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･were.appliedto:the■,papertreatedwithmineral

oiい Afterascendingchromatographythepapers

･were･sprayed-with5percentaqueoussodium

bydroxideandheatingatlO5oCfortenminute
forcolourdevelopment. Underthiscondition

thephわsphateestersand♪-nitrophenolproduced

deepyellowwhichwasindicativeof♪-nitrophenate

ion.Thechloroformextractsofthecontrolflasks

producedonlyasinglespot,Rf-0.02.However.
thechloroform extractoftheflaskscontaining

themicrosomeofhomogenateproducedthree

spots,Rf-0.02(parathion),Rf-0.48andRf-0.67･

TheRfvaluesfortwouppersp?tswereidentical

withthecontrolspotsofparaoxon(Rf-0.48)and

♪-nitrophenol(Rf-0.67) providing additional

evidenceofenzymaticoxidationofparathionto

paraoxon.(Fig.2.)

Summ&ry

Activation~oiethylparathion(0,0-diethyl

b-p-nitrophenylthiophosphate)byslicesand

tissuehomogenatesofseveralorgansoftherat

andlarvaoftheri占estemborer,ChilosuL'Prcssalis

hasbeeninvestigated.

1.Ethylparathionwasoxidizedinvitrobythe

slicesofthekidneyandlivertoapowerful

inhibitorofcholinesterase.

2.Theactivatingsystemoftheratliverhomo･

genatewaslocatedinthewashedmicrosomeand

supernatantfraction.NADwasnecessaryforthis

COnVerS10n.

3.Theactivationsystem intlleWholebody,
homogenateoftheborerlarvaeexistedinthe

washedmicrosomeasintheratliver.However,
itwasnotHADbutNADPthatwaseffectiveas

cofactorofthis.conversion･

4.Bysilicacolumnandreversedphasepaper

GhromatDgraphy,.theAactiveE.anticholinesterase

substancein-thelmicrosomewastidentified.as

paraoxon.■ E iJ I J
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ll. 有税リ,ン殺申剤の選択的殺虫作用 (第2報)･高等動軌 こん虫および植物体における有機1)I. J■

ン殺虫剤のiふvitroにおける分解について 宍戸孝 (段林省員業技術研究所員薬科).深見頓- (理化学 ･

研究所農薬第-研究室)38.7.26.受理

高等動軌 こん血おj:び植物体における有機 ･)ン殺虫剤の選択性をinviEroで明らかにするために,

p32按誠エチル,メチルパラチオン,メチルパラオクソン,およびスミチオンを班用して,ラッチ,

ニカメイチュウ, ゴキプ.), およびカ.)フラワーの細胞分画におけるこれら殺虫剤の分解について

検討した.

イオン交換クロマトグラフィー等により分解生成物を検索した結果,1)ン酸,ジアルキルチオ.)ン軌

脱アルキル化合物等が認められた. ミトコンド1)ア/ マイクロゾームの画分では, ラッチ, こん虫

兆に分脚 勿の柾朝および生成物の比率に差がほとんど認められなかった.メチル系殺虫剤のラッチ肝

臓上粥両分における分解は他の画分に比し, 非常に強く, そのほとんどが脱メチル化物であった.

一方こん虫では脱メチル化物はわづかしか認められなかった. また脱エチル化反応は∴ ラッチ, こ

ん出光におきにく.い. カt)フラワーでは, ぞの細胞の各分画において, これら殺虫剤の分解は殆ん

ど認められなかった.

InJap?n･dialkylarylphosphorothioateinsecti-
cidessuchasethylparathion(0,0-diethyl0-♪一

mitrophenylthiophosphate),methylparathion(0,
0-dimethyl0-♪一mitrophenylthiophosphate)and

sumithion(0,0-dimethy13-methyl-4-nitrophenyl

th50phosphate)arewidelyusedtocontrolthe
larvaofthericestem borer,ChiLosuP♪yessaLis.

Sumithionshowsverylowtoxicityagainstmam･

malsの,althoughitschemicalstructureisclosely

similartothoseofmethylparathionandethyl

parathion.whicharehighlytoxictomammals･

Therefore.itisworth･whiletostudydifferences

ofmebbolism■oftheseinsecticidesinmammal,

insectandplant.

ItllaSbeenassumedthathydrolysisofdialkylaryl

phosphateinsecticidesoccursonlyatthearyl

phosphatebondl,4)･ PlappandCasidall)demon･

stratedthatalkylphosphatehydrolysisofcertain

dialkylarylphosphorotllioate appearstooccur

whenthedosageistoogreAttobemetabolized

inratthroughhydrolysisofthearylphosphate

bond. Theseconclusionsarebasedoninvivo

experimentsinwhichdegradationproductsare

isolated･ Thenatureanddistributionofthe.

responsibleenzymesystemsarenotknown･

Inthepresentreport,themetabolismandnature

oftheprodudtsformedbyinviErodegradation

ofethylparathion,methylparathion,methylpara･

oxon(0,0-dimethyl0-♪一mitrophenylphosphate)､

andsumithioninmammal,insectandplantwere

studied tlSing homogenate preparationsfrom

severaltissues.
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班aterialSAndMethods

Maleandlfemalealbinorats(200to250g),
cauliflowers,thelarvaeofthericestem borer

andtheadults ofthe American cockroach,

PeyiPlanetaamericanawereused.Thericestem

borerlarvaewererearedbysyntheticdiet.The

dietwasamixtureofthefollowlngIngredients:

Water 40.Oml

Agar 0.6g

Glucose 0.7

Sucrose 0.3

Casein 1.0

Cholesterol 0.02

Cholinechloride 0.2

Brewer'syeast 1.0

McCollum&Simond'sSalt 0.2

Ricestem 20.0

Themixturewasplacedin200ml.Erlenmeyer

flasks.Theeggsoftheborerwerecollectedin

SaitamaPrefecture.TheeggslaidonapleCeOf

paper,weredisinfectedwith0.1%aqueoussolution

ofmercuric･chloride,andplacedineachflaskat

apopulationof30to40eggs. Asepticrearlng

wascarriedoutinanincubatorat30°Cunder

photoperiodofsixteenhoursoflightperday.

Afterarearingperiodofaboutthirtydays,the

larvaewereusedforexperiment.TheAmerican

cockroacheswerefedonbaker･yeastat30oC.

Theinsecticidesandtheirderivativesusedinthe

experimentwere prepared according to the

descriptionofPlapp&Casidall)andKosolapoffO).
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Schemel∴ The.flow･sheet,dEsubcellurfractionationfinthe･homogenhte･oEcauliflower r･

100g(freshweight)ofca●uliflower

homogenizedbyaWaringblenderforlminutewith
120mlofisotonicbuffersolution(0.6Msucrose.0.05M
Trjsbuffer(pH8.0),0.005MEDTA)-

Ilomogenate

filteratedbytwolayersofgauze

centrifugedat1,000Xgfor5minutes
Supernatant

centrifugedat15,000×gfor
20minutes

. L
suspendedin70mlofbuffer
solution(0.6M sucrose,0.05
M Trisbuffer(pH7.0))
centrifugedat15.000xgfor
20minutes

dispersedenoughin5mlof
buffersolution(0.4Msucrose,
0.05M Trisbuffer(pH7.0))

Supernatant

Pptl lSupematant
discarded

Mitochondrialfraction

centrifugedat54.500×g
for60minutes

I至重二I L
suspendedAin15mlof
buffersolution(0.4M
sucrose.0.05M Tr王s
buffer(plI7.0))and
recentrifugedat√145,000
×gfor30mintlteS

dispersedenoughin5mlofbuffer
solution(0.4M sucrose,0..05M
Trisbuffer(pH7.0))

Microsomefraction

lS､'IP2l
Sup1+Sup2
1

Supernatent

P32-labeledethylparathion.methylparathion

andsumithionwereprovidebySumitomoChemical

Co.,Ltd.Theselabeledpbosphorousinsecticides

werepurifiedbyshakingwith(:hloroform and

watercontaining1% (W/V).NalCOS,Washing.

dryinganddistillingoffthechloroform,andthen

bysilicacolumnchromatography. P32-labeled

methylparaoxonwassynthesized'bythemethod

ofSakamoto,etal12). SpecificactivitiesofP32-

1abeledethylparathion,methylparathion,methyl

paraoxonandsumithionwere5.Omc/g,17.2mc/g,

18.3mc/gand4.9mc/grespectivelyatthetime

ofexperiment.･Stocksolutionswerepreparedby.
dissolvingtheinsecticidesinabsolutealcohol.

Emulsifiableconcentratesof'rAdioactiveinsecti･

cides,consistingof50partsstocksolutionand50

partsemulsifer(TritonX-100) wereprepared.

TheconcentratesweredilutedbywatertoglVe

desiredconcentrationsofinsecticides.INADP暮,

NADPH,NADandNADH wereobtainedfro血

SigmaChemicalCo/,Ltd.

Preparationsofsubcellularfractionation:･The

fractionationsofhomogenatesoftheratliver,the

井Thefollowingabbreviationsareusedinthi占
paper:NADP,nicotineamidead占ninedinucleo-

tidephosphate;NADPH,-r占du-cedfarmofNADP;･

NAD,nicotineamideadeninedinucleotide;NADH;
reducedformofNAD.
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pqqsternborerlarvaandtheadultcoikrpach'were

Parriedoutbyrthe.samemethodsasdescribedin
theauthor'sprecedingreports). Theliverwas

chosenbecauseitcausedhighestdegradationof

phosphorousinsecticidesamongseveralorgansof
rata). Becauseofsrnallsizesofthericestem

borerlarvaandtheadultcockroach,wholeinsect
bodieswereused. Subcellularfractionationof

thehomogenateofcauliflowerwaspreparedbythe

methodofWedding&Blackll). Theflow･Sheet

ofpreparationofcauliflowerissummarizedin

Scheme1.

Incubationofhomogenate:Thiswascarriedout

inaWarburgapparatus.Theincubationmixture

consistedof2.5mlofhomogenate,0.1mlof

2.4×10~lM nicotimeamide,0.1mlof2.5×10ーlM

NAD+NADH(orNADP+NADPH)and0.3mlof

PaLlabeledinsecticide･ThemiXtureyasincubatedlこ■'
fortwohoursat37°C.withshakinginthepresence

ofair.Inmammal,NADandNAI)Hwereused

ascofactors.Asshowninthepreviousreport2),

theinvityoactivationof′parithiontoparaoxon
intissuehomogenateofthericestemborerlarvae

occurredwhenNADPwasaddedascofactor,but

notwhenNADwasused.Forthisreason,only.,

NADPandNADPHwereusedascofactorsforthe

incubationofinsecthomogenate.Incauliflower,
both NADP+NADPH andNAD+NADH were

addedascofactors. Attheendofincubation

p.eriod,reactionwasstoppedbytheadditionof

1mlofanaqueoussolutioncontaining10gtri･

chloroaceticacidin100mlofwater.Themixture

werethenmaceratedinaWaringblender.The

maceratewereplacedfor90minutesincrushed

ice,and4mlofchloroform wasadded.After
maceratingthismixtureinaWaringblenderagain,

chlorofor甲andwaterextractables:Y.早reSeparated

bycentrifugation,andtheradioactivityofeach

extractablewasestimatedforunitvolume.

Identificationofmetabolites:IThemetabolitesin

thewaterextractablewereidentifiedbymeans

ofion exchange and paperchromatography

accordingtothemethodbyPlapp良CasidalO)and

Tomizawa&Sato13). Thesampl占solution(pH4)

wasplacedinthecolumn,andthenthetopof

columnwaswashedwithafew mlofdistilled

water. Thecolumnwasplacedonafraction

collector,and4mleluateperfractionwascollected.
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One-ml?liquotofeachfractionwasrtransferred

toaplanchetfor･radioassayandthecontentof

theplanchetWasdriedupunderthemi1d.heatby

aninfraredlamp.TonexchangeresinwasDowex

I-X8(1001200mesh,Cltype).Theelutingsolvents
wereasfollows;

I. pH2toPHIHCl,200mi

III. PHIHCIplusmethanol(1:3)toINHCl

plusmethanol(1:3),100ml

III. 1NHClplusmethanol(1:3)toconcen･

tratedHCl,waterandmethanol(1:I.:6),
100ml

ldentificationofelutedmetaboliteswasbased

onthecomparisonwiththeresultofanion

exchangechromatographycarriedoutwiththe

knowncompounds. Inordertosecuretheidenti･

ficationofthemetabolites,thefollowingpaper

chromatographysystemwasused;

1.Filterpaperimpregnatedwith5%silicone550

inhexane,mobilesolvent,theupperfrom a

mixtureofethylalcohol10parts,̀chloroform10

partsandwater6partsbyvolumes).

2.Filterpaperwithoutanytreatment,mobile

solvent,amixtureofisopropylalcohol75parts

andconcentratedammoniumhydroxide25partslO).

In the case ofradioactive metabolites.the

paperchromatographywascarriedo叫withtheI
concentratesofwatersolubleandchloroform

solublefractions,andthedetectionofspotswas

donebyautoradiography.

Determinationoftotalnitrogen:Theamountof

totalnitrogeninthel10mOgenatepreparationwas

determinedbymicro-Ⅹjeldahlmethodafterdi･

gestionbysulfuricacid.

ReJmlt8AndDiBCu的ion

Degr8d8tion of nethylpAr&thion,nethyl

pr80ェOn And Jmmittlion imttle且ubccllulAr

frAction80frat,riceStem borerhryA.Adult
cockroachAndcauliflover:Theresultsareshown

inTable1.Theorderofactivityforthedegrada･

tionofmethylparathion,methylparaoxonand

sumithionbyratliverhomogenatewassuperna･

tant>mitochondria幸washedmicrosome.Methyl

paraoxonwasalmostcompletelydegradatedinthe

supernatant.Ini丘secttherearelittledifference

intheamountsofdegradationproductsbetween

supernatant,washedmicrosomeandmitochondria.
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Thereare･nodifferencelin-tlie_r如ater'e文ttaCtable'･

metabollte･ofmethyl･･由rathionlbetweerhI.the

homogenateoftherice･stem borerlarV'alandof.
adultoftheAmericancockroath.'Nodegねdation

oEmethylparathionandmethylparao丈lonoccurred
inthecauliflower.

Hodgson&Casida.)reported-thatintheratliver

homogenate.:DDVPwashydrolyzedbythesoluble

andmitochondrialfractionsbutnotbythemicro･

somes,anddesmethylDDVPwashydrolyzedby

thesolublefractionbutnotbythemicrosomeor

mitochondria.Thisagreeswiththepresentresult

inthatdegradationoccursinthesolublefraction

ofratliverhomogenate. Ontheotherhand,

Matumura&BrownT)reportedthatinthehydrolysis

ofmalathionandmalaoxoninthehomogenateof

cutexlarsalcslarvaetheorderoftheactivitiesof

carboxyesteraseandphosphatasewasmitochondria

>microsome>supernatant.Theirresultisrather

oppositetothepresentonewiththehomogenates

｡fricestemborerlarvaeandtheadultcockr'daches.

Table1. Amountsofdegradationofmethyl

A.･DegrAdAtionlhf7etttyl.･･prathioh,'･8tl血itkibTL

A･nd品ethyl･prattLib'Aoithe.BtlbiellulirTiAitiふh
ofratliYerAndriもeitemborerhrv8-:Asthe

1
specificactivityoft32-labelede't'hylpara'thion

waslow,itsdegradationinthehomogena.tesof

ratliverandricestemborerlaryawas′inやestigat旨d

byincubatingwithlmgpet3mlsystem･ Far

comparisorl.thedegradationsofsuniithionand
methylparathionwereexaminedatthesame

concentrationasthatoEethylparath王bn.Astshown

inTable1,althoughsumithionandmethylpara･

thionwereeffectivelydegradatedattheconcen･

trationof1mgper3mlsystem.thedegradation

ofethylparathionwasverysmall. Inthecase

oftherice'stemI)Orerlarva,thedegradationof

ethylparathionwasverysmallinamount.

SeprationofwatereXtraCt8blemetAboljte8:
Thewaterextractab1brhetabolit由wereidentified

bytheionexchangechromatography..Asshown

inFig.1andTable2,fivepeakesofmetabolitesL｣.
werefound'formethylparathionandsumithion,

parathioni.methylparaoxonandstlmithionbythe
subcellularfractionofseveraltissues.

～Thisdosageislmg,( )★書:.･1mg.isusedasadosage..
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コ

･Table2.WaterexttactablとImetabolitesproducedbyIthesubcellular'frac'tibntoradioactive

l ■ Jinsecticides･'Ap ountsaspercentageof･totalrecovered(dosage:360iLg･).

Insecticide
Mit.蕊 I Sup. l'ME.icesLeiT.borg:p∴Eco;kurp?ach

A:≡)p5-ひく:)-N02
unknown(peak1)

H3PO10rH3POaS(peak2)

::;:) 喜一oH(peak3)

C.HLo)pp-か〇 一NO2(peak4)

C.H:0)丈oく )-NOB(peak5)

2.0 2.0 0.5

35.6 67.5 9.2

14.2 16.7 5.3

8.5 7.8 1.5

33.3 9.2,.81.8

.JJ
I ～

2.4 3.7 5.7

52.1 50.3 38.9

19.2 13.6 23.6

5.5 5.3 4.2

17.3 17.1 23.6~

B cC器 )pp--o rNO2
unknown(peak1)･～

HaPO-orHaPO3S(peak2)

C.H:)pPTひく二)-NO皇(peak3'

2.0 2.0 2.0

78.0 90.0 ･8.0

20.0 8.0 90.0

ccc:::)p3-か⊂,'fN";3
unknown(peak1)

HaPOIDrHaPOaS(peak･2)

::::)喜一oH'(peak3) ...

C.H;0)p9-0-くIJ 'fN"ら ヱ(pe,k 4,.

C.H:0)p5--く二5 fNH;2(peak5)

1.5 1.6 0.7
.35.6 66.5` ll.2

26.1 21.8 5.3

4.1 4.4 2.3

39.7 3.7 78.6

1.5 2.3 4.3

69.8 63.4 53.9

16.1 20.6 20.2

3.4 3.0 2.8

6.3 7.4_ 15.6

D Cc2,:::)p'--く-> NO2∴ ∴
unknotvn(peak1)

tJaPO.orHSPOaS(peak2)

cc芸.3
S
1
P-OIi(peak3)

C2.HLo〉pP< 〉-N02_(peak4)

C2.Hio〉p5-○ -NO皇､(peak5)

44;5 73.8 18.7

42.6 20.8 56.3

rI
4.8 1.6 2.0

5.6 0.7 17.1

*ThisdosageisImgMit:Mitochondria.Mic:Microsome,Sup:S.upernatant
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fourpeaksforethylparath王onandthreepeakes

formethylparaoxom Withthesupernatantofrat

liverhomogenate,theprincipalmetabolitesof

methylparathion,methylparaoxonandsumithion

we.re0-methyl0-p-nitrophenylthiophosphoric
acid(desmethylparathion),0-methyl0-♪-nitro･

phenylphosphoricacid(desmethylparaoxon)and

O一methy13-methy14-mitrophenylthiophosphor王c

acid(desmethylsumitllion)respectively(81.8,90.0

and78.6%)Withremainingradioactivityappearing

inthiophosphoricorphosphoricac札 dimethyl

thiophosphoricacid,desmethylparaoxon,des･
metllylsumithionoxide.However,withthesuper･

natantfromthericestem borerlarvaandadult

cockroach,theseprlnCipalmetaboliteswerenot

foundinsuchlargeamountsasinthecaseofthe

ratliver･,desmethylparathioh'was23.6蕗,des･

100

50 100
Fractionno.

Etg.･S,1h.?.eugsr;ndsa!ltOtTcPdreOsd憲;.f:?nmg712C-LabS!.eS､
withmitochondria.microsomeandsupernatant
ofthehomogenateoftheratliver.ricestem
borerandAmericancockroach.
(1) Rat.mitochondria,methylparathion
(2) Rat,microsome.methylparathion
(3) Rat,supernatant,methylparathion
(4) Rat,supernatant.ethylparathion.
(5) Ricestem borer,supernatant.methyl
parathion

(6)･Rat.supernatant.methylparaoxon
(7) Cockroach,supernatant,methylparaoxon

methylpara'oxonwas20%,anddesAmethylsumi･

thionwas15.6%.Amountsoftheirdegradationprod

uctswereconsiderablydifferentfromthoseinthe

ratliver.IntheexperimentofTable1and2,NAD

andNADHwereusedascofactorsfortheratliver

homogenate.whereasininsectNADPandNADPH

wereadded.Itmaybethatthedifferenceof

degradationproducts]'nthesupernatantbetween

insectandratliverI'sduetothedifferenceI'n

cofactor.Thispossibilityishoweverexcludedby

thefindingthatnochangeintheamountsof

degradationproductswasfoundwhenNADP+

NADPHwasusedinplaceof打AD+NADHin

theratliverhomogenate‡).

Thetoxicityofethylparathiontoratishigher

thanthatofmethylparathionandsumithion.

Theproductionlofdesethylparathion inthe
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supernatantvas.verysligll.t,17.1%‥CTable2)∫

ⅠIodison&Casida5)exチminedthen?ture.ofinitial
hydrolysisofI)DVPIb打ht占̀んitochムーndriall●誼

solublee.ヮzymepripaihtildns･Theenzym ehydro･
)yzingJthe-'pl0-品ethil'tprecipitatedp,edo.hina･
telybetweent60and80,00;saturationofammonium
s'ulfatefraJcI'id｡a'tion■0-ithesolubleliverfraction,
whilep-0-vinylhydrolyzingesteraseprecipitated

between40and60% saturation. Inthepresent

investigation,itwasshownthatthe reaction

systemscleavingP (S)0-methylandP (0)

0-methylofmethylcompoundsexistedinthe

supernatantofratliverhomogenate.Therefore,

itisofintersttoseewhetherthesereactionsare

duetothesameenzymesystemasthatofDDVP.

ItisalsonecessarytoShow thedifferenceof
digradingreactionsbetweenmetabolismofP(S)0 -

methyllindageandthatoEP(0)0-methyllindage.

StlnmAry
ll!J
Theinvl'trodegradationS,Ofethylparathion

(0,0-diethyl0-♪一mitrophenylthiophosphate),

mcthylparathion(0,0二dimethy10-i-nitrophenyl

tbiophosphate).methylparaoxon(0,0-dimethyl

0-JI-nitrophenylphosphate)andsumithionく0,0-
dimethy13-methy1-41nitrophenylthiophosphate)

inthehomogenatepreparationsofpmammal;insect

andplantllaVe-beeninvestigated.

Theorderofactivitytodegrademethylparathion,
methylparaoxonandsumithion.towaterextra･

ctablemetabolitesintheratliverhomogenatewas:

supernatant>mitocbondria≒washed~microsome.

However,inthecaseofethylparathion,theactivity

ofdegradationinthesupernatantoftheratliver

homogenatelWasVerySmallcomparedwith'that

of,methylparathionandsumithioTnJLIninsect,
･I

therewaslittledifferencebetwelensupernatant,

washedmiCrosomeandmitochondria/indegradation

activity. Inplant.nodegradationofmethyl

parathionandmethyl'paraoxonoccurred:'･
Thesewaterextractablemetaboliteswdeiden･

tifieqby.ionexchangechromatography,andfive

peakso.imetaboliteswe.refound･Four.ofthem

yereidentifiedasphosphoricorthiqphosphoric,

dialkylthiophosphoric,.desalkylthiophosphoric,

and/desalkylphosphoricacid,theremalnlngOne

peingunknown.Withthesupernatantoftherat

liver.homogenate,theprincipalmetabolitesof

76

...methyLparathion,methylparaOXOnandsuhithion

wer? desmethylparathion.･desmethylpqraoxonlI
･5.歳 d｡smethyrsumitdi｡n,respectively.･Intheli

i.ase6'f払 ylprathion･theIpr9dut･t.ipn9fdesethylI -

lParathiod'W.asYLe.rySlight.With.thS.SVP?rnatant
oflthehomogenat.eofinsects,th9戸.e.Retabolites
werefoundnottobepnncipal.
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