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1993; Dik and Van Der Staay, 1995; Herger and
Klingauf, 1990; Prithiviraj et al., 1998).
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high-resolution(HR) mass spectrometerJEOL JMS-DX
303; JEOL Ltd., Tokyo, Japan)E o] &3}e] ZHsldr).
NMR  spectrum-2 Bruker AMX-500(500 MHz) NMR
Analytische  Messtechnik  Gmbh,
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In vitro S0

YU A e EFo i3t 9719 AEHAT
W in viro FHEEFE ZAEIY oW, AP AL
d AEHATS g3y 2ok ¥ AR YnEy
(Corticium sasaki), 20| RZAZW AW (Pythium ultimum),
WU 23 YW HHAlternaria griseon), T13EFA ¥
(Colletotrichum acutatum), EvE A|SL-H F(Fusarium
oxysporum), ¥ =FWH(Magnaporthe grisea), Z}E& 2
E S d(Colletotrichum gloeosporioides), EVIE A
W x| Bl (Botrytis  cinerea) 2 EvlE oy
(Phytophthora infestans). 4| 71¢] EH& dimethyl
sulphoxide(DMSO)o}} §-3]J3F & Poison Food Technique
(Dhiangra and Sinclair, 1986)2] W' o 2 31 41 x] Al
Aol FAL AFYGA 8L AT ZAEy
Z|(potato dextrose agar, PDA)YE TAu|AZ o] &34
a, A 7EX BAe 100, 50, 25, 125, 63 @ 3.1 ug
m FEog AMYHUYG 4749 338 X 1
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o A% Agta e oA AURERE AE S
mm®] agar discg Wo] 4 well 7leHd HED &
B. cinereas AT TE] dishHe 25ToAA wS
39 t). B cinerea®] 7%de HA AY{LE9 20T
oA wieks ATt gzl 1%9 DMSOE ¥ 3s}
I 3= PDAMAE M & 747t 7 HE3IA
O EzTAAM FAY AER7} well 7R &
2 H2 ~ 67 It F FASHZE 24
AT 7t AEg akEoz A¥S Fysgon,
Fo8de HAYASTEMIC: minimum inhibitory
con- centration, TAMY-S SAAA o) D3 HAse
FTE)E el

W(Puccinia recondita) 2 R 37} (Blumeria
graminis f. sp. hordei) 52 67}x] A& 3}l in
vivo g B4 AAL AANEET. 479 E7(10
acetoneo] £-3J8 F Tween 208 250 pgMFo 2
Tt e FFF N5 Acetone-4 HE
TET 10%RoH, d2T= 10%2) acetoned} 250 g
/m{ Tween 208 ¥ &30 e ZFLE ALY
olFA Az AIES Kim F(2001, 2004)2] e
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4+ TH0, 17.9 ng MnCl, - 4H;0, 65.9 mg ZnSOs - TH;O,
395 mg CuSO;s - SH0, 252 mg NaMoO, - 2H0, 142
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Fig. 1. Chemical structures of shizukanol B(A), C(B), and D(C).

Ae Aoz geA dthel Yk, 1997; 3
1979). &A% E AFTAHL Y iy #E
N Oe F 7bd 4E3 47 Pl "k Foju)
doh Lo thdy 2EOEA FoplEYE Sy
& 4Ae ¢ Fo Exde v 2= F2 2
ookl REehe Aoz HIHT Yot F AE
o 2 Aol FopulZuiel Aole 1Y BN}
2% 2749 847 e

o
e

[of

lo
A

U

po
2
R

Shizukanol B, C ¥ D= E5 dimeric sesquiterpene
22X ZomIZUE X 38 Chloranthus® 2

Al =HER
52 vl$ ok sesquiterpened] EREL A}

m{

Aoz 4 At} Sesquiterpene monomerZ A

67§9] chloranthalactone ~A(shizukanolide A), B
(dehydroshizukanolide), C, D, E % F(Takeda et al,
1993; Uchida et al,,1980)2} 57]] shizukanolide B, C,
D, E ¥ F 8|3 glechomanolid, isofuranodiene 2
atrac- 1989;
1981; Uchida et al., 1980) & 147)¢]
450 €8A Ut o]F FoA] chloranthalactone
Fo} shizu- kanolide D, E, F 5& A3 Unz] 3
=2 BF ZohjEdizxy 2859k Chloranthus
wdd ol EAEY U3 YEYHLS
7ol ¥zl ub gtk ohek Uchida 5(1980)2 5719)
chloran- thalactone & 253} atractylenolided] tha}e]
] lymphomasarcoma L-5178Y AT Eo] disle] A%
S4e AT AT G MESA) gita By
3}t e Kawabata 5(1981)& dehydroshizukanolide
(shizukanolide B)7} Mucor®} Rhizopus® wsle A
T8A o] itk HuEgch

tylenolide -5 (Kawabata and Miautani,

Kawabata et al,,

S sesquiterpene dimerEFEol= X)F74A] 107)
o] EAE, = shizukanol A(Kawabata et al, 1990), B,
C, D(Kawabata and Mizutani, 1992), E, F, G, H,
I(Kawabata et al., 1995), J(Kawabata et al., 1998)7} ®
HAT. ols EZEL FToMIEdie EuC
serratus)®] P2 HE B uEc) X3 Kawabata ¥
(1998)2 EolulEn} ¥elZHE] sesquiterpene trimerE:
A9l trishizukanol AS B3} t} x| o] 59 A
E8A4 dside ¢8ld wrb ¢tk Kawabata9)
Mizutani(1992)= £ d7ol|A £2]8t shizukanol B, C
9 DE ZU(C serratus)e] BRI ZXRE HuFYTH
gopisole) RezREe o A X 2259
Hue B A7E 53 AS2s sk volt},

In vitro gy

oY o ez e 2 A N EF, &
shizukanol B, C 2 D= A#3 9719 AEHLFEd
ety g AxE FFEAE EYHE 2). oA
o o *‘%%%ch M EfE AT P

infestans7} ©15 Ed) W3t MICZo] 3.1 pg/meo)
32 7% 1AsHA whgdle Aoz eyttt 1
olgb= g 2L Oomycetess]] &£3h= P. ultimum

o diside Al A E2 BT FAS YA §Ao
gl A2 yeEgth Al A EAE Fde
shizukanol C7} #i&-go] Az ez 71 & A
© 2 et Shizukanol Co) % P. infestans 9] 9]
% C acutatum, M. grisea 2 C. gloeosporioides®] T
o thal MICzke] 125 pgmeo 2 vlebwge).

Kawabata 3(1981)& Foju|Er) Rz Ry £l
sesquiterpene mononer= % shizukanolide, dehydroshizu-
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Table 1. “C NMR data of shizukanols B, C, and D in
CDCl;”

C  Shizukanol B Shizukanol C  Shizukanol D
1 26.0 256 25.6
2 15.9 15.6 15.8
3 247 245 24.7
4 142.4 142.0 142.4
5 1322 1319 1315
6 41.1 40.7 40.6
7 131.3 131.3 1315
8 200.6 200.1 200.5
9 799 79.6 79.9
10 50.9 50.7 51.0
11 1474 146.5 1472
12 170.1 170.8 1710
13 20.0 199 205
14 152 15.1 152
15 25.3 250 255
r 25.6 25.1 24.3
2’ 116 115 16.6
3 277 279 217
4 77.1 76.9 430
5 612 599 59.0
6 233 219 25.0
7 174.5 168.5 168.5
8 932 93.0 933
9 55.5 54.8 545
10° 44.9 4.5 440
ok 123.3 127.1 126.7
12 171.6 172.1 1723
13’ 543 542 549
14° 259 259 24.0
15° 72.0 70.8 66.1
a 166.9 1679 171.1
b 1292 1277 20.8
c 1354 1383 -
d 61.6 142 -
e 12.9 1.7 -
f 171.5 - -
g 28.6 - -
h 29.1 - -
i 171.9 - -
OMe 523 523 526
9125 MHz.

kanolide, glechomanolid ¥ isofuranodiene 5 47}% &
AE| skl Aspergillus niger, Penicillium chrysp-
genum, Fusarium solani, TFF3E Mucordol] £3}= #

FE 2 Rhizopus japonicus$} Rhizopus oryzae S| tj

L

A%% - 4RA - §44 43 239 - 2ad

3t in viro ¥AGAFE HAS Z3} dehydroshiz-
kanolide & A|2|g th2 EAEL ol FFo|Ed U
atel Aol &Ao]l glhn 3t} Dehydroshizu-
kanolide(shozukanolide B)< &3] Mucor&3} Rhizopus
& &= TEO gty L FTEAEE RAY
I 3P olEY AT B Ay ARE wFo
E o ZopHEQEREH e oddd 729
sesquiterpene ] EAE-& T3 Fgold] oisty ¥
F4E AT 98e ¢ 4 Ak

o,

In vivo &d&H

FopulEd) He2RE BT A /1A EFEY 6
7HA A& it in vivo FTFEAFE AN A
X 39 Zo] Ytk A 71N EFES 47 300,
100, 333 2 111 pgmi$Eo 2 HAF HFE 19379
Aegt 23 Al A B BF o7hA] AEW Fole
W SElS o HFexwo] & invivo FHERE
Bk ¥ TSR EvtE AdFgoEe
730l shizukanol B7} 300 pg/mirZollA] 50%0]4
o] WAE EAXL EvE 9uY Afde
shizukanol D7} 300 pg/mét2oNA 89%2] WA7}E B
At In vitroo)| A= shizukanol C7} ©}E& F 712 &
A0 H3Y L 4L BIAAT, in vivdAE
F3% 2olE LAY S Tk T /1A FH2
& AMIL in vitrod| A FAS AA TS RAEH
& BFAE P infestans 9 TAYSO 7 73
A QA AR, in vivos] e BlmE FAdo] HA
Uelstth olgjgt Aol E3 dHsEE @4 EA
in vitro AZYPAME DA A K oA =
S 2R3 d WY in vivodlAE ThEE 891
o] H¥Ho {3l WAGHoR eI of
¢l Aoz FAAY EvtE odHld g in vivod
APAAME TA S BRRGE {FA dol A4
g40] 2834 Zgstn, E=F 49 HEAY 3
F AER FR38A A&k

Siam il

SN0l TSt MSK6H &M

ZopulE 2R E R g shizukanol B, C 2 D9
in vivo 78S ZARIE Foll Al 71X B BT
nee} 9o Uidty g fudite AEE A
5tk Al 7Hx BFEY o8 AR, F AEA O
3 =4 AEE ARHoz A3 s FAT



Z-o}u| £ (Chloranthus japonicus) 2] 2 2E] E2]3} shizukanolS o] AEEA 343

Table 2. Inhibitory action of shizukanols B, C, and D isolated from Chloranthus japonicus roots against mycelial

growth of plant' pathogenic fungi in vitro

MIC (ug/mb)’
Plant Pathogen Shizukanol B Shizukanol C Shizukanol D
Corticium sasaki NI 50 NI
Pythium ultimum NI NI NI
Alternaria alternata >100 100 >100
Colletotrichum acutatum >100 12.5 100
Fusarium oxysporum >100 >100 >100
Magnaporthe grisea 25 125 100
Colletotrichum gloeosporioides 25 125 25
Botrytis cinerea >100 50 >100
Phytophthora infestans 31 31 3.1

“Minimum inhibitory concentration.
NI: not inhibited at a concentration of 100 ug/mf.

Table 3. In vivo antifungal activity of shizukanols B, C, and D isolated from Chloranthus japonicus against various

fungal pathogens”

. Conc. Control value (%)b)
Chemical 5
(1g/me) RCB RSB TGM TLB WLR BPM
11.1 13 0 0 0 80 42
) 333 25 20 0 0 93 33
Shizukanol B d
100 69 25 36 0 Pt Pt
300 90 50 57 25 Pt Pt
101 13 10 0 0 80 33
333 79 15 0 Pt Pt
Shizukanol C
100 90 0 25 Pt Pt
300 90 0 21 0 Pt Pt
11.1 50 0 0 0 90 42
33.3 56 0 7 0 93 33
Shizukanol D
100 50 0 7 0 Pt Pt
300 80 25 7 89 Pt Pt

“The plant seedlings were inoculated with spores or mycelial suspensions of the test organisms 1 day after the
chemical solutions were sprayed to run-off on the leaves.
"Bach value represents the mean of two replicates.
“RCB, rice blast (Magnaporthe grisea); RSB, rice sheath blight (Corticium sasaki); TGM, tomato gray mold (Botrytis
cinerea); TLB, tomato late blight (Phytophthora infestans); WLR, wheat leaf rust (Puccinia recondita); BPM, barley
powdery mildew (Blumeria graminis f. sp. hordei).

Ppt: phytotoxicity.
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Table 4. Inhibitory activities of shizukanols B, C and D against growth of duckweed”

Conc. Visnal injury (%)
(1g/me) shizukanol B shizukanol C shizukanol D
200 80 70 60
67 70 60 20
22 60 40 0
14 10 10
2.5 0 0 0
“Each duckweed was floated on Hutner's medium after treating with the three chemicals.
Table 5. Insecticidal activity of shizukanol C against.5 arthropod pests”
Conc. Mortality (%)
(1g/me) BPH" GPA DBM TCW TSSM
1,000 60 80 100 70 0
500 - - 40 - -
250 - - 0 - -

“The arthropod pests were treated with shizukanol C by foliar spray or leaf-deeping.
b)BPH, brown planthopper, GPA, green peach aphid; DBM, diamondback moth; TCW, tobacco cutworm; TSSM,

two-spotted spider mite.
9.: not tested.

shizakanol C& 7}A|1 5744 9 &)%) st A=
A4E ZABIAT. 3 23 F 5949 2o 1,000
ugmFFo) A shizukanol CE= APF 25 Zo)A
HuPolZoNT urticae)g AYF Uex] 479 25
of tatel FFEAHE BT 53 WS kP
wlostella)l] HAME 718 & 22848¢ By
o] Wi bl tis)ME 1,000 pg/me 500 ugmiol
A ZH7E 100%9F 40%2) AE84e Ry,

€ 4T2H ZTopEuolM £ shizukanol B,
C 3 De e84, Ax84 L 4284 5 o3t
AYEEE 7T e AMEe BAsgt o
Aedl wet T 23 Wil wet Tz 471
= A7t URAT, 37kx] BEAE0] M7 g AE
St 7 &ate AT distd 4L
© & o|E sesquiterpene dimerS o] L o] 79
EE A SAE xuiAb 33F sl Ay
bR ofd] MY 7FsAel Ythe AL Jehad.
At o HAZHL FF AR oA AA
Aoz Fotog ol§HAY ol HE2FEN )
At oF F /X F8 9 Yox HAABAL
A2 83 22 59 A% A 7)o
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Biological activity of shizukanols isolated from Chioranthus japonicus roots

Mi Ran Park, Hae Young Kim, Gyung Ja Choi, Seon-Woo Lee, Kyoung Soo Jang, Jin-Seog Kim, Kyung-Sik
Hong, No-Joong Park, Kwang Yun Cho and Jin-Cheol Kim'(Biological Function Research Team, Korea Research
Institute of Chemical Technology, Yusong P.O. Box 107, Taejon 305-600, Korea)

Abstract : The methanol extract of Chloranthus japonicus roots effectively controlled the development of rice
blast(Magnaporthe grisea), tice sheath blight(Corticium sasaki), tomato gray mold(Botrytis cinerea), tomato late
blight(Phytophthora infestans), and wheat leaf rust(Puccinia recondita). From the methanol extract of C. japonicus roots,
three antifungal substances were isolated. Their chemical structures were determined to be shizukanols B, C, and D mainly
-by mass and NMR spectral data. Among the three substances, shizukanol C showed the strongest inhibitory activity against
mycelial growth of the plant pathogenic fungi tested; it completely inhibited mycelial growth of M. grisea, Colletotrichum
gloeosporioides, and C. acutatum at concentrations of more than 12.5 #&f and P. infestans at concentrations of more than
3.13 ug/mt They also controlled effectively the development of rice blast and wheat leaf rust. On the other hand, they
caused phytotoxic symptoms on barley leaves and inhibited the growth of duckweed (Lemna paucicostata) with ECso values
of 30.0 4#g/m¢ for shizukanol B, 49.9 £8/™¢ for shizukanol C, and 154 ug/me for shizukanol D. In addition, shizukanol C
showed an insecticidal activity against brown planthopper (Nilaparavata lugens), green peach.aphid (Myzus persicae),
diamond-back moth (Plutella xylostella), and tobacco cutworm (Spodoptera litura) of the 5 arthropod pests tested with
mortality values of more than 60% at a concentration of 1,000 4g/m<,

Key words : antifungal activity, Chloranthus japonicus, herbicidal activity, insecticidal activity, shizukanol.
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