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.were applied to :the paper treated. with mineral
oil.:© After ascending chromatography the papers
were - sprayed ‘'with 5 per cent aqueous sodium
hydroxide and heating at 105°C for ten minute
for colour development,
the phosphate esters and p-nitrophenol produced
deep yeilow which was indicative of p-nitrophenate

ion. The chloroform extracts of the control flasks

produced onlya smgle spot, Rf=0.02. However,
the chloroform extract of the flasks contammg
the -microsome of homogenate produced three
spots, Rf=0. 02(parathion), Rf=0. 48 and Rf==0, 67.
The Rf values for rwo upper spots were identical
with the control spots of paraoxon (Rf=0. 48) and
p-nitrophenol (Rf=0.67) providing additional
evidence of enzymatic oxidation of parathion to
paraoxon, (Fig. 2.‘)

Summary

Activation jof ethyl parathion (O, O-diethyl
O-p-nitrophenyl. thiophosphate) by slices and
tissue homogenétes of several organs of the rat
and larva of the rice stem borer, Chilo suppressalis
has been investigéted.

1. Ethyl parathion was oxidized in vitro by the
slices of the kidney and liver to a powerful
inhibitor of cholinesterase. _

2. ‘The activating system of the rat liver homo-
genate was located in the washed microsome and
supernatant fraction. NAD was necessary for this
conversion.

3. The activation system in the whole body,
homogenate of the borer larvae existed in the
washed microsome as in the rat liver. However,
it was not NAD but NADP that was effective as
cofactor of this conversion. '
4. By silica column and reversed phase paper

. Under this condition °

technical assistances.

- chromatography, the ;‘active,  anticholinesterase

substance in'-the imicrosome was: 1dent1f1ed as
paraoxon. i - o0 i ieed N EER N
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In Japan, dialkylaryl phosphorothioate insecti-
cides such as ethyl parathion (0, O-diethyl O-p~
nitrophenyl thlophosphate), methyl parathion (O,
'O-dimethyl’ 0—p—mtrophenyl thiophosphate) and
sumithion (O, O-dimethyl 3-methyl-4-nitrophenyl
thiophosphate) are widely used to control the
larva of the rice stem borer, Chilo suppressalis.
Sumithion shows very low toxicity against mam-
mals®, although its chemical structure is closely
similar to those of methyl parathion and ethyl
parathion which are highly toxic to mammals.
Therefore, it is worth-while to study differences
of metabolism of these insecticides in mammal,
insect and plant. ‘ : o

It has been assumed that hydrolysis of dialkylaryl
phosphate insecticides occurs only at the aryl
phosphate bond!*¥. 'Plapp and Casida!V demon-
strated that alkyl phosphate hydrolysis of certain
dialkylaryl - phosphorothioate appears to occur
when the dosage is too great to be "metabolized
in rat through hydrolysis of the aryl phosphate
bond. These conclusions are based on in vivo
experiments in which degradation products are
isolated.
responsible enzyme systexhs are not known.

In the present report, the metabolism and nature
of the products formed by in vitro ',degradation
of ethyl parathidn, methyl parathion, methyl para-

oxon (O, O-dimethyl O-p-nitrophenyl phospha'te)*

and sumithion in mammal, insect and plant were
studied wusing . homogenate - preparations from
several tissues.
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The nature and distribution of the,

" larvae were used for experiment.
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Materials and Methods

Male and female albino rats (200 to 250g),
cauliflowers, the larvae of the rice stem borer
and the adults of the American cockroach,
Periplaneta americana were used. The rice stem

borer larvae were reared by synthetic diet. The

‘diet was a mixture of the following ingredients:

Water 40. 0ml
Agar 0. 6g
Glucose 0.7
Sucrose . 0.3
Casein ) » 1.0
Cholesterol 0.02
Cholinechloride 0.2
Brewer’s yeast " 1.0
McCollum & Simond’s Salt - 0.2
Rice stem ' 20.0

The mixture was placed in QOOmI.Erleﬁmeyer
flasks.
Saitama Prefecture.

The eggs of the borer were collected in
The eggs laid on a piece of
paper, were disinfected with 0. 195 aquéous solution
of mercuric chloride, and placed in each flask at
a population of 30 to 40 eggs. Aseptic rearing
was carried "out in an incubator at 30°C under
photoperiod of sixteen hours of light per day.
After a rearing period of about thirty days, the
The American
cockroaches were fed on .baker-yeast at 30°C,
The insecticides and their derivatives used in the
experiment - were prepared according to the
description of Plapp & Casida!® and Kosolapoff®,

)
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- Scheme 1.

100g (fresh weight) of cauliflower

l Homogenate '

l Filtrate l

A1 '

Thé flow-sheet of subcellur. fractxonatxon in the- homogenate of caulxt‘lower St

! I
Vi B

homogenized by a Waring blender for 1 minute with
120 m1 of isotonic buffer solution (0. 6 M sucrose, 0.05M
Tris buffer (pH8.0), 0.005M EDTA)"

filterated by two layers of gauze

. centrifuged at 1,000xg for 5 minutes

: I Supernatant ’ ‘ Ppt |
centrifuged at 15,000x g for discarded
20 minutes -
R _-—;pt ’ l Supernatant ‘

: tnfuged at 54 500><g
suspended in 70 ml of buffer cen ’
solution (0.6 M sucrose, 0.05 for 60 minutes
M Trfis b&lfferl(pH 7. 0)% I |
centrifuged at 15,000xg for o e T o
20 minutes | Sup 1 ’ | - Ppt |

‘ |

suspendedsin 15ml of

v I Ppt | l Supernatant | buffer solution (0.4M

" dispersed enough in 5ml of discarded ?)I:J?;g:e'( %legg) Egg
buffer solution(0.4 M sucrose, recentri fll;ge d 2t 145000

0.05M Tris buffer (pH 7.0))

V IMitochondrial fractionl

dispersed enough in 5 m.l of-buffer
- solution (0.4 M sucrose, 0.05 M . |
Tris buffer (pH 7.0)) . .

P32-labeled ethyl parathion, methyl parathion
and sumithion were provide by Sumitomo Chemical
Co., Ltd. . These labeled phosphorous insecticides
were purified by shaking with chloroform and
water containing 1% (w/v). Na.CQ,, washing,
drying and distilling off the chloroform, and then
by silica column chromatography. - P¥*-labeled
methyl paraoxon was synthesized ‘by the method
of Sakamoto, et al'?.
labeled ethyl parathion, methyl parathion, methyi

Specific activities of P¥-

paraoxon and sumithion were 5. Omc/g, 17. 2mc/g,
18.3mc/g and 4.9mc/g respectively at the time
of experiment.. Stock solutions were prepared by
dissolving the insecticides in absolute alcohol.

xg for 30 minutes

|
[sepz]

| Pet |
' Sup lJl:i-Sup 2.

Supernatent | v

Microsome- fraction |

Emulsifiable concentrates -of radioactive insecti-
cides, consisting of 50 parts stock solution and 50
parts emulsifer (TritonX-100) were prepared.
The concentrates were diluted by water to give
desired concentrations of insecticides. - NADP*,
NADPH, NAD and NADH were obtained from
Sigma Chemical Co.; Ltd. S
Preparatxons of. subcellular fractionation : “The
fractxonatlons of homogenates of the rat liver, the

* The following abbréviat'ioris are used in this
_‘paper: 'NADP, nicotineamideadenine dinucleo:
" tide phosphate; NADPH, réduced form of NADP::
. -NAD, nicotineamideadenine dinucleotide; NADH,
- reduced form of NAD.
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rice stem borer, larva and the adult cockrpach were’

carried out by the .same methods as described .in
the author’s preceding report®, The liver was
chosen because it caused highest degradation of
phosphorous insecticides among several organs of
rat¥, Because of small sizes of the rice stem
borer larva and the adult cockroach, whole insect
bodies were used. '
the homogenate of cauliflower was prepared by the
method of Wedding & Black!®. The flow-sheet
of preparation of cauliflower is summarized in
Scheme 1. '
Incubation of homogenate: This was carried out
in a Warburg apparatus. The incubation mixture
consisted of 2.5ml of homogenate, 0.1ml of
2.4x10-M nicotineamide, 0.1 ml of 2.5x10"'M
NAD+NADH Cor NADP+NADPH) and 0. 3ml of
P32_]abeled insecticide. The mixture was 1ncubated
for two hours at 37°C, with shakmg in the presence
of air. In mammal, NAD and NADH were used
as cofactors. Asshown in the previous report?,

the in vitro activation of,parﬁthion to paraoxon’
in tissue homogenate of the rice stem borer larvae .

occurred when NADP was added as cofactor, but

not when NAD was used. For this reason, only,

NADP and NADPH were used as cofactors for the
incubation of insect homogenate. In cauliflower,
both NADP+NADPH and NAD-+NADH were
added as cofactors.
period, reaction was stopped by the addition of
1 ml of an aqueous solution containing 10 g tri-
chloroacetic acid in 100 ml of water. The mixture
were then macerated in a Waring blender, The
macerate were placed for 90 minutes in crushed
ice, and 4ml of chloroform was added. After
macerating this mixture in a Waring blender again,
chloroform and water extractables :were separated
by centrifugation, and the radioactivity of each
extractable was estimated for unit volume,
Identification of metabolites: The metabolites in
the water extractable were identified by means
of ion exchange and paper chromatography
according to the method by Plapp & Casida!® and
. Tomizawa & Sato'®, The samplé solution (pH 4)
was placed in the column, and then the top of
column was washed with a few ml of distilled

water. . The column was placed on a fraction

collector, and 4 ml eluate per fraction was collected.
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Subcellular fraction ation of .

At the end of incub_ation B

One ml-aliquot .of each fraction was:transferred
to.a planchet fori radioassay and the content of
the planchet was dried up under the mild heat by
an mfrared lamp. Ion exchange resin was Dowex
I-X8 (100-200 mesh Cltype). The eluting solvents
were as follows;. i
‘I. pH 2 to pH 1 HCI, 200ml
. II.- pH 1 HCI plus methanol (1:3) to 1 N HC]
’ plus methanol (1:3), 100ml .
III. 1 N HCI plus methanol (1:3) to concen-
‘trated HCI, water and methanol (1:1:6),
100ml
Identification of eluted metabolites was based
on the comparison with the result of an ion
exchange chromatography carried out with the
known compounds. In order to secure the identi-
fication of the metabolites, the following paper
chromatography system was used; .
1. Filter paper impregnated with 5% silicone 550
in hexane, mobile sol'vent, the upper from a
mixture of ethyl alcohol 10 parts,’ chloroform 10
parts and water 6 parts by volume®.
2. Filter paper without any treatment, mobile
solvent, a mixture of isopropyl alcohol 75 parts
and concentrated ammonium hydroxide 25 pafts“".
In the case of radioactive metabolites, the
paper chromatography was carried ,°‘.‘t with the
concentrates of water soluble and chloroform

- soluble fractions, and the detection of spots was

done by autoradiography.

Determination of total nitrogen: The amount of
total nitrogen in the homogenate preparation was
determined by micro—Kjeldahl method after di-
gestion by sulfuric acid.

Results and Discussion

Degradation of methyl parathion, methyl
paraoxon and sumithion in the subcellular
fractions of rat, rice stem borer larva, adult
cockroach and cauliflower: The results are shown
in Table 1. ‘The order of activity for the degrada-
tion' of methyl parathion, methyl paraoxon and
sumithion by rat liver homogenate was éupernﬁ-
tant>mitochondria==washed microsome. Methyl
paraoxon was almost completely degradated in the
supernatant. In insect there are little difference
in the amounts of degradation products between
supernatant, washed microsome and mitochondria.
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There are 'no difference! in’thie water exttactable -

metabolite ‘of methyl: parathion -~ bstweén “the

homogenate of the rice-stém borer larva and of .

adult of the :American c‘oci{roa'ch * No degfadation
of methyl parathion and methyl paraoxon occurred
in the cauliflower.

Hodgson & Casida® reported that in the rat liver

homogenate, DDVP was hydrolyzed by the soluble
and mitochondrial fractions but not by the micro-
somes, and desmethyl DDVP was hydrolyzed by
the soluble fraction but not by the microsome or

mitochondria. _ThlS agrees with the present result

in that degradation occurs in the soluble'fra'ction‘

of rat liver homogenate. On the other hand,
Matumura & Brown”reported thatin the hydrolysis
of malathion and malaoxon in the homogenate of
Culex tarsales larvae the order of the activities of
carboxyesterase and phosphatase was mitochondria
>microsome>>supernatant. Their result is rather
opposite to the present one with the homogenates
of rice stem borer larvae and the adult cockroaches.

. Degradation 'of ‘ethyl:-parathion, 'sumithion
and meéthyl parathloxi onthe’ subce]lular fractu‘m
of rat liver and rice stem borer larva: ‘As the
spec1f1c actrvxty of P3-labdled ethyl parathlon
was low, its degradation in the homogenates of
rat liver and rice stem borer larva was mvestlgated
by mcubatmg with 1mg per 3ml system For
comparison, the degradations of sumxthlon and
methyl parathion wére'eiamined ‘at the same
concentration as that of ethyl parathlon Asshown
in Table 1, although sumithion and methyl para-
thion were effectwely degradated at the concen-
tration of 1 mg per 3ml system. the degradatlon
of ethyl parathion was very small, }n the case
of the rice stem borer larva, the degradation of
efhyl parathion was very small in amount,
Separatlon of water extractable metabolites:
The water extractable metabolxtes were identified
by the ion exchange chromatography As shown
m Flg 1 and Table 2, five peakes of metabolites
were found for methyl parathion and sumlthlon,

<

Table 1. Amounts of degradation of methyl parathlon; methyl paraoxon and sumlthlon by the
subcellular fraction of several tissues.
227120 min. /N mg as metabolites on water extractable (calculated as ethyl parathxon,
parathion, methyl paraoxon or sumxthxon) (dosage: 360ug) :
S .S
Insecticide (?H30> - CH30> p-0- ,CH 30> -0- - 'CaH?O> i"_—O—
CH;0 N CH;0 o~ CH,O - <CH, C.H;0 S
oo K oNe N \_/'NOZ
Rat :
Mitochondria 21 - 19.8 - “1.9 S . 054
Microsome 3.6 _— 43.1 v -« - 3.6, ’ . 19
Supernatant 23. 4 (90. 3)** 119.4 - 19.9(107. 3)** - }.2,4
1 Rxce stem borer _
Mitochondria 1.4 ; < obh " 0.39
Microsome 2.0 i CoT2.8 - T T 0/96
Supernatant 2.8 i ) 4i9 o S ) B
_ ; b Cock:roach ) .
Mitochondria " 0.23 o 0.82 N
Microsome | 0.38 : 1.3
Supernatant 1.0 2.6
: Cauliflower = - . : . . ’ L
Mitochondria Nil . .. Nil R
Microsome Nil - Nil .
Supernatant 0.1 T . 0.1 ’

* This dosage is 1 mg, ¢ D¥*%

1 mg'is used as a dosage..

73



H 'I‘able 2 Water extractable metabohtes produced by the subcellular 'fraction to radioactive

:". R msectxcldes Amounts as percentage. of .total recovered (dosage: 360pg.), L

s ) Rat 1 - Rice stem borer .| Cockroach
' Tnsecticide Mit. Mic. - Sup. | Mit. Mic. - Sup. -|' Sup.
A CH39\§ /_\» o -» _ " "
o’ oSO ’ ' -
unknown (peak 1) 2.0 2.0 0.5 2.4 3.7 5.7
H;PO, or HaPO;,S (peak 2) 35.6 67.5 9.2 52.1 50.3 38.9
/ P-OH (peak 3) 14.2 16.7 53 19.2 13.6 23.6
CH;0O : .
CH,0. .. .
Np-0-¢ - k4 8.5 .
ol / \_/ NO, (peak 4) 3 7.8 1.5 5.5 53 4.2.
cnao\ ; /'_\ . - : -
- . 3 .2 . f . .67
OH / \U_/ NO;, (peak 5) 33 9. 2 . 81.8 17)3 17.1 23 6'
B 'CH,o\ 2
cHo ) O—\_ /-N02
unknown (peak 1) ~ 1720 2.0 2.0
H,PO, or H;PO;S (peak 2) 78.0  90.0 - 8.0 80.0
CH;’O\ / \ '
- k 3 20.0 3 . 0 5
OH J O—\ J NOz (pea 3) _,0 8.0 : 90 20.0

cHo S
c a> /<_N03

CH,O -
unknown (peak. 1) » 1.5 1.6 ) 0.7 1.5 2.3 . 4.3
HyPO, or HaPO:,S (peak-2) , .| -35.6 66.5° 11.2 69.8 63.4 539
CH,0_ 5 _ _ '
P—OH (peak 3) ) 26.1 21.8 5.3 16.1 20.6 20.2
CH30 TR | .
CH
CH30\ v < 3
ol ) -O—\_/—NOz (peak . 41 44 2.3 3.4 3.0 2.8
: CH
CH30\ W / < 3
oH / \_/-Noz (peak 5) 39.7 3.7 786 ]..6.3 7.4. 15,6
T
D. czHuo\ ] /
_ L AT
AN
unknown (peak 1) .
H;PO,or H;PO;S (peak 2) - 445 73.8 18.7
CHO $ 0
P-OH (peak 3) R 42,6 20.8 56.3
C.H,0 )
’ CzHuO\ W N - ' o,
o / <_ -NO (peak | 48 16 20 |"
CzHuO || /N Lo C
. \_ /-N02 (peak 5 5.6 0.7 17.1

b

* ThlS dosage is 1 mg Mlt Mitochondria, Mic: Microsome, Sup:. Supernatant
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four peaks for ethyl parathion and three peakes
for methyl paraoxon. With the supernatant of rat
liver homogenate, the principal metabolites of
methyl parathion, methyl paraoxon and sumithion
were O-methyl O-p-nitrophenyl thiophosphoric
acid (desmethyl parathion), O-methyl O-p-nitro-
phenyl phosphoric acid (desmethyl paraoxon) and
O-methyl 3-methyl 4-nitrophenyl thiophosphoric
acid (desmethyl sumithion)respectively (81. 8, 90.0
and 78. 6%) with remaining radioactivity appearing
in thiophosphoric or phosphoric acid, dimethyl
thiophosphoric acid, desmethyl paraoxon, des-
methyl sumithion oxide. However, with the super-
natant from the rice stem borer larva and adult
cockroach, these principal metabolites ‘were not
found in such large amounts as in the case of the
rat liver ; desmethyl parathion” was 23.6%, des-

L L
.

100
Fraction no.

Fig. 1 Degradation products from p32-labeled*

‘pliosphorous insecticides following incubation .

with mitochondria, microsome and supematant

of the homogenate of the rat liver, nce stem

borer and American cockroach.

(1) Rat, mitochondria, methyl parathion

(2) Rat, microsome, methyl parathion

(3) Rat, supernatant, methyl parathion

(4) Rat, supernatant, ethyl parathion-

(5) Rice stem borer, supernatant, methyl
parathion

(6) Rat, supernatant, methyl paraoxon

(7 Cockroach, supernatant, methyl paraoxon

methyl paraoxon was 209, and desmethyl sumi-
thion was 15.695. Amounts of their degradation prod

‘ucts were considerably different from those in the

rat liver. In the experiment of Table 1 and 2, NAD
and NADH were used as cofactors for the rat liver
homogenate, whereas in insect NADP and NADPH
were added. It may be that the difference of
degradation products in the supernatant between
insect and rat liver is due to the difference in
cofactor. This possibility is however excluded by
the finding that no change in the amounts of
degradation products was found when NADP-+
NADPH was used in place of NAD+NADH in
the rat liver homogenate®, ;

The toxicity of ethyl parathion to rat is higher
than that of methyl parathion and sumithion.
The -production’ of desethyl parathion in the
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supernatant was, very slight, 17.1%  (Table 2),. .,

Hodison & Casxda" examined the nature of 1mt1ai
hydrolysis of DDVP" by ‘the’ mltochondnal and |

soluble enzyme preparatlons The enzyme hydro- o

lyzing 'the’ P—O—methyl ‘precipitated predomma-
tely between 60 dnd 80 saturatxon of ammonium
sulfate fractxonatlon of the soluble liver fraction,
while P-O-vinyl hydrolyzing esterase precipitated
between 40 and 6095 saturation. In the present
investigation, it was shown that the reaction
systems cleaving P (S) O-methyl and P (O)
O-methyl of methyl compounds existed in the
supernatant of rat liver homogenate.
it is of interst to see whether these reactions are
due to the same enzyme system as that of DDVP.

It is also necessary to show the difference of
degradmg reactxons between metabolism of P(SHO-
methyl lmdage and that of P(0)O-methyl lindage.

Therefore,

L Summary
",The in vitro degradations. of ethyl parathion
(O, O-diethyl O-p-mtrophenyl thiophosphate),
methyl parathion (0, O-dimethyl O-p—mtrophenyl
thiophosphate), methyl paraoxon (O, O-dimethyl
O-p-nitrophenyl phosphate) and sumithion €0, O-
dimethyl 34fnethyl-4—nitrophenyl thiophosphate)
in the homegenate preparations-of mammal; insect
and plant have been investigated.

The order of activity to degrade methyl parathion,
methyl ‘paraoxon and sumithion, to water: extra-
ctable metabolites in the rat liver homogenate was:
supernatant>> mitochondria==washed  microsome.
However, in the case of ethyl parathion, the activity
of degradation in the supernatant of the rat liver
homogenater was very small compared with ‘that
of methyl parathion and sumithioh.) v In insect,
there was little difference betwéén ‘sltipernatant,
washed microsome and mitochondria'in degradation

activity. In plant, no degradation of methyl
parathion and methyl’ paraoxon occurred.’ .

.. These water extractable metabolites were iden-
' tified by ion exchange chromatography, and five
peaks of metabolites were found. Four, of them
were 'identified ‘as phosphoric or thigphosphoric,
dialkylthiophosphoric, desalkyl thiophosphoric,
-and, desalkyl phosphoric acid, the remaining one
being .unknown. With the supernatant of the rat
liver ;homogenate, the . principal metabolites of
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were desmethyl parathlon, desmethyl paraoxon
‘In the
case of ¢ ethyl parathlon the product:on of desethyl
parathlon was very slight. Wlth thq supernatant
of "the homogenate of insects, these, rqetabohtes

and desmethyl sumxthxon, respectlvely

were found not to be principal.
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