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Absorption, translocation and metabolism of an insecticide, cycloprothrin [(RS)-o-
cyano-3-phenoxybenzyl (RS)-2,2-dichloro-1-(4-ethoxyphenyl)cyclopropane carboxylate], were
examined in rice plants under laboratory conditions. When !4C-cycloprothrin was applied
to simulated paddy water, the radioactivity in the rice plants in the 3.5-leaf stage increased
with time to reach a maximum concentration within 7 days, and this level was retained to
the mature stage. At the mature stage, the rice shoots and the hulled grains contained 0.161
and 0.157 ppm C-cycloprothrin equivalents, respectively. A small amount of unchanged
cycloprothrin was found in the shoots but not in the grains. 4C-Cycloprothrin topically
applied on the leaf surface was not readily translocated to other untreated parts, and 989, of
the applied radioactivity was recovered from the treated parts even after 28 days. When an
emulsion of “C-cycloprothrin was applied to rice plants in the heading stage, it adhered to
the foliage at 9.33 ppm and the level hardly lowered during the progression to the mature
stage. Unchanged cycloprothrin remained in the shoots and hulled grains at 9.452 and
<0.001 ppm, respectively. The relative amount of optical isomers of cycloprothrin did not
change in the mature shoots after foliar application. Cycloprothrin was metabolized via
ester cleavage, hydroxylation at the 4-ethoxy position, decarboxylation, hydrolysis of the

CN group to CONH,; and COOH groups and conjugation.

INTRODUCTION

Cycloprothrin [Cyclosaal® (RS)-a-cyano-3-
phenoxybenzyl (RS)-2,2-dichloro-1-(4-ethoxy-
phenyl)cyclopropane carboxylate] is a new
type of insecticide with a combined DDT-
pyrethroid structure, which is used for control
of insect pests on paddy rice plants, vegetables
and fruit trees. In connection with the
practical use of this insecticide, it is important
to evaluate its metabolic fate in mammals and
in the environment. The metabolism study
on cycloprothrin in rats has already been
done,” and this time we studied the absorp-
tion, translocation and metabolic fate of
cycloprothrin in rice plants. This paper
reports the results.

MATERIALS AND METHODS

1. Chemicals

H4C-Cycloprothrin labeled at the C-3 posi-
tion of the 2,2-dichlorocyclopropane ring in
the acid moiety with a specific radioactivity of
455 MBg/mmol and a radiochemical purity of
more than 999, was used in the experiments.”
Authentic compounds to identify cyclopro-
thrin metabolites were synthesized in our
laboratory. The Rf values on silica-gel 60F:s4
chromatoplates (20x20 cm, 0.25 mm thick,
Merck, Germany) with several solvent systems
and the names or abbreviations of the chemi-
cals are shown in Table 1.

2. Radioassay
Liquid scintillation counting (LSC), com-
bustion analysis and radioautography were
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Table 1 Cycloprothrin and its metabolites in rice plants.

Designation Rf values in solvent systems®
or Chemical name
Abbreviation A B C D
Cycloprothrin (RS)-a-cyano-3-phenoxybenzyl (RS)- 0.45 0.89 0.76 0.53
2,2-dichloro-1-(4-ethoxyphenyl)
cyclopropanecarboxylate
HO-Cycloprothrin (RS)-a-cyano-3-phenoxybenzyl (RS)- 0.21 0.72 0.50 0.20
2,2-dichloro-1-(4-hydroxyphenyl)
cyclopropanecarboxylate
CONH,- {RS)-a~-aminocarbonyl-3-phenoxybenzyl 0.16 0.49 0.37 0.07
Cycloprothrin (RS)-2,2-dichloro-1-(4-ethoxyphenyl)
cyclopropanecarboxylate
COOH- (RS)-a-hydroxycarbonyl-3-phenoxybenzyl 0.09 0.40 0.38 0.11
Cycloprothrin 2,2-dichloro-1(RS)-(4-ethoxyphenyl)
cyclopropanecarboxylate
HO-phenoxybenzyl (RS)-a-cyano-3-(4-hydroxyphenoxy)benzyl 0.21 0.71 0.49 0.17
Cycloprothrin (RS)-2,2-dichloro-1-(4-ethoxyphenyl)
cyclopropanecarboxylate
HO-phenyl- (RS)-a-cyano-3-hydroxybenzyl 0.23 0.71 0.54 0.22
Cycloprothrin (RS)-2,2-dichloro-1-(4-ethoxyphenyl)
cyclopropanecarboxylate
De-CO;- (RS)-1-[(RS)-a-cyano-3-phenoxybenzyl] 0.57 0.89 0.82 0.62
Cycloprothrin 2,2-dichloro-1-(4-ethoxyphenyl)cyclopropane 0.47 0.77 0.53
CyH;0-Acid (RS)-2,2-dichloro-1-(4-ethoxyphenyl) 0.24 0.52 0.52 0.29
cyclopropanecarboxylic acid
HO-Acid (RS)-2,2-dichloro-1-(4-hydroxyphenyl) 0.10 0.37 0.38 0.12

cyclopropanecarboxylic acid
HOC,H,0-Acid
cyclopropanecarboxylic acid

(RS)-2,2-dichloro-1-[4-(2-hydroxyethoxy)phenyl]-  0.04 0.17 0.19 0.05

»  Solvent systems: A, hexane: acetone (3:1); B, hexane: benzene: ethyl acetate: 2-propanol: acetic
acid (100: 60: 40: 10: 1); C, hexane: isopropyl ether: acetone: acetic acid (40: 40: 20: 1); D, hexane:

ethyl ether: acetic acid (40: 20: 1).

carried out according to the methods reported
previously.?

3. Rice Plants

Rice plants (Oryza sativa L.) of the Japanese
variety ‘“Nihon-bare”” were cultivated in Wagner
pots (1/5000 a) filled with Ageo soil (clay
loam) in a greenhouse in our laboratory. Seed-
lings in the 3.5-leaf and heading stages.were
used in the experiments.

4. Treatment with *C-Cycloprothrin
4.1 Submerged application

Rice plants in the 3.5-leaf stage in Wagner
pots (1/5000 a) were selected for the experi-
ment. Granules containing 0.49, "“C-cyclo-
prothrin were prepared and applied to paddy
water 4 cm deep at a rate of 200 mg (925 kBq)
per pot. The plants were harvested at inter-
vals and divided into roots and shoots. The
mature plants were divided into hulled grains,

hulls, roots and shoots.
4.2 Topical application

An aliquot of 1000 ppm water emulsion of
4C-cycloprothrin was applied to the center of
the third leaf at the 3.5-leaf stage with a
microsyringe at a rate of 1.5 ug/em® (1.48
kBq/cm?). At intervals, plants were harvest-
ed and divided into the applied part and
others.
4.3 Foliar application

Ten milliliters of 160 ppm water emulsion of
14C-cycloprothrin was sprayed onto rice plants
in the heading stage in Wagner pots (1/5000 a).
This dose was calculated from the practical
application rate of 80 g of active ingredient/ha
in the field. The plants were harvested at
intervals.

5. Treatment of Soils
Aichi clay loam and Chiba sandy clay loam
soils were used. Each soil equivalent to 39.2
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g on a dry weight basis was placed in a 200
ml Erlenmeyer flask and water was added up
to 2 cm from the bottom to simulate a flooded
condition. The soils were incubated at 30°C
in the dark for a week. After the preincuba-
tion, 39.2 ug of “C-cycloprothrin (37 kBq) in
0.1 ml of acetonitrile was added to each soil.
The dose corresponded to 1 ppm cycloprothrin
on a dry soil basis. The treated soils were
incubated at 30°C in the dark. The evolved
14CO: was collected in 10%, NaOH solution
(50 ml) after purging the flask with CO.-
free air. At intervals, a sample of each treated
soil was extracted with acetonitrile. The ex-
tracts were concentrated ¢n vacuo and then
partitioned into ethyl acetate.

6. Fractionation of the Radioactivity

Plant samples were cut into small pieces and
homogenized in acetonitrile with a Polytron®
(Kinematica, Switzerland). The homogenate
was extracted with acetonitrile and acetoni-
trile-water (2:1). The extracts were com-
bined, concentrated ¢n vacuo and partitioned
between ethyl acetate and water (pH 3). The
amount of radioactivity in the ethyl acetate
layer, the aqueous layer and the residues was
measured. The ethyl acetate layer was con-
centrated and separated by TLC. A part of
the aqueous layer was lyophilized to dryness.
The residues and the origin of the TLC plates
(silica-gel 60Fzss, 0.25 mm thick, Merck) were
extracted with methanol. The methanol ex-
tract was treated with p-glucosidase (Sigma)
and cellulase (Sigma) in 0.1 M sodium acetate
buffer (pH 4.8).» After incubation at 37°C
for 24 hr, the reaction mixture was adjusted to
pH 3 with HCl and extracted with ethyl
acetate. Radioactive metabolites in the ex-
tracts were detected and identified by co-
chromatography with authentic samples on
TLC, and the radioactivity was measured with
a liquid scintillation counter.

7. Determination of Optical Isomers of Cyclo-
prothrin
The ethyl acetate extract from the shoots
was mixed with unlabeled cycloprothrin as a
carrier and poured onto a silica-gel column for
cleanup. A mixture of radioactive and non-
radioactive cycloprothrin was eluted with

hexane-ethyl acetate (9: 1) from the column.
The effluent was treated with /-menthol in
HCI by heating and converted into a-1-menth-
yloxycarbonyl-3-phenoxybenzyl  (RS)-2,2-di-
chloro-1-(4-ethoxyphenyl)cyclopropane car-
boxylate according to the method of Horiba
et al.® The obtained diastereoisomeric mix-
ture was analyzed by high-performance liquid
chromatography on an instrument (Shimadzu
LC-6A) equipped with an ultraviolet detector
operating at 254nm and a radio analyzer
(Aloka RLC-551) (A. Kurozumi: unpublished
data). The operating conditions: column,
RADIAL-PAC(A) Silica pressurized with Z-
type Pressurized Module (RCSS, Waters Co.);
mobile phase, hexane-isopropyl ether—ethyl
acetate (100: 3: 1, v/v); flow rate, 1.5 ml/min.

RESULTS

1. Absorption and Translocation of **C-Cyclo-
prothrin in Rice Plants

When !C-cycloprothrin was topically ap-
plied to the third leaves of rice plants in the
3.5-leaf stage, the recovery of total radio-
carbon decreased only slightly with time, as
shown in Table 2. After 28 days, 98.7%, of
the applied radioactivity was recovered from
the plants. Most of the recovered radioactivi-
ty was present in the treated leaves, only
0.089%, of the applied radioactivity in the other
parts.

Table 2 Translocation of radioactivity in rice
plants after topical application on the leaf sur-
face.

% of applied

radioactivity
Plant parts Days after
application
7 14 28
Treated leaf Applied part 102 104 98 .4
(Third leaf)  Upper part 0.02 0.05 0.15
Lower part 0.02 0.03 0.09
Untreated Fifth leaf 0.01 0.02
leaves Fourth leaf <«<0.01 0.01 0.01
Second leaf <0.01 <0.01 0.01
Sheath 0.01 0.01 0.04
Total 102 104 98.7
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Table 3 Absorption and translocation of radioactivity in rice plants after submerged applica-

tion.
pg 1C-cycloprothrin Eq/g (undried weight)
1;;;;11‘: Fractions Days after application
7 14 28 56 132
Shoot Cycloprothrin 0.102 0.057 0.035 0.008 0.049
Others 0.007 0.008 0.028 0.024 0.028
Unextractable residues 0.004 0.007 0.023 0.062 0.084
Total 0.113 0.072 0.086 0.092 0.161
Root Cycloprothrin 0.131 0.291 0.066 0.076 0.274
Others 0.003 0.047 0.026 0.052 0.193
Unextractable residues 0.003 0.063 0.042 0.089 0.421
Total 0.137 0.401 0.134 0.217 0.888
Table 4 Amount of residual radioactivity in whole rice plants after foliar application at the

heading stage.

Days after application

Fractions 0 7 14 51
nglg® (ng/p)® uglg (ng/p) uglg (pglp) uglg (1g/p)
Cycloprothrin 9.33 (377 ) 7.22 (333 ) 5.82 (299 ) 7.09 (296 )
Others 0.14 ( 5.65) 0.30 ( 13.8) 0.36 ( 18.5 ) 0.83 ( 34.6)
Unextractable 0.02 ( 0.81) 0.03 ( 1.38) 0.04 ( 2.05) 0.30 ( 12.5)
residues
Total 9.49 (383 ) 7.55 (348 ) 6.22 (320 ) 8.22 (343 )

®  pug 1C-cycloprothrin Eq/g (undried weight).
v ug 14C-cycloprothrin Eq/whole plant.

By submerged application, the radioactivity
was absorbed into the stems and the roots, and
translocated to the upper parts of the plants.

after 7 and 56 days were 90 and 99,, respec-
tively. The acetonitrile-water extractable me-
tabolites reached a maximum 28 days after

Table 3 shows the absorption and transloca-  treatment and remained almost constant
tion patterns of the radioactivity derived from  thereafter. The bound radioactivity, how-
14C-cycloprothrin applied to the paddy water.  ever, increased at the mature stage. Radio-

Radioactivity concentration in the shoots
reached a plateau within 7 days after treat-
ment and tended to decrease slightly there-
after. Radioactivity levels in the shoots were
0.113 and 0.092 ppm cycloprothrin equivalent
7 and 56 days after treatment, respectively.
At the mature stage, 0.157, 0.417 and 0.161
ppm cycloprothrin equivalents of radioactivity
were present in the hulled grains, hull and the
shoots, respectively. The ratios of "*C-cyclo-
prothrin to total radioactivity in the shoots

carbon concentration in roots was relatively
high (0.888 ppm) at the mature stage. The
radioactivity ratio in the roots was 319, for
U4C-cycloprothrin and 479%, for unextractable
residues.

2. Persistence of "“C-Cycloprothvin in Rice
Plants
Changes in the levels of '*C-cycloprothrin
and its metabolites residues in rice plants after
foliar application at the heading stage are
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Table 5 Distribution of radioactivity in mature rice plant after submerged or foliar

application.
Submerged application Foliar application
P};Itlst Fraction
P nglg® %> rglg %
Hulled grain Cycloprothrin <0.001 <0.001
Others 0.004 0.005
Unextractable residues 0.152 0.026
Total 0.157 6.30 0.031 0.07
Hull Cycloprothrin 3.773
Others 0.647
Unextractable residues 0.397
Total 0.417 2.19 4.817 5.11
Shoot Cycloprothrin 0.049 9.452
Others 0.028 1.078
Unextractable residues 0.084 0.359
Total 0.161 30.0 10.89 94.8
Root Cycloprothrin 0.274
Others 0.193
Unextractable residues 0.421
Total 0.888 61.0

®> Values are expressed by ug 14C-cycloprothrin Eq/g (undried weight).
®> Values are expressed as 9, of radioactivity of each part with respect to total radioactivity in the plant.

Table 6 Proportions of the four optical isomers
in applied and residual cycloprothrin.

Isomer ratios (%)

A B C D

Applied cycloprothrin  25.8 22.5 27.1
Residual cycloprothrin  27.7 25.1 25.1

24.6
22.1

shown in Table 4. When a 160 ppm water
emulsion of “C-cycloprothrin was sprayed on
rice plants, *C-cycloprothrin remained at 9.33
ppm in the whole plants. During the following
2 weeks, the residual concentration decreased
to 799, of the initial levels, but did not de-
crease further towards the mature stage.
Nearly 959, of the radioactivity in the plants
in the mature stage was located in the shoots
as shown in Table 5. The remaining radio-
activity was 5.119, in the hulls and 0.079,
in hulled grains.

3. Amnalysis of Cycloprothrin Stereoisomers in
Rice Plants :

Optically active derivatives of the four iso-
mers were completely separated by HPLC
within 20 minutes and eluted in the order
shown in Fig. 1. Table 6 shows the propor-
tions of the four optical isomers in the applied
and residual cycloprothrin in the shoots 51
days after foliar application. The relative
amounts of cycloprothrin isomers A, B, C, and
D prior to the treatment were 25.8%,, 22.59,
27.1% and 24.69,, respectively. Fifty-one
days after foliar application, the amount of
residual "C-cycloprothrin in the shoots de-
creased to 789,, but there was no change in
the abundance ratio.

4. Metabolism of "C-Cycloprothrin in Rice
Plants
Plant metabolites at the mature stage were
analyzed. The metabolites identified by two-
dimensional co-TLC and their abundance in the
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Fig. 1 HPLC chromatogram of -menthyl ester derivative of racemic cycloprothrin.

.

A: (R)-a-cyano-3-phenoxybenzyl (S)-2,2-dichloro-1-(4-ethoxyphenyl) cyclopropanecarboxylate.

B: (R)-a-cyano-3-phenoxybenzyl (R)-2,2-dichloro-1-(4-ethoxyphenyl) cyclopropanecarboxylate.

C: (S)-a-cyano-3-phenoxybenzyl (£)-2,2-dichloro-1-(4-ethoxyphenyl) cyclopropanecarboxylate.

D: (S)-a-cyano-3-phenoxybenzyl (S5)-2,2-dichloro-1-(4-ethoxyphenyl) cyclopropanecarboxylate.
HPLC conditions: column, RADIAKL-PAC(A) Silica; mobile phase, hexane—isopropyl ether—ethyl
acetate (100:3:1, v/v) at a flow rate of 1.5 ml/min; ultraviolet detection wavelength, 254 nm.

Table 7 Cycloprothrin and its metabolites in rice plants after submerged or foliar application.

ng 14C-cycloprothrin Eq/g (undried weight)

Cycloprothrin 28 days after 51 days after
and Submerged application Foliar application
metabolites

Shoot® Grain® Hull® Shoot

Cycloprothrin 0.035 3.773 9.452
HO-Cycloprothrin 0.001 0.040 0.118
CONH,-Cycloprothrin 0.032
COOH-Cycloprothrin 0.014
De-CO,Cycloprothrin 0.078
CH;0-Acid 0.008 0.220 0.286
HO-Acid Free 0.003 0.082
Conj. 0.197

HOC,H,O-Acid Free 0.008
Conj. 0.006

Others 0.016 0.005 0.387 0.267
Unextractable residues 0.023 0.026 0.397 0.359

2) Untreated enzyme.

extracts are shown in Table 7. On the 5lst  (COOH-cycloprothrin), (RS)-1-[(RS)-a-cyano-
day after rice plants were treated with 'C-  3-phenoxybenzyl] 2,2-dichloro-1-(4-ethoxy-
cycloprothrin on the leaves, seven metab-  phenyl)cyclopropane (De-CO.-cycloprothrin),
olites, (RS)-a-cyano-3-phenoxybenzyl (RS)-  (RS)-2, 2-dichloro-1-(4-ethoxyphenyl)cyclopro-
2 2-dichloro-1-(4-hydroxyphenyl)cyclopropane-  panecarboxylic acid (C.HsO-acid), (RS)-2,2-
carboxylate (HO-cycloprothrin), (RS)-a-amino-  dichloro-1-(4-hydroxyphenyl) cyclopropanecar-
carbonyl-3-phenoxybenzyl (RS)-2, 2-dichloro-  boxylic acid (HO-acid) and (RS)-2,2-dichloro-
1 - (4 - ethoxyphenyl) cyclopropanecarboxylate  1-[4-(2 - hydroxyethoxy) phenyl] cyclopropane-
(CONH:-cycloprothrin),  (RS)-a-hydroxycar-  carboxylic acid (HOC:HsO-acid), were found in
bonyl - 3 - phenoxybenzyl (RS)-2,2-dichloro-  the shoots, but only two, HO-cycloprothrin and
1 - (4 - ethoxyphenyl) cyclopropanecarboxylate ~ C:H;O-acid, in the hulls. These metabolites
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could not be confirmed in the hulled grains
owing to their small amount. In the shoots,
86.79, of the radioactivity was present as
parent compound, 7.59, being identified me-
tabolites, 2.59%, extractable unknown metab-
olites and 3.39, unextractable residues. The
major metabolites in the shoots were C:H;O-
acid and conjugated HO-acid.

On the 28th day after the submerged appli-
cation of "*C-cycloprothrin to rice plants, the
shoots contained radioactivity equivalent to
0.086 ppm cycloprothrin. **C-Cycloprothrin
accounted for 40.79%, of the radioactivity in
the shoots. The other radioactivity in the
shoots was 14.09%, in the ethyl acetate extract
fraction, 18.69, in the water-soluble fraction
and 26.79%, in the unextractable residues. The
ethyl acetate extract fraction contained HO-
cycloprothrin, C:Hs0O-acid and HO-acid.

5. Degradation of "*C-Cycloprothrin in Flooded
Soils

The degradation of "C-cycloprothrin in
flooded soils is shown in Table 8. *C-Cyclo-
prothrin degraded in flooded soil with an initial
half-life of about 61 days in Aichi soil and
about 33 days in Chiba soil. In contrast, the
amounts of “*CO: evolved and bound radio-
activity increased with time. After 24 weeks,
"“CO: evolved from the Aichi and Chiba soils

radioactivity, respectively. The bound ra-
dioactivity in the Chiba soil reached its
maximum amount after 16 weeks. At least
seven degradation products were identified in
the flooded soils. There was no difference in
degradation pattern between the Aichi and
Chiba soils. The major degradation product
in the soils was C:Hs;O-acid, which amounted
to 19.9%, of the applied radioactivity after
16 weeks in the Aichi soil and 29.8%, after 4
weeks 1n the Chiba soil. C:H;0O-Acid sub-
sequently degraded further.

DISCUSSION

When *'“C-cycloprothrin was applied into
paddy water, radioactivity concentration in
rice shoots reached a plateau within 7 days
after treatment and tended to decrease slightly
thereafter. The ratio of 'C-cycloprothrin to
total radioactivity in the shoots decreased
after 7 days. The bound radioactivity in-
creased at the mature stage, however. In
soils under flooded conditions, '*C-cyclopro-
thrin was relatively stable and more than 509/
of the parent compound still remained on the
28th day after treatment. This suggests that
most of the radioactivity detected in the
shoots was due to the movement of C-cyclo-
prothrin on the shoot surface by capillary ac-
tion and the absorption of radioactivity still

amounted to 25.0%, and 43.79%, of the applied  dissolved in the paddy water. Furthermore,
Table 8 Degradation of cycloprothrin in flooded soils.
% of the applied radioactivity
Aichi soil Chiba soil
Weeks after application Weeks after application
4 16 24 4 16 24

Cycloprothrin 67.3 36.4 24.2 51.7 20.6 13.8
CONH,-Cycloprothrin 1.6 2.7 2.8 0.8 0.8 0.7
COOH-Cycloprothrin 0.1 0.8 0.4 0.1 0.1 0.1
C;H;0-Acid 14.0 19.9 8.1 29.8 4.0 0.6
HO-Acid 0.7 1.8 0.6
Mixtures 1.0 0.8 0.5 0.7 0.7 0.5
Others 3.5 7.0 5.8 3.0 4.9 1.3
Unextractable residues 5.5 14.2 27.7 4.0 28.2 28.3
CO. 2.2 18.0 25.0 5.0 27.2 43.7

Total 95.9 99.8 96.3 95.7 86.5 89.0

Mixture: HO-cycloprothrin-HO-phenoxybenzylcycloprothrin + HO-phenylcycloprothrin.
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availability to rice plants of '*C-cycloprothrin
adsorbed on soil particles was very poor, and
the transport of '*C-cycloprothrin and/or its
metabolites from the roots to the shoots and
the grains was limited. As a result, radio-
activity concentration in the grains was low.
After foliar treatment, disappearance of **C-
cycloprothrin from the rice plants was very
slow. Seventy-eight percent of the adminis-
tered 'C-cycloprothrin was recovered un-
changed from the mature whole rice plants (51
days after treatment). On topical applica-
tion of "C-cycloprothrin to the leaf surface,
the translocation of radioactivity to the un-
treated parts was very slight. Under green-
house conditions, phenothrin disappeared from

el
0.3
0
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C2H50

De-C0,-
Cycloprothrin

Cl
cl!
O\r/ﬁi:n\nlﬁi:]
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C,H50

Cycloprothrin
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5 0.0
0 0
0 CX
Ho

HO-
l Cycloprothrin \V/

ct
oH
cl 0
C,H50

¢l
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0
Ho

HO-Acid

CszO‘ACid

rice plants with a half-life of less than one
day.® Ethofenprox decreased to 109, of the
applied radioactivity in about 20 days on rice
leaves.” Cycloprothrin appears to degrade
in rice plants more slowly than other pyre-
throids with a 3-phenoxybenzyl moiety. How-
ever, under field conditions, disappearance of
cycloprothrin from rice plants may be ac-
celerated by such physicochemical factors as
wind, sunlight and rainfall.

The metabolic behavior of cycloprothrin in
the rice plants after foliar or submerged ap-
plication is summarized in Fig. 2. Seven
different metabolites were identified. Main
metabolites were C:H:;O-acid, HO-acid and
HO-cycloprothrin. They were also main me-

c1
1 0.0
0 [}
0  cook
C,H50

COOH-
Cycloprothrin

(3}
BeWe
0 0
0 CONM,
CyHg50

CONH,-
Cycloprothrin

c1l

cl
1

c
0H <—
0
HOC,H40

HOC H40-Acid

Fig. 2 Proposed metabolic pathways for cycloprothrin in rice plants.
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tabolites in rats.” This therefore suggested
that major metabolic pathways of cyclopro-
thrin are hydrolysis and oxidation in plants as
well. On the other hand, De-CQO.-, CONH.-
and COOH-cycloprothrin were minor metab-
olites, which were not identified in rats.
CONH:- and COOH-cycloprothrin were also
found in soils under flooded conditions. De-
COz-cycloprothrin was considered to be a
product of photodecomposition on the leaf
surface. CONH.- and COOH-cycloprothrin
appear to be produced in part wvia photo-
chemical and/or other physicochemical reac-
tions. Such decarboxylation and hydrolysis
of the CN group to CONH: and COOH groups
were also observed with fenvalerate.® The
hulled grains contained a small amount of
radioactivity, but neither cycloprothrin nor
1ts metabolites were identified.

Cycloprothrin is a mixture of four stereo-
isomeric esters; it has two asymmetric carbons
in the acid and alcohol moieties. In the ex-
periment to determine optical isomers, the
total amount of unmetabolized cycloprothrin
in the shoots decreased by 229, but the
abundance ratio did not change. This sug-
gests that there is no stereospecificity in the
metabolism of cycloprothrin in rice plants.
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7070 by D4 RICETHHH
WUE—BB, B E—, /DA DEEKER
vomTu ) L3OKRE, B, REEOFERA PR
T RDITHFE S I RBFICH S, Cyclopropane B D
3% MCCE# LI L nTa Y v h BN, {3
WETHRNBITE LR >WTkE L. HC-o
yuZda by o KELET S E, 3.6 BT KT 51
AMRDSTREMEEE 7 B CREFNVICHINL, 2%k
B CHER U7c, LB 132 B O X HE & oKiix C-
vrwua b)) UEEC0.161 ppm & 0.157 ppm #H24
DEHENBITERA L. ZEMDOREMLDO 7 0 T
MY UBRERH IS, TRALLRBEH SR
oo A AXADEmMCEBELL "C-v o P o by URIE
EAERBBITET, B0 28 HH#IC B\ Ch B i
RED 98% 2ABAIBALICIR A Lic. WO 1 2 e
HMAELA-YC-vrun 7o b)) VL RAEREFHYRL, ¥
KANDHHBEDOBITIIHRE DT 7o, BIAEEKEY
AKEAIZ 9.33ppm D ¥C-2 20 o b Y UANEL
7o, 51 HIRDOUNHER;, ZEHFICHKH L “C-vorn T
MY ix 9.454 ppm TH Y, LAKIX 0.001 ppm PLF T
Hote. WHLl HREFFEIERH Loy a T by
D 4 L ARRMEARDOEEHITBEIIRD bhish o .
A XKD D THEO KBS B S, ERBEDIL (RS)-
2, 2-dichloro-1-(4-ethoxyphenyl)cyclopropanecarboxylic
acid, (RS) -2, 2-dichloro-1-(4-hydroxyphenyl) cyclopro-
panecarboxylic acid, (RS) -a-cyano-3-phenoxybenzyl(RS)-
2,2-dichloro-1-(4-hydroxyphenyl)cyclopropranecarboxy-
late 35 3. O (RS)-1-[(RS)-a-cyano-3-phenoxybenzyl]2, 2-
dichloro-1- (4-ethoxyphenyl)cyclopropane G# » 7-.
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