg.

Sample (1,000 pg/ml)

Fig. 1. In vivo antifungal activities of the four fractions obtained
from the methanol extract of Angelica gigas roots against wheat
leaf rust. Bars with the same letter are not significantly different
according to Duncan's multiple range test at the 0.05 level of
confidence. n-Hex.: n-hexane fraction, EtOAc: ethyl acetate

b= et

70T

H8% - YA -

] Ak k)

o] 3% o4& A o]tk(Hata2} Sano, 1996). F+ 22 o
A o= 715 YE(Peucedanum terebinthaceum)2] I ol
T EAgta BE v 9tk (Ganbaatar 5, 2008). A5
7HA] &l vlE benzopyrone A€ Q] coumarin®] -
FEAES FrAESE 9 4FEAd0] HiHen
(Rehman 5, 2005; Ng 5, 1996), L F9X|= pyranocoumarin
=491 decursinol angelate= Lee 5(2003b)3} Bae 5
(1998)°ll 9]3ll decursinol angelate”} Bacillus subtillis<}
Helicobacter pyloridll s A @35 zl=tls R}
21T}, Decursinol angelateol] #3+ oF2j&AdS Wol] B
Hol AANE AEHS do7|= Wt et in vivo &
d&Adl digt Bu= o4 gith. wWEkA decursinol angelate
o] d F25Wol g At 242 & AFA HeLo
2 HI3l= Aol

FEEENH

in vivo FAS

2] 3k decursinol angelate®]

Pkl 6714 4

ol tjate] WwAgd A8E FP Atk Decursinol
angelate—c U Fe=yo g8 200 pg/miz 400 pg/m/
oA Z7F 43%8F 3% BAIEd S vEilleH, 3

= %Xﬂtﬁoﬂ &l 80%S} 86%= =& WATEAHL 1Y
Ch(Table 1). ©] A= Fig. 2014 Lebd 23

fraction, BuOH: n-butanol fraction, Aq.: aqueous fraction. 2ol B
Table 1. In vivo antifungal activities of the decursinol angelate against six plant diseases®
) Control value (%)
Material :
Conc. (ug/m/) RSB TGM TLB WLR BPM RPA
Decursinol 200 20+1.4c¢° 0b 39+16.0b 43+2.1c 8+3.5b 80+2.1a
angelate 400 65+2.1b 8+7.1b 46+15.9b 73+1.4b 25+43.5b 86+1.4a
. ) 50 100+0.7a B - - - -
Validamycin
5 71+0.7b - - - - -
) . 50 - 100a - - - -
Fludioxonil
5 - 93+2.1a - - - -
) 10 - - 90+6.8a - - -
Dimethomorph
2 - - 50+19b - - -
. 10 - - - 100a - -
Flusilazole
2 - - - 73+1.4b - -
100 - - - - 100a -
Benomyl
1 - - - - 90a -
s 50 - - - - - 82+8.5a
Dithianon
10 - - - - - 75+3.5a

*Seedlings were inoculated with spores or mycelial suspensions of the fungal pathogens 1 day after being sprayed with solutions of the plant

extracts.

RSB, rice sheath blight; TGM, tomato grey mould; TLB, tomato late blight; WLR, wheat leaf rust; BPM, barley powdery mildew; RPA, red

pepper anthracnose.

‘Each value represents the meantstandard deviation of two runs with three replicates each. The lower case letters indicate values that are not
significantly different (P=0.05) from other values in their own column with the same letter, according to Duncan's multiple range test.

“Not tested.
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Fig. 2. In vivo antifungal activities of decursinol angelate from
Angelica gigas roots against red pepper anthracnose. (a) untreated
plants, (b) treated with 200, (¢) 400 pg/m/ of decursinol angelate,
and (d) treated with 50 pg/m/ of dithianon.

vk JEE FAE A= 25 SAEe AFA0 B¥A
S YeRA WHH | decursinol angelateS *]2]3F & W
< A3 AP decursinol angelate?] *2]F=o] ¥
Aol AA 3] Fasdom, gk A=A ol & et
WA eFeS glstant

41:

FHANA E2]E decursin 2 decursinol angelate(CoH,,Os;
molecular weight, 382)= ©|x} &F717} 2t} 3,3-dimethyl
acryloyl ZZ3&(seneciolyic acid)Z} angeloyl Z&©] o2~H
3}5)o] = ZH(angeloylic aicd)?] oM, o] Fxo]
AEARA =0 AL kst v f 5(2001)00
oajr BE upo] 2]3hH decursing E H-SHo] o)
aiA A WAEIHE Jepl A &Skt weba o] A3}
£ o R U F25WS WA|Sk=t] decursinol angelate
] angeloylic acid7]9} 28 g AA7F A& Aol A
ZHe ), o] H & Fx2% Q1 &4 ZFol= Lee(2003a)l €]
RHUMZ in vivo AEAIA decursind} decursinol angelate
E AT F % 5 4T A A2 40.6%, 45.6%
2 s, o5 a3t Ao]7t vhe A decursinol
angelate®] angeloylic acid”] X.t}= decursin®] seneciolyic
aicd7} B &7} 27] wjEoltal it
S5 A 2] Hold I e HAFE &
317] 918+ed n-hexane, MC, EtOAc®} acetone=
WA EAAS el 2 A3, Fig. 33 2
Ac FEE°| ¥ H25Ho| tisiA BAlE
o, ThE |l Kt} FE2E9 o] B
A&t EtOAc 525 o&
AHEE 7 e AARD FIAIE A3t
o thal 25080, 5008), 1,0008) 2 &A1)
tol 22l gk A3, 747t 83%, 67% R 60%°]

AthFig. 4).

He WA Yt A Z = piperazine,
59l ergosterol A 34
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Sample (1,000 ng/ml)

Fig. 3. In vivo antifungal activities of the crude extracts 1,000 pg/
m/ of Angelica gigas roots extracted with various organic solvents
against wheat leaf rust. Bars with the same letter are not
significantly different according to Duncan's multiple range test at
the 0.05 level of confidence. n-Hex.: n-hexane extract, MC:
methylene chloride extract, EtOAc: ethyl acetate extract,
Acetone: acetone extract.

100 r
80 r
60 |

40

Control value (%)

1 1

250 500
Dilution (fold)

1,000

Fig. 4. In vivo antifungal activity of the wettable powder-type
formulation of ethyl acetate extract of Angelica gigas roots
against wheat leaf rust. Each value represents the mean =+ standard
deviation of two runs with three replicates each. Bars with the
same letter are not significantly different according to Duncan's
multiple range test at the 0.05 level of confidence.

A&l A, oxathinAl 3+gHE 28] 3L strobilurinAl ¢ A7)
5ol AFEEI Utk 2y o5 AaAlE A% AME
of wpg} oAl A FEo] YA = AtHAbiko 5,
1977). o1& g FAHE FE317] flallA H AER
o] A EA gk #A4le] EopA A Uk 1 ol
AAE f2 A ELS AAddA Fel=7] o
of bHg WollA g-rate, L A3 E AR EERE o}
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silica gel chromatography, alumina column
chromatography®} C,s preparative HPLCE 53l #2], &
Astict Eeldh dEFLS E-MSe 'H-NMRS] 7]7]
24 A3} decursinol angelate® FZH At} o] EF &
A oo A=W FolM ¥ F&5Hd 15 B
of thske] §- f?_ FHEAE BATh T3, g "
oHEICIE FE&4] TR ¥ F&5E tsl
gt g o] Btk wEbA decursinol angelate®} ©]E

SYe G FEES 08T 45 U Hewye WA
A

St 5 A ANZE AFAe o] sbsslelet AztE
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