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Antifungal active substance from aerial parts of
Agastache rugosa against the pepper anthracnose pathogen, Colletotrichum coccodes

Hong-Goo Park, Kyong-Mi Jeon', Yong-Hwa Choi*

Department of Ecology and Environmental System, Kyungpook National University, Kyungpook 37224, Korea

'Ecological Assessment Institute, Daejeon 34410, Korea
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Abstract To develop an eco-friendly agent against Colletotrichum coccodes, the causative agent of anthracnose, including
peppers, in peppers, an attempt was made to develop an antifungal agent using the aerial parts of Agastache rugosa. Based
on the aerial parts of the Agastache rugosa extracted with methanol, solvent fractionation was sequentially attempted using

solvents of hexane, chloroform, ethyl acetate, butanol, and water. Silica gel column chromatography was repeated twice

on the hexane fraction, which showed the highest antifungal activity in the bioassay. The active structure was identified as
(1R, 48, 4aS, 6R, 8aS)-4, 8a, 9, 9-tetramethyldecahydro-1,6-methanonaphthalen-1-ol(Patchouli alcohol) by GC-MS. As
a result of bioassay, the ECs, value for C. coccodes of Patchouli alcohol was measured to be 48.9 ppm. Accordingly, the

extract of Agastache rugosa was confirmed to exhibit antifungal activity against C. coccodes, one of the causes of plant
anthracnose. Therefore, Patchouli alcohol and is therefore expected to be used as an eco-friendly agricultural material.

Keywords: Agastache rugosa, Antifungal active substance, Colletotrichum coccodes, Identification, Patchouli alcohol
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A EFEA YL Colletotrichum gloeosporioides, C. dematium, C.
acutatum, C. coccodes 52 C. spp.2 7%= wF5of 23l
S cH(Park & Kim, 1992). 71 5 C. coccodes+= Ascomycota,
Sordariomycetes”, Glomerellales, Glomerellaceae}-o]| £531=
AORH, FAO] Autol EAFHA o Tie] A 714
TS BT e T A ] SJgl ¥A]o] o]FolR|=
Al eatolrh =2 A S5 2431 (black dot)2}
EulE 9] et W (anthracnose)S ol Ao 2 el A
¢l 31(Thirumalachar, 1967; Mohan & Davis, Dillard, 1989),
gHik(cucurbitaceae), 3-H(leguminosae) H 7}A] Z(solanaceae)
A1 E9] tlj‘——rfoﬂ NG5k, C. gloeosporioides, C. acutatum 53t
Gl 152 TR A A S| Ao] TS i chily
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%/ (Johnson and Miliczky 1993)%]1L 4] &9] 13} o} = 2|4¢
0] 72 o] wAyetol theye] At YA Ee, o] A
G2 AR Ao Betlo] gl EYow A
/R}—ﬂg}_ﬂ]—?ﬂ% o] tq _1,}7H_,_ 5o u].al-oi 7Lo:l/\l E} 7Loﬂ;]
A2 A)5o] Kol ofehEz /125] % HRA7} ol Al
AL 7o A 724 0 2 W Mogan et al., 1992 ; Johnson,

1994).
i”ﬂoﬂ/\i" 1988\ = Sl A ' E AS Aoz S 9]
Fo} Eobs S| pAnt AR tha 42 52
Q _9_7]_1_ E}(Oh etal., 1988). C. coccodesE H]5=3t C. spp. £:0]
Uo7 15 A HaE 7] Sl w7kl = BEA
WA, oA A, SkehA] Al S HER o= A sk
om, 2|l = SAY O At HES AR A=
St SRR #& F7ko A= 141 3] Thiabendazole,
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Prochloraz, Thiram, Imazalil, Captafol 5= ©]-&3}o A=H
SHSH PAAE AT QA AT Yt o] T
72 A7 29 9] FFEof A A Propineb, Pyraclostrobin,
Chlorothalonil 59} ﬂ@}@, WA Aol Tt Adato] HAYst=
A7} B a1E] 31 9l o (Ju et al,, 2021), Gl 5-91] AboF 9l
OGO QT FAREO 9IFo] x| girh ZeAA|A ¢
74% Bacillus sp. SW29-2 52] WA o] 83t AA| 50|
=l ovt 1 4=7) shekA] v Aof wlsf A Loﬂ
SICH(Yi et al,, 2005). webs] EbA O] 2@ Yolqto] 2

+ C. coccodes®l| gt Al5F A& WA A 9] 7ol Jéﬂfﬂ
o2 et gk

vl 23K (Agastache rugosa, ARy Korean mintZtil= &=
e, S, Y 59 FotrlotHo A A s EELE
Al Folth(Park, 2018). ZrofAf = A ARG-E o= FgFoltal
o 235, 471 SOl A=A AQITH(Zou, 1832).
ulj 3ol 4] -2 A e]24 &4-2 menthone, isomenthone,

dihydrocarvone, anethole, vanillin, eugenol, methyl eugenol,

5

B

PR IS

B-caryophyllene, p-caryophyllene oxide, estragole 5 ©]
93 A ch(Kim & Hong, 2021). Wi Z3F9] mehe &5 A
Bacillus subtilis, Staphylococcus aureus 5-2] 50l Tl 3}F+2-4
A5 UEF S (Hong et al., 2020) A3 5= 31112l estragole
Cryptococcus neoformans, Blastoschizomyces capitatus 52
ol chel] 7lat B aE Yetf glths 27k QIekKim
etal,, 1999).

whehA], B =Rl A= C coccodesol) ThET 315H2] BHA| A 2]

Q8L Fo|7] gk YA o R kA 75 AAS
oL Al 7Ale] B8 Ao w2 A Sl B2
B0 74 9 GAF TS DA,

Mz 3

A=

2 Ao A ARERE 115 BA -2 C. coccodes (Wallroth)
S. Hughes(KACC 40032)24 =8548t A&
YO 2RY 2021 12g0f ol Aot sk
AEBIA A AT AR QAT M ol Eslstal L Alo]| A K3k
2 A fujoFste] ARgstTh AlEA 2l vl 23 (4gastache
rugosa)y>- - Ao Al A2 9-& Fufjste] ARg-sFSIct.

AR 717]

A& 27828 Y Silica gel column chromatography©f| 4]
A}E-3F methanol(MeOH) n-hexane(hexane), chloroform(CHCls),
n-butanol(BuOH)< (F)AM L5 4 9 extra pure grade?]

Ll & A18-5}1% 2.1 ethyl acetate(EtOACKH= (57)EAFFE3-¢1 9

extra pure grade®] Z& AMHE3}% 1L H,OE UMC Scientific
InstrumentsAF2] Water Purification System Plus 11 (RO/UP) 30 L/
hr2 ZA|5to] A&} T Bioassayol| Al A% potato dextrose
agar (PDA)H}| A= Becton, Dickinson & Co2] AJ&-2 A5} 11,
petri dishi= SPLA}2] A2 /\}ﬂé‘}dt}

Silica gel (77342 MerckA} A|&-2,, thin layer chromatography
(TLC)+= Merck MilliporeA}2] Zﬂ%% A1l o of 117
(300 mm®, No. 2)+= AdvantecAHToyo Roshi Kaisha) A2
AHE-s AT Gas chromatography/mass spectrometry(GC/
MS)+= Agilent®] 7890A 7|52, columne HP-5MS capillary £,
detector= Agilent®] 5975C 712 A5 2. H library= Wiley
(WONO8.L)Z A-&-3}5]T}.
el WA

C. coccodes®] %S $13to] PDAMRA|(39 g, =7+
1,000 mD)E H& vjA] ] Fefj2 ZA|5FA Tt Cork borers
o|-g-ato] A3t T ujA| &f Faoll FF ko] 25°Cof 647t
egarelch

o| s x74

HELS FEE ME

Z5 23 A|& 478.60 g2 blander(693HL A 7], HMF-
3,260 S, 8,700 rpm) = o|-8-3f Z7| E245k0f 99.5% mEhE SLE
ANZE AR & FE9och A 2 22 S 28]
HHE 3 A5 U2 filter paperS: OIQOM 1= A
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HEE FE2 3159 g& SR 500 mlofl AEAIR 5
hexane, CHCLs, EtoAc, BuOH®] &4 © 2 7+7F 500 ml& 33]
S| 22)5}0] hexane fraction(9.65 g), CHCls fraction(2.65 g),
EtOAc fraction(0.62 g), BuOH fraction(1.26 g), aqueous layer(17.41
2= AT

0=

R THo
oy
02

& AT PDA Ao HES FEE
7} 1,000 ppmeo] =5 H7peE A3} g 22
S FEFE7F 100 ppmo] HEE A5l M7}
etri dish(60 mm@x*15 mm)°] &53}o] x| &
shgict E3 2L o 24 PDAMA| ] 1%7} H =%
MeOHEZ 4& A& Abgatqct, $s] 2ol 1 vz 9
ZoF10) cork borer(5 mm)2 A8k C. coccodesS 2|45t
3 25°C incubatoro A 647k vjof & HFAS A AL
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DB HRI(Colletotrichum coccodes)Ol CHSE Hij =

744 738 21 0 2 Y ERY hexane fraction O 25 E
< Ee3}7] 91319 glass column(40 mmx720 mm)]|
silica gel (7734) 300 g& % %13t 3 hexane fraction(9.65 g)
loadingA)# CHCL:MeOH (9:1,v/v)2] €1 A 2 isocratic elute
WAl o 2 £alA 02 22510 50 mI¥ 30709 fraction(HS-1
~HS-30)& ASIth o] & Z4Jo] 943 HS-3 fraction 1.9 g&
Aot

12} open column chromatography©f| 4] €2 24538 HS-3
1.9g2 THA silica gel(7734, 250 g)o] S%1 % glass column
(30 mm»900 mm)®|| loadings}*] CHClL::MeOH(9:1,v/v)2]
LA 2 £2HH 07 G2A1A 10ml% 20712 subfraction(HSS-
1~HSS-20) A 3ich

20712] subfraction bioassaydt Ay} HSS-13 subfraction®]| 4]
Ao ek, 2£2 0 & HSS-13 subfraction 0.14 g2

BB ES A5k

i

il

09k

T gd=2 73

Open column chromatographyS &3f &3 20749
subfractions 5 Xt &/Jo] =2 HSS-13 subfractionS
Ao 2 GC-MS 245 AAJSFATE. 1 A3, 8 subfraction®]
FQ EA & A= Patchouli alcohol®] EFE A RS
“Fofjste] A 27 retention time(RT)Z} mass spectrum=- H] 3L
R0 SR A Spob 728 T,
Srid 2 got

Patchouli alcohol®] HAMIA AA 52 EH2lsl7] ¢5}e]
Patchouli alcohol EFES 0, 1, 10, 50, 100 ppm©| ==
19} B3 PDAY] A 7}ste] plate mediaS & A8}t
YA o2 wj A 9] FFol| cork borer(5 mm)E A3t
C. coccodesE 2451 25°C incubatoro| A 647t vl oFst
o} T TAPY OIAse] P AT, AHOE Qold
/32 ECs (effective concentration inhibiting by 50% of mycelial
growth) gt AFEsH3I T}

2ot Y o

74 & Uel= 21 02 e THFig D).

A. rugosa A/gH-2] x4t S 51| floke A
rugosa AA5-2] WERS £E5-S n-hexane, CHCls, EtOAc,
BuOH, H.0% &wjEgsto] 4 22| fractionE=

z

g2 100 ppmsEollA 2 2492 A4 A4,

(Agastache rugosa)2| X|NE2EH SIfd NS &M 243

hexane fraction®| A 7} 743+ &A1& WER QI Th(Fig.2).

Hexane fraction 9.65 g silica gel (7734) 300 go| 7215 silica
gel column chromatography®]| loadings}x. CHCl:MeOH (9:1, v/
v)o] Sl Al 2 isocratic elute WA 0.2 &2 0 2 853510 50
ml4 3071] fraction(HS-1~HS-30) S A1t} 30712 fraction 5-&
o= Rl S Ay At 7 248 YEhd
HS-3 fraction 1.9 g A it}

1.9 g©] HS-3 fractionS 242 silica gel(7734) 250 go] %1%
open column chromatography®]| loadings}-1. CHCl::MeOH(9:1,v/
v)o] Sl A2 2 }A 02 8535107 10 mIA 20702 subfraction
(HSS-1~HSS-20y% A ¢It}. 20719] subfractionS-2 TjAFo.2
PRt D/ H74E 123 A2t HSS-13 subfractiono] A 73gt
S YERY o] HE2] 0 2 EAE S HSS-13 subfraction 0.14
82 - 22 4A1eI 9

PR+ B4Jo] BHelEl HSS-13 subfractionS GC/MSE EAI5H
A} GC chromatogram®| 4] 13.45 min®|| 4] UERA A peak”} main
peak = 2= {TH(Fig 3).

HSS-13 subfraction®] GC chromatogram 4}of| 4] 13.45 min®]|

Fig.1 Antifungal activity of MeOH extract against C. coccodes at 1,000
ppm concentration. A: Control, B: MeOH extract.

Fig.2 Antifungal activities of solvent fractions from MeOH extract
against C. coccodes at 100ppm concentration.

A: Control, B: Hexane fraction, C: CHCl: fraction, D: EtOAc fraction, E:
BuOH fraction, F: Aqueous layer.
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Fig.3 GC chromatogram of HSS-13 subfraction.
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Fig.4 Mass spectra of A peak (A) and Patchouli alcohol (B) in Wiley library.

LFER A peak @] mass spectrum} Wiley library 2] mass spectrum-=- o] FAF FAHEAR 2L 3B s
H| 1 A5 A3} A peaks= 87% qualityZ (1R,4S,4aS,6R,8aS)- T35 ¥5ke] AlEhE| 1L Q)= EEE Patchouli alcoholS
4,8a,9,9-tetramethyldecahydro-1,6-methanonaphthalen-1- ChemFacesAFol| 4] FLafj8lo] GC-MSZ H] 1l 2412 2185}t 9i Tt

ol(Patchouli alcohol) 3= 54 & 1 TH(Fig 4). E XA} 2F Patchouli alcohol= 13.385minol| 4] peak”}
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Fig.6 Mass spectrum of Patchouli alcohol.

BFol =] 9l 2. ™ (Fig.5) a5 peake] MS spectrum(Fig.6)2} HSS-
13 subfraction A peak®] MS spectrum®] H| W54]-S #8)s} A}
RIS

whA], HSS-13 subfractiono| A 2] % 3+
Patchouli alcohol 2 =4 =] %I},

Patchouli alcohol-2 1869 T ¢f Galo] Patchouliof A *|-&-0. 2
westeloy sjgEd e 3tehA 244& Montgolfier7}
CisH, O -3} Th(Biichi et al., 1961). Patchouli alcohol>
q]x]-%}, %Hol-ol- _F“Z]-o]- Eg] zaokz‘ﬂ H_L} otd,f;lg_}g g_ oa;q]a}jl’
7:1__TL _,_ojlglig 2Rl Al}\ﬂi _,] -alz/k} Ul ;q]on)\-l qucl 1;_]-9.
S7boll 4R 71A QA W 2AAZA AT oA T
9lon e thipos g Aol LDuztol 4.693 ghg
Shelsjo] ol o S4o] e Ao deiA Uck(Lino
et al., 2013). a0 s A] Escherichia coli, Pseudomonas

aeruginosa, Bacillus proteus, Shigella dysenteriae, Bacillus

/K g]_ H]—%_Q_

Fig.7 Chemical structure isolated from Agastache rugosa aerial part as
antifungal active compound.

thuringiensis 5ol 73 PSS 7H A= Ao E B g
H} 910 (Yang et al., 2013) anti- 1nﬂuen za virus A oA =
ASFAA} wpo] 2| 2of osf A% = 3‘l~i e A
Ql1l(Kiyohara et al., 2012) ?%1'7;_-& %.Joﬂ A+ Aspergillus
flavus, Aspergillus oryzae 52| S5 olof sl FAdHAS
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Figure.8 Antifungal activities of Patchouli alcohol against C. coccodes.
A, Control ; B, 1 ppm ; C, 10 ppm ; D, 50 ppm ; E, 100 ppm.

QAT 2N Fgol 2 dFES Harl7le AR

ol =] Al th(Kocevski et al., 2013).

A. rugosa AFRERE SEA=E 2] 54
alcohol 3GHE2] C. coccodesol] 3t A3Fst A2
AA37] 95ke] 3% Patchouli alcoholS HEHS: &
9] 3 HE=w710, 1, 10, 50, 100 ppmo| === PDAH]|o
A7tsto] AP A& A2tk A5 viA T4l
2|AF81e] 25°C incubatorof| A 647 vij9F & X+ S-S
A7kl (Fig. 8) ECwik= AH= 3T

AEAA-S A8Yst AT} Patchouli alcohol C. coccodes®l|
o3l 50 ppm O}/ s oA BRle 43S UHERE S 100 ppm
o9 FEolA| C. coccodes 5+ Y55 EHAsHA JA ==
Z1o] kel & AT} Patchouli alcohol ECy %2 =45 A1} 48911
ppmol Al 50% o1 4e] TS Lk A0 2 Srelate)

A. rugosa AAFE-ZHE E2] 9 549 Patchouli alcohol>
ZEupReh glo] NS AosE FRAUF
Botytis cinerea®]| T3t} 200 ppm®| sLeol|l A S A=
70 21 821 9Jri(Vallejo et al,, 2001).

AIA O 2 A rugosa AVdH-25E E2] Y 54 H Patchouli
alcohol> C. coccodes®ll tt 3t Al 50 ZIE G171
2873 715 A=A Y] o] 7Hed Ao & HHE ST
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TFEEH WA (Colletotrichum coccodes)0l| CHSt
Hi=8HAgastache rugosa)?| XA 2EE] X3 EMEE B

e M0l - Hap
7 sohekan cjshel AElE Al st et Tl

.
FE2ERRE JAT FAHEAS G5 W (MeOH)E 353t v 23F9] A AMLE hexane, chloroform, ethyl acetate, butanol, aquousZ
Ao 2 g s519a, AEHA At Ash €4-E K2l hexane fractiono] A silica gel column chromatography & 23] ¥H5-8} %It}
SR o7 BEgt £+ (1R,48,4aS,6R,8a8)-4,8a,9,9-tetramethyldecahydro —1,6-methanonaphthalen-1-ol(Patchouli alcohol)@ 3254
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