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Larvicidal and Adulticidal Activity of Alkylphthalide Derivatives
from Rhizome of Cnidium officinale against Drosophila
melanogaster
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The insecticidal activity of the chloroform extract of Cnidium officinale rhizomes and its constituents
was investigated against larvae and adults of Drosophila melanogaster and compared with that of
rotenone. Bioassay-guided isolation of the chloroform extract of C. officinale resulted in the isolation
and characterization of four alkylphthalides, cnidilide (1), (2)-ligustilide (2), (3S)-butylphthalide (3),
and neocnidilide (4). The structures of these compounds were established by spectroscopic analysis.
The isolated compounds 2, 3, and 4 exhibited LCs, values of 2.54, 4.99, and 9.90 umol/mL of diet
concentration against larvae of D. melanogaster, respectively. Against both sexes (males/females,
1:1) of adults (5—7 days old), compound 3 showed the most potent activity of the compounds isolated
with the LDsg value of 5.93 ug/adult, comparable to that of rotenone (LDso = 3.68 ng/adult). Structure—
activity relationships of phthalides isolated suggest that the presence of conjugation with the carbonyl
group in the lactone ring appeared to play an important role in the larvicidal activity. Acetylcholine-
sterase (prepared from the adult heads of D. melanogaster) inhibitory activity was also investigated
in vitro to determine the insecticide mode of action for the acute adulticidal activity.

KEYWORDS: Natural insecticide; Apiaceae;  Cnidium officinale ; Drosophila melanogaster ; alkylphthalide;
structure—activity relationship; acetylcholinesterase inhibition

INTRODUCTION was found to exhibit larvicidal activity againBt melanogaster

. . ) . Using D. melanogasteas a test insect is helpful in searchin
Phthalides, natural volatile compounds present in apiaceous g g P g

| h h biological activiti h icholi . >for insecticides of natural origin, which are often isolated in
plants, have shown biological activities, such as anticholinergic, |; ;i supply. Because of its small size, insecticidal activity

antispasmodic, smooth muscle relaxant, and centrally actingcan be detected using very small samples. MoreoiZer

muscle relaxant effects (1—4). Phthalide derivatives have melanogastehas been used to examine insecticidal activity and

pote ntial as a new natural pest|C|de.because recent re.seam'ihsecticide mode of action because of its genetic accessibility
indicates that a large number of phthalides have the |nsect|C|daI,(15) C. officinaleis one of the most popular crude drugs for

h;it;mdlal, nematlc_ldal, antllznlfrobla}:(, ?nr(]jﬂ?clfc:jrlmdall aCt'V'F'tﬁS the treatment of obstetrical and gynecological disorders along
Sw f).r rr: our Fnrexlr?u\?vmr/ori ' l"‘f[oda yiE‘ ?il igsl ar(i)r?% \lNl f with A. acutiloba, and is distributed in China and Japan. As for
0 furanocoumarins were 1solated as insecticiaal principles ot y,q nemical constituents, phthalide derivatives are specific for

'E\Anpgiggzze?cggé?r?;fgggﬁgﬁnevlgrr;ogggtlgzmda?g-lgdgﬁ C. officinaleand other apiaceous plants. Phthalides, which are
denephthalide had the most potent activity against both larvaecomponents of the essential o! Is, are volatile, and the char ac-
and adults (9) teristic pdor of Apiaceae pllants is often due to the alkylphthalld_e

) o . derivatives. Monoterpenoids, components of the essential oils
_ Inour search for new naturally occurring insecticidal phtha- i many plants, are very important to insects because they can
lides, we investigated rhizomes o€nidium officinale  atract benefical insects, which can aid in pollination, and they

(Apiaceae), from which a wide variety of alkyl and hydroxy-  can often help plants defend against harmful insects because of
phthalides have been isolatei0t-12). Anti-angiogenic and  heir toxicity and repellency. Although some terpenoids have

acetylcholinesterase inhibitory activities have been reported from paan shown to possess insecticidal activity, the phthalides have

C. officinale (4, 13). The chloroform extract of. officinale not been investigated as such (16).

Plant essential oils, plant extracts, and their constituents can

67;;33@0? Cg:gelsréog;ig?ae?’gyogd bel addressed. Telehpflgﬁg&i-_ﬁ- _ provide potential alternatives to synthetic insecticides that lead
K o 1-6-6727-4301. E-mail miyazawa@apch kindal-acib- 1 jnsecticide resistance and environmental and human health
* University of Tokyo. concerns. Because of the worldwide attention toward pesticide
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Figure 1.

residues in agricultural products, insecticides of natural origin
are potentially useful for food safetyl7). Although some
naturally occurring compounds of plant origin have been
reported as insecticides, most of them have not been fully studied
yet.

Biological activity of C. officinaleagainst insects has not been
previously reported. In this paper, we investigated the bioassay-
guided isolation and identification of active principles, structure
activity relationships in relation to their insecticidal activity
against larvae and adults &f. melanogaster, and insecticide
mode of action.

MATERIALS AND METHODS

Chemical Analysis.*H (500 MHz) and*C (125 MHz) NMR spectra
were recorded on a JEOL FX-500 NMR spectrometer. Tetramethyl-
silane (TMS) was used as the internal referenic6.00) for'H NMR
spectra measured in CDLIThis solvent was also used f&iC NMR
spectra. Electron impact mass spectra—(HIS) were obtained at 70
eV by GC-MS on a Hewlett-Packard 5972 Series mass spectrometer
interfaced with a HewlettPackard 5890 Gas chromatograph fitted with
a column (HP-5MS, 30 nx 0.25 mm i.d., temperature of 14, 4
°C/min). FAB—MS was obtained on a JEOL Tandem MStation JMS-
700. IR spectra were determined with an FT/IR-470 Plus Fourier
transform infrared spectrometer. Specific rotation was measured on a
JASCO DIP-1000 digital polarimeter.

Plant Material. Commercially available air-dried rhizomes 6f
officinale were obtained from Takasago Yakugyou Company (Osaka,
Japan). 5,5Dithiobis(2-nitrobenzoic acid) (DTNB) was purchased from
Tokyo Kasei Kougyou Company (Tokyo, Japan). Acetylthiocholine
iodide (ATC) was purchased from Kanto Chemical Company (Tokyo,
Japan). Rotenone (95% purity) was purchased from Sigma Chemical
Company (St. Louis, MO).

Insects. D. melanogaster used in bioassays was obtained from
professor Ishikawa of the University of Tokyo (Japan). The colony of
D. melanogasterhas been maintained without exposure to any
insecticides at 28C, RH> 60%, and 12:12 LD. Egg and larval stages
take 12—36 h and-56 days, respectively, and adult longevity is about
60 days under the rearing conditions.

Extraction and Isolation of the Active Compounds.The isolation
procedure fronC. officinaleis given inFigure 1. Air-dried rhizomes
of C. officinale(4 kg) were extracted with chloroform under reflux for
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Isolation scheme for insecticidal compounds from C. officinale against larvae of D. melanogaster (*, active fraction; **, active compound).
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Figure 2. Structures of compounds 1-4 isolated from C. officinale.

neocnidilide (4)

(100% mortality at 2.0 mg/mL of diet) against larvae @f melano-
gaster To purify the active compounds, the extract was separated using
bioassay-guided fractionation. The extract was fractionated by silica
gel column chromatography (Merck 200 mesh) with hexane/ethyl
acetate (EtOAc). The active fraction 2 eluting with hexane/EtOAc (80:
20) was rechromatographed on silica gel with hexane/ether to give
fractions 5—7. The active fraction 7 eluting with EtOAc was rechro-
matographed on silica gel with hexane/EtOAc (95:5) to give compound
1 (560 mg) and hexane/EtOAc (85:15) to give compo@r{ti404 mg).
Another active fraction 3 was rechromatographed by silica gel with
hexane/EtOAc to give fractions 8 and 9. The active fraction 8 eluting
with hexane/EtOAc (92:8) was rechromatographed by silica gel with
hexane/EtOAc (92:8) to give compouBd336 mg) and further eluted
with hexane/EtOAc (90:10) to give compou#d380 mg). Compounds
1-4 were identified as cnidilidel], (2)-ligustilide (2), (39-butylphtha-

lide (3), and neocnidilide4) (Figure 2) by specific rotation, FAB-

MS, EI-MS, IR, and'H and*C NMR, respectively.

Compound 1. Compoundl was a colorless oil.d]p?*? —117.0
(CHCls, ¢ 0.6). FAB—MS (pos.)m/z: 195 [M+ H]'. EI-MS m/z
(relative intensity %): 150 (16), 107 (9), 94 (30), 93 (38), 79 (100).
IR (KBr, vmax, cm1): 2929, 2857, 1770, 1175, 981, 9681 NMR
(CDCly) 6: 5.95 (1H, ddtJ = 10.0, 5.7, 2.0 Hz, H-6), 5.87 (1H, ddd,
J=10.0, 2.6, 4.6 Hz, H-7), 4.43 (1H, dd= 13.3, 5.2 Hz, H-3), 3.17
(1H, dddd,J = 2.4, 2.4, 4.6, 7.2 Hz, H-7a), 2.49 (1H, dddd+ 13.3,

7.2, 4.6, 4.6 Hz, H-3a), 2.12.17 (1H, m, H-5), 1.942.03 (1H, m,
H-5), 1.73-1.79 (2H, m, H-4,8), 1.551.62 (1H, m, H-8), 1.431.53

12 h. The solvent was removed under reduced pressure to give a(1H, m, H-9), 1.35-1.43 (2H, m, H-9,10), 1.271.35 (1H, m, H-4),

chloroform extract (200 g). This showed strong insecticidal activity

0.93 (3H, t,J = 7.2 Hz, H-11).3C NMR (CDCk) 6: 176.7 (C-1),
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130.3 (C-6), 121.0 (C-7), 81.7 (C-3), 42.4 (C-7a), 37.4 (C-3a), 29.1 Tgpje 1. Larvicidal Activity of Compounds 1-4 and Rotenone against

(C-8), 28.1 (C-9), 23.4 (C-5), 22.5 (C-10), 19.3 (C-4), 13.9 (C-11). p melanogaster (on the Basis of the Number of Pupae)?
These spectral data were identical to the published data for cnidilide

(18, 19). 95%
Compound 2.Compound was isolated as an insecticidal principle LCso? confidence
from Angelica acutiloban our previous work, and the spectral data of compound (umol/mL of diet) limit RT¢
compound?2 was identical to the published data (9). cnidilide (1) 516.0 NDY <0.001
Compound 3. Compound3 was a colorless oil. (]p?"7 —73.9 (2)-ligustilide (2)¢ 254+0.19 1.95-3.55 0.009
(CHCIs, ¢ 1.0). EI-MSm/z(relative intensity %): 190 (M, 2), 133 (3S)-butylphthalide (3) 4.99 +0.52 3.86-7.09 0.004
(100), 105 (28), 77 (13). IR (KBymax cnTY): 1763, 1615, 1467, 1285, neocnidilide (4) 9.90 +1.08 7.56-14.44 0.002
1062, 743, 694*H NMR (CDCls) 6: 7.90 (1H, d,J = 7.5 Hz, H-7), rotenone® 0.02+0.01 0.02-0.03 1
7.67 (1H, dddJ = 7.6, 7.8, 0.9 Hz, H-5), 7.52 (1H,dd,= 7.6, 7.5
Hz, H-6), 7.44 (1H, dJ = 7.8 Hz, H-4), 5.48 (1H, ddJ = 7.8, 4.0 2A total of 8 days after transferred eggs (10 eggs newly laid, 3 replicates).
Hz, H-3), 2.02-2.09 (1H, m, H-8), 1.731.81 (1H, m, H-8), 1.32 Test compounds of each concentration were dissolved in 50 uL of ethanol and
1.53 (4H, m, H-9,10), 0.91 (3H, J,= 7.2 Hz, H-11)3C NMR (CDC}) mixed in 1 uL of artificial diet. © LCs is the lethal concentration for 50% mortality,

0: 170.6 (C-1), 150.1 (C-3a), 133.9 (C-5), 129.0 (C-6), 126.1(C-7a), determined by log-probit analysis. LCso values are the mean + SE of three replicates.
125.6 (C-7), 121.7 (C-4), 81.4 (C-3), 34.3 (C-8), 26.8 (C-9), 22.4 (C- cRelative toxicity = LCsp value of rotenone/LCs; value of each test compound.
10), 13.8 (C-11). These spectral data were identical to the published ¢ND = not determined. € Data from ref 9.

data of (3S)-butylphthalide (2@1).

Compound 4. Compound4 was a colorless oil. ]p?>® —92.8
(CHCIs, ¢ 0.6). EI-MSm/z(relative intensity %): 194 (M, 1), 137
(3), 108 (100), 80 (13), 79 (32). IR (KBljmay CMTY): 2932, 2862,
1763, 1683, 1226, 1183, 1024, 7261 NMR (CDCl;) d: 6.78 (1H,
dt, J = 3.5, 3.5 Hz, H-7), 3.97 (1H, ddd, = 8.9, 7.6, 5.2 Hz, H-3),
2.44—2.46 (1H, m, H-3a), 2.33 (1H, ddddtk= 20.3, 6.8, 3.5, 3.7, 1.2
Hz, H-6), 2.15-2.25 (1H, m, H-6), 2.042.09 (1H, m, H-4), 1.94 (1H,

from excised heads of both sexes (males/females, 1:1) of adult (5
days old)D. melanogasterAbout 1000 adults were frozen &30 °C

for 7 days. The frozen adults were shaken for 1 min with a mixer to
detach their heads. Separation of the heads from bodies was then
accomplished by sieving through mesh (40 mesH)su as to allow

only the heads to pass. The heads were then homogenized in 5 mL of
0.1 M phosphate buffer at pH 8.0. The crude homogenate was
dddd,J =13.9, 6.8, 3.3, 3.2 Hz, H-5), 1.711.82 (2H, m, H-8), 1.48 centrifuged at 14009for 30 min, and the supernatant was used as the

1.58 (2H, m, H-5,9), 1.331.45 (2H, m H-9,10), 1.131.22 (1H, m, enzyme source. ATC was dissolved in 10 mL of 0.1 M phosphate buffer
H-4), 0.93 (3H, tJ = 7.2 Hz, H-11)3C NMR (CDCE) &: 1702 o' 0% o 2 e e vas added,

(C-1), 135.2 (C-7), 131.2 (C-7a), 85.3 (C-3), 43.1 (C-3a), 34.3 (C-8),
27.5 (C-9), 25.4 (C-4), 25.0 (C-6), 22.5 (C-10), 20.8 (C-5), 13.9 (C-
11). These spectral data were identical to the published data of
neocnidilide (1822).
Bioassay for Larvicidal Activity of Test Compounds. The bioassay
for larvicidal activity usingD. melanogastewas carried out as follows
(9). The LGo values of the isolates and insecticide were determined
based on six concentrations (16.0, 8.0, 4.0, 2.0, 1.0, andrOdy/mL
of diet). Test compounds were dissolved in:B0of ethanol and mixed
in 1 mL of artificial diet [brewer’s yeast (60 g), glucose (80 g), agar
(12 g), and propionic acid (8 mL) in water (1000 mL)]. A control diet
was treated with 5@L of ethanol. Treated and control (solvent only)
insects were held at the same condition used for colony maintenance.
The artificial diet was poured into Petri dishes and placed on the RESULTS

bottom of the culture bottles to collect newly emerged eggs on the Isolation of Active Compounds.The chloroform extract of
diet. About 100 adults from colonies dD. melanogasterwere

introduced into the culture bottle and allowed to oviposit for 3 h. After C. officinalewas fractionated to identify insecticidal compounds

3 h, the artificial diets in Petri dishes were removed, and 10 new eggs PY bioassay-guided isolatiofigure 1). Insecticidal compounds
were collected from Petri dishes and transferred onto the diets containingin the chloroform extract were isolated by Si@olumn
the test compounds, insecticides, and solvent in 1.8 mL glass tubeschromatography and identified as cnidilidg),((2)-ligustilide
and reared at 28C and RH> 90% for 8 days. The developmental  (2), (3S)-butylphthalide (3), and neocnidilide (4) by spectro-
stages were observed, and the numbers of pupae were recorded angcopic analysis.
compared with those of a control. A total of 10 new eggs were used in | grvicidal Activity of Test Compounds. The larvicidal
each of three replicates. E€is the lethal concentration for 50% activity of compoundsl—4 againstD. melanogasteis given
mortality and was determined by log-probit analysis (23). in Table 1. Compound®, 3, and4 showed larvicidal activity
Bioassay for Acute Adulticidal Activity of Test Compounds. The and compbundZ had Shcl)wyn most insecticidal activity amolng

acute adulticidal activity was determined by topical application on the he isolated d . | ith | f
abdomen of both sexes (males/females, 1:1) of adult (5—7 days oId)t e isolated compounds against larvae, with advalue o

D. melanogaste(9). Adults from culture bottles were iced to stop their ~ 2-54umol/mL. Compounds3 and 4 exhibited LGy values of

movement and treated on their abdomens with each test compound at+-99 and 9.9Qumol/mL, respectively. Cnidilide1) was also

doses of 50, 10, 5, 1, and Qf/adult in 0.5uL of acetone usinga 10  active but at a higher concentration only. Compofimioduced

uL microsyringe. Controls were treated with @6 of acetone. Treated ~ 43% mortality at 16.Q«mol/mL of diet, but an LG value was

and control (solvent only) insects were held at the same condition for not determined in this range of concentrations. However, these

colony maintenance. A total of 30 adults were used for each dose, andisplated compounds were less active than rotenonegy(®.02

all doses were replicated 3 tlmes. At 30 min after tr(_aatm_gnt, survival umol/mL) (9). No mortality was observed in the controls.

of adults was recorded. Mortality was defined as the inability to move, Acute Adulticidal Activity of Test Compounds. The acute

and we observed whether insects that showed inability to move L L . )

recovered 3 h after treatment. kfds the lethal dose for 50% mortality adlflt'c'dal a,Ct'V'_ty of the isolated compounds was assessed by

and determined from log-probit analysis (23). topical application on the abdomen of_ _adults (Table 2).
Inhibition of Acetylcholinesterasein Vitro. The method of Grundy ~ Compoundsl, 3, and4 showed acute activity, and the most

and Still (24) was used to determine the acetylcholinesterase (AChE) active compound was compouBdvith an LDso value of 5.93

inhibitory activity. An enzyme mixture containing AChE was extracted ug/adult. This indicated that compourddwas comparable to

Inhibition of AChE was determined according to the colorimetric
method of Ellman et al.25). Both the control and test solutions
employed 0.2 mL of the enzyme solution and 0.1 mL of DTNB added
to 2.4 mL of 0.1 M phosphate buffer (pH 8.0). The test solutions were
added to each of the test compounds dissolved inl5@f ethanol.

The control solution was similarly prepared by the addition of&0

of ethanol. Both control and each of the test solutions were preincubated
at 25°C for 5 min. After preincubation, the enzyme reaction was started

by the addition of 4QL of ATC followed by the incubation at 25C

for 20 min. After 20 min, the absorbance at 412 nm was measured
spectrophotometrically and compared with that of the control.
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Table 2. Acute Adulticidal Activity of Compounds 1-4 and Rotenone than compound.. In addition to this indication, the numbers
against D. melanogaster (Expressed as Numbers Surviving)? and position of the conjugation were important for activity:
compound2 (LCsg = 2.54 umol/mL) was more active than
LCso® %% ) compounds8 (LCso = 4.99mol/mL) or4 (LCso = 9.90umol/
compound (ugfadut confidence fimit__ RT mL). (2)-Butylidenephthalide, which has the aromatic ring and
cnidilide (1) , 9.17+0.67 7.09-11.89 0.40 the double bond between the C-3 and C-8 position in the
(2)-ligustilde (2) >50.0 ND® <0.07 phthalide, exhibited an L& value of 0.94umol/mL in our
(39)-butylphthalide (3) 593+ 054 4.45-8.01 0.62 ; .
neocnidilide (4) 10.82+0.81 8.51-14.00 0.34 previous work. Against adults, compoundls3, and4 were
rotenone? 3.68+0.14 3.33-4.06 1 active. A structure—activity relationship indicated that aroma-
ticity in the phthalide appeared to play an important role in
a After 30 min, survival of adults was recorded (percent relative to the control). activity. (2)-Butylidenephthalide exhibited lspvalue of 0.84
A total of 30 adults (males/females, 1:1, 5—7 days old) were tested for each dose, ugladult. Zheng et al.26) reported that the five-membered
and all doses were replicated 3 times. Test compounds of each dose were dissolved lactone ring in phthalides is important for high glutathione
in 0.5 uL of acetone and applied on the abdomen of adults with a 10 uL S-transferase activity. Momin and NaB)(reported that mos-

microsyringe. Negative controls were treated with 0.5 L of acetone only. ?LDsy
is the lethal dose for 50% mortality, determined by log-probit analysis. LDsp values
are the mean + SE of three replicates. ¢ Relative toxicity = LDsg value of rotenone/
LDso value of each test compound. @ Data from ref 9. € ND = not determined.

quitocidal, nematicidal, and antifungal compoundsAgium
graveolensL. seeds were identified as three phthalides, sedano-
lide, senkyunolide-N, and senkyunolide-J. They suggested that
the five-membered lactone ring along with the butyl side chain
in phthalides might be important for biological activities. In
addition to these reports, conjugation and aromaticity may play
an important role for biological activity of the phthalides based
on our results.

To investigate the insecticide mode of action, AChE inhibitory
activity was assessed because some insecticides, including
alkaloids (27), are known to inhibit AChE and phthalides have
been isolated as anticholinergic substances franacutiloba
ICs) = 0.84 gmol/mL (2). In our previous work, AChE activity was not inhibited by
(2)-butylidenephthalide, one of the most potent compounds
againstD. melanogasterThis was supported by the observation

2

AChE activity (% of control)
3
]

0 T T — T that butylidenephthalide acted as a fumigant and not a contact
0 025 05 075 1 agent (8). However, (2)-ligustilide (2), which was less active
Concentration (zmol/mL) than (2)-butylidenephthalide against both larvae and adults of
D. melanogasterslightly inhibited AChE activity. In the present

Figure 3. AChE inhibitory effect by compounds 1-4 and rotenone in i >
vitro: cnidilide (1, 0), (2)-ligustilide (2, ©), (39)-butylphthalide (3, a), ~ Study. compounds and4 were more active than compoudd
neocnidilide (4, @), and rotenone (control, O). Therefore, compound8 and 4 might have the same direct

contact action, although AChE inhibitory activity dose not
appear to be related to adulticidal activity. Some terpenoids are
known as AChE inhibitors, and others are known as neurotoxic

with LDgo values of 9.17 and 10.82g/adult, respectively. substances, such as antagonists of octopaminergic action (28,
However, no mortality was observed with compouhih this 29). Therefore, octopaminergic action might be involved in the
test. No i’nsects that showed inability to move were observed insecticidal activity of phthalides. However, an exact insecticide
and there was no control mortality. mode O_f action remains unkn(_)v.vn. _

AChE Inhibitory Activity in Vitro. Thein vitro study of As discussed aboveC. officinale extracts and isolated
AChE inhibitory activity by compounds—4 was examined to ~ alkylphthalides have the potential to be used as novel pest
investigate the mode of action of acute adulticidal activity control agents. Although some monoterpenoids and other
against adults oD. melanogaste(Figure 3). Compounds3 terpenes have been studied for their use as pesticides and
and 4 gave comparable inhibition of AChE even though repellents and a few of these compoundslifionene and
compound was significantly more toxic in the acute bioassay. linalool) are currently used against insects, phthalide derivatives
Compounds1 and 2 had inhibitory activity, even though have not been well-investigated. Plant extracts, essential oils,
compoundsl and4 were equitoxic in the acute bioassa).( and their secondary constituents could be new tools for pest
As expected, rotenone had no activity because toxicity of management because of their biological activity toward insects
rotenone to insects and mammals is attributable to the inhibition (28,29). Because these often biodegrade to nontoxic products,

of NADH—ubiquinone oxidoreductase complex | activi§)(  they could be much safer insect control agents. The Japanese
government has established increasingly restrictive legislation

regarding the maximum residue limits (MRLs) of pesticides in
agricultural products16). In Europe, organic production may

Bioassay-guided isolation using larvae @f melanogaster use natural insecticides and not synthetic ones in pest control
resulted in the isolation and characterization of larvicidal and (30). Therefore, further discovery of insecticides of natural origin
adulticidal alkylphthalides, cnidilidelf, (2)-ligustilide (2), (39- is needed. In conclusion, the insecticidal activitydofofficinale
butylphthalide (3), and neocnidilided), Structure—activity has been evaluated. Four active principles were isolated as
relationships indicate that conjugation with the carbonyl group potential natural insecticides. This is the first report of the
in the lactone ring appeared to play an important factor in the larvicidal and adulticidal activity of. officinaleand compounds
larvicidal activity: compound2, 3, and4, which have the 1, 3, and4. Further studies on the insecticidal mechanisms are
conjugation with carbonyl group, were relatively more active required.

rotenone (LR, = 3.68ug/adult) (9). Both compoundsand4
exhibited 97% mortality at a concentration of 5Q:8/adult,

DISCUSSION
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