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SUMMARY

Development of Bioinsecticides

. Development of Microbial Insecticides

1. Development of Bacillus thuringiensis Insecticides

To develope microbial insecticide of Bacillus thurigiensis, we isolated various Bt
isolates which had higher toxicity and/or broaden host spectrum. Specially, 4 Bt strains
toxic against Spodoptera species from Korea were selected and named as STB-1,
STB-3, STB-6, and STB-7, respectively. From the H- serotype tests of the isolates,
STB-1 appeared to be Bt subsp. kurstaki, STB-3 to be Bt subsp. kenyae, STB-6 and
STB-7 to be Bt subsp. aizawai. All of the isolates had bipyramida shaped crystals
which showed 130 kDa major and/or 65 kDa minor protein bands in SDS- PAGE.
PCR analysis with specific cry gene primer sets showed the crystal
protein- genetypes of the isolates. Dissimilar to reference strains, Bt subsp. kurstaki
HD-1, STB-1 had crylA(a), crylA(b), crylA(c) and crylE. STB-3 had only crylE
gene. In bioassay against Bombyx mori and S. exigua, STB-1 showed high toxicity
to both insects. From these results, STB-1 was new Bt strain which had broaden
host specificity and could be the promissing cadidate of microbial insecticide

In addition, 4 Bt strains, Agl0, Aal8, Ag2l, Aa22 were isolated from dead
larvae of Apriona germari and Aphodius apicalis and lepidoptera and/or mosquito
specific 41 Bt strains were isolated from soil and dust samples from Korea.

To develope and recover the insecticidal activity of Bt strains, we introduced



mosquitocidal cry genes (crylVD and cytA) into nontoxic strain, Bt NTB-1 by
electroporation, identified the expression of CrylVD and CytA proteins and the
recover of mosquitocidal activity.

Microbial- control agents were prepared with Bt NTO0423 strain having unique
properties which had toxicity to lepidoptera and diptera. For efficient and
economical production of microbial-control agents, new culture medium and
condition were developed. This medium consisted of agricultural wastes like
soybean cake and wheat bran, was used to establish a standard culture system of
Bt. The experimental studies to optimize the operational condition of batch culture
for the mass production, the medium composition and culture conditions for
enhancing the yields and the sporulation of Bt were carried out. This medium was
proven to be more efficient than GYS medium which had been widely used for a
long time. From various ratios of soybean cake to wheat bran, 3:2 condition was
proper to maximized Bt growth. And from the content of culture media, 4 or 5%
was selected. Experiments were carried out to investigate the effects of the addition
of mineral salts and glucose, and of dissolved oxygen concentration on the cell
growth and spore formation of Bt using the cheap new media in the batch culture.

The cell growth and spore formation were not enhanced by the addition of
mineral salts in industrial medium, whereas the addition of 10 g/L glucose
decreased a cell growth and spore formation. We could obtain a maximum viable
cell number and spore number at the dissolved oxygen concentration of 60% of that
at saturation. In the bench-scale culture, the maximum viable cell and spore
number were 25x 109 CFU/mL and 2.2x 109 CFU/mL, respectively under 1.0 vvm
aeration and 400 rpm agitation. The spore yield was 88 based on the maximum

viable cell number. It was hence, confirmed that the production of high spore



concentration could be obtained by a bench-scale culture using this industrial
medium.

After the mass culture of Bt with the industrial media system, three Bt
formulations, designated to BioBact 10%, 20% and 40% were made with vaious
combinations of adjuvants. Polyoxyethylene alkyl aryl sulfate and sodium
naphthalene sulfonate formaldehyde condensate were used as a detergent, white
carbon as an absorbent, sucrose as nutrient, kaoline as carrier. These formulations
showed good physical properties in wettability, suspensibility, particle size and
adherence. In addtion, the result of SDS-PAGE analysis indicated that & - endotoxin
remain stably in all formulations. Among the tested formulations, wettable powder
formulation comprising of 20% and 40% of Bt powder (BioBact) showed best
control effect on diamondback moth larvae in laboratory, greenhouse and field tests.

The adherence of Biobact 20% and 40% was better and contained much amount
of endotoxin than than the commercial products (Bt subsp. kurstaki and Bt subsp.
aizawai type). Especially, when compared with commercial Bt formulation (A and B
commercial formulations) in field evaluation, BioBact 20% and 40% formulation
showed equal activity up to 80% lethality and a good persistence effect which
remain on leaves at least 7 days. The test of the deterioration of BioBact along the
long period stock in various tempertaure, all products including the commercial
products were very stable in 4 and 20

Based on these results, we do test for registration of BioBact with the

collaborated company now.

2. Development of Baculovirus Insecticides

For the control of Spodoptera exigua, pathogenicity of Spodoptera exigua nucleo



polyhedrovirus (SeNPV) against this insect pest was studied. T he median lethal dos
e (LD3) of the SeNPV to 3rd instar larvae was 1.64x 104°1B/ and lower than tha
t to the 4th and 5th instar larvae by 2.4 and 390 times, respectively. T he median le
thal time (LT3 was decreased as the concentration of viral inoculum was increase
d, and there was much difference between lower viral concentration and higher vira
| concentration. Also, for the formulation of SeNPV, the mass production system of
SeNPV was established. Based on these results, the SeNPV was formulated by add
ition of feeding attractant, anti- precipitate of polyhedra, spreading sgent and UV- pr
otectant. The SeNPV formulation was effective to S. exigua and stable against field
conditions such as temperature, sun- light etc. The effectiveness of SeNPV formulati
on against target insect, S. exigua, was dramacally increased by addition of 0.05%

Bt NT 0423 strain. These results suggested that the SeNPV formulation was useful

as the control agent for S. exigua.

. Development of Plant- Derived Insecticides

The economic losses due to arthropod pests in crops may be 5-50%, or even
higher in developing countries. Additionally, rodents not only cause great damage in
agriculture and forestry, but also generate serious problems for communication
systems, structures and human health. Over the past decades, various attempts to
control pests have taken an effort toward effective eradication or prevention through
the development of synthetic pesticides. Although they have effectively controlled
various pests, their continued or repeated use has disrupted biological control by
natural enemies and led to outbreaks in arthropod pests, the development of

widespread resistance to various types of insecticides and acaricides, toxicity to



nontarget organisms, environmental problems, and human health hazards. Decreasing
efficacy and increasing concern over adverse environmental effects of the earlier
types of pesticides have brought about the need for the development of new types
of selective control alternatives or of methods of crop protection without, or with
reduced, use of conventional pesticides.

Plants may be an alternative to currently used pest control agents because they
virtually constitute a rich source of bioactive chemicals. Since these are often active
against a limitted number of species including specific target pests, are
biodegradable to nontoxic products, and potentially suitable for use of integrated
pest management, they could lead to the development of new classes of possibly
safer pest control agents. Therefore, much efforts have been focused on plant
materials for potentially useful products as commercial pesticides or as lead
compounds.

In the laboratory study described herein, we assessed biological activities
(insecticidal, acaricidal, antifeeding, repellent, and antignawing) of aromatic
medicinal, domestic and Indian plant, cereal and lugume species against seven

important arthropod pests and rodents.

1. Development of Plant- Origin of Insecticides

Methanol extracts from 54 aromatic plant species in 32 families were tested at
5000 ppm for their insecticidal, acaricidal and antifeeding activities against five
important arthropod pests by spray method. The responses varied with arthropod
pest species, plant species and plant tissue sampled. In a test with Nilaparvata
lugens Stal, extracts of Ginko biloba leaves (100% mortality), Eugenia aromatica,

Piper nigrum, Ligusticum chuanxiong, Curcuma longa (80% mortality) showed



potent insecticidal activity. For Plutella xylostella L., potent larvicidal activity was
observed from extracts of P. nigrum, L. chuanxiong, C. longa extracts. In a test
with Tetranychus urticae Koch, extract of Dioscorea batatas showed potent
acaricidal activity (80% mortality). All test plant samples revealed little or no
insecticidal activity against Mysus persicae Sulzer and Spodoptera litura L. For
Sitophilus oryzae, Paeonia suffruticosa, Eugenia aromatica, Acorus gramineus observeed
potent insecticidal activity. Additionally in tested plants, an insecticial activity against
Callosobrushus chinensis has not observed. As a naturally occurring control agent,
derivatives of plants described herein could be useful as new insecticidal and
acaricidal products against various arthropod pests

Methaol extracts of 150 domestic plant species were tested insecticidal activity.
Zanthoxylum  piperitum barks, Chamaecyparis obtusa leaves and Lindera
erythrocarpa leaves showed potent insecticidal activity. For P. xylostella, insecticidal
activity was observed from extract of Zanthoxylum piperitum barks ( 70%
mortality), but the others were not shown. All test plants revealed little or no
insecticidal activity against S. litura. For T.urticae, extracts of Elaeagnus
macrophylla leaf, Securinega suffruticosa leaf and stem, Aralia elata leaf,
Zanthoxylum peperitum bark, Quercus salicina leaf, Vaccinium bracteatum Ileaf
showed potent acaricidal activity ( >80% mortality).

Methanol extract of 26 Cheju island plant species were tested insecticidal
activity. For N. lugens, extracts of Symplocos priumifolia, Cornus walteri,
Platycarya strobilacea, Cornus walteri, Magnolia denudata, Torreya nucifera
showed potent insecticidal activity (80-90% mortality). In a test with P. xylostella,
extracts of Pinus leveilleana, Symplocos priumifolia, Cornus walteri, Lonicera
maackii, Platycarya strobilacea, Carpinus cordata, Elaeocarpus sylvestris,

Pittosporum tobira, Styrax japonica, Cornus walteri, Hex rotunda, Torreya nucifera



showed insecticidal activity. But all test plants revealed no insecticidal activity
against S. litura. For T. urticae, extracts of Pinus leveilleana, Symplocos
priumifolia, Cornus walteri, Lonicera maackii, Castanopsis cuspidata, Platycarya
strobilacea, Raphiolepis umbellata, Elaeocarpus sylvestris, Pittosporum tobira,
Styrax japonica, Cornus walteri, Hex rotund, Ficus nipponica, Sapindus mukorossi,
M agnolia denudata, Torreya nucifera showed acaricidal activity (70-80% martality).

The insecticidal activity of 22 domestic cereals bioassayed by microtopical
applicate against BPH and leaf dipping method against GPA and TSSM. The
methanol extracts from Hordeum vultare and Oryzae sativa showed potent
insecticidal activity against BPH, Fiagopyrum esculentum showed potent insecticidal
activiry against GPA at 5000, 2500 ppm and Fiagopyrum esculentum, Panicum miliaceum,
Triticum aestivum, Ischaemum crassipes, Sorghum bicolor, Sesamum indicum,
Oryazae sativa showed potent activity against TSSM at 5000, 2500 ppm. But,
methanol extracts of 25 legume seed didn't show insecticidal activity against BPH,
DBM, GPA, TCW, TSSM.

Methanol extracts from 84 samples of 49 Indian plant species in 30 families
were tested for their insecticidal activities against the brown planthopper
(Nilaparvata lugens STAL), using a topical application method. The activity varied
with both plant species and tissue sampled. At a dose of 05 /female, the
following 11 plant species revealed significant insecticidal activity: Adhatoda vasica
leaves (100% mortality), Annona squamosa seeds (100%), Nerium indicum stems
(100%), Clerodendrum inerme whole plants (90%), Pongamia pinnata seeds (95%),
Prosopis chinensis stems (90%), Vitex negundo leaves (90%), Azadirachta indica
seeds (89%) and stems (85%), Aegle marmelos leaves (88%), and M adhuca indica

seed oil (88%). However, the extract of A. squamosa seeds alone exhibited



significant activity (100% mortality) even at 0.25 /female. As naturally occurring
insecticides, these tropical plant- derived materials could be useful as an alternative
for synthetic insecticides for managing field populations of N. lugens.

Methanol extracts from 119 samples of 52 domestic plant species, 84 samples of
49 Indian plant species were tested for their insectcidal activities against the brown
planrhopper (Nilaparvata lugens Stal) using spray or topical application method. A
foliar extract of Ginkgo bilola L. (Ginkgoaceae) revealed the most potent insecticidal
activity against BPH. The active constituents were isolated by spectral analysis as
ginkgolides A, B and C, and bilobalide. Biloalide revealed much more potent
insectcidal activity against susceptible BPH than the commonly used carbamate
insectcides carbofuran and fenobucarb. At a dose of 0.01 /female, topically- applied
bilobalide and ginkgolide C caused signs of toxicity such as tremors and paralysis,
and the insects died within 30 min of treatment. These compounds were relatively
non-toxic to mice (LD® >1,000 mg/kg) and was not mutagenic, when tested
aganist four strains of Salmonella typhimurium. As active ingredients of a naturally
occurring insecticide, G. biloba- derived materials could be useful as a new control
agent for various planthoppers and leafhoppers.

The insecticidal activities of Curucuma longa root-derived materials were
examined for their insectcidal activities against seven arthropod pests using
leaf- dipping method. The active constituent was isolated by spectral analysis as
ar- tumerone. This compound not only revealed potent insectcidal activity against
BPH(N. lugens) and DBM(P. xylostella), but also was highly effective against
TLB(Phytophthora infestans) and BPM(Erysiphe graminis). This compound was
mutagenic, when tested aganist four strians of Salmonella typhimurium. As active

ingredients of a naturally occurring insecticide, C. longa- derived materials could be



useful as a new control agent against various insect pests and plant diseases

induced by plant pathogens.

2. Development of Plant- Origin of Insect Antifeedants and Repellents

M ethanol extracts from 45 species of oriental medicinal plants belonging to 17
families were subjected to a screening test for their antifeeding and repellent
activities against two species of lepidopteran larvae, diamondback moth (Plutella
xylostella L.) and tobacco cutworm (Spodoptera litura F.) by a leaf-dipping
method. Antifeeding activities were both insect and plant species dependent.

Paeonia suffruticosa showed most potent repellent and insecticidal activity of the
tested plants against Stophilus oryzae and Callosobruchus chinensis, and Eugenia
aromatica showed 80% repellent activity against S. oryzae but tested all plants
were not observed an activity against C. chinensis.

The antifeeding activities of Coptis japonica (Makino) root-derived materials
toward Hyphantria cunea larvae (4th instar) and Agelastica coerulea adults were
examined using leaf dipping method, and compared to that of two commercially
available isoquinoline alkaloids palmatine iodide and coptisine chloride. The
biologically active constituent of the Coptis roots were characterized as the
isoquinoline alkaloid berberine chloride by spectral analysis. In a test with H. cunea
larvae, the antifeeding activity was much more pronounced in application of mixture
of palmatine iodide and berberine chloride (1 : 1, w/w) at 250 ppm (81%) and 500
ppm (100%), compared with palmatine iodide (77%) and berberine chloride (60%)
alone at 500 ppm. These results indicate that synergistic effect might be involved
in the phenomena. With A. courulea adults, berberine chloride showed 55 and 93%

antifeeding activity at 125 and 250 ppm, respectively whereas weak activity was



obtained in application of 500 ppm of palmatine iodide (35%) and coptisine chloride
(44%). 1t is concluded that the Coptis root-derived materials might be useful
products for managing H. cunea populations of mulberry or protecting furniture
damage caused by A. coerulea.

The antifeeding activities of Eugenia aromatica-derived materials toward
Hyphantria cunea larvae (4th instar) and Agelastica coerulea adults were examined
using leaf dipping method. The biologically active constituent of the Eugenia roots
were characterized as eugenol and isoeugenol by spectral analysis. It is concluded
that the Eugenia root- derived materials might be useful products for managing H.
cunea populations of mulberry or protecting furniture damage caused by A.

coerulea.

3. Development of Plant- Origin of Rodent Repellents

Methanol extracts of 54 plant species in 32 families were tested for their
antignawing activities against mice by wire-dipping method. The activity varied
with plant species. Potent antignawing activity was observed in extracts from roots
of Aucklandia lappa (Compositae), barks of Cinnamomum cassia (Lauraceae), fruits
of Illicium verum (Magnoliaeceae), fruits of Piper nigrum (Piperaceae), rhizomes of
Rheum officinale (Polygonaceae), and leaves of Pinus densiflora (Pinaceae). As
naturally occurring rodent repellents, these plant- derived materials could be useful
as a preventive agent against various kinds of damage caused by rodents.

The antignawing activities of cinnamomi cortex (the dried bark of Cinnamomum
cassia Blume)- and Pinus densiflora leaf- derived materials against laboratory- reared
mice were evaluated using a wire-dipping method. The biologically active

component of C. cassia bark was characterized by spectral analysis as

- 29 -



cinnamaldehyde. T he antignawing activity of the compound was compared with that
of four commercially available compounds: cinnamyl alcohol, trans-cinnamic acid,
eugenol and salicylaldehyde. Cinnamaldehyde and cinnamyl alcohol exhibited potent
repellent activity, whereas little or no activity was produced from salicylaldehyde.
Moderate activity was observed in trans-cinnamic acid and eugenol.
Cinnamaldehyde and cinnamyl alcohol exhibited potent and moderate repellent
activity at 5 and 25% solutions of these compounds in ethanol, respectively,
whereas little or no activity was observed in 1% solution. The biologically active
components of the Pinus leaves were characterized by spectral analysis as the
terpenoids o -pinene and P -pinene. The antignawing activity of the compounds
was compared with that of six commercially available compounds: 1- menthol,
1,8- cienol, geraniol, dipentene, linalool, and cuminaldehyde. a - Pinene and 3 - pinene
exhibited potent repellent activity, whereas little or no activiy was produced from
[- menthol, 1,8-cineol, geraniol and linalool. Moderate activity was observed in
dipentene and cuminaldehyde. o - Pinene exhibited potent repellent activity at 5%
solution of this compound in ethanol, whereas little or no activity was observed in
25 and 1% solutions. As a naturally occurring repellent, C. cassia bark- and P.
densiflora leaf- derived materials could be useful as a new preventive agent against

various kinds of damage caused by rodents.
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(2

Baculovirus
Baculovirus ]

1 Baculovirus

(1996)

Spodoptera
2 .
Baculovirus

(1997)

3

(1998)




2) 2

1
(1996)
2 .
(1997) o
o Mouse
3

(1998)




1)
(1) 1

Bt Bt , ,

Bt 7
. Bt
, ()
Baculovirus Baculovirus
KIST
()

(2) 2

J. Economic Entomology, Pesticide Science, J. Pesticide Science, J. Natural products,
J. Chemical Ecology, Agricultural and Food Chemistry, Aquatic T oxicology

IUPAC, British Plant Protection, International Plant Protection



2)

(1)

Bt

Bt

Bt

Bt

Bt

electroporation

Bt

, Bt

Bt

Bt



Baculovirus

pot

Bt

(

)



(2

60%

, Baculovirus

Baculovirus

2

15 random anecdotal

60 2

, Baculovirus

(60 )



(Ppm)

5,000 90
, 5,000 30
' 5,000 30

5,000 30

5,000 30

*Primary screening 5,000 ppm

(hexane, chlorform, ethyl acetate, water)

column
chromatography, , spectral techniques, (GC-MS, IR, UV, H
C-NMR)
mouse 48
Salmonella

Ames M aron(1982)



Bt



1
Bacillus thuringiensis ( Bt )
Bt
1960 Bt
800 - 1,000 , 92
10% . Bt
Bt , Bt
, Mycogen ( ) 57
, IRRI ( ) 3,000 Bt
Bt

Bt

Bt

Bt



Bt

Bt
1989 Bt
Bt
Bt
Bt
Bt
Bt
Bt
electroporation
80
7 11%

30%

1.1% (38

Bt

Bt

2 400

(T huricide, Dipel, Xentari

, 1995

)

89

Bt

Bt

, Bt

Bt

2,000



Bt

Bt NT 0423
2
1
1) Bt
Bt type strain
. Bt
Bt NTB-1
Gill
2) PCR primers
Kalman (1993) primers
, Cry  type ., Cry  type
, Cry  type
primers () Bioneer

3)

Ohba

Bt

pCG-5 vector

primers
type

, Cry  type



25+ 1 55+ 10%

(Spodoptera exigua) (S. litura)

(Culex pipiens pallens)

(Apriona germari)

(Aphodius apicalis) -20
Bt
2.
1) Bt
Ohba Aizawa (1978) Bt . 1
g 9 5 ,
50 8
0 5 . 10-2  10-3 nutrient
agar , 28 4-5
Bt
Bt , - 20
50 conical tube 10
, tube 65 30
10-2 10-3 nutrient agar

Bt



2)

Bt
emulsion
SEM 515)
, coating
3)
Bt 28
3 H
80,000 g 14
sucrose
4) DNA
Bt
1 , 250
5,000 g, 5
GT.E

1

Bt

1,500

31

Bt

SPY

slide glass

GYS

(Olympus

160 rpm 4

0.01% Triton X-100

Model VAN OX)
, cover glass

(Phillips

1 M NaCl

sucrose  67%, 72%, 79%, 87%
(Beckman SW28) 4
(Wendy  Ellar, 1983). 79%  87%
3 3
alkaline lysis (Birnboim , 1979)
LB broth 28 , 12
28 , ODGOM 0.7

lysozyme (50 mg/ )

10

[50 mM glucose, 25 mM Tris-Cl (pH 8.0), 10 mM EDTA]



20 . 20 NaS (0.2 N NaOH, 1% SDS)

10 . 15 3 M potassium acetate
60 , glacial acetic acid 11.5 , 285 ) )
10,000 rpm 10
isopropanol 1 TE
RNase A 10 p g/ 37 30

chloroform  isoamylalcohol

24 .1
2 100% -70 15 12,000 rpm
15 70% 2
100 TE
5) (SDS- PAGE)
Bt GYS 28 ,4-5 ,
1 M NaCl, 1 mM EDTA 3

Laemmli (1970)
5X Sample buffer [0.6 1 M Tris-HCI (pH
6.8), 5 50% glycerol, 2 10% SDS, 05 2- mercaptoethanol, 1 1%
bromophenol blue, 0.9 H20] 100 5 ,

, 10% SDS-PAGE

6)

1 N NaOH (pH 12) 28 (0.4%



w/v) , 5 20 kg (Female,
New Zealand W hite albino rabbit) 1 freund's
complete adjuvant 1 multisite subcutaneous .1
1 freund's incomplete adjuvant 2
booster , 1 . 10
3,000 g 30 , 0.001% methiolate
-20
7)
33 Bt 1978 Ohba
Aizawa ( 1). Bt LB
(pH 7.4) Erlenmeyer 24 28 50 rpm
, PBS
(phosphate buffered saline) . 0.25%
formalin PBS , 37 1 ,
PBS ICR mouse
freud's complete adjuvant , 7 3

freud's incomplete adjuvant
3 serum

100 2 serum

-20 . 56 30

8)

96 well plates (Laurent , 1996). 2



8 50 rpm 8 - 10 Bt 100 saline 50
, 37 1
9) DNA
DNA DNA 3
16 , 10 mM EDTA 1 N NaOH 4 37
30 DNA 2 3M Sodium
acetate (pH 5.2) 50 -70 15
, 15,000 rpm 10 DNA
70% 2 3 , 7
DNA dideoxy chain termination (Sanger , 1977)
Sequenase® version 2.0 kit (United States Biochemical Co.)
DNA  5x sequenase 2 , primer 1 65 2
, 30 DNA  primer annealing 01 M DTT 1
, labeling (1:4 ) 2 , HS]-dATP 05 (10 p Ci/ ),
sequenase (1 : 7 ) 2 5 labeling ,
ddGTP, ddATP, ddTTP ddCTP 25 3.5
37 5 (termination) ,
4 , 15 2 DNA
loading
(20 x 40 ) siliconization ,
6 buffer- gradient polyacrylamide gel loading 1,700 V
2 3 M 2



, 48 X-ray
10) Bt PCR
Bt 28 , 12 -
100
eppendorf tube 10
10,000 rpm 10
4

11) Polymerase Chain Reaction (PCR)

Bt
primer PCR
( ) Bioneer Primix TopT™M
(Perkin Elmer Cetus) 94 |, 45
(annealing), 72 , 1 2 (polymerization)
3% agarose gel
DNA
12) Bt
Bt NT 0423
, 25
2 ) 500
31

(Braun Co.) 5%

, 30% pO2 28

18

15

PCR

plasmid DNA

. PCR reaction mixture

DNA Thermal Cycler
(denaturation), 45 55 , 1
35 cycle
28
( 3:
30 150 rpm
51
, 200 rpm



13) Bt
(HIMAC CR20B2, Japan) 4 , 6,000 rpm,

20
, (6 kg/cm2

49, 50, 51

14)
polyoxyehtylene alkyl aryl sulfate, sodium

naphthalene sulfonate formaldehyde condensate, modified aromatic sulfonate, sodium

dialkyl sulfosuccinate, sodium benzoate . w hite carbon,
Tixolex-25 kaoline sucrose
15) Bt
Bt 80 , 10 ,
, 28 24
16)
GYS 30 , 150 rpm 4-7
L L 1

Bt 10



Bt

Bt 20
3 Bt
60
3
1
1) Bt
353 Bt
3
1 37 Bt ,
2 10
3 7
7 STB-1, STB-2, STB-3, STB-4, STB-5, STB-6, STB-7
. 3 STB-1, STB-3, STB-6, STB-7 4 100%
, STB-2, STB-4, STB-5 80%
SDS- PAGE
crylA(a), crylA(b), crylC,
crylE, crylF oligonuleotide primers

cryll cryV  oligonucleotide primers PCR



gene type . 100%
33 STB-1 H3a3b
Bt subsp. kursaki, STB-3 H4a4c Bt subsp. kenyae , STB-6,

STB-7 Bt subsp. aizawai

SDS-PAGE
130 kDa 65 kDa . PCR STB-1
crylA(a), crylA(b), crylA(c), crylE, cryll, STB-3 crylE, STB-4 crylA(b),

cryll, STB-6, STB-7 crylA(a), crylA(b), crylC, crylF, cryll

( 1).
PCR 4 STB-1 crylA(a), crylA(b), crylA(c)
crylE Bt
STB-3 Bt subsp. kenyae

Bt subsp. kurstaki Bt subsp. kenyae

( 3).



Table 1. H agglutiantion test of B. thuringiensis STB isolates toxic

to Spodoptera species

H Isolate
Serovar
serotype STB-1 STB-3 STB-6 STB-7

1 thuringiensis - - - -

2 finitimus - - - -

3a alesti - - - -
3a3b kurstaki - - -
4adb sotto - - - -

4adc kenyae - - -
5a5b galleriae - - - -
6 entomocidus - - - -

7 aizawai - -
8a8b morrisoni - - - -
8a8c ostriniae - - - -
8b8d nigeriensis - - - -
9 tolworthi - - - -
10 darmstadiensis - - - -
11allb  toumanoffi - - - -
1lallc kyushuensis - - - -
12 thompsoni - - - -
13 pakistani - - - -

14 israelensis - - - -
15 dakota - - - -
16 indiana - - - -
17 tohokuensis - - - -
18 kumamotoensis - - - -
19 tochigiensis - - - -

20a20b  yunnanensis - - - -
20a20c  pondicheriensis - - - -

21 colmeri - - - -
22 shandongiensis - - - -
23 japonensis - - - -
24 neoleonensis - - - -
25 coreanensis - - - -
26 silo - - - -

27 mexicanensis - - - -




CHK13MAG 7C

crylE
criylaa

crylAc

erylC
crylAb

Fig. 1. PCR Products of STB series using Spodoptera specific primer sets

Bt y ’

, SDS- PAGE, plasmid DNA

4
Bt Agl0, Aal8, Ag2l, Aa22 . Aal8 Aa22
Agl0
Ag21l . 33
Aa22 Bt subsp. darmstadiensis



Fig. 2. SDS- PAGE analysis of selected B. thuringiensis isolates.
Lanes: 1. Molecular weight marker; 2, Aal8; 3, Ag21; 4, Aa22; 5, Aglo;

6, B. thuringiensis subsp. darmstadiensis.

Bt
329 Bt (Culex

pipiens pallens) 41



Table 2. Isolation and toxicity of B. thuringiensis from forest resources

o B.mori and
) C. pipiens . .
B. mori C. pipiens Coleoptera Non-toxic T otal
pallens
pallens
Isolates 154  (46.8%) 329
No. of Bt.
_ 69 1 41 - 4 115
isolates
Distribution
0.9 355 - 3.6 100
rate(%)
2)
Bt
3 PCR Bt

Bt subsp. kurstaki HD-1  subsp. kenyae

Bt GYS 5 autolysis

( 3). 106 cfu/ml
STB-1 100%
Bt subsp. kurstaki . 109 cfu/ml
STB-1 STB-3 52.5%  50%

Bt subsp. kenyae 55% . ,



Bt subsp. kurstaki
, Bt subsp. kurstaki

STB-1 ,

T

o0} mse
801 0 Bm
70"

so”

ETIS

Mortality (%)

30

201

1k

Strain

Fig. 3. The toxicities of STB-1 and STB-3 against S. exigua and B. mori

3) Bt
Bt Bt

electroporation




Bt NTB-1

subsp. israelensis

Bt

crylvVD  cytA electroporation

SDS- PAGE, western blot

Bt subsp. israelensis

Bt NTB-1 CrylvD  CytA
pCG5 electroporation , B
western blot , wild type
72 kDa CytA
Bt subsp. kurstaki Cry-B  pCG5
pCG5 wild type Bt subsp, morrisoni PG-14
CrylvD  CytA CrylvD  CytA
polyclonal antibody wetern blot
Bt NTB-1
NTB-1 CrylVD, CytA ( 4).
, CytA
13 inclusion , wild type
. Bt NTB-1
, B. t. subsp.
morrixoni PG- 14 , 10:CFU/ml B. t. subsp.
kurstaki Cry B pCG5 , 106 cfu/ml



12

Tum

Fig. 4. Parasporal inclusion proteins of B. thuringiensis NTB- 1 transformed with
pCG5 observed by scanning electron- (A) and transmission electron- (B)
microscopy. CrylVD, CytA, NTB-1 crystal protein and spore are represented as D,

T, N and S, respectively.



, wild type Bt subsp. morrisoni PG-14

NTB-1

Transformant
L]

pCGS

RS

PG-14

Mortality (%)

12
Time (hr)

Fig. 5. Mosquitocidal activity of B. thuringiensis NTB-1 transformed with pCG5

against Culex pipiens pallens at 106 CFU/ml



. Bt

1) Bt

(1)

Bt NT 0423

(Acc. No. U82003). , Sporulated cell

cell NB agar plate ‘drop method'
unit (CFU) , Spore
NB agar plate colony
3
9 plate colony
(2) Bt
sugar, glucose, maltose
Bt 4
sugar Bt
casein
2)
(1)
Bt

. Bt

dextrose

. Bt NT 0423
GenBank
free spore total
colony forming
65 15

yeast extract, casein, peptone

ammonium phosphate



SW

pH,

(

84.1%

3).

Bt

LB

3). SW32

6).

72

96

Bt

GYS

Bt

GYS

LB



Table 3. Comparison of growth and sporulation in SW and known media

_ Initial  Final Cell count
M edium OD600nm
pH PH  No. of Cell No. of Sporea
GYS 7.0 6.7 8 --b 2.791
LB 7.0 7.8 42 --C 3.341
Soybean : Wheat
1 : 1 Mixture
(SW11) 7.0 75 28 22 3.342
1 : 4  Mixture
7.0 75 26 14 3.348
(SW14)
2 : 3 Mixture
7.0 7.3 43 1 3.348
(SW23)
3 : 2 Mixture
7.0 7.3 2 37 3.348
(SW32)
4 : 1 Mixture
7.0 7.6 9 19 3.348
(SW41)

* Incubation condition; 30 , 240 rpm, 5 days
a Spore number is calculated after heat treatment (85 , 10 min)

b and ¢ Could not observed colony until x 106 CFU/ml
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Fig. 6. Growth curve of viable cells and spores of B. thuringiensis in the SW32

medium



Bt

4% 5% , 9
( 7).
450
—— 3%
400
- —— 4%
= 350
3 —— 5%
w300
b —;—5%
w2580
= —— Control
g 200 : :
Z 150
S 100
a0
1] !
1 z | 4 [
Days

Fig. 7. Determination of the optimum volume (%) of the medium in a fermentor

0:5 5.0

4x109ml pH



3)

7 spore  colony count
Bt . 4-5
4x109ml , 1.3x109Y ml
5 . 7
4)
Bt
glucose
) 50 L
Bt
(1) Bt
Bt ,
cotton seed meal, soybean meal, corn steep liquor
molasses
glucose
2% (wlv) 3% (w/v)
1.0 vvm 200 rpm Bt . ( . 8)
8 12 1.2x 109

CFU/mL 48
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Fig. 8 Profiles of viable cell and spore number, pH, and dissolved oxygen
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(2) glucose

Bt

1.0x 1010 CFU/mL

, C/N ratio ,

. Goldberg

830% . 0.04 g/L

CaClz 2HZO, 0.3 g/L MgSO<4 7H:20, 0.04 g/L MnSO4 4HZ0, 0.3 g/L KZHPO4

Bt
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Fig. 9 Profiles of viable cell and spore number during the batch culture

of B. thuringiensis with the addition of mineral salts.

, glucose 10 g/L
(Fig. 10)
9.9x 108 CFU/mL  4.9x 108 CFU/mL glucose

1.2x 109 CFU/mL  6.5x 108 CFU/mL
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Fig. 10 Profiles of viable cell and spore number during a batch culture

of B. thuringiensis with the addition of 10 g/L glucose.

glucose ,

glucose



(3

200 rpm 400 rpm
, 400 rpm
11
72
61.1%
16
11

60%

50%  60%

1.0 vvm

50%
16 1.8x 109 CFU/mL

1.1x 109 CFU/mL ,

8
16
24 54
72
60% 50%
22% 2.2x 109 CFU/mL
72 73% 1.9% 109 CFU/mL
86.4%
Y ousten B. sphaericus
toxicity

foam
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Fig. 11 Profiles of viable cell and spore number during the batch culture of B.
thuringiensis under dissolved oxygen concentration of 50% (a) and 60% (b)

of that at saturation.
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(4) Bench- scale

Bt 50 L ( )
50 L 30 L pH 7.0
( 12). 0.75 vvm 250 rpm
24 1.3x 109 CFU/mL
96 2.5% 108 CFU/mL
19.2% . ,
24 96

1.0 vvm 400 rpm

25%x 109 CFU/mL  2.2x 109 CFU/mL 88%

12
, 12 , 0.75 vvm

250 rpm
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Fig. 12 Profiles of viable cell and spore number during the bench-scale batch
culture of B. thuringiensis in different aeration rate and agitation speed.
(a) : aeration rate of 0.75 vvm and agitation speed of 250 pm

(b) : aeration rate of 1.0 vvm and agitation speed of 400 rpm
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1)
1 . Bt NT 0423
5
pH NaOH 7.0 30%,
28 200 rpm ,
antifoam agent . 5
1 X 1010 cell/ml
(BioBact) . 10% , 20% ,
40% . Bt 10%
5X 109- 1 X 10X Bt

polyoxyethylene alkyl aryl sulfate sodium naphthalene sulfonate formaldehyde

condensate white carbon, sucrose,
kaoline formulation I, II, [l (
4), : :

. Formulation | white carbon ,
formulation Il 1 40 . formulation 111 ,
white carbon , 1, (particle size) 11 99%,
44 1% ( 4.
BioBact 10% Bt BioBact 20%  40%

( 5. pH 20 5.9

Bt . 3



Table 4. Selection of 10% Wettable Powders

with B. thuringiensis strain NT 0423

Formulation | Formulation I Formulation Il1
Component
B. thuringiensis 10% 10% 10%
Surface active agent
7% 7% 7%
(A)
Surface active agent
- - 3%
(B)
W hite Carbon 15% 10% 5%
Sucrose 5% 5% 5%
Kaoline 63% 68% 80%

* Confirmed with Formulation 1ll

* Surface active agent (A) : NK-NX 150

* Surface active agent (B) : NK-PX 100



Table 5. Formulation of BioBact 20% and 40% wettable powders

Amount (%)

Component
20 % W.P 40 % W.P
B. thuringiensis tech. powder 20 40
Surface active agent (A) 7 8
Surface active agent (B) 2 2
Stabilizer (C) 75 15
Stabilizer (D) 7.5 15
Carrier 56 30
T otal 100 100

A. NK-NX250L : Polyoxyethylene alkyl aryl sulfate,

Modified aromatic sulfonate
B. NK-EPB100 : Sodium dialkyl sulfosuccinate, sodium benzoate
C. White carbon

D. Tixolex- 25
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1) (

10,000

Bt kurstaki type, A

C , Bt NT 0423
BioBact 20%  40%
, BioBact 10%
NT 0423
2
2) (
100 1,000
, 12
, 2 ,3 ,7

Polyoxyethylene alkyl aryl sulfate 7%, Sodium dialkyl

100
, petri- dish
2
Bt aizawai type, B
A B 100%
( 6.
107 CFU/ml 0.005 g/ml
14)
, 40
100
3 10
, NT 0423



sulfosuccinate, Sodium benzoate 2%, White carbon 7.5%, Tixolex-25 7.5%, Kaoline
56%, 20% BioBact 20% , Polyoxyethylene alkyl aryl sulfate 8%,
Sodium dialkyl sulfosuccinate, sodium benzoate 2%, White carbon 15%,
Tixolex- 25 15%, Kaoline 30%, 40% BioBact 40%
( 5.2 Bt aizawai type
(B ) Bt kurstaki type (A )
B 1,000 90%
, A 1,000 50% BioBact 20%

1,000 70% , BioBact 40% 1,000 85%



Table 6. Efficacy of Bt formulations on diamondback mothlin cabbage

under laboratory condition

Dead larves / 10 larves

) Amount M ortality 2
Formulation
(9) / ml 24 hr 48 hr (%)
0.0125 9 9 1 1 100
I. B product
_ _ 0.025 7 8 3 2 100
(aizawai type)
0.005 8 10 2 0 100
0.0025 10 7 0 3 100
1. A product
_ 0.005 9 9 1 1 100
(kurstaki type)
0.01 10 9 0 1 100
0.04 4 2 6 7 90
[11. BioBact
0.1 2 8 5 1 80
- 10% WP
0.2 9 4 1 4 80
0.0025 6 6 4 4 100
IV. BioBact
0.005 7 8 3 2 100
- 20% WP
0.01 6 7 4 3 100
0.0025 7 6 3 4 100
V. BioBact 1
. 40% WP 0.005 7 7 3 3 00
0.01 8 9 2 1 100
106 CFU/mI 2 5 0 0 70
VI. NT 0423
107 CFU/ml 1 0 4 5 90
culture
108 CFU/ml 6 3 2 5 100

1 Plutella xylostella, third instars
2 Diamondback moth larvaes were placed in petri- dishes containing cabbage

foliage from treated plants



Table 7. Efficacy of BioBact against DBM on cabbage in field condition

T oxicity
T reatment Dilution factor
Mean (%)  Standard Error
C product (Chemical) 1/1,000 21.00 2.36
B product
_ _ 1/1,000 90.58 3.96
(aizawai type)
A product
_ 1/1,000 50.00 5.39
(kurstaki type)
BioBact 20% 1/100 85.42 5.05
BioBact 20% 1/1,000 69.89 3.96
BioBact 40% 1/100 89.36 3.53
BioBact 40% 1/1,000 84.82 3.61
NT 0423 Culture 107 CFU/ml 88.80 4.97
NT 0423 Culture 106 CFU/ml 82.80 4,57

* Used the SAS System



1)
Bt NT 0423 BioBact 10%, BioBact 20%, BioBact 40%
Bt A (Bt ssp. kurstaki type) B (Bt ssp. aizawai
type) SDS- PAGE ( 15). 5 Bt
130- 140 kDa
BioBact

Bt NT 0423



kDa
205

116
97

66
48

29

Fig. 15. SDS-PAGE analysis of 5 B. thuringiensis formulation
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2)

1993

McGuire  Shasha . Slide glass
3 2 054¢ dry oven

glass 2 40 ml 1

1990 McGuire Shasha
glass 3 2 (A, B) 05 g

oven slide glass 2 40 ml

( 16). 20%

40%

1990

slide

Slide

dry
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1)

30 24

BioBact 20%  40%

T able 8. Number of spores in B. thuringiensis formulations

SW32

Formulation

Number of spore

BioBact 10% WP

BioBact 20% WP

BioBact 40% WP

B product (aizawai type)

A product (kurstaki type)

25 X 106/mg

45 X 10¢4mg

5- 95 X 106mg

5- 7 X 104 mg

3 X 10W/mg




2)
BioBact 20%

40%, 2 , Bt NT 0423 3 7

2 , Bt NTO0423 BioBact 20%  40%



Table 9. Persistence effect of several formulations in field assay

T oxicity
Dilution
T reatment 3 days 7 days
factor
dead(live) T otal dead(live) T otal
C product
_ 1/1000 2(8) 3(5) 1(4) 6 2(8) (7))  o(7) 3
(Chemical)
B product 1/1000 6(4) 4(0) - 10 0(10) 5(5 5(5) 5
A product 1/1000 7(3) 3(0) - 10 0(10) 199 2(7) 3
BioBact
1/100 9(1) 1(0) - 10 10 0 - 10
20%- 1
BioBact
1/1000  0(10) 7(3) 3(0) 10 2(8) 7(1)  1(0) 10
20%- 2
BioBact
' 1/100 10 - - 10 91 10 - 10
40%- 1
BloBact 1/1000 5(5) 3(2) 1(1) 9 46) 42 L1 9
40%- 2
NT 0423
107 4(6) 4(2) 2(0) 10 1(9) 3(6) 0(6) 4
Culture
NT 0423
108 10 - - 10 55) 41 01 9
Culture

Untreated - 0(10)  2(8) 2 0100 - 2(8) 8
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, Bt Bt
8.
Bt BioBact® Bt
BioBact GenBank (Acc. No. U82003)
, Bt
9.
1 , 2
4
353 Bt
3
.1 37 Bt , 2,3
7 . STB-1, STB-2,
STB-3, STB-4, STB-5, STB-6, STB-7 .3 STB-1,

STB-3, STB-6, STB-7 4 100% , STB-2, STB-4, STB-5 80%



. 100% 33

STB-1 H3a3b Bt subsp.

kurstaki, STB-3 Hd4ad4c Bt subsp. kenyae , STB-6, STB-7 Bt
subsp. aizawai . bipyramid
SDS- PAGE 130 kDa
65 kDa
cry primer PCR STB-1

crylA(e), crylA(b), crylA(c), crylE, cryll, STB-3 crylE, STB-4 crylA(b),

cryll, STB-6, STB-7 crylA(g), crylA(b), crylC, crylF, cryll

PCR 4 STB-1 Bt subsp.
kur staki STB-3 Bt subsp.
kenyae

STB-1
, 100% Bt subsp.
kur staki 52.5%
Bt subsp. kenyae 55%
Bt
Bt 4 |, Agl0, Aalg, Ag2l, Aaz22
Aa22 Bt subsp. darmstadiensis 3
329 Bt



Bt

Bt

electroporation

Bt NTB-1
subsp. israelensis
crylvD CYtA
, wild type
CrylVD 20 kDa CytA

CrylVD CytA polyclonal antibody

. Bt NTB-1
Bt NTB-1
CytA 1.3 inclusion
Bt
Bt NT 0423
) Bt
GYS LB
(SW32)
. SW32

Bt

5 SDS- PAGE

72 kDa

wetern blot

CrylVD, CytA

, wild type

. Bt NTB-1

5 SW ( ,

Bt

Bt 1



Bt

x10Y ml

5

1.0 vvm

g/L

glucose

pH

, 50%

200 rpm

7.0

Bt

Bt

4% 5%
7 spore  colony count
4-5 4
1.3x109ml

, 7

3% (wiv) 2% (w/v)

pH 55 24

9% pH 84

Bt

, glucose 10

glucose

glucose

50%  60%



16 16

, 24 54
72
60%
50% 22% ,
73%
86.4%
Bt 50 L
pH 7.0
1.0 vvm 400 rpm
25x 109 CFU/mL  2.2x 109 CFU/mL 88%
, 12
1
5
1 X 10710 cell/ml
(BioBact) . 10%

20% , 40%

5 X 109- 1 X 10X

72
30 L
12
Bt NT 0423
. Bt 10%
Bt

polyoxyethylene alkyl aryl sulfate sodium naphthalene sulfonate

formaldehyde condensate white carbon,

Sucrose,

kaoline formulation 1, I, Il



formulation 11l . Formulation white carbon

1 (particle size) 11 99%, 44 1%
BioBact 10% Bt
BioBact 20%  40% : pH 2
0 59 Bt
3 L ’
BioBact 20%  40%
A (Bt subsp. kurstaki type), B (Bt subsp. aizawai type) 100%
BioBact 20% 1,000 70% ,
BioBact 40% 1,000 85% A (Bt

kurstaki type), B (Bt aizawai type)

Bt NT 0423 BioBact 10%, BioBact 20%, BioBact 40%
Bt A (Bt subsp. kurstaki type) B (Bt subsp.
aizawai type) SDS- PAGE 5 Bt
130- 140 kDa
BioBact
Bt NT 0423

1993



BioBact 20%  40%

BioBact 20%

, A B
BioBact
) SW32
3 2 . BioBact 20%  40%
40%, A B, , Bt NT 0423 3
7 y
NT 0423 BioBact 20%  40%
Bt
4 20 , 30
8 , Bt
BioBact® Bt

Bt

Bt
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Bt
STB-1, STB-3
Bt NTB-1
Bt NT 0423 , BioBact
BioBact
Bt Bt
) , 80%
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(Integrated Pest Management: IPM) ,

(polyhedrin)

baculovirus
(Nucleopolyhedrovirus: NPV)
NPV Baculovirus Expression Vector
System (BEVS)
(Luckow  Summers, 1988; Russ , 1992; Tomalski  Miller, 1992), NPV
(Kelly, 1985). , NPV

NPV

(Bell , 1981).



1990; , 1991)

( , 1995),

Bacillus thurigiensis (Bt)

(Maclntosh , 1990)

(Smits  Vlak, 1988).

NPV

1)



(Spodoptera exigua nucleopolyhedrovirus:

( , 1991),

1) Baculovirus

(Spodoptera exigua)

2) Baculovirus

Baculovirus
, baculovirus Bt
baculovirus
crystal  baculovirus mode of action
Bt N- C-
subunit
alkali pH
) active form ,
1 2
, Btrus

Bt cry A(c)

SeNPV)

Bt



Autographa californica

Bturs ,
Btrus 3 5
3)
4)
, White carbon, Triton
X-100, Bentonite, polyvinylalcohol
Sucrose
5)
6)



7)

8)

9)

potentiator

10)

11)



12)

13)

1)

LT

1).

LDt0

3

Baculovirus
, LD®0 3
25 4.28x 104
390 6.40x 106
(1991) SeNPV
5
5

1.64x 104

Smits

LD

1). 5

Vlak (1988)



LT

25 20 , 25
LT 1.0x 107 108 / 1

( 2), LDE0 5

Table 1. Median lethal dose(LD:() value of Spodoptera exigua nuclear

polyhedrosis virus tested against 3rd, 4th and 5th instar S. exigua larvae

) Dosage LDEO
Larval instar Slope(B)  Intercept X 2 df
(PI1B/ml) (PIB/ml)

3rd 1.0x 10¢ 8 1.64x 104 0.717 1.978 13.613 3
4th 1.0x 10< 8 4.28x 104 0.732 1.610 2.709 4
5th 1.0x 10< 8 6.40x 106 0.661 0.499 3.392 3
5the) 1.0x 10< 8 1.02x 105 0.366 3.168 13.918 4

¢) S. exigua larvae were reared at 20 after inoculation.



Table 2. Median lethal time(LT%) value of Spodoptera exigua nuclear

polyhedrosis virus tested against 3rd, 4th and 5th instar S. exigua larvae

Larval Inoculum LTEO
) Slope(B) Intercept X 2 df
instar (PI1B/ml) (day)
1.0x 104 14.92 2.265 2.342 0.352 5
1.0x 105 9.68 2.964 2.078 0.908 5
3rd 1.0x 106 6.46 8.110 -1.570 10.704 4
1.0x 107 5.46 8.010 - 0.906 4.170 5
1.0x 108 5.39 10.367 -2.584 5.201 3
1.0x 104 13.28 3.741 0.798 1.655 5
1.0x 105 9.12 3.725 1.423 0.613 6
4th 1.0x 106 5.79 3.602 2.254 1.967 6
1.0x 107 451 5.368 1.486 9.842 5
1.0x 108 4.18 8.534 -0.302 3.535 4
1.0x 106 9.69 7.167 - 2.068 0.462 1
5th 1.0x 107 7.18 9.142 -2.825 1.248
1.0x 108 6.40 6.582 -0.308 1.457 4
1.0x 104 14.53 3.175 1.310 0.334 5
1.0x 105 10.87 6.214 -1.440 0.120 5
5the) 1.0x 106 9.75 6.963 -1.885 1.794 5
1.0x 107 8.85 7.409 -2.016 7.725 7
1.0x 108 7.58 9.642 -3.479 11.349 6

¢) S. exigua larvae were reared at 20 after inoculation.



Table 3. Pathogenecity of Spodoptera exigua nuclear polyhedrosis virus against S.

exigua larvae

Inoculum M ortality
Instar
(PIBs/ml) (%)
1.0x 104 38.6
1.0x 105 61.1
3rd 1.0x 106 935
1.0x 107 100
1.0x 108 100
1.0x 104 33.3
1.0x 105 59.3
4th 1.0x 106 86.7
1.0x 107 93.5
1.0x 108 100
1.0x 104 5.0
1.0x 105 10.0
5th 1.0x 106 25.0
1.0x 107 60.0
1.0x 108 77.8
1.0x 104 38.9
1.0x 105 57.9
5the) 1.0x 106 69.0
1.0x 107 85.2
1.0x 108 100

¢) S. exigua larvae were reared at 20 after inoculation.



2) Baculovirus

Baculovirus , baculovirus
Bt baculovirus Btrus
. SDS-PAGE 92 kDa
33 kDa
, 59 kDa
baculovirus
Bt N-
random deletion mutation
Btrus
Bt cry A(c) N- Autographa californica
(ACNPV)
Btrus Btrus 24
DNA . SDS-PAGE
Western blot Btrus
92 kDa Btrus 33 kDa , Btrus
Btrus
Btrus
3 5 ,

36.4% , refusal diet



Btrus

3)

(Kurstak, 1982). ,

« 4.
' 20
32.2+ 3.2 , 25 173+ 20 , 30 10.5¢
1.0 ( , 1995). 5
25
20 5
.4 20 5
2
, 3 93.5%

1.0x 106 / 8.47x 1011 ,
4 86.7% 1.0x 106 / 13.36x 1011

) 20 5



1.0x 107 / 85.2% 13.75x 1011

4 1.0x 106 /

Table 4. Yields of Spodoptera exigua nuclear polyhedrosis virus in relation to

inocula and mortality in Spodoptera exigua larvae

) Inoculum M ortality PIB/dead larva Total Yieldse)
Larval instar
(PIB/ml) (%) (x 1010 (x 101)
1.0x 104 38.6 2.03 4.71
1.0x 105 61.1 1.55 5.68
3rd 1.0x 106 935 151 8.47
1.0x 107 100 1.37 8.22
1.0x 108 100 1.13 6.78
1.0x 104 33.3 3.15 6.30
1.0x 105 59.3 2.89 10.28
4th 1.0x 106 86.7 257 13.36
1.0x 107 935 191 10.72
1.0x 108 100 1.22 7.32
1.0x 104 38.9 3.75 8.75
1.0x 105 57.9 3.48 12.09
5thk) 1.0x 106 69.0 3.14 12.99
1.0x 107 85.2 2.69 13.75
1.0x 108 100 2.06 12.36

¢) Total yields were calculated by total tested larvae, mortality and PIB per dead
larva.

k) S. exigua larvae were reared at 20 after inoculation.



100 4 1.0x 106

/ 8, 9 10
, 8 2.21x 1012 2.09x 1012 2.21x%
1012 9 10
cannibalism
-20
4)
, White
carbon 1% , sucrose
1% . 24
polyvinylalcohol
, polyvinylalcohol
0.5% . Triton X-100 100%
95% Triton X-100
, 0.1%
5)
2% 108

30 100g  sucrose,



100g  White carbon, 50g  polyvinylalcohol,
10 Triton X-100 10g Bentonite

5

Table 5. Composition of viral insecticide using Spodoptera exigua nuclear

polyhedrosis virus

Ingredient Formulation % Ingredient
W hite carbon 100g 333
Sucrose 100g 33.3
Polyvinylalcohol 509 16.7
Triton X-100 10 3.3
Bentonite 10g 3.3
Virus (2x 1010 PIB) 30 10.0

T otal 3009 100.0




Table 6. Pathogenicity of Spodaptera exigua nuclear polyhedrosis virus technical

powder and formulation.

M ortality (%)
Infection dose

(PIB/Larvae)

SeNPV technical powder SeNPV formulation

1x 103 205 28.6
1x 104 38.6 40.0
1x 105 68.2 71.0
1x 106 92.0 93.9
1x 107 100.0 100.0

7)

2x 107 20 ,30 , 40 , 50



' 100%

x 107 / 1,2 ,3

30% 70%

Table 7. Effect of formulation on the protection of Spodoptera exigua nuclear

polyhedrosis virus from heat inactivation.

M ortality (%)

Treated temperature
P SeNPV technical _
SeNPV formulation

pow der
20 100 100
30 100 100
40 100 100

50 100 100




Maortality (%)

100

340

20

10

Fig. 1. Effect of

8)
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Fig. 2. Pathogenicity of Spodoptera exigua nuclear
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100% 85.7%

potentiator tinopal Bacillus

thuringiensis (Bt) NT 0423 . potentiator

0.1% Tinopal, 0.01% Bt, 0.05% Bt

0.05% Bt
10 100% potentiator 0.05%
Bt
( 3).
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Fig. 3. Increasing effect in pathogenicity of formulation by addition of potentiator



10)

, 4 1x 106 8
2.21x 1010
White carbon 1%, sucrose 1%,
polyvinylalcohol  0.5%, Triton X-100 0.1%
11)
100
1x 1010 150
White carbon 100g, sucrose 100g, polyvinylalcohol 50g,
Triton X-100 10 , Bentonite 10g, potentiator Bt
NT 0423 5g (

8), V ( 4).



Table 8. Composition of viral insecticide

Ingredient / last volume

Ingredient Formulation (%)
W hite carbon 100g 1
Sucrose 100g 1
Polyvinylalcohol 509 0.5
Triton X-100 10 0.1
Bentonite 10g 0.1
Bt NT 0423 59 0.05
Virus (1x 1011 PIB) 150 1x 107 PIB/

Add the ingredients of the formulation to 100

of water for field use.



Fig. 4. The viral insecticide \Y,

12)

13)



3 1.64x 104 /
x 104 / , 5
/
1
x 106 /
8 2.21x 1012
Baculovirus
Bt
36.4%

polyvinylalcohol

LDE0 LTEO , LDEO
, 4 3 25 4.28
3 390 6.40x 106
. LTE0
, b
25 20 25
, 4 1.0
, baculovirus
baculovirus Btrus 3
, 5 refusal diet
W hite carbon 1%, sucrose 1%,

0.5%, Triton X-100 0.1%



, polyvinylalcohol

2x 106 / 67.4%, 1x 107 /
85.7%, 2x 107 / 87.5% 41.7%,
58.5%, 60.0%
, 1x 107 /
potentiator , 0.05%
Bt 10 100%
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1

l.

2

1938 DDT BHC, aldrin, endrin

, 1945
9 DDT Nabam , 90%,
20%, 61%, 42% ,
9 4- 6%, 3- 6%
( , 1980). DDT

e

(the era of optimism)"



(Metcalf, 1980).

1958
(resistance) , , (resurgence),
(residue),
( , 1973; Brown, 1978; , 1979).
, Wigglesworth(1945) “DDT N DDT
Carson(1962) “Silent Spring” "
?
DDT, parathion
1960 ,

(the era of doubt)"

(Metcalf, 1980).



, (Miyakado, 1986; Arnason , 1989).

(lead compound) ,

, (Physostigma venenosum)
physostigmine(eserine)

(M etcalf March, 1950), physostigmine N - methyl|

carbamoy!| carbaryl
(Kuhr Dorough, 1976), pyrethrin

(Elliot, 1976).

Lumbriconereis heteropoda
M arenz ,

nereistoxin ,

cartap (Sakai, 1966).

, Lknow- how 5

, (1987), (1992), (1992)
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- 1995 , ,
( 1994 33: 225- 229;
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500 Erlenmeyer flask
.2
2.
, 312
UR WTO
3.
7

( , 1987),

(1992)

, 300

(1987), (1992),

4,000- 8000 ppm

.1

40

(Ahn

(1992)

50 g

10

, 1992).

Ahn



Abbott(1925)

1)
(spray method)
(topical application method) . ,
( : ) ( 5cm) 3 5 7
(% 3x 15 cm)
3 20 ,
8,000 ppm , 48
, 0.01 1g/0.2 yl
, ( 5 cm) 10
(% 3x 15 cm)
20 20
: (BURKARD, UK)
0.2 yl , 24

2)

( : ) cork borer ( 5cm) 1

8,000 ppm 10 , hood
(® 9 cm) : 3 4 10
25 48

3)

( : NC81) cork borer (5cm) 1 8,000 ppm

10 hood (® 9 cm)



25

4)

5)

ml

10

10

48
cork borer (¢ 5cm) 1 8,000 ppm
hood
20 48
, 5 mg
( 3 cm) 3 ( 10 )
48
50 2 ( , )
6 kg 5,000 ml
3,000 ml 3

(EYELA autojack NAJ- 160, Japan)

1

diet cup



20 g 800 ml 800 ml 2L
, 30 ,
800 ml 2
800 ml
, 30 ,
800 ml 2
, 800 ml
2
, , 4
, (Vertis, USA)
, , : (EYELA
autojack NAJ- 160, Japan)
3)
10 g 30 ml 30 g silica gel(70 230
mesh, Merck)
column(¢ 5.5%x 70 cm, PTEE end plate ) (70 230
mesh, Merck) 500 g ,
10 ml . / = 99/1,
97.5/2.5, 95/5, 90/10, 80/20 1,000 ml
, 10 ml, 50 ml
(TLC: Thin layer chromatography) TLC plate(SIL G/UV zE<,
0.25 mm, MACHEREY -NAGEL, Germany) spot pattern UV hand

lamp(UV GL- 58, UV-254/366 nm, UVP Inc., USA) , spot



AW N2 TA L3 T Arl9 ol B A2ARL PR
4) 3% 93|22 v} 712} (High Performance Liquid Chromatography; HPLC)
azetEasyel od 2dd Zze) 4YEEL WA UV spectrophotometer
(HP 8452A Diode Array Spectrophotometer, Hewlett Packard)E o] &3t Hdl &%
9F-& 2 MY h(reference solvent; methanol). ¥4 8 02 Tosoh HPLC system
g Agsigen, 28 ¥ 119 JeiTh $H 8025 Waters HPLC system®
Agstgon, 20 E 120 e vhs} 2ot
7t 84YEe EME HPLC chromatogram¥olA #£+8 99 peakst 42 o
A2 4EARE BYHAN ASH o2 HPLCE +4aidld

i 11. ¥48& HPLC =31

HPLC system Tosoh CCPM-8010 HPLC system with two solvent delivery pumps,
Tosoh SC-8010 controller and Tosoh UV-8010 detector

Column Partisil ODS column{4.6mm id.X 15 cm, particle size 10¢m)

Guard column Philips TSK-Gel ODS column(3.2 mm ID.X15 c¢m)

Detection range 0.001 ABU/FS

Solvents used Methanol, Water, Acetic acid(for HPLC)

Flow rate 1 ml/min

Sample injected 0.1 ml with Hamilton 1.0 ml syringe

-158-



& 12. ¥H8& HPLC =1

HPL
¢ Waters Delta Prep 4000 HPLC system with two solvent deliven
pumps, Waters Prep 4000 controller, Rheodyne 7010 injector,
Waters 746 data module and Waters 486
Columnn Tunable (UV/VIS) Absorbance Detector
Bondapak C18 column(19 mm ID.X30 cm, particle size 125A), Waters
Detection ran 10 ABU/FS
ge Methanol, Water(for HPLC)
Solvents used oo
10 ml/min
Flow rate

Sample injected 1.0 m! with Hamilton 1.0 ml syringe

5. A& 4= 24

HEAAE &P F Y, &5 9 B T4 EEL GC-MS(JEOL JMS-DX
303), High Resolution(HR)-MS(JEOL JMS-DX 303), 'H(500MHz) 2
13C(100MHz) NMR(Jeol GSX- 400, TMS as an internal standard), High
Resolution(HR) FT'IR(DigilaE, BIORAD FT-80), UV(WATERS 490)% 9]
spectral analysis2 3872 & ZAASH

6. FAH L HFEA

e, BAE 4348 vET GRAEZT g 3L vFLHePeR A
Ao 7 w57 600t E FAIS AT duiAACI G 3F /S u)
BHEFL dFAELE AYgsden ZF ¥E7 200 g FAEAY, EFoEAE
AAYgoz estdoen & 57 3000t E FAEATH AupFoje gubA
AFL AABIYPe R Ao @ v 209t E FAS AT Heol ol
d 2
ZA}sted Finney(1971)9] Probit 24 %ol @2} LDso R LCso® 73T BEAA}
£& Abbott(1925)9] ol whel 423t

F

£
w

s

0{}&
i

o
oy o
rlo
_~

o

—

S
tlo
M

FHo2 AR Z ¥EF 200 E FAFAT 244 Foll A Z

al
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7. o Ed 2 H A AHFAL FA

AChE Al 482 tga 2t ofHlE€d dAsT CAEE A4 bilobalide R
paraoxong 30 ul¥ 15 ® 8FS] A QX AL AP Y3 oM EC HEH F 4
7] €F8q 125 mME ¥ FAUA000g A4FY) 05 wE 7Y F FFZ
(Precision Co., USA)E o|4, 30ColA 1583 wujgdstn tiA] 001 M DTNB
0.1 m(HF¥XE 38x10° M) 0075 M acetylthiocholine iodide 0.1 mE 71§ F,
30CoA 3083 g2 YA FA 5 mM eserine 0.1 mE 7t 8H&& A A A7)
2 /7t EFFEAE o439 412 nmillA FZEE EAZJAYG. 429
W2 2L AL HREZ oJL{EIYT, AFAE WA 2 ANIPY FTHEE
AChE #8Alo2 2+5&

AChE®] <Al Ao : AChEZA S 50% A#lsts A vx)& 4FA ¥
= AChE A& &E& AN probit A4l o) &3t TALLS A AE7)
% 4TColst2 FAsd Ao 28 4FL 350z dQqH

. 844
APEEZA Slc : AS5Fo2RH FU ICRATY AAUFT A9 43, AF
24 @) o4&, Aol 9717 Aol 15 AFAAM s, 48L 659 A
FAZ ol &g nRAE (AF FEAF 29N A > 196%, AT < 7.0%, £3|
2 < 90%, Ca < 06%, P < 04%, DCP > 165%, TND > 7.3%, &8E3d < 50 ppm
)2, €% 25 £ 1T, 4UES 60%, FE(12:12)9 A3 Agsigien, 82 ¥
80 we} FFs
Ginkgolide C$} bilobalideE

o

S5 7189 %A F FYNE ool R
AN A7 Felsgch T 48 A Fol AFES 2, probit AWl s
LDs & A&staint
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9. EdoldA AA
DAY #F

AddFe FF38AFL QAP AFANE Y Salmonella typhymurium TA-
1635, TA-1537, TA-98 % TA-100& o]&3Yoen, ALFF9 HAAY FAL
A Ohistidine 874 9% QurvB mutation 2 3% @R-factor 32 %
@rfa mutation #* 9% @spontaneous revertant? & F& A= AP
Maron® Ames(1983)8) ol we} 4x st

FAP Aol BUE TFEL nutrient broth ol HF, wdstd g 1ml B
dimethyl sulfoxide(DMSO)E 90 ul 7}std W E R & tube(Nunc)ol Y dry-ice
X FEAN F o -80TAM BE3Ach Nutrient brothi oxoid nutrient broth
No2 25g € 100ml FF<Fol %9 % 4719 200ml A Ee 230 BFaoq 2y
F719¢(121C, 15 min)3d ot Y5 TFFE &%, 0.1 mle 3 25 ml9 nutrient
brothell A ZF3sted 37°C, 120 rpme 2 N Bulet stgon o 1647 T WY £
A @ A&t
2) AR A(S-9 mix)e] = A

DT ARS-92H)S F3F  Sprague-DawleyAd A (AF 240g 2R H
Aroclor -12548 RTAFEZAZ 3t Maron® Ames(1983)9) #Hiol wat ZA), 80
Coll B@std ALE3AT™. S-9 mixe A7) HFAdd Al# cofacterE & st
At A A, dIA MY AREYen 1 FHL d&R 2ok MgCle6H20, 8
umol; KCl, 33 umol; glucose-6-phosphate, 5 pmol; NADH, 4 umol, NADPH, 4 u
mol; NA2HPO4, 100 umol; NazHPO42H20, 100 umol; S-9 homogenate, 0.4 ml;
Distilled water 9.6 ml.
3) AEHY

BilobalideE DMSO®] £33t 5 mg/ml 4& 9E3 o]|E dAINsS 2zt

TE9 AR g ZAGAY. SHNZREAZE bilobalided 3 Ao Al£3 DMSOS
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Argstgon, dHUERER Sodium azidee: FEFZTFFo, 2-Aminofluorene 2
9-Amino acridinee DMSO| &8st AL&35gd.

A APl M= TA-98 ¥ TA-100& AH&3] 16, 80, 400, 2000, 10000 pg/plate
9 T HAE AFIHA=d, 2,000 pgplate¥H XNALEFAIF Yo 1 o)
9 AT F2YF9 Fvte AT by B AFeNE FnFES 500 ug
/plate2 &1 FHE 22 3o 312, 625, 125 250, 500 pg/plated] 5 T8 A
Ao AgstA.

A ERY AHees 4 =229 39 ZFolEE A, direct plate
incorporation W o2 Yot 1YF7] BT Top agarg 45C2 AdEd IFF
tube(Falcon #2054)¢] 2 ml¥ &5F& o AFEALY 100 pl, S-9 mix 500 ul
(A B84 HE&A]), Fuldd 100 uls Top agardl €%, ZA] Vortex mixer®2
2-3 %3t A3 Minimal glucose agar plated] $o] o2 w3og 7j]g¢dq ¥
HAA o Z3ch SHRNETELS DMSOT 100 gl 7Hsted 2 oz AAEA
o9, S-9 mixE AHYHA &L Pt S-9 mix WA FFY FFFE HAFA
. Top agar7t 2o ZoEE HHo] 37CoAM oF 4823 T wigd = =2
2YsE Assdd.

Top agarv agar 0.6 g NaCl agar 0.5 g2 100 ml ZE50] 29 T a¢Z7)

l

HT(1217C, 15 min)3 ¥ 0.5 mM histidine-biotin® 10 mlE &E§ st AL &sA 2,
Minimal glucose agar plate 15 g agarE® 7% 930 mlol] 5o ngE7)1d9 (121
T, 15 min)3 ¥ 2 3¢FT7|FF3I 50x VB(Vogel® Bonner, 1956) salt 20
ml%} 40% glucose ¥E EFT & 25 ml¥ plated] EF3td A gstgdoh.

QoA BA

EQWIUg) ¥ ) FeolES A7 T2 AdAEE Frd o
2t 3FE o)A dBAEUA FIEIAM SHARRZ vE 28 olgUY FAo
2,20 ol ALe Qo2 wAHA.
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III. 23}
1. 2384 2394
1) A 2A (LEA)

FLNE 2059 F2 AALE 73 U A2LHL F 139 Ui o
7o A% FA ABAFAN SHUTANA 100%, A, F3 AF, SIAM 80%
ol g9 A2 g ek

AR A8 a3 WEZUHLY A FE AF, S22 80% ol
2284 2o

Aebo)gohe BS whol M 80 ol 4e)9% AFE &L YRR

gl A R BEoIARBAYANE 2 AZYHLE s HBA=
AT

FANNEAS FolM 2dvj(2 e Ra Z42), AL 21 APEs} AupFo)d)
el /N EHS 58 42BN YA 23, BAAEH 25 2uiTold o
AAE ol® BAE el Fstct

2) A A EA

TUld A 1907 HEA9 g 252859 T2 403 5T A 43
4& 5000 ppm TEE AL W HFEAHL E 149 JeELAA vigTFe 73
T STANHEATAN 2T £, B Y N EUT A FE2AM 95%F A
FES YEUdT wNFIULe AL 29UT 9 FEE0M 0% AHEES B
Aoy, 718 e Feode A 84 detiA ok FelAA U B$
2E AZAY Brols AY 8L JEhRA gt AHute) gl 7S meyhnuy
2, FdA o + 27, FEUT L, 29UF 9, VAR 99 2AUE 9 F
ZE9A 80% o) AvAaAE BHt
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E 13. 934 @RAEANY F2 7F AFA A 4FER°

FZEA°
4 8 = zH°
BPH® GPA DBM TCW TSSM RW ABW
=¥t Magnolia officinalis Co - - - - - - -
A3t Eugenia aromatica Ra e - - - - et _
2949 Paeonia suffruticosa RC + - - - - e -
%3 Piper nigrum Fr  +++ - +++ - - - -
W8 Theum coreanum Fr - - - - - - _
Be3 Lysinachia foerwm-gaecumn He - - - - ++ - -
AVE Clematis finetiana Fr - - - + _ _ _
@& Nauclea officinalis Ra - - - + -~ _ _
L% # Evodia rutaecarpa Fr - - - - - _ _
&% Zanthoxylum piperitum Fr + - - - - - _
A} % Zanthoxylum piperitum WP ++ - - - - - _
v} Dioscorea batatas WP - - - - - - _
WM B2 Stemona japonica Ra - - - - - - -
A3 Aquillaria agallocha Li - - - - - _ _
¥ X Angelica dahurica Ra + - - - - _ _
AF Ligusticum chuanxiong Ra +++ -+t - - - _
72438 Nardostachys chinensis  Rh - - - - - - _
AA Viola vaginata WP - - - - - - _
€3 Curcuma longa Rh tHd = +4+ - - _ _
3 Boswellia carterii WP - - - - - - _
<3} Ginko biloba L +++ - - - - _ _

*5000ppm treatment.

°Co, Cortex; Fr, Fructus; He, Herba; L. leaf; Li, Lignums Ra, Radix; RC, Radicus Cortex; Rh, Rhizome.
“r++l >80%, ++: 80-61%, + 41-60%, - <40%.

‘BPH ("), Nilaparvata lugens; GPA (240}E2 QL) Mysus persicae; DBM (¥h3=E
W), Plutella xylostella, TCW (B¥)A MUY, Spodoptera litura; TSSM (A uro] & ol),
Tetranychus urticae;, RW (4l 9)), Sitophilus oryzae, ABW (8v}30]), Callosobrushus
chinensis.
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E 14 A A9 2234

A h=] S lé}' %’ g "J 2
o' 08 *¥ BPW® GPA DBM TCW TSSM
A2AYT  Myrica rubra B + - - - Z
AgUE  Cinnamomum inponicum S - - - - -
IPWNT llex cornuta 23] - - - - -
A AL £ + - - - -
AR Betula platyphylla var. 22
Jjaponica - - - - -
AulWEZ  Smilaz china ) - - + - —
F9 YR Platyaarya strobilacea L - - et - -
o & Viis coignetiae Z7] - - e - _
UERUR  Meliosma myriantha Ea - - 4+ - -
goeluF Meliosma oldhamii e - - + - -
d - - + - -
I ERR R Sophora japonica 9] - - e - _
S5 Styrax japonica 3] - - ++ - _
£ - - + - -
#2BY5  Euonymus oxyphylius 3 - - + - ++
‘O‘l - - - - -
H Z U R Lindera orythrocarpa S - - + _ -
=25 - - + - +
AR Phododendron schlippenbachii ) - - + - _
g5 - - + - -
EEA27] Rubus coreanus o] - - + - -
2 o|lPZ  Parthenocissus tricuspidata g - - . - -
gL} 2 Juniperus chinensis o) - - + - _
Wt FUYF  Liquidambar formosana o - - - - -
AFIF  Cercdiphyllum japonicum d - - - - -
HAUYF  Symplocos chinensis for. &2
pilosa - - - - -
P Zizyphus jujuba var. 52
inermis h - - - -
Ba$UF  Elaeagnus umbellata o) - - - - -
Z7] - - - - -
23T Quercus aliena g - - - - -
F=FU5  Ulmus parvifolia o - - - - _
dAHUYF  Cornus walteri 2y - - - - -
BUMel  Securinega suffruticosa Z7) - - - - -
AAMR Carpinus coreana 9 - - - - -
HeF Firmiana simplex 23] - - - - -
F7HA Photinia glabra 41 - - - - -
25 - - - - -
2942 Thuja orientalis ES - - + - -
o)
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¥ 14. (A%)

X o o R
) g 3 * 9 5P GPA DBM TCW TSSM
&S Zanthoxylum schinifolium o - - - - -
wE=RduF  Meliosma myriantha 55 - - - - -
FIIYF F - - - - -
2723UF  Koilreuteria paniculata Q - - - - -
AR Neolitsea sericea 2 - - - - -
27tANUYR Photinia glabra o - - - - -
Agys Machilus japonica 55 - - - - -
Agyr cinnamomum japonicum =R - - - - -
At e Prunus sargentii = - - - - -
LEYUR Paulownia coreana =y - - - - -
AFJF Cercidiphyllum japonicum ey - - - - -
BY4F  FElaeagnus macrophylla 2 - - - - ++4
g0 Fatsia japonica Q - - - - -
SAYE Cinnamomum loureirii F - - - - -
SH Y Pyrus pyrifolia 9 - - - - -
A Acer ginnala 3 - - - - -
3]0l 2] Corylopsis careana o - - - - -
A2 YT Eurya japonica d - - - -
Fuhgg Machilus thunbergii ) - - - - +
=y Cinnamomum camphora 2 - - - - -
F7HAYF Quercus glauca <y - - - - +
YT Hovenia duicis £y - - - - +
AR Neolitses sericea L= - - - - +
£-2}7] Acer triflorum A - - - - -
Foixe] Securinega suffruticosa Q+E7] - - = - ++
F=FUF Ulmus parvifolia F - - - - -
SYE Kalopanax pictus 28 - - - - +
EZAAUYT Euonymus fortunei var. ) _ _ _ _ .
radicans
- Ampelopsis brevipedunculata
A= var. heterophylla 271
Y YF Platycarya strovilacea F - - - - -
BI7HAYF Quercus acuta 55 - - - - -
A7 G F Quercus salicina F ¥ - - - - -
Fazypge  (EUOPsis cuspidata var 9 - - - -
sieboldii
o} f} Viburum awabuki F - - - - -
gl - - - — -
AFgT Cercidiphyllum japonicum F - - - - -
AT Albizzia julibrissin EB - - - - -
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E 14. (A%)

A = - B o 4584
i F 03 * ¥ 5P GPAa DBM TCW  TSSM
FEJUSY  Aralia elata 2 - - - - ++
IR Zanthoxylum peperitum & 4 t+ - ++
23U Comus controversa 39 - - -
H Chamaecyparis obtusa o ot - -
A& Yol Aster glehni - - -
AANYF Quercus salicina g - - - +4+
2GR Vaccinium bracteatum ) - = - +t
Z&UR  Distylium racemosum = - - - -
WlB2U%  Lindera erythrocarpa o ot - - -
BeUR [llicium anisatum 4 - - - -
2 Eucommia ulmoides 5% - - - -
4 Pinus thunbergii g - - - -
e Rhododendron mucronulatum % - - - -
Z7 - - - -
F7WNGF Quercus glauca o - - - -
23 Aster scaber - - - -
A Pinus koraiensis 3 - - - -
=3 - - - -
FAUYF  Abies koreana S| - - - -
d3&UYF  Melia azedarach ) - - - -
BNANUS Quercus glauca & - - - -
A Abies holophylla 2 - - - -
Aol Carpinus laxiflora o - - - -
Agus Machilus japonica o - - - -
ZEUT  lex integra e - - - -
FUF Cryptomeria japonica s - - - -
ZFUIE Sapium sebiferum o - - - -
W UE  Platycarya strobilacea &2 - - - -
49t Hedera rhombea A - - - -
A YYNS  Daphniphyllum macropodum 3 - - - -
AR Euonymus alata 3 - - - -
ZEUE Distylium racemosum o2 - - - -
A Kalopanax pictus =¥ - - - -
AR Vaccinium bracteatumn 55 - - - -
A g Cryptomeria japonica &2 - - - -
ZFUYE  Sapium sebiferum g - - - -
Z9UF  Platycarya strobilacea £2) - - - -
F4YE Abies koreana g - - - -
A5 Acer ginnala 2y - - - -
T3 24 9 - - - -
AR Iex rotunda =3 ~ = - -
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x 14. (A%)

] gz EgAa
A = ® ¥ 9 BPH® GPA DBM TCW TSSM
Hy Chamaecyparis obtusa = - - - - _
TAYF Abies koreana 28 - - - - -
WA2AUSE Pinus banksiana 9 - - - - -
LI P AR R Cephalotaxus koreana 3 - - - - -
Kuhyf Lozoste lancifolia 2y - - - - -
o|¥ZUR  Tripterygium regelii - - - - -
AAYE Albizzia julibrissin o5 - - - - -
o\ Pinus koraiensis 2y - - - - -
2ad5 Chaenomeles sinensis 9 - - - - -
WAL YE  Pinus banksiana 49 - - - - -
AguF Cornus kousa S - - - _ -
guyx Ui(::osn ldgzvidiana var. 23] _ - _ B _
Az E B %L;)lgmpégtyphylla var. Q _ - _ _ _
LEHus Zelkova serrata 5 - - - - -
=S Pinus densiflora 25 - - - - -
AL Magnolia grandiflora 9 - - - - -
UEBs  Meliosma myriantha Q - - - - _
HEUST Platanus orientalis ) - - - - -
& Pueraria thumbergiana g+&7] - - - - -
&t Hedera rhombea Z7) - - - - -
HeF Firmiana simplex 9 - - - - -
BE$UIE  Elaeagnus umbellata Z7) - - - - -
A Carpinus coreana % - - - - -
A Abies holophylla 4 - - - - 4
235U Koelreuteria paniculata 5 - - - - -
ZRYF Quercus aliena ES - - - - -
271944 S  Pinus rigida S - - _ _ )
24 Magnolia kobus =N - - - _ R
HeGF Lindera glauea 9 - - - - -

*5000ppm treatment.

®BPH, Nilaparvata lugens; GPA, Mysus persicae; DBM, Plutella xylostella;, TCW,
Spodoptera litura, TSSM, Tetranychus urticae. RW, Sitophilus oryzae; ABW, Callosobrushus
chinensis.
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3) AIFEA A8

AFTA AZAY AYE st 263 AEAY dg& £FEF 5000ppm (E
T 1-5mg/9 A 4FEAHE FAE FAI(E 15), HEFY A FAASAHFTAA
ALAGFE, 4T, ST, AT, H=5F, vAdFAM 80-90% AlF&E
ettt siFEUde] 2SS AUR, d2AUF, 1FUF, 295, Heu,
Z9UE, 7tAed, 28, 24F, qdSyR 2AUF, duF, bz g EaA
70-80%9 AlE&S RAY FEAAEIUYRY FSos FANEA 2T AY EF
848 Jelx st Huto] Sojo] Ao ARUFE A2AUE, FYTA, AE
U AR 39U gAY T, @85, EYF, dESYyT, 2GS, d4 7
23, FaAUF, HEA 82U EFM 70-80%2 A8 S YeR U
4) U4 v IR 4384

ZUA 22% plF9 dEg FZE0 AT H{EF, BoEANWE, Huto]§ofd
Uiz AFEAE AR FA(FE 16), 588, TI0 9 dgs FFE0] 8H T o
3o A AF8AHE JYeUAY BEFoISARES] A, oE degd 2FEE0]
5000, 2500ppmollA] & 458FE Jdetddc. =, 713, 2, dBe, 54, A4, £
ol o Hojgo] ogs 2FEEEL Pol gl tdd 5000 ¥ 2,500ppm F
TAA A 4FEAHE 2T
5) T4 &

FTHRAEL FHFTA Q7] wWiEe] 49 AEAgdE & 848 YEE Rz )
A" gled, & A7 93t o 7bx] deigAdol Bnd uvh 3lo] (Leest
Ahn, 1997; Lee 5, 1998) olE9 43 AL & 243 25F9 T3 Fx15 v
2 F&3ln FEsld AEAALT Y3 AZRE ZASY AFFAH L ZABAHE
17, g HESFEE T HET, FEFUY, BESoTARE, dejAA
2 Hguto] ofol] Wt FF 8L YelllE AlEe Ao
6) A=A 2 EA

dd AEMe o NS Kz Jddes Aol &3 A gl (Jacobson,
1988), A=A AEANZRE AFAHALE BN Cassia tora 9 49F 9 AR
ZFEEY 559 FIANF UF AFEAHE ¥ 187 ¥ 199 YA AxA AE
A 50F9 5F FAFol i AFBAL Annona squamosa £ A, Adhotoda vasica
9, Nerium indicum 7], Pongamia pinnata £} F%&&0o] 8ig 3, WF&E Uy B%
obEARAZ 3o 90% o4 HFEANE B4
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E 15 AFEN AEA 2584

2 egN

oFF BPH° GPA DBM TCW TSSM
TR Pinus leveilleana - - ++ - ++
AT Symplocos priumifolia +++ - ++ - ++
22T Acer mono - - - - -
IFUT Staphylea bumalda + - - - -
STA Cornus walteri +4++ - ++ - 4+
e Lonicera maackii ++ - ++ - t
3BT Castanopsis cuspidata - - - - +
S Platycarya strobilacea 4+ - ++ - +
7R Carpinus cordata - - ++ - _
FAENE  Cudrania tricuspidata - - - - -
BEUSE  Raphiolepis umbellata - - - - ++
= Elaeocarpus sylvestris - - ++ - +
=4 Pittosporum tobira - - ++ - ++
L Styrax japonica ++ - ++ _ .
TR Cornus waltert et - ++ - it
T Hex rotunda - - ++ - i
ey Ficus nipponica - - - - ++
T8 Sapindus mukorossi - - - - ++
E¥d4Y  Firaxinus rhynchophylla - - - - -
HEH Magnolia denudata - - - - ++
AT Corylus hallaisanensis - - - - _
HERY + - - - -
H]ZRE Torreya nucifera +4+ - ++ - ++
A cornus kousa - - - - -
A= Hydrangea serrata - - - _ -
AR Xylosma congestum - - - - -
5000ppm treatment.

bBPH, Nilaparvata lugens, GPA, Mysus persicae;, DBM, Plutella xylostella, TCW,
Spodoptera litura, TSSM, Tetranychus urticae. RW, Sitophilus oryzae; ABW, Callosobrushus
chinensis.
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£ 16.

G

4

=29 43N

z A

BPH

GPA

DBM

TCW

TSSM

5000° 2500 5000 2500 5000 2500 5000 2500 5000 2500

= Setaria italiea - - - - - - - — b4+ 4+
713 Panicum miliaceun - - - - - - - e 4 e
MNNZ Panicum bisulatum - - - - - - - - o+
g * Coix lachryma-jobi . _ _ B _ _ _ B . )
var. mayuen
A8l  Avena sativa - - - - - - - - -
! Triticumn aestivum - - - - - - - — 4+ 4+
3%  Secale cereale ++ o+ - - - - - - ++ 0+t
v Hordeum vu{tare _ _ _ ~ _ o ~ ) )
var. hexastichon
AR Elymus sibiricus - - - - - - = - _ -
#8el Ischaermum crassipes - - - - - - - = bt s
=8g +++  ++ - - - - - - - -
T Sorghum bicolor - - - - - - - -t 444
2 Zea mays - - - - - - - - ++ +
= Perilla frutescens - - - - - - - - ++ o+
AW Sesamum indicum - - - - -4 sr - srs o4
o Fiagopyrum - — 44+t - - - - - -
esculentum
% Oryzae sativa - - - - - - = - - _
3 38}n) +++ +4+ - - - - - R e
Shke} 4+ 44+ - - + + - - 4+ 4
ol L e
&=}t +4 - - - - - - - ++ -
onj} Sc'hizan.dra - _ ~ ~
chinensis
*+ter, D00 +++, 80-90%; ++, 61-80%; +, 40-60%; and -, <d0%.

® Unit: ppm.
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17 F T4 7289 4384

Yield Insecticidal activity®

Scientifi
cientific name (%) BPH GPA DCM TCW TSSM

AF Amphicarpaea edgeworthii 10.7 - + + + +
g F Arachis hypogaea 53 - - - - +
HAF Canavalia lineata 120 - - - ~ -
Fat Cassia obtusifolia 133 - - - - -
A &5 Dunbaria villosa 56 + + + + -
A el = Glycine max var. solitae 100+ + - - -
oF Glycine max var. yagkong 55 - - - - +
=53 Glycine max var. hooktae 6.6 - - - - -
wF Glycine max var. bangkong 54 + - - -~ -
v Glycine max var. geumdu 4.8 - - - - -
A Glycine max var. chungtae 11.1 - - + + +
LelelE  Glycine max var. wooltalikong 19 - + - - -
o F=3F Glycine max var. mejukong 7.1 - + - - -
=3 Glycine soja 10.7 - - - - -
AAF Lathyrus japonica 120+ - - - -
E27bd® Phaseolus multiflorus 53 - - - - -
Al g Phaseolus nipponensis 57 - - - - -
=5 Phaseolus radiatus var. geodu 7.8 - - + + +
AF Phaseolus radiatus var. aurea 5.2 - + - - -
&5 Pisum sativum 36 - + - = -
493 Rhynchosia volubtlis 53 - - - + -
A EF Vicia hirsuta 118 + + - - +
L X715 Vicia tetrasperma 12.3 + + - - -
5 Vigna angulasis 4.8 ~ - - - -
5 Vigna sinensis 6.2 + - - - -

# 444> 80%; ++, 61-80%; +, 40-60%; and -, <40%.
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E 18 A=A A2 vjd T A 84

4 8 3 21 & &0 z 8 A
° = & T 05ue/ ® 0.25u8/%  0.12548/%
Acacia ferruginea L 18 - - -
. St 17 - - -
Prosopis chinensis L 21 - - -
St 22 +4 +4+
Acalypha indica L 23 - -
Jatropha integerrima Wp 15 - - -
Ricinus communis L 22 - - -
Acanthospermum hispidum Wp 9 - - -
Artemisia maritima Wp 11 - - -
Achyranthes aspera Wp 15 - - -
St 13 - - -
Acorus calamus Wp 20 - - -
Adhatoda vasica L 28 -
St 27 - - -
Aegle marmelos L 25 ++ ++ ++
St 24 ++ ++ +
Fr 19 +4+ +4+4 +4+
Murraya koenigii L 25 - - -
St 28 - - -
Agave americana Wp 5 - - -
Annona squamosa Se 13 +++ 4+ +4+
Arachis hypogaea Wp 23 - - -
Pongamia pinnata L 15 - - -
St 11 - - -
Se 20 +4+4 ++ -
Sesbania grandifiora L 22 - - -
St 22 - - -
Azadirachta indica L 26 ++ ++ +
St 23 + + -
Se 17 ++ ++ +
Melia azedarach L 21 - - -
St 17 - - -
Se 24 - - -
Swietenia mahagoni L 19 - - -
Fr 21 - - -
Bassia latifolia L 16 - - -
Madhuaa indica L 15 - - -
St 15 - - -
Se 23 - - -
Fl 25 - - -
SO 26 ++ ++ +
oC 12 - - -
Bignonia anguis-cati L 24 - - -
St 20 - - -
Bougainvillea spectabilis L 24 - - -
St 24 - - -
Calotropis gigantea L 23 - - -
Cannabis sativa Wp 22 - - -

>80%, +++; 61 to 80%, ++; 40 to 60%, + <40%, -.
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E 19 A=A HEA 9 FEF UL oI ARAEd Q@ 4384

4 5 8 4
4 2 d 2 3 F &%) uj & &g E5ol3IRE
1250ppm 1250ppm
Acacia ferruginea L 18 - -
St 17 - -
Prosopis chinensis L 21 - -
St 22 - +
Acalypha indica L 23 - -
Jatropha integerrima Wp 15 + -
Ricinus communis L 22 4+ +
Acanthospermum hispidum Wp 9 P -
Artemisia maritima Wp 11 + -
Achyranthes aspera Wp 15 - -
St 13 + -
Acorus calamus Wp 20 - -
Adhatoda vasica L 28 - ++
St 27 - +
Aegle marmelos L 25 + 44
St 24 - -
Fr 19 + -
Murraya koenigii L 25 - -
St 28 - -
Agave americana Wp 5 + -
Annona squamosa Se 13 e+t -
Arachis hypogaea Wp 23 + -
Pongamia pinnata L 15 - +
St 11 + ++
Se 20 +++ +++
Sesbania grandiflora L 22 - -
St 22 - -
Azadirachta indica L 26 + +
St 23 - -
Se 17 - -
Melia azedarach L 21 - -
St 17 - -
Se 24 - -
Swietenia mahagoni L 19 - -
Fr 21 - -
Bassia latifolia L 16 - -
Madhuca indica L 15 + -
St 15 ++ -
Se 23 + -
Fl 25 - -
SO 26 4+ -
oC 12 + -
Bignonia anguis-cati L 24 + -
St 20 - -
Bougainvillea spectabilis L 24 - -
St 24 - -
Calotropis gigantea L 23 - -
Cannabis sativa Wp 22 - -

*>80%, +++; 61 to 80%, ++; 40 to 60%, + <40%, -.

—~174-



2. 452 EY ¥ 43 2 dFANAA 9
1) €59 A58

AT, EEFUY, BESolENRE, SuiAA I Ydd 4384 E e 39 4
FT8Y HAEE 4F a2 g9y s o849 &g - AT F(2¥ 1D, MS, IH
(400 MHz) ¥ 13C (100 MHz) NMR, FT-IR 59 spectral techiniquesZ °| &, #+%&
3t 43 gr-turmeroneC2 FAHAKH(LH 1.2).

Hexane fraction
SiO2 column chromatography

67 cn X 6 cm)
I (Qll(xofom;/Methanol.rISOIl) ]
| l
CH, CH: CHs CHy CHs
(Active)
SiOz column Chr. (67 cn X 6 cm)
(Chloroform/Methanol, 50:1) I
| | l l |
CHz1 CHx CHg CHa4 CHzs CHz
(Active)
Si0z column chr. (67 cn X 6 cm)
(Hexane/EtOAc, 30:1)
| | | | |
CHx CHax CHzxs CHa CHzs
(Active)
prep. HPLC
| (Hexane/EtOAc, 50:1)
CHom CHaxo CHxx CHzzz4
(Active)
Si0z column chr.
(25 m X 1 cm)
| ] (Hexane/EtOAc, 200:1)
CHzzn CHoazzp CHazszs
(Active)
HPLC

{Hexane/EtOAc, 200:1)

| | l

Compound Compound II Compound 0
(Active)

a9 11. 289 484 A& 2.
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29 1.2. ar-Turmeroned] +%.

¥ 1.10€ ar-turmerone®] 23 ¥4& vehd Aoz 1000 € 2000 ppm FEAA
H T g sl FEFuUde did 100% 2384 23 500 ppmilAE A2 60%%
81%9 4584E Xt

£, AL A5T A4S A% vl 5-50%BEE LA o], B - AT
FAlo] Hhg v 8ol £28¢oR W -HFE FAA FAY F Uve FFY sHEo
AFe dAd glo] A a8 E 2e £5 & o839 whole plant testg ©] &3t
o & AFAS FI(2Y 1.1) ar-turmerone(2 Y 1.2)22 FAHEHJ 29 1000 ppmol
A Eviedya Axdo sl 100% 4FE4S JERHRLE, 500 ppmolME 90%
o) AFEAHE B NZE £EZANY 39 F&o] AHAUTHE 1.1D).

¥ 1.10. ar-Turmerone® % d|Fd & A F&HA4

4 3 8 A %

Conc. (ppm) BPH DBM GPA TCW
2000 100 100 80 90
1000 100 100 50 30
500 65 81 10 0
250 40 52 0 0

100 20 24 0 0
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¥ 1.11. ar-Turmerone? % A2 a7 Q3 A7 &4

B A 7F (%)

Conc. (ppm)
RSB CGB TLB BPM
2000 80 60 100 100
1000 45 20 100 100
500 30 5 90 92
250 20 0 58 78
100 15 0 30 55

*RCB, Pyricularia grisea; RSB, Rhizoctonia solani; CGB, Botrytis cinerea; TLB, Phytophthora
infestans; WLR, Puccinia recondita;, BPM, Erysiphe graminis.

2) A} HZTYYE
AASH 489 F2 AFA NFEGEHE T2 AFTAFY AuFole] s

2 4584E Y BIE G4 dHoMEHE, 222X E B2 £ £339

ek

He AR AT YA YRAM B AZFFHSL 29 MS, 'H (400 MHz) 2 °C
(100 MHz) NMR, FT-IR %9 spectral techiniquesZ o|&, F2E 893 4x
eugenol ¥ isoeugenolZ FAHUT (2E 1.3).

oH OH
OCHR OCH 3
CH,CHECH, CHECHCH,
Eugenol Isoeugenol

29 1.3. Eugenol¥®} Isoeugenol®} +=%.
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3) 2 Yo HEFHHYNE TA
MS, 'H (400 MHz) 2 *C (100 MHz) NMR, FT-IR 59 spectral analysisE o] &
dod 725 ARG 2Y 14 15; 16; 1.7; 1.8 1.9)

4) 23909 4B EY dFAIAA &

e Qo AIHPEL F2IF EREI] A AR E BAAL ARl 9
o, = AFIAte FARLA AxA] FAE ohF FHEH| Qo] AGHIIEY
A gl FHAM olg FAUEINYH ¥ J FFAHX L UF ALY F A=
TS NS R IY 110). FAE EE 23 d FEE 30022 23 o LotAlH 9
EZ Zujst ddolAHE HE 125 g& AUoH, olF E/vEZ/lHEL
(70/30/D8] guloll %9 F AN A BHE de B4 FHWES AP 1Y 14
9 7F Edd =t ASHoz R I, FAE 3FY FLQA | (ginkgolide
A) 200 mg, O(ginkgolide B) 150 mg % IM(ginkgolide C) 200 mgg YUTHHY

4

1.11).

Bilobalide ; BP: >250C; IR v “Pmax cm™ 1809, 1790, 1775; UV AMO® . nm(e):
221(113); EI-MS (70 eV) m/z (% rel. int.): M" 326 (7), 270 (19), 224 (8), 196 (22),
129 (37), 15 (100); 'H NMR (CDs;OD, 500 MHz): & 121 (9H, s), 2.34 (1H, dd, J =
136, 7.0 Hz), 279 (1H, dd, J = 136, 7.0 Hz), 301 (1H, d, J = 18.1 Hz), 3.05 (1H, d,
J =181 Hz), 501 (1H, t, J = 7.0 Hz), 540 (1H, s), 6.37 (1H, s); °C NMR (CD;OD,
100 MHz): 8 376 t (C1), 1750 s (C2 and Cl1), 179.2 s (C4), 588 s (C5), 85.1 d
(C6), 433 t (CT), 875 s (C8), 670 s (C9), 699 d (C10), 101.3, d (Cl12), 27.3 g
[C(CH3)3], 387 s [C(CHs)s).

Ginkgolide A; FAB'-MS: 409(100), 393(13), 185(10), 93(37), 57(81); UV AMeH
218 nm; 'H NMR (CDCls, 500 MHz): & 1.80(H1 alpha), 82.75(H1 beta), &4.83(H2),

8 4.92(H6), &2.05(H7 alpha, beta), §1.72(H8), 64.92(H10 alpha), 86.02(H12), &
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Fig. 1.4. Mass spectrum of ginkgolide C.
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Fig.1.7. ®C-NMR spectrum of Ginkgolide C.
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2.93(H14), &1.02(¢-Bu), &1.18(H16), 86.38(0H3), 66.81(OH10); BC NMR (CDCl,
100 MHz): 836.01(C1), &8520(C2), &68.14(C3), &100.33(C4), &86.14(C5), ¢
87.77(C6), 836.39(C7), 64865(C8), &66.90(C9), 86891(Cl0), 617437(Cl1), &
109.57(C12), 6 170.84(C13), &80.50(C14), &176.64(C15), &8.24(C16), &2895(C18, 19,
20). '

Ginkgolide B; FAB'-MS: 425(70), 361(10), 185(28), 93(100), 57(80); UV AM©H
218 nm; 'H NMR (CDCls, 500 MHz): 64.04(H1 beta), &4.61(H2), &530(H6), &
193(H7 alpha), 82.14(H7 beta), &1.72(H8), &502(H10 alpha), &6.07(H12), &
2.84(H14), &1.03(t-Bu), &81.11(H16), 8647(0OH3), &87.47(0H10), &4.92(0H1); BC
NMR (CDCls, 100 MHz): 873.87(Cl), 891.68(C2), 683.01(C3), 69855(C4), &
71.79(C5), 87868(C6), 836.71(C7), &4865(C8), 667.52(C9), &69.16(C10), &
174.01(C11), 8109.72(C12), §170.35(C13), &41.62(C14), &176.47(C15), 87.93(C16), &
28.96(C18, 19, 20). '

Ginkgolide C; FAB'-MS: 440(19), 425(13), 149(11), 93(37), 57(100); UV AMH ..
218 nm; 'H NMR (CDCls, 500 MHz): 8398(HI beta), 84.62(H2), &4.96(H6), &
4.04(H7 alpha), &1.54(H8), 84.99(HI0 alpha), §6.10(H12), 6281(H14), &1.09(t-Bu),
8 1.10(H16), &6.48(0H3), &7.54(0OH10), 6 4.97(OH1), 8566(0H7); ®C NMR (CDCl,
100 MHz): 67365(Cl), &91.93(C2), 88292(C3), &9825(C4), 666.42(C5), &
79.05(C6), 874.00(C7), 84899(C8), 8663.76(C9), &6898(C10), &173.90(Cll), &
109.52(C12), 8 17057(C13), §41.56(Cl4), 8176.40(C15), &7.93(C16), &28.95(C18, 19,
20).

239 AE trilactone diterpenoids (ginkgolides A, B, C)&} #7104 AZAQ
diazinon ¥ 7Ftulolo]E A 4ZFAQl carbofuran®} fenobucarb® A AT ¥ H 7
e 4582 nFTLAGYPoR N AHFIYHE 1.12). 4FH9) Z7]E ginkgolide
C>ginkgolide B>ginkgolide A9 22 YelW} o™ ginkgolide CE 71&9Y AFAS
7}&d diazinon®} ®]&3d AZF & JelYJ oy} ginkgolide A9} ginkgolide BE 4
F¥e] 28 oL ¢ F AN
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MeOH extracts

EtOAc Fr. Water Fr.
(Active) (Inactive)

dissolve in HXO-MeOH-acetic acid, 70:30:1
filter

Precipitate (yellow)
(Active)

dissolve in acetone
charcoal filtrate
concentrate to dryness
dissolve in MeOH-H,0

Precipitate (white) Filterate
(Active) (Inactive)

dissolve in acetone-MeOH-H0, 1:2:2

Filterate

(Active)
Si02 column

cyclohexane-EtOAc,

6:4
HPLC, Cig column
MeOH-H.0, 37
Precipitate (white) I | m
(Active) (Active) (Active)

2Yg 1.10. &3 9 AZA 29 trilactone terpenoid 329 i FAAY.
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Ri Rz R3

Ginkgolide A OH H H
Ginkgolide B OH OH H
Ginkgolide C OH OH OH

a9 111, 29Q9 43Z4¥2 bilobalide (1), ginkgolides A, B and C (II)9] 3=
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E 112. &3 A A8 FFAE AT AT @ HFEA

3 ¥ £ 71 & 71 (£ SE) LDwx (ng/%) (95% CL) ZdsA®
Bilobalide 271 (£ 0.39) 0.26(0.19 - 0.35) 12.31
Ginkgolide A 227 (£ 022) 64(55 - 73) 0.05
Ginkgolide B 1.81 (= 0.16) 16(14 - 19) 0.20
Ginkgolide C 229 (£ 0.18) 9.5(8.2 - 10) 0.34
Diazinon 272 (£ 08D 76(39 - 10.0) 042
Carbofuran 2.80 (£ 0.56) 1.8(1.3 - 2.4) 1.78
Fenobucarb 2775 (£ 069) 32(2.3 - 4.6) 1.00

*Fenobucarb®] LDs &€ 12 3t S(1.00).

3. Bilobalide?] o}A)| € Z Aol 2 H 2} Al (AChE) A& &4

239le]l Zd AFAAEQY bilobalided] H4FAE vWFUEFE EAlEZl Y3
AChE A& A Q) paraoxon® Bl 23t (E 1.13). #7144 paraoxone AChEE %
A Asistd oy (I, 0.403), bilobalide= AChEE A #&tx] it oleigt A#=2
2 bilobalides A7l ZH&3t= Aoz ADHUT

® 1.13. A&} 22 AChE A 24

Compound Iso (1x10°M)
Paraoxon 0.403
Bilobalide 1.031
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4. Ginkgolide C$%} Bilobalided =4

23 Ao 4FAHEQ ginkgolide CS} bilobalided) AF ol gy FAHASAHL & 114
oA et ol AFEEL LDy gtol 1000 mg/kgl 2 THFo izt o] o
@3 ¥

B 1.14. 239 4E9 AFA A@ S854

Compound LDs (mg/kg)
Ginkgolide C 1000
Bilobalide 1000

5. Ed¥oldA

HALZAFA(S-9 mix)d) EA 2 WEA3IAM  histidine FFLFHE FTFY
Salmonella typhimurium TA-1535 TA-1537, TA-98 ¥ TA-100& °] &3t 2%
A5 &3E 2 ginkgolide C 500ug/plates i FE 2 3l 31.2~500 ug/plates)
5 @Al FEAAMY EAEAR)AR 4FE AN 1 dAE E 1159 HERRN
o TA-1535 % TA-100 59 FAHNZLQ Sodium azide(SA) AT+ TA-1537
TF9 FANZTA 9-Aminoacridine(9-AA) A2+ % TA-98 TF9 FAN=F<
2-Aminofluorene(2-AF) A7 24zt EASARY] FR2YUF7 Fo4AHA F7t
£ 4ed 93, ginkgolide C A 7E AE3 RE 59 ArdoAldAM M@
F7tel] e EAEA] 225 FoFHQ Tt #AHXA ggtm, =3 A

22424 DMSO%E MId Aerdx A9 n§d 9o F2 st BIHUY
w2}, ginkgolide C& 2A1® WA S typhimurium  TA-1535, TA-1537,
TA-98 R TA-1009] 478 AlddFol disl His™ — His"29 BEAEdWE {23t
A dE Aog BIHUG
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79 A4F ATFEAHERQA ar-tumeroned S. typhimurium TA-1535, TA-1537

TA-98 ¥ TA-1009) 470 AT T4 disll EQAWolE FEsd

¥ 1.15. Ginkgolide C®l Salmonella typhimurium @5 43 SAWo|dA™

) ) -5-9 +S-9
Test strain Test article  Dose (ug/plate) Nean = SD Mean + SO
TA1535 Ginkgolide C 0 174 24+4
' 31.2 19+5 233
62.5 23+4 1942
125 196 277
250 161 29+3
500 22+ 26+6
TA1537 0 4+4 181
31.2 5+6 17x2
625 67 19+3
125 1N+x2 22+4
250 63 15£3
500 111 MNt7
TA98 0 365 45+6
31.2 30%10 39+3
62.5 32+3 4 4
125 25+7 46+2
250 27+4 43+4
500 37+7 46+3
TAV00 0] 98+6 : 1105
312 g5+10 12010
625 83+2 1324
125 1101 134411
250 1125 14211
500 98+6 19x17
TA1535 1 430+63
TA1537 50 190+32
TASS 1 527+45
TA100 1 51412

* Data are Mean * SD from 3 plates.

** Sa; Sodium azide, 9AA,; 9-aminoacridine, 2AF; 2-aminofluorene
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z
92AE QN2 YAl 4T HF34 2 JAH2e) FA 4B AFe) B
AR 27 FdRgon 939 A8 T Be RALS obratd, AF
A% 2 BAN) AZHA A2 BFA) ALe] AFE AHol A AZE AZA
Agsts B = B8 YHo gF BUF RT3y 43
Dot AW ol LAY 2AL THOR sof 2L MEAE AwsE wol
o 3 sad el 9 $EE 120000~ 1500000 e Hute 4T HED
10~15d0]2ks 0 A% £8A7 L FUiP u e BAGKL, 198Nl EA2
Qs MAAZL o) N, 5T L UTH 2L AAT2RY Awss wHd
qg PZHD Y 53 ABA BT HZHEY DAL AT H3A ALl
RoiH F8E G0lE AT B AFE TUA 170 AEA D ATN 5
9 dug 23222 HET 639 FaA2e dAez 4FYNEL DAY A
Afd 934 ALY A2ARE 97 A& ARG,

FANEA 2059 78 FNAE 7E0) P $2BY 23y A, BT
A%, AR 100%, 24T 3, B9 Q BT 9 22 ZolM 95%o]

el

U
ox
Mz

KR
=

AL

32

ol

e 24FeS YEUNE, A, £F, AT, &3, ALAYY, 9T, S9YE, 2
AUF, HE5-d, viAUR, 528, EF0dA 80-90%S) 4F &l FAHAG. wFF
Wi deide &5, AT, €, ARUGE, H2AUYT, 2FUE, 292, g2y
¥, FUE, AR Y, g2, 4T, dSUR, 2AYE, 94 R, gy
F FH5AM 80% o129 AHE &S B AuFEg Fulpule) AS, M2 724)
G Fele Eay, AF a2 HARFESL dubo)e dis 43848 Jetgdd A
ol oo dalMe 2euus 4 FdRg o + E7], FEUE ¥, 29YYF Fu
A7IAE QA3 2GR @ ARUYE, AeAUR, g, JEUF, FANY
T, FIUE, HHEUT, 225, 247, dE5UT, 24 E, AR 23 23y
T, UE-, AT EOAA 80%9] AnEAE Jdeuit T}, AxA AEH

£

N

—_—
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Cassia tora 9 49%° 3% F8& sdMZFo dF dF23d ZH, Annona
squamosa &3}, Adhotoda vasica 9, Nerium indicum 7], Pongamia pinnata 3*}
FZ o] ¥dT, WFI Uy, BohEAEd o 90% ol 4FEAES EA
t}. Jacobson(1989)& &4 AZFAH <9 &2 2A Meliaceae, Rutaceae, Asteraceae,
Annonaceae, Labiatae, Canellaceae# ol &3t= A EXE° %3t I

€8 2 2PUF Y W@ EFEEE ZtF chromatographyE °| €39 &, A A
st AE8A HE S Z4E spectral techniquesS 9] &3l AP A £59 AS
ar-turmerone, <399 7% trilactone sesquiterpene?) bilobalide 2 trilactone
disesquiterpene?] ginkgolide CZ2 F+ZZ A3t ar-Turmerone ¥ bilobalided] 4%
B HEo2AM9 Haug ¥ AFdAM Moo= gy

S8 gl 22X BF Qo E AHstcdl, FWAAME old, fAEy]

Z3, olxFAAZAN $&3I JTE, 1991). 3] Fudls A{FAEe] g2,

b

2 AT %a 24F8AE AL ar-turmeroned wi§- BT AR oz A il
turmerone 2. 20]d3t5n &go S5 WYAEZE dEEY ar-Turmeroned] ¥
T R iFEF el did T84S 1000 2 2000 ppm FEAA 100% BHE HHA
3, 500 ppmA M= 2427 60%} 81%9 AFEAHE Bt EF ErtEdwI 2=y
o &td 100% 4T84 E Jetua, 500 ppmoll M E 90%Y AdE@HE B A=
+ §x 24 ol & Jhe4dE At

‘B Y Z(fossil plant)"olgtn® F 2 PUF = & - FURI 44 e 3
4 AFCR2A 1,000d oS Ate AFELoE A Jv A AdEE AT 9
Fo di# olFH JHE AA Fn Hotrbr] dEd e HAREH A7 it H
ottt BRI F2=t due 48 R 3 - ALGAEA dFE FLeA de o
€50 g=d, 2y vl UF Bel 42o9 Ak cyanic acid) #@ A7 H Ul A
T AAFTFHS doA B, TE, 94FNT FAM dehdda deizien,
FAE G dS BFTHY ERAANE AAEY A 4% L X5 aHs}
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T Aoz Ao (E 1990; X, 1991), BHFAMA tEoz AEsisol A
AT olspo] 2 pF o ezt go] difME Bo] AFEnH Yoy 4
o WM ¢ vy Aok E AFA ¥EF 2FAHEA bilobalidest
ginkgolide C+ trilactone sesquiterpene®l F+ZE 7[R Qo] 71&9 AZ A= A
¥y o0& 72% 7IA3 Y. Bilobalided) ¥ yol i@ 4FAFNE, BFYY AS
diazinon, BPMC, carbofurane] ®3te] ztz} 31w, 184, 1.3u) 7t o @3z
oA = BPMCEY 878 723 43334 E Uel AR, carbofuran® s v]&d A
F8 & Yy

Bilobalide 0.01 ugE 02 ul®] ot Eo] st HEAF HFo FH i vFZ
XY F FE7F € AP YojFA Agde FEY EV1E B2 L7 FF
& AAS R oY, M 2048 AT FREH FR9 BRd 4
goz dojhd. "ol ¥EFE vl g ASA A-hsde FAS FA) Hojxwt x
3 3% HYoz WIHEAM A 309Fol AFHHAAN ¥ 2 s viPTh 0.2u19
FHIETE TAAY ERTY BETFE ol FAL HolA ¢ FEY 1
dod w72 AL FFFAD o922 bilobalided £FH 24FIH L FEZA
< Fhutoo]EA 43 A <A BPMCY carbofuran ¥ I 22ol=9 A3} A9 A}

H

A
2
g4

r°"

b AUe doswA v

A

_,_,
uli

'~

& Ro2A, bilobalide®) 4 Z w7} F-& BPMCH carbofuran®] 7Z-$-x% olAdgd &
ol 2e2tAlE AalistA] 7] W a2 el=9 Po] ANA AgstE Ro=
F&dr.

HEol 7k 234 2AUAES RAJFEZ 3 2 AFA AL 43T
Bt ok gstat FHAE 9 dFQ Physostigma venenosum EANA ©eld =
4 &< physostigmine©l acetylcholinesteraseE® Eo|& o2 As&dttts Alalo] Qi
o AFde Jd¥H o8E FFHoz o FEATHELE AXdIDG o oF
physostigmine®] %4719l N-methyl carbamoyl?] §5#%F +£4448 §E47 &3

93 FRde BAZ st 3ol AY gt W, ALY FEANNE 18 £
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A7t HEdHo] BE =Fd A & HFHol Y&ol ¥AH (Metcalf9t March,
1950), 7tutsol E A AZ A2 9] Lol F&x2 A} 19529 292 GeigyAtal
A %2 Pyrolan°] /WE U3, A&3HA carbaryl, BPMC, isoprocarb, methomyl,
carbofuran, aldicarb §°l /N2 A4 (Kuhr$} Dorough, 1976).

=3, AFI Fd FHE AFAHEA pyrethring, DDTS w37tz 2347
Al FA9ele K, Na” iond] TEAGo 42 Fof YA AAAT A
Baste MAA7le 2FUIIYE S 7HA7] W& oll(Narahashis, 1976) §¥% £3
Zted. wEdA Ay azo=ryg 453 43 gy
PR 7HR AYES RV AN AEATAH] B2 I FBHA Schechters
(1949)ell &M Hzeo FAYA2=2ol=2  allethrino] HEHNUR, A&HA
deltamethrin, permethrin, cypermethrin, fenvalerates°] 7@€ 5o} 27| g FA&
271goly doj2EF o AL AFAG ARE, Yo E {55 FAdAFES A
7] A% 2FA2 ASE AAAHez BEAEA AE&H2 U (Elliots} Janes,
1973).

to

N
8
=
&
5
=3
kql
i)
]
A

2 A7233 or-turmerone A VA B opel FA2A L85HE 21
1o, Wee) eugenol? isceugenole WEEputzt WelTolo) Os) Be 4FEA
2 Yehith 283 bilobalideh ginkgolide C= MRFol tate] 712l AT
A4 %A (BPMC, carbofuran)®} ¥|Zslo] S9d 42 EHE B 2 ohje, 7g
FAZe] WANE SoleTY VZYHE BolA Pob, SYUTYY H2HEL
ol e Be MEd 42BHE 2= A2 UERY T@, THTAHO) e
® oheH(LDs, 1000 mg o14) EAWel AN AYH] Pt 5 FUHAANE &
487 wEel A ETRAMS  o|&754ol siddch Y  trilactone
sesquiterpened] ¥A® TZE AL Y7l WE) AR GAA o2 go) diHE
ul, o)2 #1Z37] AMME bilobalide FEAY oAx st AU wIHHE AS
AES 2R 2Ho2 S AF HEFAS ALY £ e Aoz Azyn.

|
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A% ar-turmerone® eugenol, isoeugenold A$ AZFuFIUYSTHE L ATAZA
o] 87t B dd A7rt FYHAAL & Ao2 AZbE 1, bilobalided] ¢
HA T g FFoUE 79, sY 7Y B2Fae] HAEY R F4TF Y
FEg Tl B A7V TBAH R FYHojol & Aot}

rO
oo
AN

, A%, BxF, =3A. 1992, 4FA NEE AT AEAAYY FE ILA

Ay 2 Sl wE AFA FeA 2ol FFEETF I A 31 452-460
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A24d &35 A4A4 2 7198 A

AFE A3 Agd FHAAN AFZ YAstA] Fgod AdHz, olAE TFo] of
Mete BH sl AU matA HE LA A A2 P20 Wad 7
o £84, ns4, A" EF A AT HAGn ste BHAA Ha fE Aol

54, 444 S 7t eAdA 28 Tt AuA g o2
8} & A o] 8 2 (bioregulators)ol] 2} 3, 3l %% @ 2)(Integrated Pest Management)®]

24 vlyo}rte FA0l dchBarrons, 1981; Bum%, 1987). ol2i& #HoA F
ul, EF HIATEL LAARE AMEEEo] oj¢ F& 8H FAo AT 54
Mol A BejAlol Eqete BE FETY 2§ E H(semiochemicals)e] ol &3 &
A £F& wFA HUeH, ol o83y #HFY YEE Adsunz e AR
st A m Ark ol g 2, MT(Bacillus thringiensis 5) ¥ &% ulolgix
(Nuclear Polyhedrosis Virus, Granulosis Virus, Cytoplasmic Polyhedrosis Virus $)8
o] &% vldEAH £ (Kang, 1992), &% 9 pheromoned °l &3t Wy, a2lxn AE
d EA3es T EFY OlAYAMIE F 5E F(toxins), FUE H(attractants), 44 =
= AteA 8] & 2 (deterrents), 713 & A (repellents) ¥ T A2 E A(insect growth
regulators)5 & °| &3l UYL & + IdH(Nordlund%, 1981).

A E FHEH Ae olAUAMEELS T34 o2 mevalonateE VT EAZ &
terpenoid ¥4 B £, shikimic acid& W FTEZZ &+ phenol GAZE, o] x4tg A
TEZEEZE 3tE nitrogen FH B2 JHA TEoiAH, o2 2R AYFL FH9
BEEFH Vs L AAM(Smith, 1989), Fofl weh £, I Ryoz WA
(Ehrlich®} Raven, 1964; Smith, 1989). & F#/ell& & 400,00059 HEFo] U] #7)
EEY 22L& 72 A3 F38 B o, A7 Bad 23 dAabEe] b8 3

2} 3~4 % utol] <t¥ti(Harborne, 1988)= ZAE o2, olA71x] BL nx 9 gH22
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ol Aok ¥ o ol AUtk
Ago] EAe F 579 olAUAIE F 5EZH(toxins), # ¢ E 2 (attractants),
A £ A3 AHE A (deterrents), 71HE A (repellents) R TFAFZ2HE A (insect
growth regulators) & ol&3= ¥ & & 4 U= d(Nordlunds, 1981), olFojA A4
E FAAM 3o s BEfsA 848 s RE, 25 AAE AAANE A
AAHARZA, o]EL AR AHES Fol e TF9 AU 4FE Fo
Hol gAol] Mg Fn, o)aAHoZE EAL JHA YA o5 FFagel s
A GAAse AFAE 5& dohSchoonhoven, 1982). WA ol e FHo
2 A3 AAAHEAL @2 AFT A FHEHA AEE F e HAE
Ztx AZts] 3 glth(Bentley, 1984). © A, o]E9 F2& EFHo2 Ao Be AA
HQA EAE nejs B 9@, 28 g4A §&H71e o3 $U, Ley(1990)< neem tree®
¥ £ed azadirachtin® Fx-84 @AM FEAHFEU hydroxydihydro-
furan ¥ ¥ FA o Spodoptera littoralisell AARET A, o A, HA
azadirachtin® ¥]&% BHAEE Lo AZFFT B QoA HAAHNEAS &8
Z& HE F ASE AAE b AU
EAQste T sy wolBAe T oid JIHEAZAN, B35, g=
g, GUl3E, A2 AR, A2AFE F 2004 THY FLAH Aol BuHe] g
EU(FF, 197D, o] HEFH AE 2 48 F4 JE2EH} B, dFd JIBAS
ZFA 3 Atk AERE F9 dEAHQA HLAPERL monoterpenoidsol Al EFo] diE 7]
@A) 4zt gel geiA ded, o8 AYELS AZEHS /AT oM, XA
¢} lEZceote] & 9 AEee] EoA4 S A AR HHarborned, 1991).
7194 EE ol &dtd AEsSR AgE dRA, wE B dFA Mentha

e

pulegium2.Z ¥¥ Feld pulegonee] & A Aot EFH, mugwort (Artemisia
vulgaris)®] BHAEo] AHEE L7 (Aedes qegypti)d] WF Z1FGAZ AARHn Y=

g, ol AE FdA linalool, camphor, bornaol, isoborneol, isoboryl acetate %

-203~



terpinen-4-ol ©] 7% 71584 & Jetyvi(Hwang, 1985), 15 #¥EL 7922
Ab£- 5= dimethyl phthalate®} ¥]53 42 Jelyidd.

ol AE A #AFA] FEFAA HEA R HEY HAAREE A
Z wAld olgHn ed, LA FHMFTH ARAFT TAd o &H2 A=
pyrethrins= A &2 (Chrysanthemum cinerarlifolium)® sZWAAZ de ol&Hxn
Je AFAENY, £ Ax @ o=t M3 = neem tree(Azadirachta indica)
9} H¥E< azadirachtin® 200439 #jZFo distd A A3, A2AH, 4F5HT
FHAS AeleAd e Yetdn 3ok (Saxena, 1989).

o]¢} o] WAVHANABL 122 RE ANIYAS RINFEZA T8
g8 32 Jdoen ¥ Fad AL a9 YA, dAl, A&EIIUS AP L F3
ARG g oAl E ZA Fozn AE AiYolgte HelA ZH 2L 7
o] LR olfXtkE HoAA & ot Ut EF T2EF9 AR, HAS
A7 AT ol5d dT FolAHA AMAE AR HFEANA e Ax HM2E B
FFES WAGE 71FE Y Aoy A&uFtUFY WP L BALAC g
FEo GEE F7HE Aot (Ley, 1990).

N
oy o R

2

>
52

olE Y TAEAEL /AR e AHAES AFde wHoRE d9HA APYY
(random collection)® Z&@d @ o] 7| E5o] AU oJ]d HREQN F&2 M5
Hoj-g A% olgjd wHoz AFsE Wd(anecdotal collection)o] A (Ramsworth
¢} Bingel, 1977). Miyakado(1986)= anecdotal3t A F e Q3 w<F /fgy &34
randomd A Bol o HFZEo] 247 412 %, 239 % 2A] MRS LA &Fo)
o zov, ofddiyt ALY AHEH oW HEZFEY B HITHES 4
Zt 178 0 ¥AEZ AA7 A =t

& 47 vy AAAE 2 SR EA F 48T d9Hd AH #
anecdotal collection®2 AAIdd AAHA F2 JulF #HFA I L, FuiAA
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oyt #3F, 840d dE dAAHBEEE R 7IHEHELY B4 T HEA
e A RAA LS A SR

O0. A8 2 %9y
1. gAY 35 % AsxA
A AEAE XY, JAATFAA DA AR € ABAFAD)AN T
o) o} A v FH(Ranunculaceae)] #E9) 47F F AAAHEN AR L ARE AU
A SEAZ2E F o712 ZotM 22z BsnuN, 4o Mg 50 g¥g 500 ml
Erlenmeyer flaskell ¥ o€ 300 midl AHAA A& Gt 347 A At
3Y Foll A AATFE AR E AF M $Z7(EYELA autojack NAF160, Japan)
2 40TCAM ZAEF3NA e RFEES Ao YEHA NEE AHEFHAC
7S8R ARE ANRE AEA FF HEEY HES ZAANIY] A3t 2E T
Z AgA7A guvsdon, 4
o F&& Pt 2% FHTS A& DMAAM wAst 3000 ml 5 Fgx=2

o] Y3, heating mentled] ¥ % samplec] ©2 X9 2% & & 70C=2 33,

FZ715 %Y (steam distillation method)& 1§ 3}

diethyl ether$} hexaneo] ZtZ 40 mi¥ (I/1, vv)2 B9 Ae FFSe2a9)
heating mentle®] 2%+ 30~40TC (2 38C)E 3l 2417+ B¢t 71geyget. 8 &
Fated o Mg ¢ 250 g2 FJeH, &2 F FEE £9 FES QN7
A8 FFIFMUEE (NaSONE 4% ¥ o ¥ 2AAJR, olF oA
(Toyo filter paper NO. 2)o A2 FZ3ddd.

kI
i & U (Plutella xylostella)™ S AAvlvy (Spodoptera litura)S HIE%F
02 ol&d&on ol HAZFAH THE A ¥ APAU AFoEM &x 27 *
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1T, 3HEE 55 £ 5 %, =343 16L : 8DY ZHo2 ASsigich gulyvg ¢
v E & ol gsted, AHSS & A7z 9o siwd wgd F3dd (Ahn 5,
1992).

3. 3E3A
1) AdA884

AEEZ0 A vEge 2FEE9 HJAANEH S ¢ = (1992), ¢S5 (1992)9)
gl weh, £ A¥dAE 5000 ppmE 2L FTEE S APAYLE YEHAS
P&t At

Cork borer2 22|\ FviF (Brassica aleracea) YAHL o] &, choice testZ 4]
AAAEYE ZABIATY. Al olAE £ dgd %A F ARGAHAA Triton
X-100 100 ppm & A3 1:9 (v/v)9] ¥ &2 3t ¥ 5000 ppme] F2E FMAL
RFEAT o] &dd A (FuiAARIRES AR 2 om; MEFULL A
€ 1023 FAsPen, dE2F2 A= Triton X-100 100 ppm F& Aozt JAHL
1023t FA8AT. ol A &E hoodollM 2 AIZE FAANA Ao &7, GuiAA Y
T3 MFEEUY 239 FF5S A2 100k ARl BAbeln UM % 27 + 17T,
BUFE 56 £ 5 %, ZFA 16L : 8D Aol $AF g, A 243 T 42
BEE ZASAT. 809 A Se AXSAYE o] 43t FAAE 05mg/disk
FTEZ A

Zk N7 AAANBA (antifeeding activity) ofeje} & 2o 2 A&t C
T dxTe dAAEels &Aas 44 A$de 100, AR e ALoE 0o
sgRed, Te A7 AP 2A vhdstA2 A8 443 2$E 100, 4484
%e BT 022 st AHLPAAEE A4EHA (Ismans, 1990). A& o] 100~
80 % ¥ B¢ ++,80~50 % 4 A +, 50 % Wed B¢ - = Hrisgdo

1 cm)

Antifeeding activity (%) = (C-T)/(C+T) X 100
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2) 71984 AA

Z19aFe) YEHAL ANE 5 mge oHE Imldl S AARAA 2 cm)oll FAIA
A FY ABAFAE 3 cm, 20 30 cm, £71F 15 cm) 9 FF £ Y1 t& Zd &
Suirte A2ty 7IHERE AEAC BEHAL AFED 10449 V9 AF S
AR L, 24 A 719 8AEREE HAER B35

71984 (%) = AHATE Fdd JUdAYG = Y5 Rols MAF /

A X 100

4. AAAHRAE ¥ R A

el deg 2ol Fe HAAN BYE vl A7) HEA WL 2EEE
20 g& FF4 800 mish 4 800 mio] =) 2 L BAGTe] Y F s w2
NES $AA Sul7t F HOES EEo] £43 ANBoz Poses o 0%
Fol e 2AATE o]§a A4FL Bolulm, 30 A& A 800 mE ol

A GAZM, Folde EF dHotAEHo]E 800 mlE ¥of il EujAd FY
P o2 dEotAEHESE 23] d HAX Folhurh

o] o] BujE Y EMNE FZTIIXEFE JdEoAHOESR L 229 4
T2 ey, oF EFL FHEUZXI(Vertis, USA)E o439 1FAdsto &
AAsH s, HYuF, S2RIEFEF, JdHoMMHEZLE IJANFFEH7I(EYELA

ok

Jo

tlo

autojack NAJ-160, Japan)Z &334t}
AERAR A3, SE22XEFTAAN 7B 2% 848 57 fg&d, 842 2452

Silica gel open column chromatography2 ¥elstgich. f2#% ZU(PTEE end plate
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A)E A5 Qo we} WA AR H o9 Silica gel 60 (70-230 mesh, Merck)
o] ¥ Ag¥e 50-60 ¥z HFAoh. FREFF HMEvl(eluent system)E
methanol/chloroform gradient(l, 2.5, 5, 10, 100%)2 &&AZt. A8/} S22 X o)
U R ufol ZAE B, otHECY wEgd X 2% silica gel2 AY F
A ¥ azclEad%E P

EHE ANgc WFI2otEaW(thin layer chromatography, TLC)ol 93

=]
T

ethylacetate /hexane %+ methanol/chloroform2 ¥ 3u8]2 4o] A/A & TLC
plate (SIL G/UVzs, 0.25mm, Macherey-Nagel, Germany.)A}4l A 7l€ band patterng
UV hand lamp (UVGL-58, UV-254/366nm, UVP Inc.)2 #A& e, T spoto 2
HUHYE M2 A ZdsSed T AEAARE Yo

Silica gel open column chromatography & 33l ¢4& 42L& nLAdAazENE
adg2 B, AASZ] Y8l UV spectrophotometer(HP 8452 A/diode array
spectrophotometer, Hewlett Packard)& ol&43t9 Hd F+a344e HFAsdd
(reference solvent: MeOH). 58 HPLC:= Waters Delta Prep 4000 systemS A&
st o, Z8l Bondapak Cis prep. column (19 mm id. x 30 cm, Particle size 125
A, Waters)S o] &3 on £Z8vl2A= MeOH/Acetonitrile/WaterE 5ml/min %)
zdoz2 dPAqd. olE EAHAHEL 510%(compound A), 5.14%(compound B)9
retention time2 X olt ©Y peakd SIFEZ FAHU

olE VAT C42217% C42229) 2/} HEE #Z FFF %o IN HClE #H7lstd
IHE AE, 75% HIE Hrlstd AAE BE dAHH
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CHCI3 fraction (24 g)

Si02 gel column chr.
(CHCls:MeOH, gradient)

Cl (1%) C2 (25%) C3 (5%) C4 (10%)

C41 C42 C43

UV, A=254nm Prep. HPLC

MeOH:H,0=3:2

C421 C422 C423
Prep. TLC
(Bz:EtOAc/PrOH/MeOH/NH2C.Hs :

8/4/2/1/1, V/V)

C4221 C4222

dissolved in H2O
precitated by
adding 7.5% HI

precipitated by adding
5% HCI : MeOH (1;1, V/V)

Compound A (17 mg) Compound B (20 mg)
a9 2.1 349 HAANHTY R B
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m. 2

1. A8 =3ed
AgA 8% WFFHER DRAND Gl B QAANEHE 2AY P

(E 21), 39, g, 78, (g, 423, oF5F, U¥ 2, IF, €3, 238, €9, &,
A, Fz, ALAGTF, 4L, ASUT, S9YYT, 7tNug, 285, dFUFE, T
AF, FEAAUF, HAGE SN BFEuds A GE FEd dstd 3
AHAHEL S e

E 2.1 FAHEAS FFTEd GuiAA L §F3o AT JAAHEA
AH A€ A

= .
A F FET ey
& Eugenia aromatica ot it
3 Boswellia carterii e ++
ok Santalum album e et
AZ3E Acorus gramineus ++ ++
LA Evodia rutaecarpa 4+ N
wHRz Stemona japonica 44 et
AT Ligusticum chuanxiong ++ 4t
=9 Curcuma longa ++ e
29 Ginkgo biloba ++ e
£ Dryobaanops camphora ++ ++
& Artemisia vuylgaris 4 i+
A4 Viola vaginata ot et
= Zanthoxylum piperitum ++ e
B2 AUYE  Symplocos priunifolia +++ ot
o LA Cormus macpophylla ++ ot
HEUF Lonicera maackii +H et
Y5 Plathcarya strobilaceae ++ ++
7} eh g Carpinus cordata + it
G Elaeocarpus sylvestris var. ellipticus 4t et
L Sryrax japonica ++ +++
AT Cornus walteri e ++
F3AYT Sapindus mukorossi ++ ++
IR Torreya nucifera i+ e+
gd Coptis japonica 4 et
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2. 389 A A

A% AAY A5IdA4EES EFMS  (JEOL  JMS-DX  303), 'H(100
MHz)-NMR(JEOL GSX-400), UV spectroscopy (HP 8452 A/diode array
spectrophotometer), IR spectroscopy(Shimadsu IR-460) 59 spectral techniquesE ©]
439 FxFARI}ASG

Compound A€ TLCAA AMsE€ 23 (Bz/EtOAc/PrOH/MeOH/NHC:Hs=8/4/
2/1/1), RfX1& 0.65Z authentic sample?) berberine chloride (Sigma)} 2ttt RA €
844 E compound A9l EI-MS(Z1¥ 22), UV(Z ¥ 23), IR spectra(2 ¥ 2.4)dlM &
A A3 FAZFEL8)S ZHE R 254 nmmI A A AP AQ F5a3 ol9fed 348 nm
HolA FFA7F dElYE Ao 2 Hol conjugationd TFER Y-S YEFH R, 3100-3000
cm™' M99 signal® aromatic C-H stretche]®, 1260-1200 cm” ¥ 99 signale
asymmetric C-O-C stretchE& W&t 3, 1600 cm™9] signal® C=C ring stretch®
Bl e, 1340-1266 cm 2 9 signal® aromatic C=N ringe Yebdth 'H-NMR(Z2
Y 25< ol &3 BHYAYEY spectral data: authentic sampledl berberine chloride
(Sigma)9] spectral data®t A3 isoquinoline alkaloid# 9] berberine chloride
(CxoH1sBNO4CDZE HF A3 AH2Y 26).

A A" compound B9 EI-MS spectra(Zd 2.7)91A 3539] peak: chloride?t @<
R fragment$t FA&F A2 UV(ZH 28) Z IR spectra(Zd 2.9)= berberine chloride
g 2 F4e 2o 'H-NMR(ZH 2108 ol &3t Z4A4 ¥ spectral data’t
authentic sample$! palmatine iodide (Kawaguchi%, 1989)¢] spectral data®t x5l

isoquinoline alkaloid#] ¢ palmatine iodide (CxoHigNOJ)E A AHZE 2.6).
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Figure2.3 UV spectrum of compound A
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Palmatine iodide Berberine chloride

1Y 2.6. Plamatine iodide$} berberine chloride®] +&

2. 389 HAAH Yo &4

vl g wFEY f3o] ¥ FAFW alkaloidd berberine palmatines} A
AAHNEAHE A ZI(E 2.2), berberine2 05 mg, 0.25 mgallA vl da) 7
 AHBAL 2AT, Palmatine® 7§ berberined] B3 @ S B
berberine2 WFE UL HFol M E 125 ppm FEAA B AAAHEES B

o1}, palmatine berberined] ¥ 22 TxA ¢ F4& 24T

¥ 22 ZA @in R wFEFUE £F50 AT AHAHGEA
K e i . O e

A% s = Berberine Palmatine
g7la) 05 mg 4+ ++
0.25 mg ++4 .
0.125 mg .+ +
vf U 500 ppm 4+ T 4+
250 ppm +++ ++
125 ppm R s +
62.5 ppm ++ +
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3. el W@ ANBY 222

212  FANAEAS  gulFo)(Stophilus  oryzae)d  BubFul(Callosobruchus
maculatus)ol ¥ 719 P E AN AH(E 23) BDI(EZde B g Auy
olo] disjA 100%S) 719 AL JeElY R Feke] 80%9) VAL EJY 21F HE
A 25 guifold dajide ojd B4 E veldA @i

¥ 23 WFF LA EA apojd A Z|9EH

4 2 9 227 13 2
v} o] g7 o)

2 ¥ Magnolia oficinalis Co - -
A &  Eugenia aromatica Ra ++ -
2oy Pgeonia suffruticosa RC +4+ -
% %  Piper nigrum Fr - -
i &  Theum coreanum Fr - -
98 Lysimachia foenum-gaecum He - -
At B Clematis finetiana Fr - -
© &  Nauclea officinalis Ra - -
L24+%  Evodia rutaecarpa Fr ~ -
Z % Zanthoxylum piperitum Fr - -
A % Zanthoxylum piperitum WP - -

n} Dioscorea batatas WP - -
WE 2 Sterona japonica Ra - -
2 &  Aquillaria agallocha Li - -
W A Angelica dahurica Ra - -
AN F  Ligusticum chuanxiong Ra - -
2438 Nardostachys chinensis Rh - -
A A Viola vaginata WP - -
€ ¥  Curcuma longa Rh - -
% &  Boswellia carterii WP - -
€ 8  Ginko biloba L - -

*5,000ppm treatment.
Sree: >80%, ++: 80-61%, +: 41-60%, -1 <40%.
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& < BE BHdH #FY AYY ¢ 59 ¥2ALE op)
3, A% R B AFLA 2L Y AFAHASA sgo] AFET AR
AT 2L FFE MEde Do A A Ao QT s} Jde2 Ry

BRREE TS A o8 AY aAE T¥o2 9 Y2 T ALsHe

o

o govt, BetE 4ol 4@ YHLE /0,000 ~ 1/50000 olzke e 43

B 12

10 ~ 15 dojegte 2@ A A8 2 e v g9 £ (KITL, 1987)°)

=2
=

i

TAZ A& AAFE ojn] HE, FE ¢ AAET 2E HAZT2REH Mgse
el =8E ATt A9 53] HEAN G/ IR ZHL HY2g §3
o s fgel lolM F2E oojg spA.

€ d7oNM, 48F HEAY dESFEEL T WIF A3 SuiAL oY
FEEFUY 2230 F3 AFE AFA Aukroie upEeE v R F2 AYHFQ
AnE Wdos B8P e FHd, AR sFAHE2 (Bioregulator) /N
o 7128 A7) A% ANt 2 4F 4, iiFEudy @uiAA YL £33

of e 2% AAANEEL FH, A, 3, Qo ARE, o5, WRI, AT,

ja)

<8, &, A4, 84, Fx, &9, ALAUT, FAdLA, HEYFE, FTUUE, 79,
FEF, dSUE, LAY, FEAUT, HAUYE SoM BRHYEH, 53] FA
£l ¥ berberine 05 mg, 0.25 mgoll Al &slivlo]l sl 243 HAAHEH LS BPgon
Palmatine®] 7 berberineol ®]3to] ¢t #49& Btk =3 berberined wlFF by
3o dAME 125 ppm FEAAN 2B HAJHEAHE 2Qo4, palmatined
berberined] B3 22 FxAA AF TAHE EJAd 21F A EA 9 BulFo)s} gupyp
Ao did 719 e4-E =AY FH Bdu{zde R gA)7t ZuiFoje dEA
100%9) 71843 HEPAAT Aol 80%9 4L BJou, Bulpuld A
21F HEA 25 oW €4 Jgux gt

Jacobson (1988)& A& #Fol did VAHEAL AMAFSHAEH, neem tree
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(Azadirachta indica)7t &8 Q€ BFEUFH, limonoidsE ¥el #F3tn Ye =7
2, 233, o3 P & S W AEe] Bel RuFR e BEATY HE0 4
B4 dFAolA 2H2A fHscdn Ak £ AFAME A7t HES Do)
AAdngg s siEEugel Q2R B, ok, AP vz R 3499
AgdAM T AAANEH S YT FgFde &3 A EL sesquiterpene
lactones 3tgEe]l Hol HuHo glow, olg #YE £3d=  polygodial,
warburganal, muzigadial 5 ¢} sesquiterpenoids Pieris brassicaed 5% # %l dlsto
settztr gl JEFE Fo AL Adste Aoz WHATW (Schoonhovenws,
1989). ¥ A@elAe Zste] @4 HA] ol HYFE gl YA FES ¢
BuUle Ao F&5dg. =3 Ao AEL AAZHeR o 300050 Rus] =
d]l (Lawrence, 1970), oJxttHAMAE 2 A HE3EEQ coumarinF ] 8§ Eo] Bol &

f 5o 2o (Berenbaum, 1983), o] o &3t A¥ A EAAAHE o]

i

AEE0]
AAAd Fad 202 Afsn e A2 FFEH

B Ao, 2 4AAHRLS Jehls FAL viadFae &3t SR E
22X, 435, 1A, 294 Sl ol&=Hed Az R T2 oj=e AlE o]
ZAQEE= Aoz A U

AAANEAZA gF=2ols, HaAFE L AT E Tl ¢3A ded, &
AT AY AEANQ 3o 2HE berberine, palmatine ¥ o2 nlF5AH el £
HAoh ¥ AYolA berberine ] L wiFF b {Fol diE F¥ AHAAE
Ag B 3889 AAAHNZLE dridFel BaiMe 2 AFHL UAA FES A
eholut, Mitchells (1984)2 2 & U+ dFAHQA FZ=2Zo|=<l spateine, nicotine,
quinine® Entomoscelis americana %9 galeal sensilliaol] dia] H7jAdesygdez
A83% A3 oA E A g3 ZALYL 9o, polygodial, warburganal,
muzigadial 5 2} sesquiterpenocids= Pieris brassicae®] 53 #%°l Wsld stz

£71o 43¢ Fo] AL Adsis Aoz A (Schoonhovend, 1989). ¥ A+
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o &8 berberine®] Z§ oF2 HAAH HALuFlUFe daAA LR b Qi

A gd EAE 7N ERL Palra, I L, S, d2HE AH, ALHYES
2009 79 YA E4-o] BuHol d=d (FF, 1971), ol &2 A 83} 4] Z (alleopathic
interaction) ® o3 F9 Y3} B3, AT A3 BAE /A2 U A SR 39
HEHA 324 £ monoterpenocidsll A 230l & 7|H B4 9 & 7IFAER F99
7t 250 daA Bol AFHJAE, o5 FFELS AXTEAE 7HA D glofM, FA A9
DgZ=gole) & % AEYe] EAY & B4 AU (Harbornes, 1991). £ @-FoA 9
71984 & dgds A AEY 71984 dstuFe dside ¢z b gled, k9
Zhgol 2% Aoz Y.

FF, eyt @A EAQA FAAA 2 EH ERY A S} H4AAHY oI F
o] | 3 A77F A g ojof ¥ Ao, =3 AEAERNY By ¥ 5 dE
SLHZANZN Y S BRSNS AR ER S L3, 24 sl FgA o o] &8 A
W22 ML FP AFAAER S MEstgol & Aoln AFEHZF LAS
AT 2o At FaE HELARTH 7IHBHEA S Bestd 79 A NLsteo}
Aol

[

AEFE, 8D 1992 4FA ALe AT ASHEYY ] 14T /18wt =3
o 547 s 2 AFEY fAA viAEs T T3 LT3 A 31 182-189.
MEE, A, AT, A 1992 2FA LS AT ABEAYY Y 1A
Y R TR wmE A3 BFER Aol @383 3R] 31 452-460.
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A 3d BF Ui 7|HEA

LA

E {5 &4 (Mammalia)d] 43+t X[ (Rodentia)e d AAlHog 1800 Fo] £
¥sn dod fevtete] F9 A (Muridae)®t thd# 2H(Sciuridae)7t J I ol
9 &, 15 flicl 71850l Yok A F FEo g FHsle olul LW 30008 9
AE9 715 FH ZolE F Jdew, &+ oA 1do] AYd 900ty H =7t
A7l EebE Y fHold HE (o], 199) 22 AFoA Eolol A A o
g AFEH &A% H o

A Foll o ZAY Fa] 53] w2423 Y S8 AT e A% 3H¢ €
o o]25] ol Y AMHE AMAUET A of 58 ot FAH FHAA FHol
ojg #H2E ®ido] FAZ HUAKl A  FAt#H(plague), HEdF
(salmonellosis), A1 %L E (rat-bite fever), & & 4 £ 3 ¥ (epidemichemorrhagic fever), &7
vl o} F(leishmaniasis), ¥ E 232t Z(leptospirosis)® & o2 2w wHAe ¥
27t o2 43 FHAME A7 Ha ded, WHOO a2 o 409 % <
HATE &7 F Reg el UAckGratz, 1983). 1990t 2 dAf AxHE )
LE7F 4dEsto B AR gAs o, of W S4WAE AW A HA +F
& Holnx U

gy, 0 o| FAMBODE 259 3: $4(gnawing)d] B4 sHATE A7
dtck & 4 ok “Rodents"@he ©1§ 2 "Gnaw" & #ed¥S ouisted ddold
14 cm7tA ZAguvte A8 e EX(incisors)E Mol HHAl FojrAgoz g o549
AEo) AHFAHA Aol Huz AF 2F FREY £ 97ix Agdes G0F ndA A
of & welM yFyY, 7, oldd, TAYUE, dFuF T HoledR zE F4o
ded dE7xE, ¥ ¥olued 7Ry Fw Ade ZHo)g ¢

4:
Aols T FAALA A Fle e 214714 A Aol 2 Reg 9

ojn
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532 o AA B4 A& divjal A0tk wA¥sFES T T A(pocket)©]
232 AEAA MY, 2EEH7] F& A7t Hol Ao AT Jg&Hrt FFHL de
d A FAAY ez FE JA7 rhHEE BSE AHEAHALE, 1994). 4 ¥
old AARCZ H4AL & F UE FHOZ AF FAE A FEA J¥ Ac=
FRHD Yok =2 FU9] S 22 TG A9 FS FHoz AAFF] BA,
Z2oiujd Az AF AH7t T o o229 dgy T A WA 9
H2 DA AL FA7bEo] FHEHE ASE AHEHYE, 1996).

gebA AFE oAy AL 22 223 WP A ANTU(« -naphtylthiourea),
sodium fluoroacetate, fluoroacetamide, thallium sulfate$ 9 71313 8ol #7133
< o83ty WAstd gov o5 IFA 4 E(acute toxicity) 2 U3 U
AAFE 23S 2 dE HAs dAe H2E 4AY olxAl(sublethal dose) &
AA A7 dAE T8 719EA He 590 71934 (bait shyness) 22 A7 U4
A% 22 L AG nge), hEo] AMAd FRE AE AR oprHE 24 F
59 EAEE AYx Yo =22 oy 9T HAsr] 3} FSHHAAAA
(anticoagulant rodenticide)ql vt %A A9 warfarin® fumarin 22 WA 5|
(chronic poisons)® qou A2y A &A(physiological resistance)e] ZLdEHE F9
FAZE Qo] 8 29 WA Aol ga¢Ho gk A FAME warfarin A ETo
te 93 2 g4 AHEER o

HZ 5o WA E22 REEES ATHAY 7IHAE o1&t MAA ¥R
UEE ZA3E “nonlethal rodenticides”ehs M2 Md9) WwA|Ho) AFPE
2 gled o9 PRAAM O 8] 27HI AFAE EFEHT @A MLH Qe
AL FaFor. d29 Ay 1FY WA EE FURER & NZE A FEFA
‘R-731'& A9 sBAe A, 9 H22 e oj&3n o FdEH oz
Egd Ao 9 HaA g HAY, g2 FEY FHAT ALY ¢ UdE ¥t d
FFol AHERAY R, 1994).

—_—
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2
N

-229-



HR Z1gAe] 82 AZEA &9, & AEF FARE, THEA A B3, #F
B A aAdoM AR F gled, FARYG 94 o €88 A& F2 B3 34
oA o] FojFt}. Methiocarb, thiram, endrin 5] WEH 712 o]F thirame Z
F 71I9A2E AMEEHR Joy olgo] HAL B AEFH Fad g 2o} &
etz 9o g3 24He FE 2dsior dde EAHE ¢4 dh(Koehler et
al., 1983).

B FHe] gAdAAL 28 HAE FAEEL Bt A AefAd) DA
(ecofriendly)2 Ay o9 #3+A(Rice, 1993), &7 LG (Johri et al, 1993) 59 &
A7E o] A o Q7 €23 AP JYed 71EY HAE 7 ZlgAZE
RBEFRHW cycloheximide(Traub, 1950), W&z 2& A& {2 cavacrol(Ahn
et al, 1995) §°l otk o] fox F& 7t5A Ade ZHA AAHTE AT A
43 Hol Ad&st Ha Je AL Fagoly =3 U sdex sigazgrieg
AXAZ ZgE B9t ¥ 8e A, £ FAe]Alolyt denatonium  saccharide,
denatonium benzoate®] 7%, 2E EfFol A3 o]vi(Meehan, 1988) 2 &3} Hol
ME F2 2 U ¥eld g AYn Jdues FAPE AYR Y= 59 & =3 X

Uix o FAAEAQ cycloheximidest £33 A chloropicrin 2 Z %= W%4Y =

d

do] Zetx RS5 2& B¢ AR A WFY EHZE Foh ZlgAd @ 4
TE FA 50-60dt e BLE ATl wd I oj22d Folgxn e AR
& F A

ol BRLYFE o1 F U= FU lethal rodenticided] A& FS ZAAYFH

ol AZ L A FALE FHado=z &Y 4 2+F, nonlethal rodenticideZ A

o MEe fAstel P A5 373 A AIAANLHE TASAT
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II. A5 2 4y
1. 249 8

AYFEZA Slc @ AS5FFoEZREH FY9¢ ICRATY AAUF A9 4R, AF
24 g)& ol &, Al So7t7] Aol 157N AFAAM Az o, 4P L 658 A
FAE ol g3dT ¥R (S FEANEF ZOHUA > 196%, 2 < 7.0%, =3
2 < 90%, Ca < 06%, P < 0.4%, DCP > 165%, TND > 7.3%, &A4E2 < 50 ppm
)2, X 25 * 1T, AUSE 60%, BH(12:12)9 Qs A Aoy, €2 3
8o o FF3}AUC

2. REZA

AARL B AFRAQHE, 1992)0] 93t sdd RH 3 AP (wire-dipping method) &
2 zA3Aed HAE S5cm HEoE AGH F 4 HEAY 5% TS & 3
B AAANDF Aol UM A2AFI YA ALS AR e AHt Z+ A&
Aelg AAE @A WoAFn YA 3dF A st vag B¢ F ZoJ[AVL =
(the length gnawed in each wire segment treated with test material/the length
gnawed in each wire segment treated with ethanol) x 100] ¥ %3 ZEAF[AVS =
(the number of scars in each wire segment treated with test material/the number
of scars in each wire segment treated with ethanol) x 100]5 =A}slt).

N8P AVS % AVL gho] <10% ol +++ AVS R AVL gkl 10-30% °]R ++,
AVS % AVL ge] 31-50% oj& + AVS R AVL gto] >50% ol® -2 Yehliich

3. FNNEA 2 AR 24

g9 3759 YHY AEAZ anecdotald W Ex FPL Esto Muadn
(Namba 1986, ¥ 1991), &4 % 3 (Pinaceae)®) A4 (Pinus densiflora)2 10 ~ 11€9
Aeontd s s 2R HYstel MG olgARoH PFY AETA
= AEAFADNN FARG SEAEI) NN 2907 AEAAT
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HEE Ao 7l HEAE UM opdfF@ F 500 ml Erlenmeyer flaskel] ¥2
A EA 100 g9 wWEE 300 mE 4E G4t BASAY. 24Ty B¢, B9
€ g s Fof 9AM2 vidsido 3 dF F4AFH dn UA AT HA %7
(EYELA autojack NAJ-100, Japan)2 40C oA Z¢ s%3td vgg 23588 o
& F o|F o8 4F dAEYd BAE ol 8o I AA 24 AAFUR A HE
Ao FH R AW, £&& & 319 YU

4. A714AL L9 22 R BA
FA AEAA 38F AEA FolA A R A @A7IedA 4o R WE

olF ol &3t 7] A HEY & % FXE YA A ¢ A4 HeEs 25
ZE 20g€ TR 80O mY 59 2L &Y oF ¥& 5 &4 F22XE Jd€
obAlHClE 2tz 800 mIE R, Alg¢ FIHA] &uirt F Aol & E5o &AL
3zt £8FE w58 BEARE Ar R GHEA AA ALY,

Silica gel open column chromatographyol 9j&} 2@ YL n&dsagrie
AH(HPLC)E Wt AEHA LS HYsAHA Aoz EeAA G

Hgol AFol dig 7 A 84 EAE EI-MS (70 ev, JEOL JMS-DX 303),
'H (400 MHz) ¥ C (100 MHz) NMR (JEOL GSX-400, TMS as an internal
standard), FT-IR (Shimadzu IR-460)% €] spectral techniquesE ©1-&3t9 7% @A 3

5. EdWoldAd A4
ANFFFE VIERAATLE PR ATFAEY Salmonella typhymurium TA-
1535, TA-1537, TA-98 % TA-100& cl&atqom, A 1 FlM AF& vis} 2
°] Maron® Ames(1983)9] R w2}t FA 329 QoI e S HAHA
CinnamaldehydeE DMSO°l &#3t] 5 mg/ml #& TETD °|& A FHH 3}
Zt ¥59 €92 A& AT SHAHZEAZE bilobalide® 3o A3 DMSO
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E 31 43 71948 AN TAE A EA

Plant species Family Tissue sampled
(Yield, %)
NARE  Acorus gramineus AdA 3 Araceae WP (10)
& Artemisia vulgaris =3} 3} Asteraceae R (D
ST Boswellia carterii =37} Asteraceae S (1)
23 Aucklandia lappa =3} =} Asteraceae P (31)
£y Dryobalanops camphora £ 83}
gy Hierochloe odorata ] =2} Gramineae WP (7)
%3k Agastach erugosa EE3 Labiatae WP (9)
A Schizonepeta tenuifolia 2 E 7 Labiatae WP (8)
=2 Cinnamomum camphora S5 3} Lauraceae L (15)
A Cinnamomum cassia A Lauraceae P (5)
=¥ Gleditsia horrida =3 Favaceae R-(17)
T Glycyrrhiza glabra 3 Favaceae P 2D
Pterocarpus santalinus
318 Nlicium verum 235 Magnoliaeceae WP (5)
Zu Magnolia officinalis a3 Magnoliaeceae WP (6)
A3} Eugenia aromatica 33 Myrtaceae R (38)
2oy Paeonia suffruticosa vjvijel A8l B Ranunculaceae R (16)
g Pinus densiflora 22U R Pinaceae WP (20)
& Piper nigrum =3z Compositae WP (10)
Rheum dofficinale
QAL  Lysimachia foenum BEgolx Primulaceae S (9)
-graecum
2 atg] Clematis mandshurica ujv}g]elAl8] 2 Ranunculaceae
23R 3R  Chaenomeles sinensis o] 7} Rosaceae
24%  Evodia rutaecarpa %3 Rutaceae S @
&2 Zanthoxylum piperitum <81} Rutaceae WP (21)
At Santalum album @& Santalaceae S (15)
Wiy Stemona japonica LLE s Stemouaceae WP (15)
&k Aquillaria agallocha ZE VR Thymelaeaceae R (7)
W 2] Angerica dahurica Ay Umbellitea R (18)
Ligusticum officinale
243  Nardostachys chinensis vlEe} 2] 7} Valerianaceae WP (13)

Kaempferia galanga

® R, root; F, fruit; S, stem; and WP, whole plant
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E A8t en, ¥H4dEEZE Sodium azidee BFFTFF O, 2-Aminofluorene ¥
9-Amino acridine DMSO9| &3jst] Al &3t

duA ol E TA-98 ¥ TA-100S AH&3] 16, 80, 400, 2000, 10000 ug/plate
9 = W2 A¥stded, 500 ug/plate? 8 NALEZ AT Yeton 1 o]Fte
FEAME 22U Tk AT wEAM B ARdAME s ES 250 g/
plate® &3 FHE 28 9 31.2, 625, 125 250 pg/plated] 47 F=& AAFA
Al A

EQNolYAHY ARE 3 EolEY AT Z2UFI HsEY Frtd o
2t 3FE o]BAA dBAHUA FIHERAM SAHUTA vlE 26 o) ddw Fge
2,28 P B §4e2 BAAG

IV. 23

1. 4 EA 25289 Z719484
BF HAEA 2FE2 FTAM FFAY FF(Piper nigrum), =35t7e] E¥
(Aucklandia lappa), Y53 & A (Cinnamomum cassia), S8 39 ol 3| & (llicium
verum), "1 E#S o 3(Theum coreanum), 2529 A% (Pinus densiflora) 5 °)
A% 7] AA 84E YA o9 FHA AR (Tilia amurensis), BlvielobA
vl 3] F99(Paeonia suffruticosa), &3S % *(Zanthoxylum piperitum), L+
L 7 Axe o BAL BYon Unx 28F9 AEA:
Ao dAY A9 B8HE BolA KR 32).

(Evodia rutaceae) %
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E 32 AUFAYA @ HEA FEE9 A3 AP 719 Ly

4 2 o Z 7l A s g

AVS? AVL®
A. gramineus ++ +
A. vulgaris ++ +
B. carterii ++ +
A. lappa +++ +++
D. camphora - +
H. odorata ++ +
A. erugosa + +
S. tenuifolia ++ +
C. camphora ++ ++
C. cassia +++ +++
G. horrida ++ +
G. glabra ++ -
P. santalinus ++ ++
I. verum +++ +++
M. officinalis ++ -
E. aromatica ++ ++
P. suffruticosa ++ ++
P. densifiora ++ ++
P. nigrum +++ 4
R. officinale +++ ++
L. foenum-graecum ++ -
C. mandshurica ++ +
C. sinensis ++ +
E. rutaecarpa ++ ++
Z. piperitum ++ +
S. album ++ +
S. japonica ++ -
A. agallocha + ++
A. dahurica ++ -
L. officinale ) ++ ++
N. chinensis ++ ++
K. galanga ++ ++

aAVL = (the length gnawed in each wire segment treated with test material/the length
gnawed in each wire segment treated with ethanol) x 100.
bAVS = (the number of scars in each wire segment treated with test material/the number
of scars in each wire segment treated with ethanol) x 100.
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2. A3 A JIHFYED] FA
1) AF9 #7144 84
b 8342 ¥

HEo vEge = 328 208 9

r

, 222X E JHoAHOER &£x ¥}
o 42t} HE 25 g, F22FE YE 16 g Yol HO|E HE 1 g 23 149
AdAH Y 3.1).

Methanol extracts of leaves (20 g)

—vpartition with water (800 mf)
and n-hexane (800m¢, 2 times)

Hexane fraction, 25 g

; water fraction
(Active)

-—chloroform (800 m¢, 2 times)

Chloroform fraction, 16 g water fraction

—ethyl acetate (800 md,
2 times)

EtOAc, 1
t(?chve)g water fraction, 149 g

249 31 HFAY §iEy #A
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ol Zz By 7] A €49 ZAE ¥ 339 YA ATy SR
AE 41Xe2 F 7t dolE 66 mmATt. FRRZIESY e 51%, F 7HH2
o] 68 mmolA 2, dEoAHOESE 31%, & 7IZ ol 41 mmAt =279 A
o) ZhsFE 110%, F 7tsiZo] 230 mmZE, ©]49 AFoA itz o dolAlH o]
E ZoAN 55U Fxo ZF3 S FEEEXEFTAXME I 7] oA 84S B

Je ¢ 4 AU

E 33 FAd d@ AFA L9 /IHEH

Antignawing activity®

Fraction Number of scars Length of scars (mm)
(Mean = S.D)) (Mean * S.D)
Hexane 51 = 2.0ab 83 * 24a
Chloroform . 6.4 = 2.3a 85 = 3.0a
Ethyl acetate 39 = 22b 51 = 26a
Control 138 = 2.7c¢’ 288 £ 154b

*Means followed by the same letter in each column are not significantly different [P=0.05;
Duncan’s multiple range test (SAS Institute, 1985)].

(1) #719A8%9 53
743 zk7) oA &%E 329 #AE 10 g silica gel column chromatography <t

HPLCE ol &3ty 23 329 #HAHow iAoz Eg HA 39, JFHoz &84

o] & 24 compound I (1.2 mg)E &4 w3Ach
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Hexane (10g)

SiO2 column chromatography (C:M, gradient)

! l l | |

Hl H2(15 g) H3 H4 H5

Si02 column (C:M, gradient)

I i

H21 H22(0.64 ) HZ23

SiO2 column (HE, 4:1)

! l l |

H221(0.32 g) H222 H223 H224

Si0; Column (HE, 4:1)

l ! | ! |

H2211 H2212 H2213 H2214 H2215
(83 mg)
|
l l | l
HZ215A H2215A H2215A H2215A
(6.6 mg)

Prep. HPLC (HE, 7:3)

compound 1
(1.2 mg, Active in two peaks)

29 32 A4 g4 dEew 7Y F /0 EY 29 AR

TA AEA T A 4L 29 dEoiMEHE HEE st 22vE
so n&qHI2otE T E o] &3 EAHES £, AA&GNA (2¥ 33)
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EtoAc fraction, 10g
Si02 Column Chromatography

(CM, 5:1)
El E2
B3
I Si0z column chromatography
[ (HE, 2:1)
Ell El2 El3 El4
Si02 column chromatography
(H:E, gradient)
Elll Ell2 E113 El14
023 )
HPLC
(H:E=8:2)
Compound [

(75 mg, Active in two peaks)
a9 33. £9 v €olAEHolE oz R FH ZivARe ¥ AA

() A5 BHEA 3
Ao A3 A £ BAE A71dA4EE MS(Z¥ 34), NMR(2¥ 35

36), IR(Zd™ 3.7), UV spectra(1¥ 38) 59 71714 U & o, 725 A A3
dibutyl phthalateZ FASQow ojEHolhHolE FHEA 2eld FHYIARL Gas
chromatography(2 ¥ 3.9)¢%} «-pinene EELF 9] MS(2¥ 310022 FAIANI
g 3.1D.
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Fig.39. Gas chromatography of E111 of P. densiflora
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Dibuty! phthalte a -Pinene
238 3.11. 349 Dibutyl phthalte®} « -pinened] +x%

(2h) 8REA 78y
a -Pinene® 1 2-benzenedicarboxylic acid dibutyl ester (dibutyl phthalate) @ A%

o $hd 71€9 6F HEZANYFE (hexadecane, A -caryophyllene, naphthalene, 8
-pinene, camphor, menthol)2} A& ol gt 7] AA A3= F 340 vepd uio}
=3

Hexadecaneo] Zt&ll# 9 1%, & 7} Zo] 1 mmZ 713 7% #7484 & &
How, HEo2Re F¥ dibutyl phthalate ¥ o -pinene & 2z} 6%, 12 mm%} 5
X, 15 mm= ¥xdy ZF FGFE ek Jlek g2 S3¥gEr F 8
-caryophyllene2 8%, 19 mmeli naphthalene2 8%, 22 mm& ¥A 9 F 2&, ¢
-pinene % dibutyl phthalatedl ¥l& <t Z#71AAEAHE BALS ¥ F AN B
-Pinene® Menthol& 11%, 54 mm$} 12%, 43 mm2 =79 ZA#< 15%, 65 mme}
o x|zt AU

—247-



E 34. 3% ALY Ad ¥ 159U <49 9 EA

Antignawing activity, (X * SEM)?
Test matenial

Day 3 Day 6 Day 9 Day 12 Day 15

L-Menthol 1.0x0.1b 35*1.1b 4.8*0.8b 78*1.0b 93%=1.1b

Cumine aldehyde  2.7+0.6b 3.1=0.5b 37%0.3b 6.0%x1.1b 6.5%1.0b

Geraniol 22%0.2b 39%0.1b 49%0.1b 82*15b 9.7*1.5b
Linalool 24%0.8b 35*13b 44x10b 99+09  10.7=0.6b
1,8-Cineole 1.4%0.5b 2.7£0.5b 32*0.5b 75%1.1b 86+0.9b
Dipenténe 24x0.3b 3.5*0.4b 51%1.2b 6.8 1.5b 7.2%1.4b
B -Pinene 1.5%0.7b 24%=0.7b 32%1.0b 44*14b 48*1.2b
@ -Pinene 0.6*0.6b 1.2%+0.2b 2.3*0.5b 37%0.1b 40=x0.1b
Untreated 84*1la 11.1*08a 161*10a 246*17a 255*17a

“Mean followed by the same letter in each column are not significantly different[P = 0.05;
Scheffe’'s test (SAS Institute, 1995)).

2) A #7194 84
) dAEgR ¥ &

ALY Asde B3 L8dM 33 4L B9 Adestd a2ete agye @
Eq Z2rtEO}HE o] &3t EPHES £, FASFAHIY 3.12).
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Hexane fraction, 10 g
Si02 column chr.
| | | |

{(Hexane/EtOAc, gradient)
H1(0%) H2(10%) H3(30%) H4(50%) H5(80%%) H6(100%)
(Active, 4.1 g)

Si0Q2 column chr.
(Hexane/EtOAc, 2:1)

P1{41 H{42 H4t3 HL‘M HALIS

(Active, 2.4 g)
SiOz column chr.

‘ (Hexane/EtOAc, 4:1) l
H431 H432 H433
(Active, 0.6 g)

prep HPLC, Cis, 260 nm
MeOH/H:0, 3.7

Compound | Compound 1[I Compound I
(Active, 100 mg)

a9 312 A4 AZgAZES £ AA AA

b dA88 BE9 3

A4 #A71dAREL ot ZI71¥A4 & F# cinnamaldehyde2 FAHAUHZH
3.13).
Cinnamaldehyde: MS(MW 132, CoHgO), EI-MS(70eV) m/z(% rel. int); M’ 132 (3),
103 (2), 74 (83), 59 (100), 58 (75); IR (neat) max cm’; 2920, 1680, 1630, 1130;
'H-NMR (CD;OD 400MHz); ¢6.60 (dd, J = 8 and 18Hz), 7.35 (d, J = 18Hz), 7.1-7.7
(m), 952 (d, J = 8Hz); “C-NMR (CD;OD, 100MHz); ¢ 1956, 1544, 1350, 1321,
129.7, 1295, 129.0, 1289
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i
QCH:CH—C-—H

trans-cinnamaldehyde
1Y 3.13. trans-cinnamaldehyde®] +=

() gZeA9 79y
Uty oz AEA o dg ¢ 12F 2xdEa HEE (1,8-cinedl, @
-pinene, £ -pinene, cinnamyl alchohol, menthol, geraniol, cinnamaldehyde, dipentene,
linalool, eugenol, cuminaldehyde, cinnamic acid)®] €4 vl HAYNM «-pinene, B
e

-pinene, cinnamaldehyde €22 €4 Bgoen O & 1597 AEHJKRE

35). Menthol, geraniol, linalool, eugenol, cinnamyl alchohol, cinnamic acid & &

R

o H¥gRvhs vuAd st dE T vEA AAAALHE NS Yerde
2 % At

¥ 35 A4 A& FAd A 159 F¢9 71HEAY

4 ¥ = #7] AA 84, mg X = SEM)*

34 6 ¥ 9¢ 12 ¢ 15 ¢
trans-Cinnamaldehyde 2.0+05c 26+06¢ 34%06¢ 42t04e 51x02d
Cinnamyl alcohol 1.8%04c 3.1%0.2cd 42+02¢ 6.5+0.5de 7.1%0.2d
Salicylaldehyde 62%x05ab 102%07ab 152%07a 18607 20405
Eugenol 2905 65%0.7bc 83+06b  105X06c 11.2x04c
trans-Cinnamic acid ~ 32*05bc  63%llcd 83%05b 99%04cd 115%03c
Untreated 87%08a 114*05a 161%£09%9a 255*1la 2789*07a

*Mean followed by the same letter in each column are not significantly different [P = 0.05;
Scheffe's test (SAS institute, 1995)].
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3. Sl dA

S-9 mix9 £A 2 vEASFAM S typhimurium 4 TFo I cinnam-
aldehyde®] €QWolUdA A4ES AA F3, TA-1535 ¥ TA-100 TF9 FAHU=
T SA AT TA-1537 59 FHUERTA 9-AA A3 2L TA-98 TF9
FRANET Y 2-AF AgFaXe 44 EAEAWHe] E2Y57t f93A F7HE U
bl 99, cinnamaldehyde M2l 7 AP ZE TF9 e Eao AAMN AP
7t WE EHEQW] FE2UFY F9AHA FUvF BAHR @gn, =3 SHU
£EA2AM DMSORME Ad ATz A n5d £ F2Yrst dRFHUYG
w2}, cinnamaldehydes BAl8 ZAdHA S typhimurium TA-1535 TA-1537,
TA-98 ¥ TA-1009) 47} APFF sl His” — His'29 ZASAMNIS /2
X @ Aoz BoHA,

AAFE T8, ARAE, AL, 257280 42 gHE Fn Jod, B
2o 1k AR AL YFe4ad FFH Ane A Ag Aoy 58 sy
dAG BAA AAE ofrlstn on ABAAA AYS F= A4S FLED 3

o AR 22 9 A QoM ATl &l okrlHE FHoZ AT A A9
ez T4 o cl2o(2HLE, 199%6) A AAHoR dJ& ¢ F Ye FAc
25 #d g% Aeolg= Adx A

olgld AAF BAE A LAMAE A& Fout wdG B qF 23 =4,
71943, 8329 59 A ZAHol AFHJUR olF MAE] 8 HAFE 2
A Fol7lithes FAAY Z19Ast 2 A BAAS RS BAYoZ Mg
719 =23

Hed, dZ2os, Ay d¥E F AEAN} BABA2AM Buss olx diat
AEe 2A, AFAE FAd M2 E HAF A2 MLol 823 Ay, 7|FY
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g4 AL dAY M2E M FAHeR AAHA fed wE AR
(Botrell, 1932)4 4F 9 A #(Harding, 1985), Areca catechu 2 &9 vy} EA
(Cross, 1939), A. absinthium2Z%H 22 €23 3329 thujone (Harding, 1985),
U (Thujopsis dolabrata var. hondoe)2. 258l M2¢ 719 EAQ cavacrol(Ahn
et al, 1995)%°] &4 Ut

B QAFE 38F AEAY 2FEES mouseE iAo U] oA gL g
o MAE FAld Z@7] AAAE Mgz sLHUAG. AY AEA deE 2FF
g F vlud FF 39 F3(Piper nigrum), %379 B3 (Aucklandia lappa), SUIF
el AXM(Cinnamomum cassia), H839l W8 &(Jllicium verum), vroj &3] i

L

(Theum coreanum), 2539 HE(Pinus densiflora), Au|E}e A4 (Viok
vaginata) 501 2% 7] AA 84 & delgded, o] F A4 o] A4 IdF
g, 0L, 2FALTLE AAA, BHE AEA, JIAsHGY JEoz gy
ol Qow(F, 1991) & & ol =F, vlAE S s APAA st @
A e Re=z 4A At H$d bark beetle-vectored fungus Leptographium
terebrantisE HFEA] WoJEA2ZM phenolics$ «-pinene, B -pinene, carene,
limonene, camphene, myrcene®] ¥Xx7F Eolztte 43 ARt U™ (Klepzig et al,
1995). 1989'd Jacobson® M2 & FABAAULZAN FFUF FH(meliaceae), T
(rutaceae), = 33 (Asteraceae), ¥ 7 (labiatae) 5& AA v} gith o}z 712 A%
A AMFAH] SXAY SF ZIgAE 283 6ot Qo

AEe g FEEE 45 AZvEIYYE o8 £, AAdo AR
st 27l A 84E& Hol: EAEL HFHoz dlew, ZEF  spectral
techniques (EI-MS, 'H3} '°C NMR, IR)& o] 43t} o] 238 aromatic benzene
ring® $&Z 3$EQ 1,2-benzenedicarboxilic acid dibutyl ester (dibutyl phthalate)
g H2A0FEY e-pinene2 FE ZAAIYG. £ ALY BHEAE trans-

cinnamaldehydeZ F2& TR 38, H$o] 38 P [ B3(F, 1991)= gle
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u, AFel g ZH @S B A7 Moz A

A4 g AFoE a-pinene, B -pinene, camphen, borneol  phellandrene,
limonene 5°] &Kol Ath(Namba 1986, &,1991). o}2j3 AK9 FAL Arjd=
ged 53 ExdHed §7FL o] & Y& 69 Alcldl= limonene, borneolo] ¥
32 3 o]FFEE e-pineneo] ThF EARTHE, 1991). o]HH o -pinened TF ol
HAANZRE JlaE 2od $EHE 2UF Rl ¥ dgd L4 " 3
Heolzt & + Ao a-pinened EAAA YAE AYxn Ao v HR F
Bol E7AE F& A2z ¥ude] g

Dibutyl phthalate®] 7% 1992d "lZoA 2Ed AF 2 g3l 98 F9
2 22 71gAZ g8 dd. £33 brown alga (Stoechospermum marginatum)ol A
= Fg¥ 8 gon(Wahidulla et al, 1995), chigger mite (Eutrombicula hirsti)
(Frances et al., 1994), ¥ 9 7]14% 2 uzi fly (Barman et al, 1990), ¥ 7)(Rutledge
et al, 1994) ¢ 7I9jxl2 Bxg vt vk Dibutyl phthalate® T4, o], <& <t
2oty HAE AYed tAl AFSE AFAFA A A2 59 As) 3HE A
(Cummings et al, 1987) 7t¥ = F o g g3t 5

o

o] ¢ #A3lttxn B iF
of e m(Scott et al, 1987), 78 HREx5 28& sHxl3 glo] o] BAe 7liyztg
S HRAFH 54 93 Ao Ad

B A7 @ -pinened}t dibutyl phthalates & 3

oX

€ Aed 289 #7119
AFYEE BlRsY o]5°] AU de EFEAY SAd met zbzh dajol 93
719 et HFe o ARASoz A V] A 284E& Helg Aoz FAHIY

Dibutyl phthalatet GABA( > —aminobutylric acid) receptor agonist2 ZH&3=

b

FA45 1 glth(Kaneyuki, 1989). o -pinene® dibutyl phthalate®] &3k 28713
E 87 A vhe29 2z g5t g olEel o gL AFs &
Fgeojol & Ao 2 Azter} Cinnamaldehyde 94 =& 32A z2=t)

olid ¥& HLAoFE dAE RY FXNARAM YL AHAT HEA
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71 T AMA3] WEATIE FDAlcarrier)d €&o] 8FHY. oI HA2E
lacquer, sodium silicate, paraffine] 22 ¥ v} Qlonv(Harding, 1985), thujone oild}
lacquer®] &3 U(12/88)& SIUAE AHEgA 3-5 @zt B Foll A 79gzanr} &
HA9n QA (Harding, 1985). =3, KAR F(1989)2 polyvinyl alcohol hydrogel
3 ethyl glycol& A Z o] & A 4371 A7 UL g Bnd bl o o] g o
g A $& ol &, ML HTAH & EHEZY dHES BAFY AMoY Ao
L, B2 T 95 st 2ot 8 23 AAE 9& 530S Aoz yEy,
Hsoziy £ Z7] oA €453 a-Pinene® dibutyl phthalate: 7]
&9 A% o ¥ hexadecane, B -caryophyllene, naphthalene, £ -pinene,
camphor, menthol 59 2xel2% 3H3FE} 84 ¥l 4PN hexadecaneR the
AT ¥wA 7Y 9 EAY AAF dE 79BHE Jeds SHELS
F2 79 EY T FL Fold oy WA Fo2 Ao 7oA EE Yegue
Aoz d2A Jed, A2 FHE A2 Fol @ZB2ol=e 2 S4H02 Asty 7]
9 z8-E& HeliyY, a-pinened Z& HZH AFELS SA 93 Rolg}rs] B} ot
olut Aol o3 oz dA Aok AEA /1Y BEYEEHY vTAHA AXAAN
o8 244%Y trans-cinnamaldehydes JElS 3§} E(cinnamyl alcohol, salicylaldehyde,
eugenol, trans-cinnamic acid® 2t 2% 7|9 24 & Jehiig,
AE I AA F2 HEA FEEL ¥ 97| FHol did& Vg ERE ¢
Aoz ¥AUt(Harding, 1985). @ -pinene® T & AEA U dg <3 ¥

rr

e E23 33EE F 18-cineol, «-pinene, B -pinene, cinnamyl alchohol, menthol,
geraniol, cinnam aldehyde, dipentene, linalool, eugenol, cumine aldehyde, cinnamic

acid?) B4R &dHo g AFolX «-pinene, B -pinene, cinnam aldehyde £22 %

2 AE4QE Ueio] HAeAe] 2 EAYAE EFEn vindy oA 7)Y 15¢
b3 g4e FAHUAG
A A A 718 84 & Ad cycloheximide 3 AHEHA ¥3 e 4
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Aol $e) EAET A Evh Z4E FEUU S AN FFER, A, B
Aol g A FHo2 AT H& §F AAFEZ A& opriHE A4 AsEs ¢
€ F JE Aok H2A w2 BAY FAFE AEA] A A9 AHge] 2 9
B & doen, dE8 A$ 71HAQ capsaicing §F FAZR 39 AT fHed
el 4ol AV Zed Wso] HA AL AFA = e A&l $E29A FH
ZXdyY, 1994). a-Pinene, dibutyl phthalate, cinnamaldehydes & ¥ zt7] <
A g4 ¥ ool AdETFG TFol dE JigAZAMY 84E AU A7) AE
o dA AHE ¥HE ddsit g4 Ut =2 QA A FEHE AFE]) 8
odg] dgel FPHAD ol A % FYH BriY AREY JifAzE 8§
3 gL & 4 Atk oA Y dibutyl phthalate, a -pinene, cinnamaldehyde®] #
FE& Fdgsn 9L 29T A8 28, 3EH Py RFFUA JE9
cycloheximided] ¥Wa7te Z1HA 2 9] BRo] 715 E ol
ol el A By uhgl ol B A7 ZI B 232 Aoy AdE e A
5o 928 Magoezd HAF2REH BF, communication system¥ Zx HFE B
, 718 AXF 7] A0 uESE ZE dao] dd PAHez B8gE £
AL Aok B AAFe AN AT &4 zHsr] dEd 2 AR A=
2n AAF delMde AAFo dE 7oA e JHsn Je L ALY
uf B Ao w3 HELozRE 2%59 33 E(dibutyl phthalate ¥ a -pinene)d} Al

Ao 2 B8 cinnamaldehydes #7] AAHRECZA Az HAF 7OAZAMY €8

Ahn, Y. J, T. Okubo and M. Kim. 1992. Repellent activity of essential oils and
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plant extracts against rodent. Abstract. Korean Soc. Entomol, p 19. Korean Soc.

Entomol. Seoul Nat’l University, Suwon, November 7th.

Ahn, Y. ], Lee, S. B, and Okubo, T., Kim, M. 1995. Antignawing factor of crude
oll derived from Thujopsis dolabrata S. et Z. var hondai sawdust against mice. J.
Chem. Ecol. 21(3): 263-271.

Barman, A. C., Pasha, M. K, and Nahar, A. 1990. A study on the control of uzi
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A 4d FEEAFH

1 2384 R 4249 dFELAA &3

YA E 20F9] Fo FAYE 75 AP HF A 23:Y 2 wHT A
SYUYTAAA 100%, B, F5, AT, T30 80% 149 4E5&E BYx, wF
Fudol diside FF, AT, &30 80% olde ¥588 2k Hulo| Sl o
M= uhellA 80 ol 3% 4F8S B F AUk SuiAMATYS Y BpolEAnE
o e e FFEEE Yehis AEAE AAG. gulFoieh gupFaje A
HE 722 Fol 15F HEAE FoAM FI(RTo 2y FA), Y € NPT}
goprolo diais 4F384HE Yo, 153 A E2d 2§ #uiFdad disiye
old F4= Yehliz At

=Wt 4E 150F ’il%iﬂ’gl g 253289 F
4 23d Z2a, AT i 294F £, @9 Q) 4
95%0l 3ol #FF&E HEtAZ, wiFF bt disiME 2IUFE F£1 FEBA
70%9 AHFE&S BRAoy, 7l HEH] Fede Ao BHE
oA Auuhge] i 242 RE HEAS] G4 BRY £

U7 d3 ZAYF o FEE00A 80% o) HHIEHE B

AFzdt 424 263 4589 238yd A, HE el dia BT, o
A, 2T, THGF, BE2J w YTl 80-90%e dEFgol BEHAJUD, wEF
el daiMe ARYF, deAus, 3T, AU, YU, gAeg, gg
F, EYWE, 45U4R, TAYTE, AU, sAdR S A 70-80% 4E &L P o
QA i A e Gge] g BHLe HEA RFolAM BRER @A o] g o
Bl MRUE, FeAUYRE, AT, AEYF, FARXYUE, SIAUE, g9HEY
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7,98, SUY, dFUYS, AU, 94T, 2, FEAUT, 48, vAYES
oA 70-80%9] u]¥AHS YERAUT

FUA vl 22F 9] wET, 55olEARE, Huololo] ¥ 43 EHYE FAPE
A7, g8, Egv e e FEE0] vid7d datq ZE 4FEAH S UEhAR
BgolEddEd disiae WY e 2

R

s

%2 8o] 5000, 2500ppmall A 73§ 84
2 Yvetlgled, =, 71&, 9, A8, £, F, o] € oL vegs 23
2252 Hulo]golol il 5000 2 2500ppm FECA FF HEFZAHES B

i

5% T FA FEEY g7, wiFF Y, E5olEAGE, guiAMu Y 9 F
gro]l gojjo] iy dF @A VA &At

A=A M EH Cassia tora 9 49F 9 3% F8 sdsiFol de ¥F22asd 2
% 4384 Annona squamosa FA, Adhotoda vasica ¥, Nerium indicum 7],
Pongamia pinnata $x $&E8°] wd 3, sjFEFUY, B5olEAd g disty 90%
ojge] ¥FENE BT

€3, A% 2yPUT Y FHEHo U 4GRS FA, £ AH £39
ar-turmerone®] 1,000 ¥ 2,000 ppm FEolA HE 7o wiF:F ko] dis) 100% 2%

)

848 BAFAI, 500 ppmAl A E 2+ Sl o 60%9 81%S 4FE4E B ®
& ar-turmerone 1,000 ppmellA] EviEA#H 3 Uxe distd 100% 47848 el
WA, 500 ppmAAME 90%9 HFEHE BdFAG

Rgol Huppolo g 4FEHEE22A eugenold FEEATH

SPUT dol wHE T dE FFd HF 8L trilactone diterpened HFEQ
ginkgolide A, ginkgolide B, ginkgolide Colth. olEe ¥%2g 712 4439
diazinon % carbofuran® fenobucarbS ¢l TSk Z+4 AF BTl s v
& ZA#, ginkgolide C7} diazinon® Blxg 458 & Yl olxd 58 23
o] HEAAEY AFYNE A% d7 AH, 28U FEEOY YAMEAA FEF
T RAE 300gS olgs dFAL VIS MUY
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o HEA 7194 4FHAHEI ZE HAYESC U Y $-AHE n T o
Vg 8= Foa dgd 239 ginkgolide C2 bilobalide® Aol Wigt A4S

J

4E ZAME 23 LDso @l 1000 mg ooz A =4o] wgtony w3 &F

o

ar-tumerone® &3 9] ginkgolide Co ET@WolLAS ZAG ZHAFY Hze S
typhimurium  TA-1535, TA-1537, TA-98 ¥ TA-1009] 47 Alg@#Fd di&f
His — His' 29 EAEAWU)E fLsdoy, = EdbolE Fabx egtrt,
2. Ao A8 g4
ANEA 48F 9 wiFF g FelAAu el did HAdHEH S 2AG A
(E 3), ¥, 3%, 7%, 0D, HEX, 24F, WY, AT, &5, 28, &4,

&

AY, Fx, FSAUYT, FATA, ASUF, FIUUE, 7Xdd, G2 gFue, 2
Avs, FEAYSE, HAUF Fo] MEZUR GulALeiUY F50 Wity B
HAAHEE S Jehddoh o1F #de HAYsEde $HE 23, isoquinoline
alkaloid?l berberine®} palmatineo] A BH L R, o5 BHS F=o me} =4}
& 2, A0 d jF:FUY f3o) Al berberinee 0.5 mg, 025 mgollA #7jo]
of thel & ABYES HHUR, palmatine®] 7Z$ berberinedl] HBlste] ok AL
pgon, £3 Azt WEEFULFE dANE 125 ppm FENH ZFE AN
4& Eev, Fae dzlel vla] 2e el g #42 B

A HFEo ds F8 #FQ #ubFel(Stophilus  oryzae)9t  gulFn]
(Callosobruchus maculatus)ol @ 21%F 49 75 9 ¥F84& 248 24
S (R ¥ gzt guprelel disiA 100%9 J1A B4 S Yeludn, ¥
o] 80%<] 4& BAoY 21F HEH BT FulFold daME ofd #4E e
WA ek
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3. A A #A71gAEA

38F2 AEA FolM FF3e FF(Piper nigrum), T3 =8 (Aucklandia
lappa), 54529 A M (Cinnamomum cassia), Z @832 ol 8| 8 (Jllicium verum), it
E el i 8(Theun coreanum), &5 39 A F(Pinus densiflora) 5°1 2% 271 o
A 4L YRR 2), o] T I AL FHA o182 A8 H$ &
A HE2Az2 dAsn BEHES BEl, F3% A #4454 A dibutyl phthalate,
NLotAH Ol E HEANAN e FHYE L o-pinenel 2 BHHAUTHIY 4). o &
gdeAed dEod FHE 71E9 6F HZHNFE (hexadecane, B -caryophyllene,
naphthalene, £ -pinene, camphor, menthol)®] A # o i z2t7] Ha gAHd& v
Z3(E 4), hexadecaneo] 7} 5- 9 1R, F 78 o] 1 mmZ 713 73 #71gA&
4E B3, 4 A< dibutyl phthalate ¥« -pinene & &2t 6%, 12 mme} 5%, 15
mmZ H2d g &4& Jehdch

Ade #7194 284 EAc #4439 trans-cinnamaldehydeE FAHH(1d 6)
7]1&0] dAX AEH H#H ExH2H 3}FE (18-cineol, a-pinene, B -pinene,
cinnamyl alchohol, menthol, geraniol, cinnamaldehyde, dipentene, linalool, eugenol,
cuminaldehyde, cinnamic acid)®] &4 u©lx H¥NA o -pinene, L -pinene,
cinnamaldehyde £22 #4& B¢o9 1 A3E 1597 ALHJL(E 5).

ol HEA 7IdE Hol i V1YL Ze HFYES T dd $EA4S

A d 71F $8€=7 v BEE A4 9 cinnamaldehyde2] E@WolUdA & 24}

R

3 23, dAe S typhimurium TA-1535, TA-1537, TA-98 ¥ TA-1009] 471 A
Y% sl His® — His'29 BAESAR|E fLsgoy, $a: Eddos

fusha et
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A542 4 &

ALERT A FRAFOR AW 42 FAY S4EE 550% oAU ofn
oo goh Aol 405 $9% 4P B@ 42 Yosw, FUNAY, A
22 2 AT Aol AL AL oplAAL Atk AW +4U A2 RAE 9
@ O wASe) FYEFAY AT FA 124 FAES 9 AAAG v
% YHUEA} GY A3l U TAY YA APLIE AL, §71%
4ezAe 98 R WBAA AHgol WA sl ARHE FLAT AE ) o)y
g ob7lgon A YulAg 2 o2 A¥e FA AP AP v, §
$48 WY S4, 8709, A B 2A 59 B FASE ARG 27
7184 42ASY ol daAel e Y 124 ok Mz F¥ A
97 gAY Aol 12 HEAY g B R WAEL Fo HEBREE &1
Aste 277 dEHAT.

AEAES B 4PY HYEES FHHT W) WEl N2e F3 HFLa
dol & # Ao 54 B4 A3 LYY ALY S50l o YL AARD,
S4 g2 4edd £ Yo #39 FEH YAPME 98 13 Hys=e
dEe Mze AQY Boh 4AE AFYAL ALL AHL £ A BB oS
Re w2sol 4YUY HFAU HERGEEA o189 £ AL 48 423 YT
93 ook

2 A7E Ty 4YAY 184 Bsh A% Auo] 219 £ B4
249 o84 s R olAThA ABAY ¥84 1D 24F TR TAA LY
APYEAE 08T HZVNEY L A1NBH, HARHRA, BAVIABHE RE
g24¢ g3t 2P 4ol $EHTA FYstgoh
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L AEgd HEAe) A

FHHE 0% T2 FHYE 75 Y 4EVH 2309 FH YT RS
SHUT AN 100%, B, F3, H7F, 22004 80% o4 432L nAm, Wi
Fubitel daldE F3 HE, £30] 80% o4 ¥E8e wATh Wuto| Lol o
AAE vhol A 80 ol 4el9% ¥ESS B & AN PuAADUET BiolENUE
of AL 28 4384 el YEAE AU GutToisk ButRole A9
Hel 724 Fol 15% ABAS FoA Lom(zas] R @), 4 L 4B}
b ool tald FEE4L JEIROW, 158 H42H 2T 2upPole dajds
ol SHE UehRR ekttt

TUA HE 150%F AgAel due 23220 F2 3YHE 530 dE VEY
42 5000 ppm FEEZ MARAS Wel VAL dehhUTh BT A FAA
BAZANA 2IAUT £, B Q WBYT Q 2224 95%0| 49 AEee 4
Btk HEE RS A% 2MUT £3) 222604 0% AEeS Bgou, 7|
B 4R A9ols AY 4 U B duiAAodLY B 2E A2
Aol Aeole Ao B4 YehiA 2tk Wuolgelel A welMuT o 2y
e @+ 37, FEUT Q, 23UT 43, BMAUT Q7 SR o 2280
N 80% ol4 A¥lEH}E Mo

AZEH A2H 263 $5394 239 27, WP ol Wl BLAUD, 2o
A, YT, TAYT, 92 wAGRol A 80-90% HEFAol DAL, )
FEUge A ARG, AeAUT T, AU U, Axuy,
985, EUT, dFUT, AUE uAUT SolA 70-80%9) 43BAe] POy, o
A "l AR ] tE B4 Ay NEA RSN 2T £ U Futo]So)
o AeolE MEUR, FSAYT, B, HEUT, FARIUR, 2HYT, o
FUR, 924, BUT, 43UF, 2AYT, AUy, 2Y FEAUR w2 uh
2 SolAq 70-80%] AuB4E Yehidc
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Tt 22F vIFo vge F2Ed dg HIEF, BEolE ARy, Huto] o
e 4384 E dRE 2R sr2e, Yoo og g F2E0] HY T ety 7
g AFEHE YEHAY EFolTINEY HS, diY dge 2FF2o] 5000,
2500ppmoll Al ¥ 2Z 84S JEhidY 2, 7%, A, 48y, £4, A4, Eg0 &
dojae dgd 2FE2EE PLol ool hate 5000 ¥ 2500ppm FEAN 7
g 4384 24T

303 49F AN A EMY AR HBLEZFEEESC) UFILAY YL ol &3}
o s{E 7o 3 FFHE ZAAT BPAEE AT 2 23 g ggs
UEbstth B2 4R F5T 0589 AFolM 1159 AE2HB 7 H3gAL
B Ao Adhatoda vasica €(100%), Annona squamosa % 2H100%), Nerium indicum
£71(100%), Clerodendrum inerme *}&#(90%), Pongamia pinnata % *H95%),
Prosopis chinensis % 71(90%), Vitex negundo <(90%), Azadirachta indica %7}
(89%)9} &71(85%), Aegle marmelos 9(88%)% Madhuca indica &+(88%). 28yt
Annona squamosa ¥ FE 8ol FRAAE ST 0.25ulM = 100%S dE o AHHA
o FEERM o8 ddd AERHAEAESC WEATY kYN AT HAE AT {7
HEEAE dARZA F48 A g

52F IHAEAY 119M 82t 49F A=A 4 EH 34AR vEgE8FEES0 7
A3 vZFFoPE ol & vdTe 430 HAA=HA=U, °o1F SIU4T Yo
7hE 28 243¥E RAY. O g4 EL ZF 71712 & B3 ginkgolides A, B,
Co bilobalideZ &4 = th. Bilobalidew Z44 #%F BB ol sl 71&o] Alg52
Ve 771848 ¥ZAQA carbofuran® fenobucarb Bttt A ¢f Z& 4F84L 29
tt. Bilobalide®t ginkgolides C& ¥R 23 % 00lug FEAA viv|F A A3 EHZA
o) E=4& 4o 302 ol HETFE FASNAC o) YT EL micedll thal
%(LDx > 1,000mg/kg) A2, 4% 9] Salmonella typhimurium A%l el ojd &

.,-:

g Hd
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olAAE YElRR] LUt HE 2FAdezy 28URY 7|94 EAES0] e E9
BE T oiols BAHE AT ML DAAe2N F8Y Roz AAZYG

239 ¥3BAL YAAWE olgste] 729 T2 #Zol Wl BASATG BA
AEL 93 717124UE T8 ar-turmerone2 2 AU o] g2 wE
ob WS ububel e @ AFBHL BUL B ohUe Axww EojEdud o
HHMT o e HFEAE EA 439 Salmonella typhimurium #AEo H3 =
Awol 94 ZAbolA ar-turmerone EAWolE Ui oA HAZRA A

HLdT o2 REHE e e HFEd dE M2 BAYeZ o] 8E + gl

2. d2Ad Fd 23 HYAHE 2 7198y 22 NE
173 45% LA ZASY g FEE0] dAANYS T8 v vhda dulAA
ol sl A R 71HEHe] zAHAL YAAREHL 255 2
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S BN, FF2 Aut7old disf 80%9 71HEH-E YAy JlE HEAEL
old 71H &Y E HojA] ¥pnt

% ™o)l Hyphantria cunea 4% ¥% 3 Agelastica coerulea A% thd 42 s
4E FFAYL oA FF YIdHo=2 wol ALEEHE isoquinoline alkaloid?!
palmatine iodide®} coptisine chloride® ®luAgstAch A9 YL o
& 717124 & %E3 berberine chloride2 %3 #th. H cunea® 7%, palmatine iodide
9} berberine chloride& 11 (w/w) ¥l &2 E¥¥ E&E3 palmatine iodide (70%)%}
berberine chloride (60%) Y52l Al¢ Bl P& o, 500 ppmoll A G=x2 e o
B 52 £4(100%)¢ JYeEtHAG. £3, 250 ppmol e 81%2 #4L wBHt A

coerulea 3% 7%, 125 ppm%} 250 ppmol A berberine chloride® Ztzt 55 %, &}
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93 %9 HAANHEAHE YellAeu, ¥rdHol 500 ppmolAl  palmatine iodide 9}
coptisine chloridet> Zt7} 35 %9 44 %9 vl <3l FAS HALE o)A A= 3
FHEHECl H cunea & A coerulea® NAT ZHYoZAM olfE £ UL L
&gt
A& H cunea # A. coerulea o g Aol JAAYS o] gs) =
AHE AT 2448 S eugenol® iscengenolol At oS 8@ 2ol H cunea # A
coerulea® MAT ZHY22AM 0|88 £ AL RoE (AL
sgHed, o] AEAe #HANE dB2Zol=A DY berberine?} palmatineo &, o] E ¢
BHE wxo e 2 A e 2 WFEFU fZd) sl berberine 0.5
mg, 025 mgoll A #7ivlol s Z& AHBAH S BU D, palmatine® Z$ berberine
of ®lated ok HAHE BYon, T berberiner WEEZULHEA YT 125
ppm FEA 3 HAAHEAHE 2d o, palmatines Hztol] Hls] 2L oA

o #4E EAh

3. A #@71AA PR M2
323 4% @& FEEol FAAAYE ol &8l Ao thE Fr)dABYo) 24}

A, 583 sy, vidE e g, suFate] oM BRF
AT 015 A A7IAYHEARAM ol A2Y Fd TS0 Ao s wA=E
BE Hel g duats AAAEZA K4 Aoz WU
3] Ad HE @V1dANEH 22 2YUE Ao AAHAYS o) R AUAS
AT Hol dish FHsAY AN FHAHEL cinnamaldehyde2 F A5 Yk o) A
o] &40l 4F(cinnamyl alcohol, trans-cinnamic acid, eugenol, salicylaldehyde)e]
HHHog olgsx e F¥EEH v2sYth Cinnamaldehyde®t cinnamyl alcohol

o] Z¢ #A7AARL S BYm, WA salicylaldehyde: thA obst AL Bt}

-267—-



FUAE BAL trans—cinnamicH} eugenoldl A #E =AU Cinnamaldehydes}
cinnamyl alcohol®l 25%% 5% oj&& F&do] 2t FUHATY 7§ ZH7dAEA
€ B3, wdd 1% FE YoM G B0l BT HF BHH4ELE 4F 7]
7NEMY L ol&s8l o-pinene®} dibutyl phthalate2 FHHUCH ol EAA ¥l A
%o F2 gF HEQY 6% vHZA3YE (hexadecane, B -caryophyllene, naphthalene,
B -pinene, camphor, menthol)® AHo| i zt7] dA 4L vlmsdd. v Z
7}, hexadecane°l 7} 7% Z71JdAEAHE B9, ¥2d dbutyl phthalate ¥ o
-pinene & ¥l 73 @48 Jeblidct tH A g 84 B 7| &
g2 AEH fH ExH=A TS (1,8-cineol, e -pinene, B -pinene, cinnamyl
alchohol, menthol, geraniol, cinnamaldehyde, dipentene, linalool, eugenol,
cuminaldehyde, cinnamic acid)®] @4 vl A ¥AA a-pinene, B -pinene,
cinnamaldehyde £22 ¥A4& BY3, AFEE 159 A455HAY. 2oz A
A3 HFol A2 A LHAHE FAE HEE 5+ Us WAY22A o] §E F US
Aoz Azdo.
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