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The metabolism of dimethoate, O, O-dimethyl
S-(N-methyl carbamoylmethyl) phosphorodithi-
oate, which is a relatively low toxic insecticide
against mammals, has been studied in detail in
insects and plants ¢ vivo (Santi and Giacomelli,
1962; Bull ¢t al., 1963; Hacskaylo and Bull, 1963)
and in mammals either in wvivo or in vitro
(Dauterman et al., 1959 ; Chamberlain ef al.,
1961; Uchida et al., 1964).

Vamidothion, O, O-dimethy S-(N-methylcarba-
moylethyl thioethyl) phosphorothioate, is closely
related with dimethoate in chemical structure.
It is interesting to study the metabolism of
vamidothion in plants, insects and mammals,
just as did in dimethoate.

Materials and Methods

Chemicals. P3*-Dimethoate, having specific
activity of 3uc/mg, and O, O-dimethyl S-carboxy-

* Present address: Agricultural Materials Resear-
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130

methyl phosphorodithioate, designated as carboxy
derivative of dimethoate, were provided by
Sumitomo Chemical Co. Ltd.

P¥-Vamidothion was obtained from Rhone-
Poulenc Co. through the courtesy of Shionogi &
Co. Ltd. The radioactivity of P%-vamidothion
was 0. 6pc/mg.

0, O-Dimethyl phosphorodithioic acid was
prepared from phosphorous pentasulfide &
methanol (Hoegberg and Cassaday, 1951). O, O-
Dimethyl phosphorothioic acid was prepared
by the chlorination of the phosphorodithioic
acid and then the hydrolysis of O, O-dimethyl
thiophosphoryl chloride (Fletcher ef al., 1950).
0,0-Dimethyl phosphate was prepared by the
chlorination of dimethyl phosphite and then the
hydrolysis of the dimethyl phosphoryl chloride
(Kosolapoff, 1950).

O-Methyl S-(N-methyl carbamoylmethyl) phos-
phorodithioate, designated as the des-methyl
derivative of dimethoate, and O-methyl S-(N-
methyl carbamoylethyl thioethyl) phosphorothio
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ate, designated as the des-methyl derivative of
vamidothion, were prepared by the refluxing
potassium dimethyl dithiophosphate and dimetho-
ate or vamidothion in acetone for two hours
(Dauterman et al., 1959). Vamidothion carboxyl
derivativé, 0,0-dimethyl S-carboxy ethyl thioethyl
phosphorothioate, was prepared by the following
method ; 0. Imol of NaSCH;CH,SNa was suspended
in chloroform and equimolar of a-chloropropionic
acid was added dropwisely at 40°C. After stirring
for two hours equimolar of dimethyl phosphoryl
chloride was added and kept for two hours at
40°C. After filtration, the filtrate was neutralized
by the dropwise addition of dilute potassium
hydroxide solution and the water layer was
concentrated to dryness.

O-Methyl phosphate was prepared by refluxing
potassium dimethyl phosphate with equimolar
potassium iodide in acetone (Spencer et al., 1958).
Other chemicals were commercially obtained.

In vivo metabolism of vamidothion. Adult male
of the American cockroach, Periplaneta americana
L., and adult female of the green rice leafthopper,
Nephotettix cincticeps topically
applied with the propylene glycol solution of P3-
vamidothion of dosage of 500 and 2pg per insect,
respectively, and they were kept at 25°C. After
definite periods, the insects were homogenized

UnLer, were

with 1m/ of chloroform and 1m/ of water,
chloroform layer was separated by centrifugation,
and the water layer were extracted three times
with chloroform. Chloroform layers thus obtained
were combined. Two m/ of ethanol was added to
aliquote and the mixture was kept overnight in
a refrigerator at 5°C. Then, the precipitate was
removed by centrifugation and the clear super-
natant was concentrated at 45°C by means of a
vaccum rotary evaporator. An aliquot of water
soluble material was paper chromatographed.
An Adult male of mouse, strain NC-5, was
orally treated with 30mg of vamidothion and kept
in a metabolic cage. Excreted urine was collected
for 24 hours. The collected urine was extracted
with chloroform and water as mentioned above.
Leaf chops of apple and rice were placed
on 0.059% water solution of P%-vamidothion at
25°C. After 24 hours, they were homogenized,
and then water extracts were prepared as
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mentioned above,

In vitro metabolism of vamidothion and dime-
thoate.
mixed sexes of adult houseflyies, 4th to 5th
insters larvae of rice stem borer, Chilo suppressalis
Wark., adults of apterous form of green peach
aphid, Myzus persicae Surzer, and leaves of rice
and cabbage were homogenized with the ice-cold
buffer and centrifuged at 3, 000r. p. m. for 10min.
The supernatant was used as the enzyme solution,

Adults of male American cockroaches,

The liver of female rat, Wistar strain, was used
for the enzyme preparation as mentioned above.

P32-Vamidothion and P32-dimethoate were used
as water solution. The typical reaction medium
was as follows:

1/15M Phosphate buffer 2.0ml’
1. 8x10"2M P*-Vamidothion or

-dimethoate 0.5m!/

1025 Homogenate 0.5m!/

The reaction mixture was incubated for two
hours at 37°C, then 3m/ of chloroform was added.
Both chloroform and water layers separated were
chromatographed and then chromatostrips were
submitted for radioassay.

The metabolites were iden-
tified or determined by the paper or ion exchange
chromatography. The water extracts were applied
to Toyo No. 51A filter paper and developed by
the following two systems of solvents. The first
was the mixture of isopropanol-ammonium
hydroxide (75:25) (Plapp and Casida, 1958), the
second was the mixture of acetonitrile-water-
ammonium hydroxide (40:9:1) (Hacskaylo and
Bull, 1963).
the paper chromatogram was determined by the

Chromatography.

After drying, the radioactivity on

Aloka 4z low back ground gas flow paper
chromatogram scanner.

The metabolites of dimethoate were also separated
by ion exchange chromatography (Dauterman ef
al., 1959).
measured by the liquid type glass GM counter.

The radioactivities of eluents were

Results and Discussion

In vivo metabolism of vamidothion. Rf values
of related compounds of vamidothion are shown
in Table 1. The metabolic products of P32-
vamidothion found in insects, animal and plants
were given in Table 2. Des-methyl vamidothion
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Table 1. Rf values of vamidothion related
compounds in paper chromatography using
isopropyl alcohol-ammonium hydroxide
system.
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was detected only in plants, and no spot corres-
ponding to the carboxyl derivative of vamidothion
was detected in all materials. But it is still
difficult to conclude that desmethyl vamidothion
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Fig. 1.

Compound Rf is not produced within the insects and animal
o cH h and the carboxyl derivative of vamidothion within
- 3 . 32_ . . N .
cgg)> 1”>-SCH2CH25-(l:HCONHCH; 0. 84 all tes.t organisms. P3%-Vamidothion used in this
. . experiment was rathr weak in its radioactivity.
oUnknown CH 060 Effect of pH on the in vitro metabolism of
3 . s s
I 1 vamidothion and dimethoate. Effects of pH on
-SCH,CH,S-CHCOOH 0.52
(CHSO)ZZ Fee the degradation of vamidothion and dimethoate
(CH;O),E’-OH 0.35 in the rf:actxon medium are shown .m Fig. 1.
0 : The optimum pH for the degradation of the
CI}(I(3)0>E,_OH 0. 02 insecticides was about 8.0 for the rat liver
homogenates and near 7.0 to 7.4 for the insect
H3PQ‘ 0.00 homogenates. These difference of optium pH for
.. Table 2. Metabolic degradation products of P32-vamidothion in insects, mouse
and plants identified by paper chromatography.
Percent of radioactivity o T
. 0 (0] 0 30
Material
HPO. CHO- bon (cH,0), Por  unknown CHO- bsc,n s¢HENHCH,
‘American cockroach
" 3 hours (normal) 10.2 23.0 35.4 31.4 0
18 hours (paralysis) 16.4 19.1 45.8 18.7 0
Green rice leafhopper -
3 hours (paralysis) 25.5 22.5 29.5 22.6 0
18 hours (paralysis) 28. 2 15.7 29.5 26. 6 0
Mouse urine
24 hours (normal) 7.7 16. 2 4.7 31.4 0
Rice leaf
24 hours 10.9 0 5.7 31.0 52.4
Apple leaf
24 hours 27.3 0 11.0 45.7 16.0
i r Vami(iothion
cpm Dimethoate v A\ cpm o A
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The effect of pH on the degradation of vamidothion and dimethoate in the

homogenate of insect and rat liver.

—O—; House fly,

132

—@— ; American cockroach,

—A—; Rat liver



Bi i o

the degradation of insecticide may be caused
by the difference of the primal degradation
site between rat liver homogenate and insect
preparation.

Species specificity of the
vamidothion and dimethoate.
degradation products of vamidothion and dimetho-
ate were determined at pH 7.4 in the various
insect homogenates. Results obtained are shown
in Table 3. The cockroach homogenate degradated
large amount of dimethoate compared with other
insect homogenates did. There was littledifference
in the degradation amounts of vamidothion
between cockroach and house fly homogenates,

degradation of
Total amounts of

Table 3. Amounts of dimethoate and
vamidothion degradated by various
insect homogenates.

{ Amount of | Amount of

. dimethoate vamidothion
Material degradated degradated
. |_(ug/g/hr) | (pg/g/hr)
American
cockroach 79.6 13.8
Housefly 9.0 15.5
Rice stem
borer 12.4 -
Green peach _
aphid 10.4

Degradations of vamidothion and dimethoate
in various tissues. The male adult of the
American cockroach was dissected and each tissue
was collected in the phosphate buffer, pH 7. 4.
Total amounts of degradation products of vami-

Table 5. Metabolites of dimethoate found
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dothion and dimethoate by different tissue
homogenates were determined (Table 4).

Table 4. Amounts of vamidothion and
dimethoate degradated in various tissue °
homogenates of the American cockroach.

Amount’ of
Insecticide Tissue ggge:;é?s:d
(p#g/g/hr.)
Total gut 10.1
Fat body 36.8
Vamidothion Muscle 9.0
Total body 16.8
Total gut 15.7
Fat body 53.5
Dimethoate Muscle 19.2
Total body 25.3

Table 4 shows that vamidothion and dimethoate
were hydrolysed greatly by the fat body homo-
genate, and slightly by the total gut and muscle
homogenates.

Nature of metaholic products of vamidothion
and dimethoate. After incubation with insects,
plants and rat liver homogenates for two hours,
several metabolic products of the insecticides
were separated by the ion exchange or paper
chromatography, and were identified with au-
thentic samples by cochromatography (Tables 5
and 6). Dimethyl phosphorodithioate derived from
the hydrolysis of dimethoate at S-C bond was
detected only in the rat liver homogenate. Uchida

et al. (1964) described that the rat liver homo-

in insects, plants and rat liver homogenates.

American

Rice stem

Material House fly cockroach horer Rice leaf Call)é):fge Rat liver
5 -
(CH;0) zl"IOH 0% 0% 0% 0% % 0%
S
(CH,0),PSCH,COOH 27.3 17.7 24.0 0 20.0 2.5
14
= S
3| (cH,0)PoH 6.9 69.5 10.8 0 17.6 58.6
o
E CH 0 1) (")
= l‘f0> PSCH,CNHCH; 63.1 12,8 65. 2 100 40.8 11.6
§ .
(CH,0), PSH 0 0 0 0 0 25.8
Unknown 2.7 0 0 0 21.7 1.5
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Table 6. Metabolites of vamidothion found in house fly and rat liver homogenates.

Metabolite

(0]

0
Material |Unknown (CH;O)gfI’IOH (HO)gﬁOH CH30

0 CH; 0 0 CH,

~ PSC,H,SCH-CNHCH, (CH;0),PSC,H,SCHCOOH

House fly 0% 65. 4 34.6

Rat liver | 55.4% 13.9 30.7

0 0
0 0

genate gave two metabolic products of dimethyl
phosphorodithicate and carboxy derivative of
dimethoate. But in this study, five metabolic
products were detected in the rat liver homogenate,
and dimethyl phosphorothioate was a major
product.

In the hydrolysis products of vamidothion, one
spot showing positive reaction with ammonium
silver nitrate and Hanes and Isherwood reagents
was obtained. However, it has not been identified.
Therefore, it seems to be dimethyl phosphoro-
thionate, which was a major product in the rat
liver homogenate.

The proposed sites of hydrolysis of dimethoate
and vamidothion are shown in Fig. 2. The
hydrolysis of S-C bond was specific to the rat
liver homogenate.

Dimethoate
S [}
(CH 40}, P ] cu,c NICH,
3¥2 TTT TTT T 2 ]uer 3
i I i
Vamidothion
ﬁ CH30
(©1,0), T P > s CH 4Cil,SCH —C = NHCI,,
’ .
i
Fig. 2. The sites of hydrolysis of dimethoate

and vamidothion, in rat liver, insect and plant
homogenates.
—> ; Rat liver -—> ; Insect —~> ; Plant
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Summary

The metabolism of dimethoate and vamidothion
in insects, plants and mammals was studied in
vivo and in vitro.

Several metabolic products of P¥-vamidothion
were detected within insects, plants and mouse
Des-methyl
vamidothion was detected only in plants.

urine by paper chromatography.

The optimum pH for the degradation of dime-
thoate and vamidothion was about 8.0 for the
rat liver homogenate, and 7.0 to 7.4 for the
insect homogenates.

The Americancockroach homogenate degradates
larger amounts of dimethoate than the house fly,
rice stem borer and green peach aphid homogenates,
but there was a little difference in amount of
degradation of vamidothion between the American
cockroach and house fly homogenates. Amounts
of the insecticides degradated were determined in
the several tissues of the American cockroach,
and the order of degradation activity was fat
body>total gut=muscle.

The hydrolysis of S-C bond of dimethoate
and vamidothion was specific to the rat liver
homogenate.
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BB A DA =~ ienb 3 5 FTTNH R 2REL 12440, sulfoxide & safroxan if, 0. 03%
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(1) JEMSKAN BNV 7L, sulfoxide,
safroxan, S-421, n-propyl isom }:7% piperonyl
butoxide® 5 fINlC, WFhiFr=srsrr—Fo

Table 1. Effect of several synergists on the development of the house fly.

Material and conc. (%) gg'v 2e Larval period Per cent Per cent
tested (Mean days) pupation emergence

1.00 120 8.0 25.0 1.7

: s 0.50 120 8.0 78.0 51.7

Piperonyl butoxide** 55 120 8.0 98,0 80.0

0.125 120 8.0 93.0 86.6

Sulfoxide* 0.25 180 9.0 2.8 0.6
0.125 180 8.3 5.5 0

0.06 180 8.3 12.8 1.1

0.03 180 8.3 48.3 5.6

n-propyl isome* 0.25 180 8.4 43.7 31.1

0.125 180 8.0 83.5 58.9

0.06 180 7.8 8.1 69. 4

Safroxan* 0.125 180 8.5 12.2 0.6

0.06 180 8.1 52.8 5.0

S-421% 0.25 180 10.3 6.1 4.4

0.125 180 8.8 51.6 41.1

Untreated* 180 8.1 9.1 70.0

* Nine replications

** Six replications
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