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Abstract

1. Ttre rnetabolisur of the l{-roethylcarbamates of 3-tertbutylphenol;

l rJ-d.i tertbutylphenol ; ancl Z-isopropo:grtrheno1 was investigated.

in insects and manxoals.

?, Tkre najor d.egrad.ative pattrway in enz;Eae systems fron insects and

mice was oxidative. llhe najor netabolltes from igg[buty1

subs ti tuted phenyl-N-ne thylcarbanat es were [-nydroxyne thyl

derivatives and. @[butanol derivatives' Saygon yielded'

S-hyclroqrnethyl, ring hydro:ry1 and $deaJ-Icyl derivatives as

najor .netabolites.
3. TLre rates of oxid.ation of the three insecticides in each enz;@e

systen vere similar.

l+. Qcidation was i-nhibited by piperonyl butoride and Metopirone'

' apparent I5g for singly oxid.ised. netabolites was 104U, antl for

netaboll tes w'ith two oxid.ations 10-5M.

5, Enzynic hydroi.ysis of carbanate ir:,secticid"es required reduced cofactor

in insect and mouse strrstems. Ifouse blood. clid. not effect hydrolysis.

6, A wid.e variation of oxidising abiliff was fountt in live insects.

M:sca domestipa was most active, &!C@. nolitor and Costelytra

zeal-andica were least active.

7 , I:asecticid.e strmerg:ists reduced insects t abilit;r to oxictise 3aygon

to acetone.
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8. Ifugpa {ongstioa and. ltreil.ia ee3-icata l-arvae ori.clised carbainate

inseeticidee q,trower than the aclult fo@s.

g. ltice exoEete 3-@ufur1$her1y1-$uethylcarbanate ae phenotrle metabolites,

uith oni.y minor oxlilative produsts.

10. Different rates of metabolisn anong insects couleL account for tJre

se,lective to:riclty of a4p1-!f.uef&y1o*0"r.*"".



xi

/ hefac,e

Ere effecte of, va:r'ious a1&yL zubstifirents on the iaseoticidal
activitlr o:f substittrted' lhenyt-g-qethxrloarbanates has been investigated,
fur d'etatl (KoLbezen st,.ar. , LgSu). rt has been sqggested, t&at the
variation ia t'he ease of netaboLlsm of such allryl subetituents anorg
l'u'sect epecies'night eonfer sele-otive aotion to ttre ir:secticl.d.i. such
dliffenences :in the meta-boLisn of xenrobiotics anong anl-mal- eBeci's have
been rrid.ely repmtea (WffUans, tgSg), anO niglt be a nejor factor ir.
the seleetivitg' of, call}.anate lnsectioides.

A sonilnrative study of the netabolisn of tgrtbufft aard. isoproporyl
subetituted xherSrr-Sqefty:oa,tbanates nas r:rillertaken in o:rd,er to clete:mi.ne

the influence of, theee €roups on the overeLL metabolisn of, the iaeecti-
cldes a*d their rdre i^n confenrrrg serective aot:iv:i.t1r,
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Chenical names of some carba.mate insecticid.es, and insecticid.e synergists

Trade name

3anol

Saygon

Propoxur

Sayer 39 1007

Sutacarb
\

Carbaryl (
ISevin t

Dinetilan

Furadan

H.R.S, LLl,22

Isolan

I{atac11

IvIesurol

Temik

uc.1oo854

Zecttan

Metopirone,
Ifietyrapone

Chemical na,rne

J, 4-&imethyl-5- chlorophergrJ.-N-ne thylcarbarnate

2- j.s oproporqrpher:yl-N-nre tlry1 carbarna 1"

J, J-di tertbutyS.phenyl-S-nethyl carbamate

1 -naph tlryl -[-ne thy]. c arba,mat e

2-d.ine ttryl carba.uroyl-3-ne thyl - 5-pBazoly1 dinethyi._
carbanate

2, 3-dihJdro-2, 2-d inethyl- f -benzofura.rgrl-[-ne ttryl-
carbarnate

3, 5-d.iis opropylphenyl-N-rne ttryl carba,nate

1-isopropJrl-3-ure thyl-5-pfa zoLyl d ine thylcarbanate

3-ne thylJpd.irnethyi-aurinophergrl-N-me thylcarba,nate

3 r 5-d-ine thyl-lf rne ttryl thiophenyl-N-nnethylcarbarnate

Z-nethyl-2- (ne thylthio )-proprionald.ehyd.e-e-ne tlryl-
carba,moyloxime

J-i s opropyJ.phenyl-{-nett5r1 carbanate

3, 5-dinethylJ+-d.1ne ttrylaminophenyl-[-nettrylcarbamate

3-ne thyl-l, Z-bis (lpriayf 
) -l-propanone
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piperonyl butoxide 4-12-( Z-tuto4,rethoqr ) e thoa'l me thyl-5-propyl-L' 2-
- 

me thYlenedi olryberlzene

S.K. & F,525-A', 2-diethyla'rnlnod'iphenylpropylacetate

T .D.M. Tetranethyld'ianinod'iphenylmethane
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Tlistorv and. devel t of the carba,nate insecticid-es

The elucldation of the structure of physostlgmine by Stedman in

t9Z6 and. ttre recogn:j.tion of its potent inhibition of acetylcholinesterase

(&rgelhart and Loer.v'i , L930) tras led to. ttre d.evelopment of the esters of

carba,mic acid. into contact insecticides.

!"t - .. I
/1 [o't'NH'c

\A_ry'
cH3 CH3

Itrysostigmine

"8",!Xl
c Hrr.r

c"{ IHl

o

hostigmine

o8.nn.cu.
fAfo'4+rncH,")*V t"r.A

cH{ t-cH3cHg

3-c11ne ttrylaninoph enyl-N- 3- tertbufflphenyl-N-rne thyLcarb amate
nettrylcarbamate

tn t954 it r^ras shown that sinple l-ipid. soluble analogs of physo-

stignine such as 3-d.imettryla,minophenyl-$ioethylcarbamate, ad 3-!9g[buty1

pLrenyl-$-mettrylcarbamate were highly active jlsecticides and evidence was

provided. that the quaternarJr a,nnonir:m d.erivatives such as prosti.gmine were

r.mable to penetrate tJre lipid. sbeaths surround.ing i:rsect nerves and were

tlrerefore inactive as i:csecticitLes (Kolbezen ggil. , L954). About the

sa,me time Gysin (Gysin, L954) d.escribed the strong iasecticidal activ:ity

VJCTORIA I'NIVERSIry OF
WELLTNGTON LIBdARY. 
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of a grouP of Lr&d.inet'hylcarbanates of a variety of heterocyclic enols

of whietr fsolan, $rrolan, ancl Dinetilan have become comrerci.al j-:rsecti-

cides.

[tre insecticid.al action of pherryl-lr{-d.:imet}qrlcarba,mate (Me1tzer,

L956) was noted, and bottr it a^nd l-naphthyl-Ir$dinethylcarbaurate patented

(u.s. 2r|5l+r3?4; t95B). Comparative stud.ies of ar1r1 carbar4ates have shovnr

that the N-nethylcarbamates are generally more toric but less stable to

hyd.rolysis than the [,[-dinethylcarba^rnates (Metcalf gj,4. , !95?a1 {-acy1-
N-netllylcarbaimates also show red.uced. j-nsect toxicity (ttaOaway and. Barlow,

1966; Lerris , t96?),

flie d.evelopnent of carbaryl (1-naphthyl-N-nethylcarba,n,ate ) (ttaynes

et al., L95?) showed that the carbarnate insectj-cides can be stable, safe,

inexpensive, am.d. have fairly broad. spectrun effectiveness. Since carbaryl

was successfully jntrod.uced, carbanates have become a subject of grow:ing

interest. As insecticid.es they represent alterrratives to the chlorinated.

hydrocarbons e .g. DDT , (L rl-bis (lfchlorophenyl)2 ,Z ,Z-trichloroethane) ;

Dield:ein, (L12r3,4r10,10-hexachloro-gg-6,?-epory-Ir4,4g,5r6r? rgrBa-octa-

hydro-l,I1-g!@, exo-5, B-d ime ttranonaphthalene ) an d organophosphorus

compound.s e.g. Parathion (grg-aietnyl-0-4-nitrophergrlphosphorothioate ) ;

Di azinon (g, g-ai e tt yf -g- ( e-iso propyl-lrne thyL-6- pymid.inyl ) pho s phoro thio a t e

Trrhlch may show leigh marnmalian toxi.citil, or pose resldue problems.
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Consid.erable impetus has been given to research and. d.evelopnent of

carbanate insecticides and a nr:mber have been slmthesised. and screened. for
insecticid.al activity. Alkyl substituted phenyl-N-metJrylcarbamates have

been errhaustively screened (Metcalf et a1. , Lg6zh; Metcalf et aI. , t96);

trbkuto S.!_eL., 1964; Itueding et a1., Lg65; tenln et al., 1965; $ohn et a1.,

1965; Metcalf and tr\:kr.rto, L965; Fahny et al., 1965; Metcalf and tr\rtnrto,

1967; Ikrowles and. arthur , L96Z). Alko:qphenyr and alkylthiopheryl-{-

netlqrlcarba,mates (Metcalf et al., L96O; Ivtahfouz gJ_4., L969); !-(methyl-
carbamoyl)oximes (3artIey gjg. , t966; Payne gj4. , Lg66; l/eiden et al.,
!965); benzofura,rryL:?-Snethylcarbamates (Aarttey gj4., tg66) ; lenzofl]
tlrienylcarbamates (tci.lstreirner g]L4. , 1,g69); N-nethyl and. N,N-d.imethyl-

carba,mates of 1r3-oxathiolan-2-y1;1,1-d.ioxolan-2-y1; a,nd. 1,3-d.ittiiolan-

2-y1 substituted. phenols (tvittes , L969; D.rd.en and. tfeiden, 196g), have

been prepared and a nr:mber show useful biological activi.ty.

ILre increaeing nmber of the ttrpes of carba.unate insecticid.e has 1ed.

to some corzelation of ctrem:ical st::ucture with insecticid.al acti-on wiU:in

each group of conpor:nds and. sme anong ttre whole gf,oup of issecticid.es.

Metabolic stud.ies, however, have largely been confined. to those compoqnd.s

which possess high insecticid.al acti.on ard. are of consnercial j.nterest.

lhe mode of actisr of the carbamate insecticid.es

fltre carba,mate insecticldes exert their toric action by inhibition
of acetylcholi:resterase (Metcalf and. Ivlarch, L95o). rnhibition can be
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reversed. by washing (nfdriage, L95)), aiatysis (fottezen et a]-., L954),

d.ilution or add.ition of substrate (Winterir:gha^un and Fowler, L966). It
has been conclud.ecl that the prinary nod.e of inhibition is conpeti-tive,

in view of the slow rates of carba,noyl.atlon when compared. to the rapid.

rate of complex fo:mation (Uetcalf and l\rkuto, L965), Inhibition of

choLinesterase by carba.mates is thought to folLow ttre reacti-on sequence:

H( + HOHo" 
./cl(r---EEcX k;-rEi

Ki

jn which EH is the enzyne, CX is a carbarnate, EHCX is a complex controlled.

by an equilibnium affj:ri.ty constant Krr EC is ttre carba,noyJ-ated active

site, ID( the leaving soup, k, ttre carba,raoylation rate constant and. k,

the regeneration constant (ottrnien et al. , Lg65;Ot3rlen, Lg6s). overall
k^

rates of inl:ibitibn are g:iven ty ki (k:_ = "/K") (In"it , L96U),

lhe carba^moylation (tr) anA binding (Itu) constants for a number of

[r[-dimet]ryJ- and N-net"]rylcarbanates have been deternined (Hastings 9!_g!.,
!9?O). For bovine erythrocyte cholinesterase the follorring data were

obtained..

EII +
I

ffi+coHkj
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rt appears from these data that inhibitory activity is as much

d.epend.ent on carba,moylation rates as on jnitial bindingr but in general

the smaller the K*r orc greater the lfitr of the ir*ribitor molecule in

the active site, the greater wllL be the overaLl lnhibitlon. Exceptlons

are Temi} and Temik sulphone, with 1ow affinj-ty for the enzyme a,nd.

d.epend"ent on a rapid. carba,noylation reaction for inhibition.

Stud.ies on the inhibition arid recover1r of esterases from carbernate

poisorring have been conducted. with narnmals (3aron et al., 1966) and"

houseflies (Mengle and. Casid a, Lg58). Tr. mice it was found that the toxic

effects were prj.marily resultant from inhibitlon of brain cholinesterase

enzJmes, but liver aliesterases remained. inhibited after signs of poisorrir:g

had. disappeared. With houseflies, head. choljnesterase was inhibited. and.

near complete recovery of the enztrmes, with non-lethal d.osesr w&s noted.

after 24 hours.

[?re anticholinesterase anrd. psyc]ropha:macological- effects of 3-iso-

propylphenyl-S-methylcarba,mate have been stud.ied in rats, Male rats were

three to four times more sensitive than females to the d.ose affecting

avoidance behaviour. Atropine sulphate and. nethyl atropi,ne blocked the

eff ects on behaviour (CotAterg 9!.9L, , L963).

Although the action of ttre insecticid.al carba,mates j.s thought to be

the sa,me in all species tested., large variation in k, snd D50 f5-gr:res

have been obtajaedl and a useful para,neter of activity is 156r the molar

concentnation of carba,rnate $iviry 5V" Lnhlbition of cholinesterase. 3ut
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since yariation in D50rs between sirnilar carba,nates Inay be due largely to

netabolic processes, a useful measr:re is the conparison of D50 t and D50

.when applied with a strmergist to haLt oxi-d.ative netabolj.sm. fl:e resulting

ratio, the synergistic ratio, gives a.n indication of the raetabol-ism occu:ri:rg'

lhe rela{ionshJ-p between this nod-iried ID5o figure and I50 or kt is more

obvious.

Correlation between ehmical structr:re and anticholinesterase activity

The conclusions of Metcalf and. tr\rkr:to (L965) were that tclose fitl

of the carba;nate to the e7a1zyme is ttre najor requirement for acetylcltolin-

esterase inhibition, and that steric factors a,re nost important' frre

optirnal con-figr:ration seems to be close to that of aoetylcholine, however

the close an.alogs of acetylcholine are good. anticholinesterases but poor

insecticides, since they are polar jn nature. Non-polar anaLogs nay have

insecticid.aL activity but show reduced anticholinesterase activi$r.

!ln-t 'bt "1o'E 

F'1
-'3+ " 6

acetylchol-ine

n,, T- 6Yo'q'N{cHg
!X:'r,A/ 6

cHg
3-dine thyla,ninophenyl-[-me thyl-

carba,nate methiod'id'e .

-,. rr\o'P'NEcHg!hJ-/ o

tx.
3 - le&buty Lphenyl -[-net]ryl carbama t e
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(") The effect of aronatic a1ky1 substituents

fire s teric siniilari ty of 3-ter,[butylphenyl-N_raethylcarba,urate and

acet5rlcholine leads to good. antichollnegterase aotlon, possibly because

hydrophobj.c forces are irevolved. in binding ttle aryl substituent to the

anion:ic site. A d.ecreasj.ng ord.er of activity, tertbutyl = isopropyr)
etiryf) methyl) unsubstituted. is found..

l'/here a sirigle a1kyl substituti-on i.s mad.e the position is ir4portant.

Substj-tuents meta to the ester bond. confer greater ir*ribitory activ:ity
ttran those orthor whiLe para substituted. compound.s are least inhibitory.
h the case of alkorigl and alkylthio subgtituents the ord.er becomes ortho)
meta) para, since the al-rqrJ- part of tJ:e substituent is i_n a position
sterically s5.ni1ar to a meta allry1 groupr

l,Ihere nore than one substituent is present, the position of the

substitution urarked-ly affects tJre anticholinesterase actlvity. TLre series
of d.i-nethylphenyl-[-net]rylcarba,nates (Metcalf et a1. , L9/f) tested. shor,ed.

3n5-d'imethyl substitution to lead to the greatest inhibitory effect. flhe

sa,ne applies to dimethoxy, dlisopropyl and d.itertbutyl substituents. tror
trinethylphenyl--{-mefJrylcarbarnates, the )r4r5-jrsomer is the rnost active.

t/ittr two d.ifferent substihrents, tLre 3r5- positions are best for
a1ky1 groups whereas 2-alkorqy and. J-aJJ<yl lead to ma:cinr:n inhibitory
actirnity.
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Co:selations on a si-noilar basis have been

carbanate insecticiaes (l[i*tes, 1969; D:rcl'an and

9 . , t969).

nad.e for other groups of

l,Ieid.en, L969 I KiLsheiaer

[Lre effect of carbanate nitnogen substituents

litre $-nethylcarbamotes are generall-y better inhibltors of acetyl-

clrolinesterase ttra,n the [,$-di:nethylcarba,nates (Metcalf et a1 ,, !962a;

Hastings gL4. , L97O), but are less stable to alkaLjne hydroLysis (ff:nrto

9!4. , L96?).

However, some conpourds r,irittr a d.irnettryl substitut"d E, such as Isolan,

where no $nethyl analogs have been mad.e, strow very high inliibitory ancl

insecticitlal activity.

Other [-alky1 substituents lead to less irihibitory carbanates +,han

-nettryl substj-tuents (to1tezen et a1 ., !954).

Acylation of ttre N-metJrylcarbaurate to $-acy1-$-nethyl compounds

yieJ.cled. carbanates with reduced. antichoLinestettase activity (rcwis , L96?)

an6 reduced. toxicity towarrcts mosquitoes (naaar+ay and. Barlosr, L966) anA

bLorrfly larvae (ltaser g[4. , L96?).

t
Iir
f-
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Correlation between chemical st:nrcture and j:rsecticidal activity

There appeaxs to be a relationship between chenical structure ard.

insecticj.tlal activity for some insect species, but not for others.

Kolbezen Sg1. , (tgS+) showed that a relationship existed for thrips

but not for houseflies (Casida 9!--at. , L96O). However j-f the synergisetL

toxicity for houseflies is compared, comelation is for.md. (Metcai-f and.

tr\:knto , L965).

[he major. factor i:rvolved i:: a good. j.:rsecticide, asid.e fron lipid

solubllity and acetyJ-choLinesterase inlr-ibition, is the ease with which

the conpor.nd is metabolised. Ttrus insertion into the nolecule of groups

metabolisecL on!.y s1owly nay enhance insecticid.al activity (Ctrat<raborty

and Smittr , L96?), SinilarJ-y, blocki.ng positions in ttre arouatic nucLeus

which are nolrnally hydroxylated dr.rring netabolisn, such as the J- position

in Baygon (2-isopropo:grpher5rl-$mettryl-carbamate) (*rivistava 9!-4. , L969),

nay aLso increase insecticidal acti.vity. Bre data given in Table III shows

a marked d.ifference in the IJ56 values for Saygon and 5- substituted. Saygont

alttror:gh 156 values atre similar.

Stuclies of the metabolisn of carbamate insecticitles nay be of

inportance in tleterdning wlry sinilar antichoU:resterases are wiclely

cliJferent in insecticitl.al action.
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ltre metabollsn of xenobioti.cs

Dring their lifetine both aninals amd plants come into contact with

a wid.e variety of foreign compounds, courpounds with varlring d.egrees of

toxicity toward.s the organi-sn. Brese compounds, xenobiotics, are d.eaLt

with by one or several d.etoxication mectranisns, enz;mic nettrod.s by which

the organism can change ttre xenoliotic to a nore readily excretable fo:n

and thus protect .itself fron the ha,::mfuL effects of the cmpound.. There

a.re a nr:mber of such mechanisms available to the organism when confronted.

with such a xenobiotic, ttrey includ.e oxid.ation, reduction, hydrolysis,

dehydrochlorination, and. conjugation i*ith a variety of rnaterials.

I4any of the d.etoxication reactions are camied. out by vertebrate

liver, ard in i.nsects by ttre fat bodlr. CeL1ular fractionation of these

tissues have 1ed to the recognitlon of the jnvolvement of the end.oplasnic

reticulum in these reactions. Preparations consisting of this organelle

are }crorm as microsornal preparations e and. the reactions med.iated by it as

microsomaL enzJrrne reactj.ons.

flre skucfi:re and. nature of the cmponents of the microsomal enz;me

systen have been stud.iecl in some d.etaiI, md a number of review articles

have appeared (farin and. I{asters, 1968; Gram and. Fouts , 1,)68i Remmer g!jf.. r

L968i Gillette 9!-4. , 1969).
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Ere netaboLisn of foreign conpouulds have been the totrlio of gever.al

books (trea,rney and llaufba,n, t969; otDrc.en., L96?i wilJ.ians, t959I and

. revietr ertiol-es (Ciftette; tg63, Lg65; Snitb, L9&t Lg68t Ulillians, tg6+).

ltre netaboLism of, the oarbanate irrsecticittes ha,s been studied in

vesrtebptee, inrrertebrates aUd. plante, a.nd. a nnber of reactions .are

ia;nolverl; oridationr hl$rolJfeie and. omJugatLan gre the noot inportant.
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ttre g:i@ metabolism of carba,mate insecticid'es

[he study of microsonal netabolisn i:r liver preparations has been

of consid.erable value in elucid.atilg tfte pattrways by wtr:ich xenobiotic

compound.s may be eliminated..

Insect microsomal preparations have not been as wtd.ely used since

reproducibij-ity and. enz;me stability have been dj-fficult to obtain. Tkris

is caused in part by the release of end.ogenous irftibitors during homo-

genation of whole i-nsects (Cframatorty gt aI ,, !967; Krieger ancl Wilkill6tont

L7TO). ll1re use of microsomal preparations from housefly abdonens gave

improved activities (lsut<a.noto and. Casida, L96? ) "rd high activities and

good reproducibili-ty were obtainecL wittr honogenates of housefly and blow-

f1y abdomens (Jordan and. Snith, t97O). [Lrese latter systens have not yet

been used for metabolic stirdies of carbanate i:tsecticides.

Use of the nicrosonal preparation simplifies the netabolic stu{y

since conjugated. netabolites can be avoidedr and the rates of various

reactions nay be d.etemined.

[Lre carbanate insecticid.es have been shovrn to unclergo a nr:mben of

oridative reactions and these appear to be more important ttran trydrolybic

reactions in the in vitno systems. Ttre metabolism of carbaefl has been

irrvestj.gated. in d.etaiL, end tbe naior metabol-ites fron some other carba,rnate

insectlcicles have been identifiecl.
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E'porid.ation and hydro:grlation of the aromatic nucleus

Initial stud.ies vif,fu nammalian microsonal preparations ind.icated.

that the primary netabolic attack on carbaryL was oxiciative rather than

hydrolytic (Dorough gA4, , L963). oxidation was later shown to occur

at the 4- a,nd. 5- positio,ns to give 4-hgro:qy carbaryl arid. J-hydro:ry carbarlrl

(Dorough and Casitia , L964). tr\rther stu&ies have shorm that 51 5-d.ihydrorq;-

Jr6-d.ihytLro carbaryl was fo:med to an extent sinilar to 4-hydro:ry carbaryl.

lhis is apparently fo:med. via an epoxiclation on t]ne 5- and" G positions

(f.,eefing a.nd Casicla, 1966), possibly sirnilar to the epoxid.ation of aldrin

to dielrin (Ray, 7967). A sinilar patterre of netabolites was obtained

with fat body preparations from the bl.owfly larrrae (nice and Kuhr, Lg69),

0f a nmber of carbanates recently studied., only one was shown to

undergo aromatic ring hyclroxylati.on as a najor step. Baygon (2-isopropory-

phenyl-$nethylcarba.nate ) was hyclrorrylatett at tine J- position in both rat
liver microsones (0onithan and casida, Lg6B) and housefly enzJme

preparations (strr:.vistava g[3!., L96g). flhe rnetabolism of carbanate

insecticid.es to y:ield rir:g hydrolrylated. conpounds as ninor trnroclucts has

not been nrled out.

Orid.ation of a1kv1 substituents on the aronstic nucleus

ftcld.ation of arouatic sid.e ctrains takes place in ,nany compomd.s

and occurs widely arnong the ca^:sanate insecticid.es.
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(r) rlethyl groups

Ieitial stud.ies of 3ano1 netabolism in both rat

(3labems eiganteus ) enzJme prelnrations showeil that no

aronatic mettryl substj-tuents ocsu.rred (Genrich, L96?),

' 
A number of nethyl substituted carba^rnate insecticid.es studiect by

gonithan and Casid a (tgeg) in rat Liver qricrosomes also showed no nethyl

group oxid"ation, these jncLuded. Bano1, Mesurol, I{atacil , Zectranr }inetllan

and. IsoLan, In. contrast, 3,4-d.imethylphenyl-$netlrylcarbarnate was oxid.ised'

in rat liver microgomes to g:ive a ni:<ture of ttre 3- and l+-frydro:qru'lethyl

compounds (Mlyauroto g!4. , t969) ilhich in ttre whole an:inal" were oxid.ised.

furttier to the carborylic acid. 3 r4 15- anct 2 ,) rJ-trj:mettrylphenyl-$mettryl-

carbanates however were both oxidised. in one of ttre inethyl groups when

incubated with rat or housefly abdonen €nzJrmes. Dris reaction proceeded

to both hydroqrurethyl and carbo:rylic acid sta6e in vitro but only to the

hydrorqpethyl conpound in live fLies or rats (Sfaae g!3!. , Lg?O).

(t) Ethyl groups

Ethyl subs tituted phenyl-ll-.nethylcarbamates are poor i-nse cti cid es

' 
(Kolbezen gq@. , L99+) and no netabolic stud.ies have been reported, Ethy1

substituents in compor:nd.s such as ethyl benzene are reatiily oxi.diseclr mainly

at the 2- carbon to y:ielcl nethylphenyS.carbinol (snitU g!4., L99+a, b),

a4cl at the 1- carbon atom to yiei-d phenylaceturie acid (E1 }4asri snd. Smi+,ht

Lg56). .

liver and coclcoach

oxidation of the
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(") fsopropyl substitr.rents

fsopropylbenzene is reporteci to. be most easily oxidised at tlre 2-

'carbon atom (Ctratcraborty and Smith , L967), Itre same is tnre of J-isopropyl-

phenyl-!-methylcarba.mate (UC.tOg5ll) which in rna,mrnalian liver preparations

is netabolised. i.n major proportion to the carbi:rol 3-(2-frydro4r-Lmethyl-

ettryl)phergrl-JV-mettqrlcarbarnate. 11 s-imilar netaboLite is reported. to be

fomed fron 3rJ-d.iisopropylphenyl-N-methylcarbanate (HnS.1ll22), aLthough

there appears to be only ni:ror oxitlation of both isopropyl groups (Oon:itftan

arrd Casid a, !958) ,

Orid.ation of the isopropyl goup at the 1- carbon aton has been

reported wittr isopropylbenzene (Ctratraborty and Suith , t967), tut has not

been fountl rrith carbanate insecticid.es.

(a) tertiary3utyl substituents

Oxidation of tertbutyJ- substituted phenyl-$-nethylcarba,nates has not

been reported, but Chalraborty and Seith (L96?) showed. that oxidation of

@[butylbenzene to y:ieLd 2r2-dlnet]rylphenylethanol arrd 2r2-di-net]rylphenyl

acetic acid occurg in rabbit enzSrme preparations. [he rate of these

reactions was about three ti-nes slower ttran equivalent oxidations of iso-

propylbenzerte.
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(") Cyclic substituents

tr\:rad.an, (e,3-A:frya"o-2,2-d.imethyl-l-bervofunanyl-[-nettrylcarba,nate'

Nia. 10242) is recorded as rmdergoing oxid'ation of the ring structr:re to

g:ive 3-hydrorqp tr\,rradan and 3-keto tr\rratian (norougb, 1'968)' fhis reaction

is apparently related to oridation of the aiJcyl substltuent of J-isopropyl-

phenyl--{-ne thYl carba,mate .

o
o'i.nu.cH,

'''ft;ovcHg\ry'cHa-oH

l-hydro:q; tr\radan

o
gt.r-rH.c u3

3-keto Furadan

o
o 6.ruH.cH,

/\l( )l 9H3\ a-cH3toH

3- ( z-hytuorqp- 2-nethylethYl )
phenyl-[-ne thyl carb ama t e

O-Dealkylation reactions

Etlen cleavalge is a najor step in ttre metabolisn of Saygon (z-iso-

propor;rpheryl-[-net]Srlcarbanate) fu both ma.nmatian (Oonithan and' Casida,

t96gi Dorough g!-4. , L9$) and insect (Snrivistava 9!.4. , L969) enzJrne

systems. ftre substituent-is oxidisecl to yleld acetone and 2-lrydro:grpherSrl-

N-nethy3.carbamate. Oridation is postulated to occur on the 2- carbon and.

leacl to an r:nstable jnte:me*iate rrhich breaks d.own to give acetone' No

orid.ation h.as been obgenred. at ttre teminaL nethyl carbons (Castaa S,4. r

Lg68). -
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Metabolism of nitrosen substituents

-

A variety of this type of reaction is encor:rrtered. in the netabolism
:i of carba,nate insecticid.es.

(") Oxidations of carba,noyS, n:itrogen substiiuents

Substituents on thi.s nltrogen atom, methyl or djmethyl, are fowrd.

to be oxidised". {,$dimethylcarba,nates are oxidatively d-enethylated. to

y:ield. fomaldehyd.e and N-nethylcarbamate. Hris may then undergo firther

oxid.ation (Hoagson and Casid.a, t96t).

flre oxid.atj-on of N-nettrylcarbanate groups cou1d. proceed by two

routes:

R. NII.CET# R.NH.CH^oH
11
I
+R. NH.CH3 R'Mz + HCIIO

It is uncertajn whether ttris orid.ation is catalyzed. by two separate enz;nne

systems or by one oxidatj.on enz;me. fhe NH.CHaOH, @-hy.*o:rynethy1) groupJng

is stable, but is cleaved. und.er strong acid^ cond.itions (rutba g.L3L. , 1968).

trll of ttre carbamate insectici.des studied. produce tJre ]!-.hydro:rynethy1

d.erivative as a najor net6boLite bottr in narnmalian and. insect enzJme sys'Eeils.

TLre carbarnat" (- ocoNHz) is produced. from Saygon, but not carbary1,

by rat liver enzJme (Oonittran and. Casid.a, I)68).



2L.

I4etaboLie gtud.ies J.ndijsat€ thet no $-oxlde is fonnedl fbom

$-aetlqrLcar.bauates (Oonftnap and ,Oasidcr 1968) a reactioro' that oscrg's

with p&,ennaoitin (lpfhenetid,iae) an4:o rnrmher sf other dnrgs (Ueh:'eter

Lg6g).

(A) ftri.datlon of ruri.no aul *.thyfffi qqyl @

[treeeglouBsarepre]sgl'tinMatacltr'erldEeohan,and.arenetabo]"j.sed

in a rnafiner siqiLar to the carba.nlo,trrl S-metlryl substitD€nt.. Both eonpouad.s

are netaboliEed to yiield the lt--am^ino d.eri.vative, hut the'uaJor netebolite

in both easecr frcnn rat liver enzJme tnenbatss is ttre lFnetbyj-a,mino

otmBour1d; r-ith tlre cotngulrent fornation of foroa3'd.ehryd,e.

A netabol"ite of Zectran not fourd vith llatacil is the lt-nethyL-

foagep1.ido oonpolmd, (.Ar-IW.CEZOE)r agrf,in slrLtl"ar to tlre oxid'ation of t'he

$+netlryl. oarbamate Eiid'e cha:tn (Oonttlran arrd. Casida' 1968).

(o) lvletabolisn of, lyrazoLe nitroSen substirtuents

. fhe Sgmazole ,nitrogm ih IsolaA 'srd. Dinetildb appears to be stable

to oridation, aJJqrl sulstituted g atons are also rlOt uldisea (Oonlttran

anit Casida, 1968)' '
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Thioether oxidation

Mesi:rol is reported" to be oxid.ised. to both the sulphone and. the

sulphoxid"e, however complete cleavage to the sulphate was not found.

(oonithan and Casid.a, !968). Tenik, Z-methyl-Z-(nethylthio)proprion-

aldehyd.e-O-(metJrylcarbamoyl)-orine is also oxio.ised. to sulphone and

sulphoxid.e (Metcalf et al. , L95A).
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The hydrolysis of carba@

Esterases p:rcmoting hydro3-ysis of carbaryl and. Baygon have been

obtained. in the 25r0OO g supernatant of mouse brain (Sa:<ai and Matsumura,

L96B), and homogenised cockroach tissue has been found to hydrolyse

carbaryl (Uatsr.rnura and Sakai, 1968), f:: both of these stud.ies a

comparison with esterases hydrolysi::g sinple esters and organophosphoius

i.nsectici-des was made on agar ge1 electrophoresis.

Plasna fron a nrmber of ma,uuoalian species iras been assayed for

esterase activity toward.s carbarylr mice plasma was for:nd to be the least

active, rabbit and swine plasma were the most active (Casida and

Augustinsson, 1959).

Stud-ies of the oxid.ative metabolisn jn ma,mmals of carbar;rl (Leeling

and" Casid. a-, Lg66) and several other carba,mates (Oonithan and Casida , L968)

show hydrolysis by m:icrosonal prepara,tlons in all cases to account for
'about ten percent of the total metabolisrn. However, using an i-ncubation

period. of four hours, up to 80 percent of the total radioactivity was

insoLuble in ether, and probably represents conjugated. netabolites uhich

were not id.entified. Cofactor requirenent experiments showed NADPHU to

be required. for oxid.ation, and. resulted in an jlcrease in tlee aqueous,

unextractible netabolites, but on the basls of quantities of ether soluble

netabolites it was concluded that NA.DPH, or MDH, were not required. for

hydrolysis.
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. 
OsoJugptlon :re,q;.o trt onqr

Are eorr,ju€ah.oo of oanbaryL netabollt'es trith sutrlhate a':nd

g1gouroluitie ha6 been irrvestigabA i+,-oif,ro.r 4trd glucwonidation f,ouncl to

take Blace trlrinarily in the nieroegual, f,saotion of ra ltver honogenates.

ul.*late sctaJu€Ftioa rnras ehsrrm to oocwr nainly lltitb the 1001000 g super-

rratant frection (teeling antl eEsid.a, L966), €nd gluourorri'ele oonjugrrtion

roras- found tO be of greater sigfiftcdlco in ttre syeten used'. tlhe re$,ults

ob'talne, fersn t,n vivo studtes ir'rd'ieafe t?ie Scesenee of at Less:l L5 eonjugate

ne,taboLi,tes. (trnar& et 41. , !96;5)r hut theee results ar"e not fully refLee ed.

by tire ia vitr-o, exPerinente.
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ffre 3g:ivo netabolism of the carbamate insecticid-es

(t) I{ammalian metabolisr:n

Much of the mamalian raetabolism data deals with the rate of

excretion of tlie test conpound.. Urine, faeces and various tissue sa,mples

have been eounted. for rad.ioactivity at intervals after a,lqrinistration of

the d.ose.

Krishna and Casid,a UgeS) stud.ied. the rate of ten rad.iolabelled.

qarbamates in rats. All ten carbamates with tir" [1eC] -carbonyl 1abel

1b
gave ^-C0r.which vas aLmost who11y erqpired., but between two and ten percent

remained. in the body tissues .for up to l+8 hours after dosing. A greater
(11r.1

proportion of L'-CJ 1abel from N-mettryl labelled carbamate was retained

j3 tkre body. fhe results ind.icate that Wdrolysis is the rnajor d.egrad.ative

pattrway; for [r$dirnethylcarbanates however, the reaction was slower thart

for N-methylcarbamates. Significant retention of ra&iocarbon in tissues

has been ascribed. to rtrariscarbanoylationl of protein.

The metabolic fate of a few carba,nate insecticides has been

irwestigated., and. is outllned below.

Carbaryl ( 1-naphthyl-{-me thyl carba.mate )

fhis is the nost stu&ied. of the carbanates, anrd. r,ritJr goats r hal-f

of ttre admini.stered dose was found. in the urine and a tlace in the nlIk
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after 96 hours, (Dorough and Casida, 1964). Tentative id.entification of

the major urinary rnetabolites from rab and. guinea plg showed. the presence

of gluci:ronide and- sulphate conjugatcs of l-naphthol; 1,4-dihydroq4-

naphthalene ; 1rJ-d.ihydroxlrnaphthalene and. 4-hydrorry carbaryl, and the

N-glucuron:ide of carbaryl (fnaaf gj-@. , 1965). fhe sarne stufir showed

4? to 5? percent to be excreted. with an intact carba.nate ester, and. 39 to

U+ percent to be excreted. as l-naphthol or its conjugates.

ftre N-nethylcarbaruate nethyl grroup was found. to be oxidised. to

{-hydro:qnnethyl by rabbits, also found in the rabbit urine was 5,5-d,ihyd.ro-

Jr6-d.ihyAro:qrnaphthol and J,6-d.ihydro-5r6-aifryaro:qp carbaryl (Hassan g1--4. r

L966; Leeling and Casid.a, De6). A sjmilar pattern of netabolites was

found. i:: bovjne milk ar:.d" urine (Dorough , !967).

A comparative study with sheepr pigr mor:key and..man showed" that

l-naphthylmethylinid ocarbonate-O-glucuronid.e and. 4- (ne'*rylcarbanoyloql)-

1-naphthyl glucuror:-ide were the major porci:re urinary metabolltes. fhe

sheep excreted. in add.ition 4-(methrylcarbanoylo:gr)-1-naphthyl sulphate and

l-naphthyl glucuronid.e and. sulphate. lfirnkey and man were shornm to excrete

all of these metabolites (fnaak 9!_a1. , 1.968),

3, 4-Dinethyl-phenyl-N-me thyl carbama te

This coropound. was gliminated. from rats almost entirely 48 hours

after oral dosir:g, 9I.5 percent of the rad.locarbon was foi:nd in r:rine and
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J percent jn faeces (Miyamoto @. ,1969). with the +[t4t]-%

carbamate, l0 percei:.t of the r.irine raC.iocarbon was ?-rnethyl-4-carbo>q1-

phenyl-$methyl carbamate, 10 percent was 2-roeihyl-4-hydroxybenzoic acid'

and J percent was l-nethyl-4-carborqrphenyl-$hyd.ro:ryr'nethylcarba^nate.

TLre remai:r-ir:g urine rad.io1a,be1, about l|0 percent of the admin-istered.

d.ose, yield.ed four main groups of metaboLites on DEAE ceLlulose chronato-

graphy; one of these, a major netabolite was fou:rd to be ttre glucuronide

of 4-rneihyl-3-hydrorynethylphergrl-{-nethylcarba,nate. Some $-hydro4methyl

conpound was fowrd" as gliicuronide, but no I- or Q- glucuronid.e of the

origi-r:.a1 carba,rnate was detected.

Sano 1 ( 5- ctrloro-3, 4-dime thylphenyl-N-nethylcarbana te )

A d.ose of 5 ng/*S gj.ven ora11y to rats was eliminated. conpletely

by the kidneys r':ithjrr ll8 hours. 3anol ($nethyl-FUil ) was excreted. nai:rIy

as acidj-c conpound.s, about 35 petcent as uronic acid. conjugates. Some

ten percent of the d-ose was excreted. as oxidised. netabolit"" r, Ot hy{rolysis

of the carba,rnate ester was the major pathway of degrad.ation (3aron and.

Doherty, !96?).

Ze ctr an (4- dime tfryl amino- l, J - dime tJeylphenyl-N-ne thyl c arb a,rnat e )

Wtren adminlstered orally to Beagl-e dogs, thls carba-mate was pri-marily

elj-nrlnated in the.urine (Zl/") and. some radiolabeL r,ras obtained. jn ttre
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faeces (ZS/"). [l1e urjre contained. 8,& percent of ether extractible

netabolites, two percent being Zectrart phenol ttre rernainder r:nid.entified..

The urine aqueous fraction 65 percent r,rras id.entj-fied. as 4-d.imethylan:ino-

l,J-dimettrylphenol and. six percent as ?r6-dirnethylhydroquinone (by exchange

of the anino gxoup for hydrorqfl) conjugated. as glucuronj-de or sulphate.

Unchanged. Zectran was not d.etected. ln the urine r a^rrd no ring hyd.ro:qflated.

or aryl-{-net}ry1 oxidised. netabolites were id.entjfiea (WiU:.a:ns g[gt. r

t98+h),

tr'olIowing oral adm:inistration of [enik, rats excrete metabo]-ites

in r:rine (gO%) and. faeces (l+/") wittrjn 24 hours. Trace a.mounts of

unchanged. carba,mate were found in the urine, afld 30 percent of the urinaelr

metaboli-tes were as the sulphoxide. Conjugates of Tenik sulphoxid.e accor:nted.

for haLf of the aqueous soLuble metabolites (tOeaak and" Sullivan, 1968).

tr\:radarr ( e ,3-a:.nydro-2 ,2-d imeihyl-l-benzofurarryl-!-nethylcarbarnate )

flris insecticid.e has been stud:ied. i:e more d.etail than most others.

Rats r+rhen orally dosed excreted 45 percent as hyd.rolysed" compounds in

35 hours, 92 percent of 
"tn*-L14a] 

was found. in the urirre after th:is ti.:oe,

and four percent of the tlose in the faeces.
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len percent of the urine radioactivi-ty was ether so1uble, and found

to be 3-hydro;y F\rradan phenol and anotirer minor unid.entified netabolite.

The aqueous fraction of the urine was fo'ncl to contain conjugates of

3-keto trbrad.an phenol , (SO/"h ftrrad.an phenol , (Zt/,); 3-hydrory tr\radan,

(L1/i; and l-hydrory-S-hydroxynethyl tr\radan, (t+/'), (Dorough, 1968)'

Mice were found to give similar netabolites, the major ones were

J-hydro4y tr\gad.ari phenol; 3-keto Furadan phenol and Furad'an phenol (Metcai-f

9j-4. , L96B).

ILie carbamate insecti-cides stud.ied. are metabolised. in mammals

primarily by hyd.rolytic reactions, inespective of the route of adrnini-

stration. Furad.an ald carbaryl show appreciable oxid.ative netabolismt

but the oxidation could take place after hydrolysis'

The carbanates are extensively netabolised. to conjugated- materialst

7d -gLucuronides and. sulphates of phenols are found' in najor proportion'

(Z) Insect metabol-ism

frrsects produce a number of orldative metabolites from carbaroate

i:r,secticides, and ttrey are sinril-ar to the nretabolltes fo::ned' in vitro

from mam,al Li-ver microsomes or i.nsect microsomes. As a result of the

introduction of hydrorryl groups, a varie@ of conjugated. netabolites

are also obtained, Conjugation in insects occr:ming to yield.d -glucosid'e

esterg (Sni-tfr and" f\:rbet, L9&); sulphate or phosphate esters (H-nn::eg

g!_4. , L967) or glucosid.e-6-phosphate esters (neenan and Snith , t967).
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[he metabolism of carba.mates has been siud.ied in several insect

species, and. is siarilar to na.nmaLj.an rneiabolisn, although hydrolytic

reactions are generally of less impo.-iance (uetcalf g!_gl. , L95?),

Some exaplles of carba,nate j:rsectj.cid.e metabolisn by inge.cts are

given below.

Carbaryl ( 1-naphthyl-N-methyl carbe.nate )

hitial stud.ies of carbaryl metabol-im ind.j.cated that the critlcal
d-etoxlcation step was hydrolysis to 1-naphthol, and when metabolism was

inhibited' by sesa^nex, the toxicity toward.s houseflies was increased

(llaefrawi ar:id. Hoskins , !g6I).

A nr:mber of oxid.ati-ve netaboli-tes have besr id.entified. in insects

arrd. are si-rnilar to those from ma^romals (canp and. arthuy, L96?; Andrawes

arrd. norough, L967; Ku and. Bishop, L967; zayed" et aI, , rg66). similarly,
a large proportion of the netabolites were found. present as water soluble

conjugated. compound s.

Saygon ( 2- i s o proporqphenyl -N-ne thyl carbama te )

Oxid'ative processes are pri-merily responsible for Saygon metabolism

i:e both resistant and. susceptible houseflies. [he percentage of the

netaboLites in the ether extract from topically dosed- houseflies has been

d.ete:mined.. [he najor nretabo]-ites have been id.entified. as J-hydro:ry Baygon;

[-hydrorynethyl Saygon and 2-hydro:q4rher1y1-rT-methylcarbarnate. The formation
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of radioactive acetone froro Saygon has been deternlned' in eleven insect

speci.es, four hours and 20 hours after j-njection or topical closing' [he

black blorvfly (ptrornia resina (Me:.gen) ) was most actj-ve and the Naval

orangefform (Pargnyelois transitella (Wa:*er)) least active in ether

cleavage (sfrrivistava et a1., L969i Casida 9s!', 1958)'

Genetic stud.ies with housefLies j-nd-icate tirat resistance and- high

microsonal oxid.ative activity are conferred by ttre fifth and' t'hird

chromosomes, a3d resistance but not enz;rme activity by the second' cluomo-

sone (Tsuka,moto 913!. , L96B).

tr\rrad an ( Z, 3 -A::ryA r o - 2,2-d'ine thy l-? -h enzof''o *yl-S*u tryl <,"rtanr, 4

I;imited" studies of Furadan rnetabolism in houseflies show the najor

netabolite to be 3-hydro4r Furadan; 3-keto Furadan and 3-hydro:q1-N-hydroqr-

nethyl F-r.rradan ffere pxesent as minor nretabolites'

lenik (2-nethirl-2-(nethylthio)proprionaldehyd.e-9-(rnethylcarba,moyl)-oxture)

I:e both boll weevils (Antironopuo ,ryand.is (fofrenan)) *rd tobacco

budworns (Melio-uhis viriscens (f .)) orid^ation of ttrb sulphi:r aton ruas the

pred.oninant reaction, yieJ.d'ir:g primariJ.y Tenik suJ-pholcid'e and some sulphone'

Hydrolytic processes accoulted. for less than ten percent of the total

metabolisn afte r 2I+ novts (auu 9!4. , t96?),
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A sinilar pattern of metaboh-tes was obtajnec froio housefly metabolisn

experlments (Metcalf Sj-ul. , Oee).

trosect and. narnmalian in vitro stud.ies show remarkable sj-mj-larity

of netabolites formed. from carbanate insecticides. Ttij-s sj.nilaritlr is

not seen in the in vivo situation, i:rsectsr rnajor d.etoxication route

appeaxs to be oxidative with some hydrolysis. fne orid-ative metabolites

nay be excreted per se or be conjugaied. I{ainnaliarr studj-es however, have

indicated. that oxid.ative processes are of minor signi.ficance and. that

hydrolysis and conjugation ar'e the pri:na^:ry mea,ns of detoxj-cation.

f:e nej-ther the narnnaliarr nor ttre jnsect d.osi-r:g experj:uents has any

complete id.entifj-cation of metabolites been rmdertakenn sinilarly a conplete

accorrnt of rad.ioactive netabolites has not emerged. for any carba,naie.

Stud.ies on the rate of metabolisn in ttle d.ifferent speci.es are also not

reported.

(:) Plant metabolism

Carba,nate insecticid.es are wid.ely used on food crops, and. consequently

their metabolism in plants has been studied. Sone insectiej-dal carbarnates

show narked phytotoxiciiy, and some such as 3-@lbutylphenyl-{-uethyl-

carba,nate a1d. 3-isopropylphenyl-S-nethylcarba.rnate have quite effective

systenic action (lauiA et al. , L96O).



)Jr

lietaboli-s the piant is by bo Lir hydrolyiic ani oxidative routes

(Witiiails et aT., t)6a; Coppedge gLaL.,196?). A n'.rnber of carbamate

insecticid.es have been studied in sorae detail (Kulra and- Casid'a, L96?) attd

the orid.ised or hyd.rolysed carbarnates have been'foi:nd. conjugated' rnainly

as glycosid.es which persist i:r the plant tissues. [he pattern of oxld.ative

rnetabolisn is similar to ttrat found. in both na.nr,nal and insect.
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Inhibition of the netabolisn of carba',,.ie insecticic.es

Ia1 insects , carba,rnates are degracic,,. by oxid,aiive pathways. fne

inhibiiion of d.egradatj-on causes an increase i:r toxlcity of such insecti-

cid.esarrdthiscanbeaccomp1ished.bythesjmu1taneousorpriorad"d.ition

of compounds such as sesoxane a31d piperony3. butoxid.e, the rclassic

pyrethj::. s;mergists. I{oorefield (1958, t96O) first demonstrated. t,Lat

these synergists greatly i:rcreased ttre toxicity of several can'ba.mntes

towards houseflies and Ge:man coclisoach. S;rnergism, or the substantially

more than add.itive toxic action of two substances used. together, ls of

great use to the entomologist for tire control of resistant insect strairs

or increasing the spectrum of actj-vity of an insecticid.e, for exa,nple r the

use of carbaryl plus piperonyl butorid.e to control- the bo{y louse or house-

fLies.

A m.rmber of reports on the nod.e of action and sf,ructure-actiwity

relationships of the carbanate insecticid.e synergists have been made

(Weiaen and Mooreiie1d., 1965; l4etcalf et al-. , Lg6ibruilkinson 9.!-4., L966),

and the subject recently reviewed by Metcalf (tl6?),

rrryra nnimasy mod-e of acti.on of carba,mate s;merg'ists is through t'ire4llg I,l sac

inllbition of oridative degradation, but the effect of the jrehibitor on

each of the oxidation reactions has not been d.ete:miaed..
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Selective inseeticid-al aciion

Several factors account for selectivity in ii;s broad-est sense, such

as differenoes in exilosr:re or behaviour of the far:rra, and. d-ifferences in
physiological sensitivity after comparable contact beiween ir:secticid.e

and" organi-sm. This latter has been d.efined. by Albert QgeS) as 'rthe
j-njury of one kinl of Ilving matter without haruing some ottrer kind raith

which the first is in intiarate contactrr. flre id.eal insecticid.e would thus

be highly toxic to the insect pest, but i:rnocuous to other flora and. faurra

r^iith r^&ich it cane i:r coftact. AJ.though the tid.eal irrsecticid.et d.oesnrt

exist, a nunber exhibit a high d.egree of j-nterspecj-es selectlvity, even at

comparable ij.ssue concentrations.

Differences in the biochenistry of insects and. nammals suggest ttreir
possible erryloitation in the d.evelopment of selective insecticid.es

(Winteringha,n, tg6|) .

Factors affecting seleciive toxicity of, carbamate insecticid.es

As ihe carbanate i::sectici-d.es are anticholinesterase agents,

intoxication will be a function of the rate of arri.val of the carbamate

at the site of acti.on. ltris rate rri1l be ttre resr:lt of the competi4g

processes of penetration, detoxication (and i.:e the case of Tenik, intoxi-
cation), inert storage and. excretion.
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i,,DrU ffenrres for various inecOt spectee give an furdlcatiog of,

seleotivfry, trut p:rovid.e ns ladi.catlon of, tlte neelraaisng inv,olvefl in

teJl@s of the above f4etorsr

(t) Penetuation

Ifany ea,rba,nates are not E6leetirre at tfri.e ceLlular leveL r and if,

h;iee.ted.j.ntoma@a,].stoEo.}deVet'hes€metiss:ueooneen,tmatj'orrobtafupd'

.ln :ins,eotg nuch t seleetivi.tyt diseXtp€€ff:Br

trr i'neects, ceLectility de3eiads i.nlaanlr eas€s on two faetoerey a

high surface to vo!.une ratLo, aad'' a high 'agrcespJblJ'ity'og its oentral"

ne1'1roup, 6?rsteaq to lipoptri.l.iic es&tae.t i.aseoti,4d.d:€se LovelL (1!9$) has sho.w! ;

that there ie Gqrsi'ilgrabl'e' variati'sn iu' the iajeeted-ooataqt to*iclty ratio

,fieo4 clng ine'aot speeies to enothef r, and f.ro4 O4e a,lrtl.choL,lnesterasp t.o 
I

i

a:ro&er,, ldoish flrgigeste tlrat the effeotive Febertration baryiens nr,ar,Jf f,rom

one gpqoiiag to anrn-tlgelx astl lbom ste iJlg'estioif,e to anotjkrer.

!,Iintca1i,rcben (9,9il suggpstg that onl"y ninor d,iffeqe,nGes in q4tic,le ,

pemealiHty a4d aotiv'ity of rletoldeatton eeayoieer tlr€ r'teeded to, aqsontrflt

for ogr-ked,selectiuity.

Geo.cgiou aad l{etca"lf (1961) fotrael that the :retio

LD*U resiststit g,{EgiJa.

'f,Dr.,, SraG oeptiblg straJxr
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was greateif than 50 f,or 3-i-soprowlp&euy,'1-$net.,hy'lcarbanatb, but t,Ire

cs3,1,espo-ndtr1g ratio of WnetaboLlsed. c€,rba;sryit-e a'fter j''8 hours Was about

t-h:re.e,

(a) Me'tah.ollsn of inse'9tio.i&es

It ha,s be.*1r d.enongtrat.@d that trr,e lreseus€ of sJtnsrgiet$ inhfb:its

iT v,i$o. eletoricatiou, and ax,ss eLtni$ates imrob of t'tre great variati'su jn

torieit:[es of the carbanates. Thllsr if dtfferent'ia]' tolri'city bebreen

ineect ,gBe.oies antl be,tlreen jJoee'ot end, nemal I's eLindnated' by a suit€ibJ'e

s$nerg:lst, suob sel,eetivJ.t31 is 1.1&e1y ts be e^arrered by dlfferenoes in'

oridative netabollsn.

Dtfferencee in tJre ea,se of qsid.atisn of eay e1}trl eubsti-tr.tents' of

substi.trated phe.4yX--$-:nettrly'loarba,uates nay enluno]e tbei'r seloctlve sction

(Oealcatorty anel $aith, L96?), -
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Cb,eraloaLs

Obern:ieal,s weg,cr oh,tai.ned fuorm ecmner,cial gourceg, as f,O1lovm I

ALttnctr 'Ohmrcal- Coapany lrc., U.S.A.

3r5-di&4butgr1-4-hyd,:rcrybeuzoto aci.d (tOt+At") n.p. zor*zogo

Ciba lqProratgries T:4..,,8ne1844

lG topiron e ffet;arapon e, ) 3-nethyl- ! r Z-bLs (J-p],.rtqyl ) -1 -prolnnone

FLuha A.G. Obemische Fabrlk, $r^nitaerl-and

2**E!,bu+ylphensr (ou3el )

7 r 5-di@bntyl-oatechoL ( 0 g0&9r )

2-,b;nif'Erybenzg'1a1 oolror ($l 6f S )

3'hldro.imbt*azy1a1oohoL (5{p616 )

4-hyd,r.orrybenzylal,oohq1 ($?5 6a/ 
")

K and K Labora'torieg llrc., [.$.A.

2- Fre-Iphsfr,eraBoie anhydr:lee ( tgu.S.g )

Koch-T,ight bboratories ltd. , &rglsnd.

3-gbu-ryr.*renor ( 1 93ffi )

4--Il{gndnaetlry-la4i.uoeinau,ma1d.eh e (ZS;AAS)

tnND"" L,5232:

o.p. Sj-g5o

^rOl[,rpr UO

ft:
U,P. ?3-

&.B. 1dP-5E
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?ackand. Iastrqxrent 0o' Iilorl U.S.,A.

ffdroxld,e of By"anine. lO-f, (1 qola" soluficm in roe'tharro3.)

P.F.o . ( a n 5-d,ipheayJ.oxa-zo1e )

d.LuetiryI ?.0.F.01.P, (1,ti-tes-2-(l+-uet"lay1-J-1heny1ox*zoyL)-bmaene )

Rohm aud Eaas" U.$.A.

Er1toa XL00

Signa fr.eraj-cal Co,

(3?n.aeto1

(fin.r?sa)

(een,ffro)

ft-wdnno

NAD% tlrye 1

GLueos,e- 6-pl[roe1&ate (f gf8- rta 
gO )

Glu.cose- 6-phosp,hate dehJdrogemase

$xnitho H.'ine, amd Sbeneh. Ietooqqlqqigqr U:C.A'

2,?-di@inofLuorene

r0-iYAD fron yeaet

N&DP f,goo Yeaet

S.K- & T, $ZJ-A

Sritish Drug Eouees ltd'

llhis qc@panJr srr1fp:lied al.l o+,,her cheu.i,eEl,E
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Preparaiion e"nd puriflcaticn of conro..rnds

/\
( a ) t ert5utyl phenyl -]I-ne'i r" ;iI carba^n a. 

-l: 
c-: s

?.0 S (+6.? n,.{) of eacir of i;he three @[butylphenol isomers was

reacted. witn 2.85 g, UO mI'I) of nethylisocyar.ate in sodiun dried di.ethyiether

in the presence of a caialyiic a^mowrt of triettqrlarnine (0.05 g, 0.5 nl'i).

fl:e reaction nixiures were alIowed. io stand. in tne d.ark in stoppered. vessels

for 96 hours, (Kolbezen et al. , I95ilt'). The tl:.ree N-nethylcarbanaies formed.

were recrystallised from ether at - 20o and. then twice fron drXr benzene.

fl:e following melting points were obtained. -
2-ie::qbutylphenyi--t-methylcarbanate 95o-g6o l,'tt g5,5-96,50

3-jgr-Lbutylphenyl-!-methylcarbanate 11Oo-1110 1it: 110-1120

4-@ryutylpher:y1-N-netl:.yicarbarnate L+jo-14,5o l:jtz tL+h-tt+So

/,\(b ) 2-Ilydroxyphenyl-tr-mei,?ryl carbamate

L,5 g of catechol (t3.6 mrT) was reacted wlih 3.30 g (29.0 rnM) of

metJ:ylisocyana,te in anhyd.rous ether u:ith a catalyblc a.rnount (0.5 niu) or

trietftyla,nine, at room tenperatr:re for 7? hours.

fhe pherqll- 1, Z-bi s ($me thyf carbanat e) pre cipi ta ied. as rod -shaped.

crystals on stand-ing and. were recrystalLised. from cold. ether: neltj:rg point

L3Lo, Micro Kjeldatrl analysis for nitrogen gave N= L2,4o (required. LZ.5%).
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ftre carbanate esier rras partially hydrolyseC by ad.jusiirlg the pH i;o

8.0 lii-ih sodiurn hyd.rogenca:rbonate so-r--,rtion (f.O U), and shaking for 10

minutes. fne soli;1;j-on r,ras then acir:i-'r, to pH 1.0 and. exf,racted liith ether.

The extract was evaporated. to d.ryness ano the produci recrystallised. fron

benzene and ethylacetate r-uriil chronatographically pure: neliir,g pojJlt L26o .

Ivticro Kjeldahl analysj-s for n:ihogen gave 1{, 8.5% (required. 8.4/"). C?rrona-

lography on silica ge1 G plates r,riih ether:isooctam.e (7$ v/v) as solvent

gave Rrts -
2-isoproporqrphenyl-lfloethylcarbaroate t 0.35

2-hyd.roxyphenyi-]!-neihylcarbanate t 0,!5

Phenyl-l,Z-bis(S.reetirylcarba,mate) : 0.00

(") l-tert3utylphenylcarbarnate

L.54 g (t0.3 r,II) of 3-gg[butylphenol was dissolved j.n a toluene

solution containiirg 1.0 g (t0.5 nff) of i*rosgene. L.3 g (10.3 rnM) of

N,i{-d.imeihyian:iline was adoed with stining during 0.5 hours. Stirrir:g r,ras

continued. for 1.J hours when the two layers were allowed to separate. fhe

uppe (tofuene) J-ayer r,ras washed. with d-iluie HCl then water to g:ive a toluene

solution of l-ter-ibutylpherlylchlorofonate (naiford. and. Innan, LnI+).

Tkris solu'i;ion was shaken with excess NH,OH soLution ("p.g=. 0.88)

and. a white crystalline material vas preci.pltated.. Tne precipitate was

extracted. lnto a toluene-etl:er solvent whj-ch was 'i,hen evaporated- to d.rlmess
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;g, gg@.. flrc :resldusl erryetaLs r{ere *,hea reo.r-ysialLis'ed. fron duy etilere o

nel-tiae poi-rrt 1,6?,5 - L6B.5o.

Elems:i;aL a.ne,Lyeis of, a samBle gave $o ffi.24r; fr, ?,89/.; Y, |,tfl^
;(requi,.red 9; 6'e,!ifr; E, ?,7&1 L, ?.?6/').

(a) p, i-Diiq1[bunotl 3d pheny].-gne:ftryrearbaumate

lbitlatisa 1ras oa,ry-f,i.€4 out h5;'ttre qetJlod of Ellton d. 0tBrl.en (1941),

10'O n0i of fffiO (tOa rrlfe0 yX). and. 180 re Pz0j $ene sti$red togethe,n l.:a a

tsnap oapt rrial for 10 ninutes. IlF, wae intro&aced tbrougb ttre via,l. cap

for ?0 mirrutes by neans of a hr;ryod.eruis ueedl.e. trIE', lms geuerated. by heating

tsF3l% and l8ifEu$O1* tu a flaslc plaeed. in axl oiX bath. [fhe 9f', es ,prodx]oed.

,hxl?s passed. through a tratrl contai;rdqg lelI-EASOh and thenee to the triti.ati.ou

veg,Be1.

Stitrj$g lras ,oantixued. for one hour, w,ireo 800 4g of, Sutaearb ia 0.? nL

of cyclobexane w.as add.ed lfirougb the BreviouslSr placed. hprpode:ruic needl,e.

I*ie ueedl-e Luer jonat was then seaLed mtth a gilaes stoFBer .ard eti:ering

continr:ed for 35 b.ourg,

[h,e oyeLobqcaJie salut:lon wae extracted 5 tines riii-th sna].l voluues of

uater and the*r fuied wer qnb;nf,rous NarSOru, Eod evapora-hed to dlr5m,ess $
I99i19:

Rad.l,oohq?uica1 prtrity by d;ilutlon a,nalyEis was oatrrlnrlated. to be, :99.5V/n.

g[te@if,io aativify wa;E 0.1335 n0iy',n]L
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La,b.llity of tritiun LabeI,. flreatnent of tri.tiua Labelled eonpound

"** 2I4-$Ta0H for si:c hours at 6O0, followed.by aetd.ifieatior,r., and. enfraction
I

witl1 etlcer gav€ 99 ,ffi re",overy of, trttiun. [|1is i3dio3tes that t'he E=rletllyl-

earbanate eid.e chai.n was not LabetrJ.ed., and that e4y ai4g l"ab.el np,s rot

exchatiged itt eaug'tio goda.

(e) 3-.LertBut'yt Pd d:enyl-&nethyrcarbaraate

Shis o,onpour.d. was a ,,ga-ft from fu G. E. A. Hook gsd was tritiated bni'

the lnethod Of liilton qld Otfuien. frre sanpJ.e had a speoi-f,le aotivity of

0.89 m0i per nll. (t+.3 ycifng).

| "r t, I

[*qj-fabel1ed. oonporrnd was obtaJrned. Jbqrr trllb€ BaclJoelrcnica]. Centreu,,

dneEeha.qr'ErrgLaead. with a specifio activi,ttrl olf, 10.2 n0i trre:r nl[, (&8..8f c/ue).'

Dilutioll anal-ysis gave the rad;i.oeherdca psily i.F. qxoes,s -6f, 9#.

fu) Aeetone sem:iesrbasone

0.01 riroJ.es (0.59 e) ef, aiceton€ was re&cted r+ith 0.0tr no,Les (f .ta g;)

sf eehieasbEr:id.e ECL i'u Bhosphste buffer at pH f.0. '&e resulta,nt uhJ.te

cr.grstaLs were filtered, at 0o and. cnrye-ta1l"i.ead. fronr ethanol tbree tinas. lhe

nel,ting po;tnt of tlre dhite needl:.es of eeetsne ee&f"earbauone uq€ L9'0 - 190.50-

lllt i
2- IsoBrop ( t, 3- |'-{ ) o*lrt enyl-$ne t}4plcarhanrate
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.Anirnals

@ nueoul:ug (nous,e) , 5 to,? peelc old, nioE weEe us€l]d, aod were obtainad

fro.n the Natj;onal Heal.'t& Instituten we1"L ngton. 'tSaqJr were fef, on

.'Diet86r,.suppJ^ied,brWesffiieJ.dtrbeeziuelfogkslitd..l.&uckland'.

4@ rneliife4.g, ftrsney b:e.en trta.lm etraln): Kept in a htve' the worker

b€es ff€lre netted. Prior to'use'

0ostprytrro (gna6,E g,1rh ) r [e,r"vae tre.re @o1lectied i'n thre fiel-d bUt

tbe ft.rto s1o-g6r BiVieior:1 DrS,.T,R. e Nelsm, and' tcep* 6t llo pdor to

USer

D,errueetes rnaeui-a4:.s. (Uiae beetle)r Retafried,'on a d.iet 9f- ftsbneal', bagerst

ye:a"st, dog u-iseuits and' watee bef,ore use'

el@g@. go,stvitta+a (]igUt brow apple nottr) r Reared oul, a diet of slreep

uuts aar& luee,rne neal'

GraplroEiathuE l,eucoXpua' Bok. ('ftite frirrged' weev{l); lajnr'ae werr'e keXrt

beneathd.B,ImbE'f,rPdall'o;rtred'tof,eed'oncarsot'

LrqsiLia F€fi-q+ta (mor,rffy) I 0btained onig1rnally fssn Wal"laeevi1l* aaftnaL

Reseq;oetr sent-re], upper Hlrttr fusects llere ieared' 0n a &tet co'ntainlng

suc,troger n'lilk powderl brewerst yeast, ch'o]'e9tecotr and' water' T'arstrae

udre gro!iln oa a diet of, miLk Borrd.er, bakerst y,east, agqi3 alrd' water'
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tr{uEoa, g@. L. (house-f,1"y) I $baias T, A and T were obtained' orig:ir:a1Ly

f,son Er D, spi3.Ier, Plant Dlseages Div'iEion, n's'tr'R., -auekla'nd'

grtta'i.u'Tr (Spem),, a susoeptibLe strai.n''

T0,r T gtrain preseuf,e'l r'rit'h 3-&&butyLphery'1'-$

eth.Y,1eUrb,a&ate.

VDr V H'fuajn 1me'ssrred' t''lth DDE'

VtriTs:taajJn.pneesured,fistbldldane(nercaet.rtoro-

qrolobexene).

"Ar (srK.DEf.r) a DE't reslsiant tt'trairl!

.Y,aJreltr.Qw-€yedmltarrtgtdaj"nobtaind,lui*:ially

f,aon Canbetfla.

IvI, a wiXd straijJx oolLeoted at lillranarr V Li'rlgtsn'

House.fl:teswelefeare&ont,heeanxed.ietasb].owf,Lies.

peritl.a,Te-Fa america*e (ooclroach) : Full gfolm 4nnphe wer€ used' i:a e:ctrlerj-ments '

irrgects were rdared' on r$ouoaaar dog biscuits (sxppLied by WeEtf,teld

S,beez.ing Works, fueld'ald) arrd' lrater'

,Sito:ntrj.1-tre mat€lrlps (€Fain weerni'l) r 'Reared. on r'rheat'

Si:tophilus, a:Sqgae (*iee weenlJ') I Rear'ed' on r'rbeat'

Senebrlp FOlitpr (ye[3.orrr nealwolo)!' BearecL,g4 4, illet of r'rhO]'e' tr]rea''ta1ealr

vbeatlgerm eurd bakener trreast'

@gg4& sp-" (rur:ea) r l,anr,ae wese cor.leoted fix the flrer,& w tbe Ectono3'o:gT

Divigionl D.$.I.8', Nels@n aod kept a'b l}o bef,oge use'
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?reparati-on o-f, en%Jtes

-

!. Ilouse liver e:lz]ne

-

,Six week oLd, nale nr"loe r€pe killed by oervical dislosati,on' l}*vere 
;

ilero removed. and. Bla.ocd. imed.iate'J-y iAto ioe aold. phosp-bqte buf,f'el' esLuti.on

at pE ?.4 (0.1 nolar).

I*re lirirer tissue ilas repLd3.y blotted. d.rJr betweeir filti:r 3.&per dises,

weigfire,d.,and. honogenised in. a Fo,tter-.ElvehJen tl4re boneoeeonf.ser roi,t]r a tefl"oel.

pe,stle at ,0o'ln ritne vob$nes of lftosrFhate bu,ff,er.

frre llonogenate r^ras oeaafifi*ged at 1,e1r000 g fon X.0 nlglutes- at 0o to

20 to remove mitoettoad,ria aad og11 &ebr,S,s. Sl',re supewtatant ruas, uad.e ugl

to the:rcgUtrrgd, volune to,g:ive 1.0r g of ret tie.sue egutvalent peB 10 r[L

of enzyne solutiosx.

2. lllouse 1ive nleroscE[eg

&le 1?1,000 g $lp,ea-lr0A;alnt fr@ 1 S of mouFe i.;!rrer homog,enato B1€paqed

as above was,eentri.fuged. at 100e000 gfOr one hour'at 0 - llo :n an IM.S*B'

Eigh Speed 50! eentrifir,€pr, ,$h€ 1,90n000 g oed:tunentlras . €susBsrded lrr

p.hos.pbate huf,fer (pu ?'4r' CI.1 l{) arid. used, as tbe en'I'e Eolrr.e'



I:rsec-t e:i3-'.-..3s

T,;zir'e i;al i:lepared. f.lon housefLy (-',;scl r'c::-esi:c") ta'i .llowi-y

r- \ - -l lil-: l: a oa-^: -\ll!!S:- Y- -A / ouuvuErro I

L?7.

aife:: cai'l:o:r aion-oe anaesihesia a;c.onens I'teie carefully r€:;o','ec

iiie i::sec'r, aiid- placed. inio ice colo pnosrrhate b-;i-ier (;:,2.4, C.l :';)-

-;.nmn-ar'-i ra-Fin'r -vias conductecr ai; 0o wi'uh a coltcen-uration of not ncreIiVlUUaf Y14o4 ulvrl

tjrree alrioieens pel nl-, i:r a loose iittiry' ?oiter-Elvehjerr homogc::l;er

a ieflon pgst1e, Lioi nore ihan four dom:ward. strokes o.f the pes;le

..,-^, +^ -.-;",- i-'.^ -r-nma.r.rncrn
U-Uq UU gj.L V E uIIu rlvuv6sJE vs.

fl:e coi:cen';ratj-on of enzylile was two abitomens per ni of incubate.

J i. ull

than

ldth

wexe
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Tr] crrbatron P-o cedirres

t r lvlous,e Li.ver eitqnee

-

Inoulations rr€re oa,rmj-ed, out in 50 nI Snleruneyer flaehc at pE 7.p

in a shaktng r,rater ba*oh at 3?0. Eo eRstee adeqraa'be otqfe!,et+Ationn the d"epth

of the j-norbate i,rac kept }ese th€J.l 1 cm, Ih,e total vo,lune of inqub.ete uas

usual\r 10 nn, the eilrzJme soLutidn v,aE add"ed to a flask eontaluiiag cofactors

to give tire f,o1J-orvdr:,g1 firal esrlgentpatlsns. ITiestlri,anide 10 t$; I{g2*, 15 nI{;

NIDP 0..1 inM; XTIA,D 0,1 nM; gS.uoose-Gphosphater i* rilM.

Substrate (1.0/ N/nb 10-3 niotrar) was added. in 0.105 nL of aeeto:r€

-to initi.ate the reaetion,

ColrlaroL t',ersotiuous: were sii[dlerly ?repa:redn but Bubgtrate vas added

at the couopl-etioa of, tbs la.qUbAtisa period., or tr.as, ins'trbated irr brdfen ptrus

'oof,eetogs.

g. Mouse l-iver iu:is?osones

Ircubatj.ons wer€ Eondrretodl ag abovet

sf, liver wrerr:e u.$ed fu eaoh L0 n.l. inc+rbation'

nicros,o@os froln 1 g wet weight

trfierosomes we:re i.ncrrbated for

€0 minutas at; 31o rci.'tfu adtiepi cofa.@tors tO g,:ine final soncerntratior! IIIAD;

IWDE ; NAD?; i[AIffiZ : 0.L, 4l{

gilueoee-6-plrospl'rate r 4].0 d



),
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[lo ii:liiEite the reacilon, enzJrne 1';as acAed. io cojlacior ane subsi1'e-{'e

concenira1igtls -.;r:icir wele tlle sa;;e as 1;jlgse fOr mOuSe llVer elLzJmle t e'lccept

that n:igotj::.a;aii.- aii.d. igr+ welre orai'l;ted. fron tire reactio::. Iecubaiior'3 were.

continueo for 0.5 iior:rs at 30-320 and. ternir:atef. by si'arcirg with an ec^ual

volune oi d.iei;hYleiher.



,u.

Extraotion oi petaboli',Es f:om e::lzSrme rncubates

rncr,r'jiates were extraetef, fo'lr tlnes at pH 7'& lrttn equal voluines of

€ttlelf,1 of, ::i.n tlre qase of radio.tr6.cer ox5leriments, until no further rad.lo'-

aotilre ueteri-aL ,eou1d. he, exh.acted.. Eo faciLS.ta e extrastion of, sqrborryJ"io

acid msbabolites, the furoubate ilae ae{d.ified (pH 2"0) emd extraeted a

further three tir.'.tes with ethe.

Tne ether layers f,ron each ex.tracticne were bulked aud. reduced. io a

mAll vo1l:rae in vaauo (eO. mnn 4g., 4Oo). Ebe residucs were then dn{ed o-rrel:

C1rrhydroras sod.ir:n sulphate, and the eflief layer ar:d uashfugs reduced io

d;tlrnese und,es raeuuu, flre Aegidrre was tnade ugl to a saa1l larown lloliree with

ether, ,aeetoue or d:ioxane. Shis soX,utlon $e.s fliea us,ed f,or fi:rther investj.-

gations.

10-20 
,p 

L porti.olrs of the,se ;solutions were spetted, oni;O s.i'liea ge,l

Load.ed, IlaBer (Ufiatmann S.G, 8L); thin la;rer plates sxt ldhatrna:r No.f sn 3lBI

paper f,or hi6h voltage electacofhoresd.F.



fopieal dosi:lg cf, l.ns'e'

Iasects were oosed,-toIflca}ly on thc dorsai f,hgrax fron a ealibraied'

eEpitrl.4fy tgbe with aeetOne golutions o-f rad'ioactive ca'rbanates'

3- ter'[ButyJ-ph erryl-S;ne thy'l ea;rb'anate

. Inseetg r,eoefrruO ktrne:s 0. fi * o-r 0.18/f of, a so}ation Eoutaising

6.95 yg per1,r (6e'000 I 11,750 dpu per11)'

PF,tae.aTl

"[du].t ho.usef].ies aa4 blorrflae-E, glrd larv'a'l glias€ gnrbs :reeeived'

L,0fI ef, a esLutisn eo:rta;i.ning O,g9'51/g G,O5O l 168 dpt). tarv'aL house-

ftr:i,es ryld blowfu.es: ro,oeived one-tenth sf the adult dose.

' fttlraqtion of netab,ol"itee

Dosed. euad ostrbrol, j.nseots trere kl1led. ei;fter trtr.e approp:siate tine

fute.fial, by ea,:rbon tlioxide a*qaesfresia and tl,re adol.tion of ether.

Th,e holdrng, vesd 'was washed uitrtr ether, anfl tbe ilr'Eeets and e'ther

leioe,lngs lronogenise& u-itll acid raasbed sand iri a g:ilass nsntar srrd pestle'

' E her ri.rrstug aud homogeruig,ation wele repeated fo'ur tjJces:. f,he et'her !'ayero

fiere buj.ked anil reduesfl to a oaLL voLurne i4 'vaqio- (eo m qg, &0"). The'

tre,gidues werce tlrea dried. over anlryr'd,rous godfug sul'pbate anCI the ether xq,fer

and uashings reduced. to d,.r$ressn again rlld,ere v's,sutifil. BLe regldue w,as nacLe

up to s, ffiall lq.owr volgne wi'th ettr'rer sE acetolle''
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T.ne hoJ-di:ng vespel 'wa€ washsd with a4 aeetone-ethansl-r*ater s,sLlltion

(l,1rZ"/u) ano. 1his rsas ad"d.ed ts the :iaseei homogenate, tlroror4ghly aixcd',

arrd trap6fel14ed ts 50 ml oentrifuge tubes for sqpe,rat*n (5000 &, ZA nins.).

flhe g.up,eraEi,tant waE de,oante.d,n aild tire peliet retrlonogenLsed. irr the above

sohrent and hol&tng trgsge'l rfusirigs be,fore sentrlfligation. fhe LrCI.eedlire

was fepgate-dl fOur tLnesr and the aqueo6 egtgas.ts osnb-,jaed.

Sort:lons of tJre etber arfl aquears fractions, ffid the peLlet flrS4l

aque€rus €rtraetion were oou:lted' fcrr radioaetivittr".

,TreAtlnaal of .q,queo'uP extraot from llng,eots

[he d,queoue ffaotlon ffa6 feduced :i]r volume by evaXroratiiofl.ie vaqUo

at &0o, po,3tions luere th.en subjeot to hyfuo3-yeis.

(a) EnEFne hydroLleiq

.An actir;e hydroJ-ytto enalElp Ffepaqled, fron the viscera of Par:e

(qeflo,,tiE pust'Jalis) a.E an eoetone Fqndere (a eift frm Dr J!. G. 0lark)

. wa,E use.6 f,o4 qale;i"e hldrolysns of ttre aguEoulB extp&ct. [bis eazyue was

im.enbated at pE 6.0 efi?td. )?o for lp hOufS wittr a portion of the aqueous

netaboliterg"
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i-f ten this tirae, tbe inoubai;e was extraete€ witn ether rantil rro

nsr,e r.4d1oact:y6 :B6laB6und.s osul.d he extr.aqted. f,ron tbe aqueorxs P-hAFe. Bre

blil-ked. ether tra;rers we-re tred:.rce'd in volsme, dgled.t and' agatn evaporate$

to d$nness. fne residue tdas &lesolved' ia a BqaJ'L voIune of aeetorie'

(:) ada ilr,*"otYsi'?

lnre aqueOtrs layer rmairrirrg gron (a) ahove, or a portio'n of tho

priUafy egueo1as extract rniae re,f:.u:teo wnth 5tr{-i$f for tbroe hou:rs' frIls

pas -bhen exhraoted r,*itb e.ther r:ntil ilo furt4es radf'oa'o ive naterial eou.ld'

bg t-eihpved.

Dosi:rg c,f nt.io€

Itiee were d.oeed wefl3 0.1 n!- of a,ln aqueot$ solution of car.'banate

irlsectLcj'de in t,g/.r, (o/o) trtton X-X.00 enltltleifi'er (1 ng/nL). fire doee

wa.s ad4:ini.etered. by stanAoh tuben or by intrapenlteneal inJ€cti:onr

Ertraction of me'taboiites

Urjrle w-ae eo.lleeted. and norritored. every ?4i bour-s for radioactine

oonpotmds'Eheg6hourbu]lredlir:ircsaopl.ewasexhaustli.veiyextraoted.

r,,:ith et*ler at 5lE l[.5, Enfl the proportlon of ettrQq soluble,:neta-bo]-j-tes

d.etemined.. A saulf.e of trre etlrer emtraot obronatogaphed, and. the- griar-rtitr

of, qetaboLftes raeasulpd by Sointil}atioa speotromefir.
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14i cro*iffusion techsiau€ s

Q-Aoa14'ia*ion ef ia;-.lc:r was rnesguE€d by trapp:irig in a elL'i.ta.bLe
f4lr 1

me&:ium tb.e radtoao'l,i'uri.ty releaeed. frou hae isoprop(1r3-l*C.i )orqf- Eiae

ehaia.

lYrzJmio psocetlirrel

1 n1 of c:rz;ruao gre'paration, f,:rom ei:i;lier nouse liv.er or fl"y a,bdonen

ffas aflXed to the outer os-uilartmegt of a Conwgy nierodiffugl,on vesseL, the

$ibsfufate anit oofaetors w€re ,add,ed. '66 r'n:itlate the reerstion, Bre centne

lrelL of tbe vesseX eonta nEd. the trapping agent, [he irroubation was

oo+dneted'at roon teuperah:re ig no,st eq)erisents, vkl1"e bei.ng ewlqled ou

a microd.i.ffusion vessel sha,kfu€ table.

At the ooupLeti.onl of t-lre lequired. time, t-be: reaetion xr&s trcr-:uin+ted

b3r the s,&d,itlon of 0r.f, rul. s.f tV" (/rn) pera,lalorio acid,. flbe apertLrse tur

the 1j"d of tbe, diff,ueion vegEel waB then e1osed.r the veegel-s Ewit.Led lrlrtiL

d.ifftxsisn of volatLtre pcrqpo.i;r:d.s was co&lleted.

The i;nappirng agen- was ttrcn carefully remroved" frou the osntae lrel.L

witkr a drop*ing pipgtte and p .aoed. into a seint:illatio:s eountin6 viai.

Lhe eenhe we].i was lrashed. for:r tines udt'h CI..5 nI trlortnons of, distl.lLed

waterr the washJ"ngs ff:er€ ttra;lxsferred. to the o,ountilg viai. ftre agueous
t1h 1

sotrutlon of traBld.ng qgeat rras corrte'd for ['*cJ u'sirrg the to].uene-[,hiton

I(-100 scia. illarlt solutiour..
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-n:a vrriq pr'ocef,tres

f:tsects were do'sed. -b i,ejes+ior into the alid'eaerr oir i:rio the flight

mu*Ecl.e fidfh aoetone solutislrg of Ltnc-] labeL1ed. Bay€pa'

(1) Ioeing proeeiure

(a) nrjeetion

f'tt, l

Saygon- L**Cj u-as dissoLveo ia e solufion of acetone-

phogprate buf,fer (ea/'*h aoetoue , \ihfi *,/t o.t ilE-phoslhat'e

buffer pH ?.&) rbo gline a Qonoeotra,ti.sn of fr.L y g prer 111"

(6e,3oo 1 rpn dn').

Elze iuEects werd d;ogeel fi,ltlx 0,Xr 0.01 or 0.02Jrtlg of

jnseoti.cid,e by iujection with a glass needie attached to an

l$sLat sycirnge he1d, in a t3urcbiard t rdgfoapp'}lo'etor. fine

doee detivered was nqnitoqeei. by fui,jeotion of i"nseoticide

Ento filtef, paBer vh5.eh w,as then c,cnrrrtefl for radtroactivit'y'.

Tr1sectg after dosing wgce treinpfemred. to the re,tairring

ve$sdl..

(a) contact

lllaen the ioseets to be dosed werrt veury maLl-, (about

2 mg mBlss) iaieotion of spall amounts (,o.z5yt) of aee'tone

Eot'utisr,r of J.rcecticid.e (g,Oesfg) or acetonE eo,ntroL'was

fo:rpa<[ to kl].[ the inee.ct. Tbese ;leects rrere a].Iowed, to
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rr@Lk on a fl-Lm of lneeotlc.id.e spread ,au the eurface of the

re'bai.rring veseeL. Ten inseots wesee used. fos each experi,.nental

P05:rt.

(z) Iif,f,usi.on veseel.s

Sre &osed. tqgeet .LreB plaeed ;,$to a retaltdrtg ve'sseL.

(a) conr,nay miqroeif,fugl.on 
"esgPrs

The iuseet was placec into the outer comparfunelt r tlire

triner el.ramber eontatned. 0.! or 1.0 &J- ef trapfriRg 4gent.

flae inseet rras Brevented f,Son reaqhixtg the eentre well by

a oyL-ind.en of plastlc gauze p3.aced, oa the outen e:ide of

tbe eerirtaie weLl. &e J,nreeot was kiLled at the ternifiEtLoar

of trtre expeEineuit byr eooLing the g.ortl/ay rlrLt for 3.0 no:inutee,

at - 10o, or b;rr dropping 1 m1 of LAII ( /v) perclrloric acid,

onto the i lseet,

Ehe urits lrere ,t&en Ev.d.fLed. at loon tenpereture or placeii

j:r arr i.:rsrrbstor f-m djffuslon to take pLaoe, Ere trappir,rg

A€irCAt w,agr rextro'\/ed. and. coirnte'd as heforer
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(t) seturtii.lation vials

S,fter d.es5-trg, the ins,ect rras pl.aaed i:rto a l[ cu.@.

vi.al. iusifle q gqilxtill atiou vial oontafuieg 1 nal, of treppdng

4ge-nt. A d.iec sf, ,plaetd.c, orc s-r,ainless stee-l geruze wac'Plaoed.

on top of ttre vial to n)revent the lnseet esreaplnrg. lfbe

rsoin*.11-Latisa vCaI wae o.lseed ancit ttre :irrscrct retained. for

the 'nequtred. -time. flre experfuoent wds terqinate'd ;bf gpe$lsg

the Ecinti.-LXat:i,ou vial, d.roppi.ll€l 0.1 nL at L}y', (" ) p,eroft.1'orio

acid Ento the insect md. cl,os:ing 'i;he vJa.L, [he voiatile

oonpoqnds f:rou uotabolisn r,rere all-oned' to djffuse lnto tihe

trapping agent at elevated touxrerature (40t).

Bre !* 9tr'@' rni'ar was reooved wldr foroeps anf, tbe outsid'e

washed. wit*r Oist:ilLecl r"rater into ttre ecintlllaticnr viaL. Ese

vial- was then'ftrlj.ed r'rit& scl.ntiLLEat and oo'q4*-ed f,or rad-io-

aetiv;ity.

[balE]Tg_ gf, vo'l,gtile radioa eti\t€, eqmpou,tds

'lfqgj,oas q,geats $ere us'ed,, to hap voLatil,e o@Found.s prod0ced fron

B:qgr.gon rnetefroX5.srno a,nd, tbe rates ,of dd.ffusiou frq the {Lqe,et o:r e.nz$@e

incubate fpllowed UEi$g a sanp1e of radil.oaoti.ve acetone bisufpbite trnepared

frm ei rFiE ,l'ncnbations.
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lhe conpoulrd.e used aE 'tr+ping'ra,gelits werrea

(1) Sodiup rnetabd.suJ.phiter* O.!iJ nolar solution i"ir d.istilled

f.ratg.

(2) geuioa,r.bazide hydroelrLonid.e r- 20 inillJmo.l,es epLution Jff

phosphate buffer FH 7,0.

(l) sodirin hy-orouid.e{- 1.0 noL,ae &q}reou,g solution fu" I&coo
E

deteruitat:lo.&,
f

(l+) HSfroxide of $m,nine 10-Xt- 0.l uslar solutfon in, aqueotrs

roethrrnQl (0.[ o-1 of oolaF nethenp,liq eoJ.uti€rn + 0,9 mtr

H.,0), fhis was useal to trap argr volatile organic raaterial.
1'

Ietenniaation.€ 4iffu*oa Ffjtcienqy,

&re outer w,ell of, a Coawa;r unit, or the l* sr.r.cu. v:IaI ftl a

Eointi--11atio-a vlaL $ere chargeal rt,lith a Eol.utlim of, racld.oaetive aoetosle-

. btsu,lphite acld,itiorr oonpormd. fbc c,$rtr€ uel,l- or scfuxtil-l"ation qieL

eontatued 1.0 n1 of the trappirg agent under te'st. [Lre raifioaetive solutLon

rras aaiclified lrith HCL and the ve,sseL c .oged.. fre raelioaetiutty Lrr the

trapp ng agent uiader test w,as neaslred at tirne intervals. Tbe means fron

six d.etenmlnations are plotted..

Bisnrtph,ite $ras fountL to be rmsuttabl,e for ,S$ ll-i-v,q erqperiments as the

rel,eased, S0, aslrfueeiated tho i.ngeots and saucefl &eath v:lt-hi.n a ,Elrort tl,nen(''
gorn"i carrbasidle ECf' was +,txe prefer,red" ftiappiag agent ared was used. f,or nrost i

'

pltrpOBBFr
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Techniques used in netabolite itlentificatioar

foironatograpW

(") flri:'r layer chronatograPhY

Grrmatograp6ic plates were preparetl fron Sllica Gel G (I{erck A.G.1

Da:mstatlt, Germany) "itft a thicloees of wet s1urry 0.21 nm. l[re pl-ates

were activaterl at 1200 for 2 hor.rces prior to uge. Compounds antl netaboLite

sol-utions vere applied with lMicrc-capl calibratetl capilliaries.

chronatograns were nrn for 15 glns in the solvent s;ntem.

Solvent sJrstens used

I. Diettryl ";
II. Etlrer t isoocta,ne l+ s L by vo}'rme

IIf. Ettrertisooctane 5zt byvolune

IV. Ether r igooctane z 3 bY volune 
i

v. chloroforn : acetcnritrile 4 : 1 by voh.me 
,

vI. Benzene I dLoxane c acetic acj-d L5 t 5 a 1 by vo}:me I

vII. ToLuene r ef}ry]fonate cforn:icacitl 5 t7I1byvolume

l1\ro dinensional clrronatography wae uged. in the tlete:niaation of the '

Dsfi;1e of ttre netabolites of t^he phenolic 
_noiety 

of ttre various netabolites
I

fomed. lISe chronatogran was run in one clirection ttren the solvent aLlowecl 
;

to 6111" 1gre orlgin 1l3e was sometj.ues sprayecl rattr reagent (n) and aLlowed
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to stantl for one ho.rr prior to wa:ming tJre plate at 1000 for ten mjnutes. '

llhe plate on cooling was ehxomatographed. in the second d.irection.

(b) Paper chronatography

(i) Water soluble comporzrd.s

Aqueous extracts fron insects were chronatographed on

Whatman No.l+ or lihatman IMM paper in ttre upper layer of

butanol r acetic acict. c water (0 r 1 , |v/v). Ttrege vrere

aLLowed. to nrn for 40 to l+5 ems lrr a d.escend.ing fastr:i.on.

(ii) Apolar conpounds

trrsufficient separation of netabolltes was achieved

on TLC for quantitabive measr.nements to be nacle and. an

aLternatlve procedr:re lras usecl.

trfietabo].ite solution was spottetl onto a silica geJ-

loatl.ecl paper (Wtratnan S.G. 81), rrittrout previous activation.

lltre paper was all-olretl to rlevelop Ln a cLescending marurer for

45 cnes in solvents I, II or fII.

(" ) Gas l-iquicl chrmatog3aphy

l0ris wag used to separate ttre various lhenolic netabolites snd

tlre best separationc $ere obtainecl with Carbowax 600 (S/""/") columng.

llllre colums were treated. mith Z,Vrt u ht p&rospheic acirl, to help reduce

tatung of ttre peaks (foftotf g!9, , L963),
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Itrre perkin Elmer gas-liquicl chronatosalh (Uoaef 811) wi-ttr a flane

ionisation d.etector was used for ttre separation. 18 jnch colunns were

uged. and. the flow rates and pressures weres- NZr 40 1bs per i'n'sz',

120 cu. "n/ntn 
through the co1:mr ?h cu,m/nin.ttrrough the detector;

E^, !5 1bs per in=2. i A:irr 35 llbs 1*" i"s2'
a

Usually 1p L quaptttles of soLvent were injected contaj.rrjng vari-ous

a,mounts of phenol-ic netaboLites or standardg'

ELectrophoresis

Iligh voltage paper elellqelloresis

Whatna^rl I MM or No.I paper was sut i.nto strips 15 c'n by

&5, cms, compor:ncle to be electrophoresecl were spotteci at the

nid. point of the .pape3 ancl allowetL to drxr. Suffer was run in

f:rom each entl of ttre paper ancl blotted itry before being

eLectrophoresed on the lsha.ndon Eigh Voltage Electrophoresist

apparatus. Running ti.mes of up to 30 nirrutes were used. and'

at the conpletion of t*re rtrnr pap€xrs were removed, drietl' while

in a horizontal plane antL compound.s cletectecl with spray reagents,

or sut into skips a1d. counted for rad.ioactive compounds.

Electrophoresis at pH 1.2 to 14 was ca,rried out rrith two

balancing strips each side of a I to J cu widle strip on which

compor:nds hact been placetl. l[?ris was nece6 sarlr to obtain

sufficient voltage for adequate separation.
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Spray rea€ents used i.n the cletection of netaboli-tes

lfrre follor+irg reagents were used

and electrophercgraJns for vlsuaLisation

thin layer a^nd. paper chromatograrns,

metabolites.

on

of

(l) N-hyctro:qpettryl compounds were detectetL by ttreir d.econposition to

fo:meldehyde in concentrated ErSoU (5U). Formaltleh;d.e was couplert rv:ith

chromotropic acid to yield retl-pu:ryLe coloured spots (Beroza, t96j).

0.{" (w /v) Chronotnopic acid i.rr 5M-HZSOO was heated on the ILC

plate at 1000 to d.evelop color:rs (chronotropic acid, 4r5-dihydrcw-zfl-
naphthaLene d isui.phonic acid.) .

(g) Phenol.ic netabolites were tletected. by the yeIlow or red. color.rrg

prod.ucecl when coupled. with-cliazonium salts 
"

0.ty'" (w /v) Aqueous l+-nitrobenzened.iazonium fluo:roborate (Brente^rnine

fast retl GG) couples bottr orttro ancl para to a free hydro:yl group, and

more eIowIy to an esterifiecl. phenolic group.

(O Phenoli.c netabolit"" *""" also detected by coupling with Gibbrs reagent,

2rGd.ichloro-p-benzoquinone-lpchlora'nine, para substituted. comporrncis did.

not corple.

O.4o (H Ethanolic soLutlon, overslrrayed wi.th 1.0M- sodium

hyttrogencarbonate gave blue spots on yellow bac@round.. .

(l) Ptrenolic esters r+ere lqrdrolysed on the chronatogran by spraying witlr

ettranolic NaoE (i@" (H ethenol; 5q" (/") 2M-NaoH) ancl warming at

50o for L5 to J0 minutes" Ihe hydrolysett phenols were thee ctetected. by

sprayi:rg with reagent (g) or (c)c .
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Arj.no group tletection

(U) Nintrydrin reacted. wittr a,nrines and substitutecL amines on heating to

give rect-p'r?le spots (4" (/") soi.ution in O,Ly'" ("/") collicline) (irrisfrna

9j-{. , t96z).

(f ) IF$r$-dimetlrvlaninobenzaltiehytle

A saturated solution in gLacial acetic acid reactetl with prinary

amines in the col-cl. and seconcla,rXl a^rnines on heating at 1000 to give ye1low

coloured Sch:iff re baseg (reigf , !956, p.300).

(C) 4-NrN-ainettrylaninocina,naLtlehyde

Prepared as for (f) anA having a sinilar reaction, but gave red

spots with pri-na,rry a.nuines and. yellow-orangp vith second'a,rry an:ines'

Iletection of d@

(n) Phthalinid.e anct UZS04

A saturatecl solution of PhttraLirn'icle in 1BIGHZSO, ltas sprayecl on to

lTrC pLates and heatecl at 1000 for 30 ninutes. lllre pJ'ate was t'hen nade

alkaline by overspraying w'ith lOM-NaoE when lr3-djlydxolry compound's were

cletectetl as ffuoroscein derivatives (Chapnan , 1'922) '
(f) Fomaldehytte antl NaOE

Cond.ensation ocqlaretl to give ool.orred proclucts ]then di]ydrolry

bemzenes and forqelcl,ehyde were heatetl irr alkaline cond'itions (Sen anA

Salcare L925).
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+V" ( /") Fo:mal-clehyde and zI{-l{aOE were sprayecl. onto ttre plate and.

heatett at 1000 for 30 minutes.

(l) 2-Phtha1a1cteh,3'de and H'SOO

A saturaterl solution of Z-phthaLaldetryde tlissolved in 18 I'I-HASO*

arrd gave coLoured compouncls in the presence of dihyd.ro:ry phenols (Eegriwe,

l,gt',).

(r) 2-Sulphobenzoic anhydrid.e

4, (/") solution in 18 I{-EZSO,I was used es a spray reagent, ttre

plate was lrarmed antt then natle alkaline by atlclition of IQM-NaOE. Lr)-

dihydro:qfbenzenes yielcted fluorescent compormcls (Rosenthaler, Ln9).

(l) SiaLs test for pentoses

OrcinoL or reaorcinol reacted. with fmctose in ECl ancl gave yeIlow-

o1:an€e colours. Srlctose and ECL vtren sprayed crnto ttre plate gave colourecl

spots on'gentle heating with 1r3-dilydro4y comporurds'

(U) Catechol and. alkalt 
,

Dil-ute aqueouE solutlon of catechol was sprayetl onto the plate

.followert 
by O.!ll-.NaOH; dihydrory conpornds gave green-broun coloured.

:

complexes (Eegiwe , L*3).

(w) Soctiru nitropnrssid.e 
I

Sodiun nitropnrssitle irx S/" (/") aqueous golution was sprayed. onto 
i

TLC plates, foJ-loweil by 501-Na0E. lltrls was then overspralred trith glacial 
,

acetic acict to g:ive colorrerl compormds wtth lr3-dihydrorgr benzenes and

nethylene keto:res.
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Detection of alclehyctes (Wasiclq'a,ncL FrehtLen, L927)

(O) 2-ctianisialine

A saturatecl solutlon of 2-clianisitline in glacial acetic acid. r+as

sprayett onto the plate and. vhen wamed. gave ye11ow coloured. ccmpl.exes

with aldehyd.es"

(P) 2rf-rtia,ninofluorene

heparetl as above (O), tut gave more Lntense red colours than

Z-clianisidine.

Detection. of aLcoholic functions

(e) Vanattir.rn orinate 
;

Sprayetl wittr benaene solution of va,naclirn orinste r .and wa,med. to 
'
:

about 70o for ten mfuutes. A red. colour wds trEod.uced by alcohoLs. No

reaction $as founcl with conpouncls containLng phenoL, carbotryL or basi" l

rritnogen.

Vam^atlir:n oxjnate:- solution of vanadiun salt and. S-hyrtro:qfquinoline l

b q, ( h) acetic acid. was ehaken rrith benzene to give the ord.nate solution ,

in benzene (Buscarons et al. , L9lt9).
/

Detection of carbo:{rLic ecitls

'

Rtrodanine B ad urarqrlecetate

Senzene solution of Rhod.auine B shaken ,rrL+h \y', ('/") aqueous soLution

of tnanyl acetate. t'lben sprayetl onto TIrC platd and. exanlrred. rrnd,er ultra-
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v:iolet Hgbtr ceJrbou$rJ.ic acitl,s osirsed lnoqessed fluoareecetrcel ntrereae othea

oonpodnrl,s teuderl to quenroh (ffi*Sf , L956, nrlt6L).

Ottrei" te,gte,. used. itla:ixg fd,enttfi.cation,

(S) lmonteoai. el,lver nttrate

BLaclc spote ve:re fomed flLtb reifudrrg ocbXrourds (foilens, 1881).
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Oxiclatlon of tertbutyl groups

Gridation of ailqyl side chains to the benzoic acicl d.erivatj.ve ca,n

be brought about by potaosiun pe:manganate soLutions (Fieser and Fieser,

Lg6?). .

llhis nethod was utiLisecl in the iclentification of netabolites of

3-@[butylphemyl-$-rnettryJ.carbanate, a ring hrydroryLatetl netabo]-ite wouLd

yield Y-resorcyl.ic acicl, a side chajn oriclisecl netabolite, 3-hydro:rybenzoic

acid..

Oriilation of tertbutyi-phenols, and orcinol was accomplishecl by adding

1 n1 of S/, ( /") phosphoric aci.cl, 1 n1 ot Jy'o ('/") potassium pe:manga^nate

to a,n acetone solutlon of 1 to 10 ng of compouncl to be oxi*ised. &re

reaction nixtr:re was heetett at 1000 for 10 to t5 minutes.. fltre soLution

was then tlecolourisecl by atlclition of solicl sodium netabisulphite.

Ttris soLution wae ttren extracted. wittt ether. llhe et'her solution was

reduced. in vohue under vasuum, and portions appliett to TLC plates. fltrese

were developetl j:r solvents Vf antl YII and. conparetl flith standaa',alsr for R,

and. colour reaction.

Itlass spectral ana.lysls

Sanple preparation

Brrlketl ether extracted netabol.ites fbom a rnrnber of Lncrrbations usiag

nouse liver enzJrme were hydroJ.trrsetl in 2IrI-NaOfl. llhe hydrolysate was aciaifiea,

and phenolLc conpouncls extracted lato ettrer.



Pur*Ifioat{on of the phenollo erbact wag aeaorl[, isbetL b.y lretrlqptive

!mO, alod. the bsvrd. of unkowrr ma.te!'ial eLutecl. ryrris ras further nnsitrLed

by'nd.a.ro Foale vaqnll distiU.attm arrl Ithe dtett X.ate ilq&etl Lnto a olean

viaL with rertl.EtiLled. ethen,

Aearmate naas measrmqrnnts md, speotua:wepe rwr m hrl'.EJp !!s-F4lb,

maas qpectnoneter tr-y Profeaeor B. Eod.geo..

I

,)
V
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Measurement of radioactivitY

Raclioactivity ruas detemined

lPactcaencl [bicarb series 4OOO l,iquia

folJ-owlng ctrannel settinge I

Channel Discriminator

by scintillation countingr usi.ng a

Sci,:ntiLlation Spectrometer I with the

Gain footope

rec[

green

bLue

5o-500

5o-1000

300- e

5/"

5q"

L/,

14c

)H

A.E.S r

Scintillation fl-uids

For solicl or non-po}ar conpound.s, a solution of PPO 5 g; dinethyl

POPOP O,) gi clissolved in one litre of toluene $ras used. Aqueous counting

was perfo:mecl in a fLuld containitg n'rt (/") trlton X-100 and 66y'" ("/")

toluene with ttre sane PPO and dirnettryL POPOP concentratton ([\.rrner, 1!68).

SampJ.e preparation

(1) Organic soLuble fluitls

These naterials, usually netabolites dissolvetl. in etlrer were ad.d.ed.

to a precor.mtetL vieL containing 20 nL of scintiLlant fluitL. A portion of

the total naterjsL to be counted uas addetl accr.rately by tMicrocap t to the

vialn
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(z) Aqueous naterials

Ttrese were adcled to 19 n1 of scintil-l-ant in a pnecounted via'l-.

Usually i nl of sa,nple was addecll and the vial shsken vigorously for 1'5 to

30 seconds to give an emulsion. Sanples were shaken agaia ruhen the tempera-

ture had been reducecl to lto prior to coum'tinge

(3) Paper chronatograns

lltrese were cut into strips 2 cm by 1 cn a,ncl. pLacecl in piecor:nted

viaLs containing 2 nI of scLntillatisn fluicl.

(4) flrin layer chronatograns

portions of thin layer of 1 cn2 or less were scraBecl from the plate

ard transfetred to precourting vial.s contailing 2 nI of scintillant fluid.

All corrnting was perfo:nett at Less than 50, the vials were heLd' in

ttre d.ark for 3 hours prior to cor:nting to el1ow phosphorescence to d.ecay.

$) hotein solutions

&rese were dissolvecL ln eitJrer g4" tomic acid, or l$rdrorid'e of,

$nnine 10-Xr.

(i) Fonuic acid.

Aqueous soLutions of lrotein (t rf) were addect to 1 nL of

98-LOV/" fornic acitt anct heated Ln the scfuitiLlation vial. on a

hot pLate tiLL tlre soLutlon became cLear. llheee were then
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allowed to cool and were neutralised by actdition of NaoI{.

Scintillant was then atl'tted and the vial shaken'

f-r\ *a"ffi

1 nl of aqueouE naterial wag d.issolvetl with heating in

1 nI of ll'l-metlranolic Ilydroritte of $p,rn5ne 10-X. llhe soLution

on cooling was neutraLisetl r.rith g0L if necessa,lry and. scintiLLant

addecl, t*re v:ial was s]raken and counted.

Deternination of cor:nting efficlency

QUench curves of efficiency versus Autonstic EcternaL Stand.aedj-sation

(45s) channel reacling were constructetl so" [14QJ *rra [3u]. For consistent

a,nd accr:rate efficiency ctete:m:iretions a vial containing at least 15 nL of

sci.ntiLlation fluid was requirecl.

Efficiencies for samples prepared. as in (1), (Z) a3a (J) above were

dete:minetl. in this lllsillrr€T.

Efficie"ncvin "@ 
,

I

I4aterials to be chronatogra$rert were counted. as abover (f), (2)r an

equal a,nount was spotted onto ttre chronatogran and ttris then d'eveJ-oped''

lure total cornts on the clrronatogran ninus backgrountl was compared

vittr the total cormts obtainecl fron the norcbronetographed sanpl'e, the i

counting efficieErcy of whl.ch was hxolfiI. llttege resu].ts coulil then be

conBared to g:ive overall efficlency of drrornatogan comtJ-ng.
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![re efficieuoy of Bapee stogra@ oountdag wes a].so cheejketl by

elution of netebol.{teg from ttre chlonat@,an wtth ethe. &ese were

corrtett ae in (1) ebon'en tftfs when oontrrs€il nl'th fi€lr,eE obtajaed f, ou

Ilaper e,hrqatoereq skiBs ehowed couttng effLotmo3r of each netatolite

to be the same wi.thlrx tw,o percenti

Metabolite exfuactior efficiency

l&e ef,fl.aienrqt vttJr rrhich netabqlLtes rers e*tsaoteil" f,bou n vlta'o

or EE-@. e5nte"rE was detercnilect, by coratJ.ug prtions of aqueore and.

etiher fbeotd.one fur tJre above rrlprrrefr
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EXTERII{ENTIAIJ

llBE UEIASOLISM 0f' 3-tertrufff,PUENffl!'l4gHn CARBAI'IAIE



CEA TM I

INMMIFICATION OF METASOI,IES
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Identification of the nglq&olites of

LritiaL itlenti-f ication

Mouse Liver enzJme preparati'onst uere incubated'

a,nd cofactorg. lltre et'her ext'ractecL netabolites were

ttrin J-ayers for a tlistance of tJ cns'

Visua].isationofphenol.iccompormd'swlt,trstrrayreagerrts(D)and

(g) showed tjrat at leaet eight distj$ct spots were present.

Al.ka].jnehydrol.ysisofthenetabo].ites,arrdTl,Coft,treexlractecl

hy{rolysate showed the presence of two phenolic compounds' lfrre parent

phenoLr 3-!gg[buty1pheno1, and one other'

llhese phenols antl the unhytlrolysetl netabolites were oubjected' to

avarletyoftestsinanefforttocleterrinet}reirshlcture.
To assj.st in i6enti3ication, incubations were perfomed rrith

3-tertbutyLgrenylcarbarnate anct 3-jgg[butylflrenol as zubstrates' ttre

netabolites from firege compornds vqre comparect with those tlom 3-@h

butylptrenyl-$-ne ttryl carb anate'

Substnate I; 3-@ltutyJ'phenyl-$-nettrylcarbanate

Substrate II; 3-@g;$utyl-phenylcarbarnate

Substrate III; 3-@[butY]'Phenol

* lndicates a positive reaction'

- fud.icates no reaction, qr a reactisr not characteristic'

Chronogenic rea6ents geve the fo[oltfug results'

raith insecticid.e

chromatograPhecl on
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Interpretation of colour reactions

(t) Metabolites containing niqoeel

[hese were conpounds r*]rich reacted rith reagents (p)' (f) anA (C)'

Reagent (E) reactett with a,minesr (f') and (C) wittr pa,imary a,nines' Thug

netaboLites Ie ancl. Ih, fIb anrt IId., and. IIIa and. IIIb have no ruitlogen

in ttre sicLe chsilr,

Metabol-ites fb, If, IIa, IIo reectLng wittr reagpnts (f) ana (e)

contain prinaqy a,nine groupsr

l{etabol-ites Ia ard fd., },hlch react netlr reagent (A) contain an

S-CHA0H groupe

(z) Ttre arornati.c moietY

l6tabo1ites that leact with reagent (A) contain a free phenoLic

hydroryL firnction wittr an urihinderecl ortho or para positicnr. Wittr reagent

(C), a free para position is essential for coupling and colour developnent.

lllrus, netaboLites Ie, If, IIbr Imr IIIar IIIb ancl conpouncl III

eactr have a free h$roryL gfoup, a,ncl contain no amino nitrogen.

A positive reaction obtainett for netabolites Ia, Ier IIb and IfIa

with reagent (,f) *A (f) and in the case of Ia witJr reagent (l), i:rd.icates

the presence of a lrJ-dthydrorg' ompornd.
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Negative reactions from reagents (o), (q) ana (n) indicatetl ttrat

aldehydic, alcoholic or carborryLic acld functj.ons were absent. Reagent

(Q) frowever was not particularly useful in this case as tJre lnesence of

phenol, carbo:ryI or basic ruitrogen caustes no[-r€ection nittt alcohols;

hydrorybenzyl alcohol isomers gave no reaction.

lDre nature of compor.urcl IV was investigatecl firrther as ttre above

color:r reactions gave doubtful itlentificatisr.

koducts of netabol-ite hydrolysis

fho phenolic .conpoutds w€re tletected, one rrittr Rr. 0.80 in soLvent

If, ancl one with Rf" 0.47 in ttre sane soLvent.

ttre foLlosring netaboLites yieLd identical pheaols..

Rf" 0.80, 3-@[butylphenoJ.

Id, If, fg, Ih, Ifc, IId, IrIb, IfI.

Rf. 0.W, Conpound rV

Ia, rb, fc, Ie, ffar IIb, IIIa.

lftrese fivo conpornds were chrmatographed snd various s1ray reagents

used. in their charact*isatLon"
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CoLour reactions given by hydrol-ysecl metabolites

compolnal' Rf B
Colour reagent

HIJKI.,MN R

IrI
rV

,v
VI
vfi
vur
IX

x
XI

0.80

0,47

0.40

0,40

0,39

o.ll1

0.t}l
0.30

o.lrz

1. T 3r5-dihydroxJrtoluene

VI 1r3-dihyd.ro:rybenzene

VII 1rz-dihydrorqrbenzene -

VIII 1,&-dibdro:rybenzene

IX 3-hydro:ybenzyl alcohol

X l-hydro:qybenzoic acid

XI l-hydrorybenzaldehyd.e

(orcinoL)

(resorcinol)

(catechol)

(quinol)

A positive test nas obtained fron conpound IV ud.th reagent (K) act:ing

on 1rJ-dihy{rorybenzenes, J.rd.Lcatixg tta! tlris conpound. was posslbly 1r3-

di.bydrory-!-$gglbutylbenzene, other reagents for thls goup dlcl not react.
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$''rrnanr

lbtab.olite A3ometLa nolefir Garbenate slde oha:ila

0oupornd fV - IIUff.CEAOH

CgmDourld. IT ' NH,

Ooupounil W - SS.CH3

0 porurd. XIf - NE.Feffi

Oonpotrn& IV none

' OsuPound III - Ma

Ia
Ib
IO

Iit
&
If
Ig
Ur

Oonpoirnd. IIf
0onpormd IItr

- IiIF.Cfi- (cqponma r)

ITe OonPowd fV - I{Ez
' II.b ComPouil If nqne

. IIc 0oqrounil III m, (aonnormil II)
I,til Coryowoil III aolre

' IIXE Crcryoucil IV llctne

IIr! -0ouPsrrqit III rrsrc



6a.

Eigh volta,ge electrophoresis of netabolites

compor:nd pH 2.0(") pH ?.4(b) pE 10.0(") pH 12.0(a) pn t.r.o(") pu 14.g(f )

ilI 0.0 cm 0.0 cm 6.5 em 6.6 cm 5.8 cm 6.9 cm

rV 0,0 cm 0.0 cm 6.5 cm 6,5 cm 6,9 cm 7.0 cn I

V 0.0 cm 0.0 cn 6,4 em 6,7 cm 10.8 cn tL.Z cm

VI 0.0 cm 0.0 cn 6"3 e;n 5.8 cm 11.1 cn 11.1 cm

lX 0.0 cm 0.0 crn 6,6 w 6.7 q 7.1 cm 7,3 m

x 0.4 cm 5.0 cm 10.6 crn 10.0 cm 10.2 cm Lt.f a'
XI 0.0 cn 0.0 cm 6.4 cm 6.6 cm 6,8 cn ?.0 cn

Conpounile wele eleotroploreeeil for 15 to 20 ninutee at 6000 v.
(") o. o1M-HcI

(u) 0,lM mixecl phosphate

(.) 0.OJlrborate-NaOH

(a) o.o1II-NaoH

(r) o.lit.Naou
(r) 1.oIuI-NaoH

Electrophoregis results incticate a nonolgrclro:qy conpouncl; the migration

was similar to 3-@!buty1pheno1, arrcl. quite ucLike the dihydric cmpotnd.s

tested.

Illtraviolet spectra

Comparison of the unkronn netabolite with }croun compound.s was carrlecl :

out in O.1M-NaOH and 0.1$-EC1



87..

ResuLts obtaineel showed'

absorption band of the sPectna

benzyJ- alcohol.

narketl clifferences bebreen the 3 aromatic

orcinoL r 3-@qtutlrlphenol anct ]-l5dro:qp-

no

of

Ocidation of tertbutyl side chal$s

Results of t*re oxidation proced.rne inclicatecl. ttrat conpourrcl fV was

a nonotqdric phenoJ-.

Gcidation of 3-@[butylphenol trrields 3-hydrorVbenzoic acid.

Orid,ation of orc1nol y:ieJ.cts Y-regorcJrlic acitL (lr5-affr;rOro:qybenzoic acitt).

corBourra(a) Colour w:ittt
reagent (B)

Solvent YI
Rr

Solvent YII
Rr

III
T

VT

DC

x
XI

Orcittation protlucts

fron III

fron fV

fr.on T

orange-red

orange

red-bronn
orange

red.

orange

'recl.

red

orange-ye1Low

o,62

' o,116

0,u2

0.40

0.50

Q,56

0.48

0.48

0.30

0.71

0.55

0.40

0.5)
0.59

0,52

0.53

0.3?

(") Designation of compondse p.80.
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f\co spots were visible in the oxiclation procluct ctrrornatogranst af,ter

spra$ing w:ittr Srentanine fast recl GG (reagent (g) ), one correspontiecl. to

unchangecl substrate. No intemecliate oridation proclucts were erhracted.

Fbom these results compor:nd fV appears to be t^he sicle cltain

a1coho1.

Gas liquial. chronatography

llhe netabolites from mouse liver enzJnne insubations were gas

chronatographetl along w'ith stanil.ardl compounds aJrd. gave the fo1-Low'ing

results.

Retention ti.ne of various phenols (ninutes)

Ccmpound.

Tenperature

B5o tzSo 14oo

tertButylbenzene
3enzy1 alcohol

3-Hydro$rtoluene

3-@[3utyl-phenol
Metabolite fV

0,60 N.D " N.D.

0.80 0.10 N.D.

o.9o o.2o N.D,

1.8 0.90 0.70

N.D. 2,7O L,9o

l-Ilydro:rybenzyl alcohoL N.D. 2,50 1,70

0roinol, resorcixol. and cetechol were not d.etected. ueiag ttre ebove

coh:m.



Mase speotaml analyets

' 
.A sanpl.e of, oompounil IV was pareparecl for analyel.s fron -the ccmbLneit

etjher extraatable netaboLltes of 50 mquEe Llv,er i$subatio@, After

hyibolysis afcl preparative ![t,C, ttre samFle was distLlledl Jg-@, to gd.rre

a chromatographicaLl.y pure product. Orcinol r*as tireatetl ia a slf,i.lar

uanner ea0 gave a nhite c4rstalltne subilingte. l&e lra4lfle IV however

yfei.AeO a cleqr, col,onnrJ.ess ofL; at 20 m fu lmeeer"rre and. 1530.

^/" Peaks were o'btaLrrefl at L66, L)5t LWr'95r 9Lr ?! fareJor

IunoBotr4Lon. lMe'reactton seqqeqrce strygeeted. rras

OH

-co
197

O
77

-Ftp
r-E--+

OH
L

lr rltl '!t

tr !l

|,

95
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llhe composition of the Peaks wae

meagurenents, and. the pathwatrrs shonn by

establ-ished by accurate nass

netastabLe peaks.

dihydroxJdgLbutylbenzeme .

lprus conpo,nd fV appears to be f-(f-UyArory@[buty1)pheno1.

IGtabolite tLe signation

llhe metabolites from mouse Liver enzlmes have been tentatively

cluracterised. as:

Ilhe loss of ,GE'OH fron n/e 166 woultl not be expected. ,,r:th 3$-

3- ( 1-hJdrory@[butyl ) ptrenyl-$hydroqpethyl carbanate

3- ( l-hydroqrtgg[buffI )prreny].carba,nate

3- ( l-hJrdroxyjgLbutyl ) phenyl-S-metlryl carbamate

3 -SgLbu tyL phenyl -$-hydr o4rne tfu 11 carbe nnqte

3- ( 1-hvaroq@g[buty1 ) ptrenoJ.

3-@[butylprtrenyl carba.ust e

3-@[butylphenyl--$-ne thtrrlc arb ana te

}@LbutYlPtrenol

IIa is the sane compound. ag Ib.

IIb antl IIIa are the sa[e copounl'e as Ie a,rld fy respectivel'y.

Ia

Ib

Ic

Id

Ie

If

Ig

Ih

t-

t-

t-
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MetaboLites forred. irr other species

lnre species listeil belor gave the same metaboLites as mouse liven

enzJrme preparations when incubatecl or tlosed topically w'ith 3-tertbutyL

phenyl-[-net]rylcarbanate. Cochronatographlr, sirnilariW of col.our reactim'e

and electrophoreeis of hydrolysed. netabolites nere used to establish their
' lclenf,ity.

lDre species useal'weres

&rz3rore incubations -
I6rs nuscuLuE, llvel enzlme

Mrsca donestica, abdomen enzJme (eeven etnains)

lucilia senioata, abdomeer enzJrme

llopS.cal closing -
Mrsca d.omestica (seven stral.ne)

Lucilia senicata

Costelvtra zealantlica (fa,::vae)(gass grub)

?eriplaneta anericana

Apis loeLlfera

Uiseana species (porira caterpiJ.lar)

' Gnaphoprrathus LeucoLomal 3ok. (raite fhi.nged weeviJ')

lDenebrio nolitor
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Itre netabolism of 1-@[butylphenyl-$methyl-carba,mate and
2 -@[bu tylphenyJ--$4e ttryl carb an a t e

The metabolisn of these two carbamates was studiedL in compari-son

'.ith 3-tertfrutylphenyl-S-nethylcarba,nate. fdentification of metabolites

was not attempted. in detail.

Ttre netabolites of the @[butylpfrenyl-S-net]rylcarbanates were

comparecl on TLC jn solvent systen II'

Lsomer

Ivletabolite neta
Rr

para
Rr

ortho
Rr

a

b

c

at

e

f
g

h

0.05

0.13

0.20

0.39

0,47

0.56

0.69

0.80

0.05

0. tlt
a,22

0.37

0.46

0.56

0.67

0,79

o to7
0.13

0..18

0.?6

o.l+8

0.59

0.68

0.81

Irletabolites were tentativeLy ittentifietl. by mea:ra of spray reagents

as used for the meta ieomer, however in the case of the orttro isomert

netabolites a, b, c and. e appeair to be nixtr:res of at least two compor.D1d.s.

gfi.rolysis andl further EIC yiei-d the parent phenol and a spot at Rf. 0.46

rgtl a taili11g streak. Irlhen treated vift ZIII-NaOH, t]ris yieLcLetl a Seen-

bLack color:r, inrlicative 9f an ortho or para hydro:rylation pr,oduct'



Neither Wre neta or para ieomers produoed t?ris aetabolite on

enzJrrre incubation aEiL as the ortbo ipomer ie Legs hl'ncleretl irr thg 41 5

and 6 posltionse. ort?ro or pare hyfuosq{atlqt is nore l'lkely to ooourr

Ia otlren respects the metabolj.tee of alL ttrree.lgomers age

sLnilar.
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Rate of fo:mation of metabolites of 3-@[butylphenyl-
N-methylcarba,mate

Mouse enzJme was incubated. wj-th substrate and. cofactors for

up to one hour" Ilrcubates were rernoved at intervals, ether extracted'

and. radioactive compormds counted. frre percentage of each netabolite

on a chromatogra.n rdas calculated amd. expressed as ,;rM 
fornetl per gran

of mouse l-iver. flre mean results of replicate experiments are g:iven

in the table below.

It can be seen that ttre reaction for e1I netabolites is linear

for at least 30 n:inutes.

I-iinearity of the nouse enzJpe reaction

Tlne
ninutes 6045)02010

Rate at 30
ninutes
vVe/Y'r

Ivletabolite

a

b

c

d

e

f
h

0.000 0.0?) 0.039

0.000 0.011 0.022

o.oo1 o.toT 0.1l}
o. oo1 o.Lg7 0.4L5

0.000 0.00? 0.015

o.ooo 0.L6) 0.34L

0. 001 0 .Llt4 0.207

0,073 0.09?

0.026 0,0)5

0.30& 0.391+

0,590 0.669

0.024 0.0311

0.5)7 0.588

0.Lt63 0.583

O,LL7

0.056

0.4L7

0,595

0,039

0.769

0.?40

0.L45

0.052

0.608

1 .180

0.0ll8

L.074

0.925

TOTAI 0.003 0.&+7 L.23l+ 2,0L7 2.500 2.81,9 4,032



foper chromotogrom of 3tBpNMC metoboti,tes.. from
mousc enzyme qnd distribufion ot f HJ
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Ivbuse liver enzJme netabolisn

fltre rates of fo:mation of the various netabolites were d.etemined.

in tire nouse enzJme systena with ra*ioactive substrate. llhe mean results
and. range of three experiments are given.

I'trean rate
Ivletabolite rrM/g livery'rour y'o radio activity on chromatogra,rn

a

b

c

Cl

e

f
h

0.105

0,022

0,616

1 .280

0.01t 6

0.932

0,67t1'

o.* I o.o9

0.11 I o.06

3.oa ! 0.95

6,UL ! o.z5

o.z3 ! o.o?

b,66 ! t.uz
)J? ! z.z?

TOTAI 3,9+9 18.&0 ! 0.65

Rate of netabolism of 3-@[buty1lhenyJ--{-nethylcarba,nate at
various pEfs

Mouse liver enzJme was prepared and. pH atljusted. by add.ition of
buffer. [he pH was checketl. prior to antl foJ-lowing incubation.

Phosphate buffer (o,t u) was used for the experiment. A cbange

in pE of up to 0.1 pE r:nit was noted dr.rring the courge of the incubation.

lvtrean results of repLicate e:cperdments are giver.
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Inhibition of mouse liver enzlme netabolism

Mouse liver enzJme incubations were conducted. for 30 njrrutes w'ittt

the add.itj.on of the inhibitors pi-peronyl butoxide and lbtopirone, ln

order to d.etemine if the vari.ous ocidative pathways were inhibited to

the sane d.egree, The results lrere calculated. as ;lmoles netabolite

fomecl per gran of liver per hor:r and the percentage inhibition at eactt

irAribitor concentration. [tre mearrs of replicate ercperinents are given.

-1 r' .-3

Metabolite r"r'liito" 10-) l4-P'3'o' 10-'r M-P'3'o' 10-r M-P'3'o'

Ratel Rate % tz Rate y'" r Rate y'" r

a 0.103

b 0.040

c 0,756

tL L,240

e 0. dl5
f l,.d+5

h L,)39

0,0)3 58.0 0.021

0.014 65,0 o.olt
0,433 l+2,7 0,3)5

o.g)o 25.0 0.709

O. 0t+ +L7 .4 0. 051

0.66) 36,5 o.+55

L.222 8.8 0.988

7g,5 0.0111 86.4

72,5 o. oo5 87 ,5

65.7 o. 191 7+ ,7

l+2,8 0.&88 60.6

+32.6 0.0r+7 0.0

56.5 o,)05 7L,o

26,2 1,.1,51 1t1.0

4.569 ).3t+9 Z5.T 2,580 4),5 2,201, 5L.8

Non
hydrolytic 3.t84 2,073 *.9 L,53L 5L.9 1.003 68.5

1.

2,

yVe liver/hour.

y'o inhibition.



91,

thhibid;-ioa of netabolisn by' Iltetopjgone

ffo
JnhJ.bitor

CoulcentratXon of l{etopirene

to-f .u m4lr 1o-3M

lletaboLite
'1

nate- /n tz EEta fit Rate fit
a

b

e

d

e

f
h

0.tr1t0

0.056

'0.5,&*

t,agl+
0.0a4

0,773

a'555

9,A67' . 52.L

0..038 32.r
o.E}l+ 60.0

o.g5a ez"t
0.CI2a 8.&

0.39It 49,0

a.zt:3 6o"?:

0.067 \e,L
0.0e1 62 5

0.206 g+,7

a,669 38.E

0,033 +97.5

o.3wl h,7
0.393 31.0

0.062 55.7'

0.0L4 ?5,9
0.086 85.3

0i4&9 59.a

0.030 +eS,A

o.?1.1+ 72.1+

0.1llo, ?4.7

3.221i, 1.gao I+1,5 L.68,7 t17.8 0,995,69.L

sr04l

@:ro- 2..&+q L.5g5 ll0.? L,2,67 [e.L Q,g25 68.8

7,1 2, $ee prevtous footr:otee.
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[lte i&li@. me tabolisn of J-tertbutylphenyl-$-ure thylcarbanate
in Musca d.omesti.ca strains and Lucilia serlcata

-ftrztrmes prepared. fron f1y abd.omens were ueed in these experiments.

Substrate concentration r.ras 1. 0 niIlimolar.

E4reriments were conducted. to detmine linearity of reaction with

time, reaction rates in houseflies and blorsfliesr inldbition of netabolisn

by piperonyl butoxitLe antl I{etopirone, and. reaction rates in various

strains of @. d.omestica,.

Linearity of reaction

J n1 incubations were initiatetl. by substrate ad.d.itionr and

terminated. at the ti-ne interrrals 0r 10, 20, 30, 45, 50.rninr:tes. llhe

netaboLites were extracted., counted and chronatographed.r the chromatogra,ms

were then also counted for radioactiviff.

[tre fol].owing results were obtained. fron replicate experlnents

w:ith M;rsca domestica (V) strain.
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Effeet of XrE on t&e netaboLism of, 3-@[butylSh.erryl-N-netlrJrl"
carbamate

Eouseflies @.gg, dodestj.qa (V)) r.rene tbree clays oltl rfiea used.

f,or ltreparation of abtlomen ebzJme' fu these epryeriaents pE was

acLjustetl from the 7.0 of honoge sation by add.ition of buffer. p€

vas foumd to be stabLe tlurtng t'be colree of ixcubatl'ort'

100.
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Inh:ibition experi.nents

&perinents $ere conttuctedl to deteiulne rf,r.ether eac;h oxlilatlon

reeotion shofleil ttre Eame' .eengitt'rity to pipeeoaxrL butwide ancl' ]htopironel

aad ttre itegree of fuhibitie4 if ar$r, at varlous irtlr-tbttor mlroentarations'

For these -errBerLneats S. gggg@, (V) atamen enztrmet andl

fu g+riqata abd-men enz@e were ueed'

I&tabolj.tes r€re esbccted' antl rad'{oactlvity deteralneil ae

befone.

Eq'a1 n1mbere of'nq1e anit fernale lnBee'te uere uaed. ln tlre enz-Xme

pre$a,r*tf,.osr to aO4trregeate fos ary eex dltfferencee in retetoli'iru
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ltre jgg!@ rate
strains of cLonestica

-

of
g.

formation of metaboLites i-:r various

I

I

!

I

abclonen errzJrue was preparecl flon six etraixs of housefly antl

rates of enzymic oxiclation were compared'

llhe mean total rates of netabolim were:

. trfea,rr nassDUrAan of f1y yt{rq/n"',o
llotaL netabolisn
tVe fries/hour

Non-hyclrolybic
netaboLim
lWe/no'"t

v
M

Y

vc

vo

Yr,

L3.5 ne

11.0 ng

8.0 ng

9.0 ng

L2.5 ry
15.0 ng

0.014

0.029

0.021

0.015

0.011

0.014

1.078

z.g+9

2,666

1,.699

0;8?3

0,937

0.852

t.gtg
?,?69

L,3l+8

0.745

0,815
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Ttre -in vivo me tabolism of 3-@[butylptrenyl-N-me thyl carb nrnate

trrsects were dosecl topically and reta:inetl for up to )5 hotrs

prior to extraction of netabolites.

Ether extractable netabolites were cturomatographed. on lr/hatnan

rCtrmecliaf S.G. 81 paper, and aqueous fractions treated with hydrolytic

enzJmes and. extracted'with ether. Acid hydrolysis of ttre aqueous

netabolites was avoj-decl silce chronatogrrans showed. thot this beatment

caused some cleavage of the [-CH,OH group.

No attenpt was nade to identify the conjr:gated. netabolitest

instead, these metabolites were freecl by hyflrolysis ancl total conjugatlon

of each netabolite measured,

T-n all cases extraction of rad.ioactive nateriaL was iJr excess of

9Jy'o of the appliecl dose, incl.icating Little bincling of substxate or

netabolites to trrrotein.

frre first group of errperiments invol-vett holdirg tines of 30 to

35 honrs in r+hich tjme 50 to 9grt of the substrate was metabolisealr and

calculated. rates of ruetabolisnx are probably low. For the second set

of errperi.nents, the uittrtroLding time was 12 horrs r and absut J@o of

the substrate rensinecl unnetabolised with a resultsnt higher rate of

metabolisn on'a per hour basis.
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&rplanation of Tab'lee.

(i) IttaboLites r

(ii) / R. Etherr

(irr) / B. Aqueoust t!;'.''*i'

(r") y'o [. nttrer

(") /o T. Aqueors r

(r.r ) TotaL r

('"rr) y'o conj,t

tt4.

Refers to netabolite ciesignation

assignetl previouslY.

Tlre percentagp of eadr netabolite on

a chromatogran of the ettrer

exti&6'title metabol-itee.

llhe percentage of each netabolite on

a chroruatogam of the etJrer

erbraotitle netaboliteg from enz;rne

treated. aqueous soLuble netabol'lte

fraction.

Percentage of eactr netabolite in (if)

above correctecl to percentage of

total radioactivitY.

(iv) tut tor o/o R. Aqueous'

lDre sre of, the corrected' aqueous and'

ettrer totaLe, ttre total percentage

netabolite fo:cned. afid found in botft

fractions.

ltlhe percentage of tlre total of the

aqueous netabolite confons to t'he

percerrtage of eactr netaboLite that

ls in a conjrrgatecl state.
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. (vfft) 6 netaboll.mr Tlre percentage of eaoh netabolite

ertrressect as ilt telEs of guo-stilate

-used,.

(*) Rate/lnoeotr e ?;f natd o..f forration of, each netaboLite -
' 

.ttJ'-a.

expreaE6d ae ns,onoLee of subs'tilate
,'.' ./{;:17;r,'n' used Bs-:Lnseot per_hotrr.

(*) Rate/granr Bate.as, aborre but Ber gmn of
.'..

Laeeote-l tia,zue.
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Histogroms of housefly metqbolites'
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LN.

[he lgJivo metabolisn of ]-@[butylphenyl-$nethylcarbamate
in mouse

lhree rn'ice were d.osed. ora11y with 0.1 rng of rad.ioactive carba'mate1

and. three by intraperltoneal irt.r.'-l-ion. I4ice were retained in glass

netabolisn ca€es, and urine collectetl over a period of 96 hours.

Sctraction of netabolites

Urine was taken at 24 hor:r interval-s, and. a portion mon-i-tored'

for radioactivity. T|ne 96 hor:r bulkecl trine sample pH l+ to 5 was

extracted. with ether and the percentage of ether extractible netabolites

determ:i:red.

A sanple of this ether extract was run on lihatman S.G. 81 paper

antl rad.ioactivity cor.mted. Sanples were also run on TT.,C r and. by the

use of various spray reagents, metabolites were shown to be sinilar to

those obtained. fron in vitro studies.

llhe remaining urine sarnple wae insubated. at pH 5.0 u"ith paua

vi.scera acetone powcler, for )5 hourg at )?o. Ttre ether extract of

this incubate was nonitored. f* [38] and c]rrornatogratr*red. bot]r on l,lhatnan

S.G.81 paper ard. TtC. ,



L)5,

Mea^n cumulative tritir:n excretion in urine as percentage
of the applied dose

Tine (houre) oral dose i.p. dose

24 ?5J ! 5.t &+.? ! ?.2

&8 83.2 ! 5,0 58.1 I g.o

?z 84.9 I5.0 5B.B i 9.0

96 B5.z ! 4,g ?0.5 ! 8.7

y'o dose in /" r,*:'," PH] y'o urineP") f".,"in" P"l y'o d'ose
Mouse urine (fe U; ether released by not extrac- not

extractible enzJme ted recovered

Ivtrean:
fron orally B5.z ! 4.0 zo.2 ! z.S ?0.4 ! 5.0 9.4 i 8.0 14.8 I 5.0
dosed mice

Mean:
from i.p. 70,5 ! 8.5 2L,7 ! 4,g ?0,5 ! !.0 ?,9 ! 4,5 zg,5 ! 9.0
dosed nice

Ether extractible netabolites all co:eresponded. to metabol-ites

previously obtaiaed. from in vitro netabolisn in both TLC Rf. and. color:r

reactions. Faeces were not non:itoredr snd probably contained the najority

of the r:nextracted radioactivity as conjugates excreted 11lg the bile.

Ttre non-extraetible trltiun in the urine nay be conjugates of

carboxylic acid metabolites, which would. not be hydrolpetl by the erlzJme

lneparation uged.

Alkaline hydrolysls of the ether extract, a,nd eLectrolhoresis and

TLC of the hyclrolysed extract sholred two najor spote, correspond.ing to

netaboLites e and h of the in vitro system.
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Histogroms of mouse metobotites.
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PART TY

TTIE MEITSOLISM OF' SUTACASB

( 3, 5-d.i tertBulttl^PHmm.-N-MEurn,c ARBAMA1E )



CHAPTER I

I{AIUNX OF MENASOTIIES



L1g.

fd.entification of the metaboLites
methylcarbamate

of I, J-d.i 9ertbutylphenyl-N-

I:ritial i.d.entif i cation

trletabolites from 50 house liver incubations were pooled for

chronatographic anil e1 ectrophoretic investigation.

ILC in solvent III and. visualisation of the phenols wlth slray

reagent (l) sfrowed. the presence of at least seven metabolites.

Alkaline hydrolysis of the metabolites, fo1Iowed by extraction

into ether, a.nd" chromatograpLry in ttre same solvent irrtiicated the presence

of six phenolic conpor:nd.s (netabolites I to VI) after vj.suali.sation w:ith

spray reagent (3).

The number of phenolic conpor:nd.s jncLicated that t}re spots for:nd in

the initial TI,C must i-re some cases be compri.sed. of more than one compound.

li\"lo d.irnensional TIC gave japroved. separation of rnetabolj-tes, the

first direction was developecl'in soLvent IIf , then at right angles i.n

solvent I. Eleven netabolite spots were seen after sprail[iJrg with reagent

(l).

(t) Ctrsracterisation of aromatic rnoiety

[yrirol-ysed netabolites were subjectetl to ttrin layer chromatography.
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Co1or.:r reactions given lY f@

I{nor,m comPound
or netabolite R, solvent III R, solvent I Spray reagent

OPR

I
rI
III
rV

v
VI

0.05

0.L)
0. rB

0.23

0.4)
0,59

0.30

0,4)
0.61,

0.68

0.73

0.80

+

+

+

+

vII
VIII
IX

X

0. 51

0,11

0.80

0.31

0.81

a,35

0.87

0,76

+

+

+

+ J +

VII 3'5-d.itertbutYlPheno

VTII 3 r5-d'itertbutylJFhydro:rybenzoic acid'

IK J ,J-d.itertbutyl-1 r z-dilyero:rybenzene

X 3-hyd:ro:cYbenzaldehYd'e

[trese results ind.icated. the presence of two carborqrlic acj-d'

netabolites, and. tf,le absence of ald.ehycl.es , or ring hydroxylated compouncls '

It was r:nlikeIy that ortho, or para hydro:rylation would occi:r since the

bu1}ry @[butyl substituents wou]-d hinder the reactj-on' t]ris was

supported by the negative reaction of Gibbsl rea€Bnt, colour reagent (C) '
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TLC o{ Butacqnb mdobolitsq-:

I

G
U

a
UI

Sr

a'
4n

Qs

a,
Qe

$t

a
b

@
q

+..
ongm

a
C

solvent t

sf

2



Eigh voLta€p eleatrolihore€is ln,s conaluo:teit to rle$emine the

nature of, ttre $ler,rols fron tJle hydrolyseit netabolites.

Metabolite

Itli.graf,ion at pEr(me) towErds qnoite

(")r.o (o)r.u (")rr.o (d)9.0

I
IT
rII
w
v
VI

0.0 6.I 9,7 7.3

0,.0 6.,6 10,9

0.0 0.0 6.3

7.V
6'.2

0.0 0i0

0.0 0.0

0.0 0.0

6.7 7,t
6.5 6.8

6,6 7.3.

YII
VIil
u
x

0.0

0.0

0,0
0.0

0,0

6.1+

0.0

0.0

6,3

10.3

5,8
6,L

T,l+

7.1+

6.2

7,L

t*000 voLts rer€, Epplletl for 20 ;nLlrutes.

(r) o.ol}!-Hot

(n) 0.lM nixerL p&rosphato

(") o.olllt t{aog

(a) 0.11{-borrax-boric acid.

xhom the a-bove data it nqulit cpBear t&'at hrrdrolysect netaboilites

I anil II are cacto:grlLc aci.dtp, wbereas netabolites II and V aodt cmlnmcl'

I[ fiith 1redtuceil nigratd.on in borax; are poesib]y AfnVdrory oonpol&d's.

lbtabolLte 1l-I was the parent 3r5-di$.glbutylpbeaoL.



L43.

Gas liquid chrornatography

GLC of the hyclrolysed netabolites on coh:mns prevlously clesbribed.

showed ll peaks at 1500.

Retention tine (ninutds) bf ttre hydrolysed rnetabolites of Sutacarb

Metabolite

Temperature

14oo 15oo 15oo

I
I]
III
rv
v

VI

NA nA N/D

N/D N/D N/D

np N/n 4,25

N/n N/n 3,25

N/D 3.go 2.50

L.50 1.10 0.75

WT

XI
xil

L.50

1.40

0.20

1. 10

'r.30

0.10

0.75

L,20

0. 10

w/l

VII

XI

xrr

Not tletected. witttin 10 minutes.

I, J-di tertbutylphenol.

3-hydroxybenzylal c ohol .

3-hydroqrtoluene (n-cresol ) .

Thus, it would alpear that the netaboliteo III' fV a,nd' V are

hydroxylatetl in the frtbutyl side chair:,s. MetaboLite V probably is

ttre nonolqrdric conporurd, metabolite rV the dihydric acid', III the

f,rjhydric compound.. Orcinol and resorcinol were not d.etected. on this

column. Metabolite; I and fI showing acidic betravior:r on elect:ro-

phoresis were also not d.etected on this collrrnn.



1fi,I+.

Stnrotme of tlie hdrcoiJrsel aeta. oli.Fi€ts

utte irorn tto noi.e'tles we,ge t'eatattrre,Iy assignecl the f,oll9nciJlg

Et'rrtlo.tlres.

r'r f/fr
"":H+=/fil"

'cH' cHs -
OHA

,"r,g.\2#?:"
cHs -

trII

OHA
,.r.5"€Idlo"

i[%
OH

.A
(cH3b"^Ylc (cH3)3

IV

v

VI



tu',

(2) ryre carbanate estgE gig.,e ohajn

0haraeten:isattoa of this noietlr was und.ertaken usi:rg' aoLoirr

reaetions.

CoLour reacti'oq
1r\ /o\ (,1)

IGtaboLite R-\r/ R-\4/ PhenoL R,'\J'r "A 3 c D E G ? R s
It1.r

a

b

e

il
e

f
g

h
i
j
k

Sutacareb

Butacarb
triheaoL

0. 06 0.011

o. t7 0,27.

q.10 0.30

a.L? 0.4.8

0,25 8..67

o.3o 0,67

0,40 0,67

0.50 0,6?

o.5o 0.85

a,& 0,90

0,7+ 0,90

o.& 0r9o

o.Vt 0'90 w 0,73

I
II
rII
rr
rr
v
v
v
VI
TT

VI

VI

0.07

0,17

a,za

0.n
g.2g

a.55

a.5ll
0,54

a.75

0,75

0.75

a,75

(1) Etiherri:sooa,tare (5n1)r eolvent lll
(a) EtJeer, eolvent I
(l) Ru, of, ghenolic part ia solvent (1)
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flLre colour reactions jnd.icate the following structures.

MetaboLite Aronatic noietlr Carlamate sid'e choin

a

b

c
,l

e

I

6

h

i
a
a,

k

f
II
rII

-0c0NHcH3

-0coNIICH3

-0coNHcE3

IV 0c0NHcs3

rv
IT
Y

v
a7
v

. 1rT
/ rL

VI
VI

None

Tlrere appears to be no carbanate fo:med fron Sutacarb, ancl only

m:jnor anounts of hydroS-ytic products. Mono anti dilrydro:ryLatetl phenols

were d.etected., but no free carboxylic acid was found in ttre etlrer

extracts.'

Metabolites from Butacarb fomed. in housefly and blorfly
enzyme incubates

Metabolites obtained. from J0 incubates from' Mqsca d'ome^stica

and @!}!g. sericata enz1me were aach pooled. [Lrey were chrmatogfaphed

anrcl electrophoresecl in the same mpmner as the rnetabolites fron nouse

liver enzJnxle.

-0c0NBcH20E

-0c0NHsH3

None

-0coNHSH20H

-0c0NHcE3

None



147.

Qualitatively, the uretaboli.tes were founti to be sinilar to those

obtaineri fron mice, w:ith agaJl almost no hydrolysis, and. no detectable

carba,nate fornation. The chronatographic and. electrophoretic patterres

were compared. w'ittr mouse liver enz)me netabolltes ancl found to natch j.n

all respects. A more rig:itl characterigation however was not r:ndertaken.

Metabolites of 3'utacarb fo:meil in grass grrrb

Grass gnrbs (ZO) were dosetl topically with 1f S of Butacarb in

acetone (11 f ) and. al-loved to remajn f or 24 hor:rs in a petrj- dish. Urey

were then extracted as described previously. ltre ether layer from the

enzJme hld.rolysed. portion was ad.d.ed to ttre initial ether extract.

Chronatography anil electrophoresis showed. a similar pattern to

mouse and. fly enzylre metabolites, but was further complicated by the

presence of hydroLysis products. [\+o d.irnensional chrornatogra,ns showed

that there were six hyd.rolybic proclucts present in acid.ition to t'he

$-methylcarbqmates and an atidj.tional netabolite at Rr. 0.08 g:iri:ing a

positive chromotropic acid. test. t'lhen eluted. fron the chrcmatogra.rn and

hyctroi-ysed, the hydrol-yeis product on further TL,C had Rr. 0.23 (both

-tR-.s in solvent III) indicating that it is the [-hy0ro$rnet]ryL d.erivative
I

of $henolic netabolite III.



CHAHTIIn, II

]N VIIR.O UETASOTISM OF BUTACARB



tT'

The rnetabolisnr of Butacarb by mouse litt"r-!4"Jme

Mouse liver errzq? was incubated r,ritb rad:ioactive Sutacarb and'

ttre netabolites assayed by chrornatograrn and electropherogran counting.

ctrromatogra,ns of netabolites were developed. i-n solvents I and' III

a3d. solvent III was used. for hydrolysed' loetabolites' Electropherograns

were run at pH ?.0 and. the carborqllic acid. rnetabolites assayed.

lLre netabolisn of Sutacarb was compared with ttrat of 3-@[butyl-

phenyl-[-methyLcarbanate using the sane enzJnore preparations, and with the

sane cofactor and. substrate concentrations'

Comparison of to@

Percentage carba,nate renaining after 30 ninutes incubation

3-tertButylpher4yl-N-methylcarbamate Sutacarb

N1ealrt y'o renaining

Mean rate

g!,4 ! 2.2

3,gI yvI/S liver/hour

-L
76.9 : ).7

4,6L yNI/s
liver/hour

Extraction with ether was contiJrued. to completion, and recoveries

of rad.ioaetive netaboLites and substrate wse d.etenr:ined. for each erperiment

as being in excess of )),flo.
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Nine spots were evident when roetabolites were chronatographed in

solvent IIf, and. seven spots in solvent I. Six phenolic spots were

obtained. on hyd.rolysis antl two spots when ttre netabolites were eleotro-

phoresed.

TABIE I

llhe percentages of phenollc metabolites fo:mecL by nouse liver eRzJme

Phenolic
netabolite Me an y'o chromatogr"r(r) Ivlean rate N/e ri r""/rrotIr(2)

I
IT
III
ff
v

VI

0,8

0.1

1.+

6,2

L2,t

79,4

0.L7

0.02

0.28

r.3o
2.112

TOTALS Loo,flo 4.!g

1. y'o radioactivity on chromatogra,n mean from th:eee erperinents.

2, Rate production in 7Ve liver/hour. Rate of fo:mation of fV
j.s excluded. from the total since this is conprised nainly of

unchanged substrate.

Eigh voltage electrophoresis

Eigh voltage electnophoresis gave the folLor,ring clata for carbo:ryLic

acid.g.
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Nlear, /" e1e ctropherogran

.lvlean rdte yVe liver/horr

of 8.5 qns was recorcled as the

0.9

0.19

nean nrigraf,ion at pE 7.0Migration

and 4000 v.

TT3I,E TI

Metabolites from mouse l-iver enzJrue chromatographed. in soLvent III

spot(l) *"*arotite(2)
Means I

y'o cbromatoeran(3) n"t"(4)

L

Lal-

1V

v

vL

vLL

vLLL

LX

a

b&
c

e

f
g

h&
j
k

0,9

5,5
1-.1+

0.6

9,3
T,I
2.7

85.9

L.7

0.L7

1,.09

0.28

0. 11

L.85

0,22

o._tu

0.33

[otals 100. 0 +.6L

(t) Spot d.esignation on chromatogra,m.

(Z) Corresponding metabolites.
(f ) y'o of radioacti.vity on chronatogra,m.

(tl) Ivlean rate of fo:mation ywe liver/hour.

$) TotaL rate of fomati.on (nean) exclu*ing spot viii (&rtacart
substrate).
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TABI,E III

ivletabolites from mouse liver enzJrme ohronatographed. in solvent

Mearrs:
1a\ /''\

y'o friromatogr.t\'/ Rate \+/spol(1) *"*"oorit"(2)

x
xi
rcil
xili
xiv
xv

xvl

a

b

c

d.

e rf ,grh
i

i'k

0.9
Ur.f

r.l+

5.4
Lt.2
2.+

79.6

a,L7

0.02

0.27

1, 08

2,25

o-uu

Totals 100.0 u.nu3)

(t) $ee previous footnotes.

Fron [ables II and. III ttre foIlowing data were obtained.

Metabolite /, (tutean) Bate: 1II/S twer/novr

a

b

c

d

e

I

I
h

i
.J

k

0,L7

0.02

0,27

1.08

0.11

L.86

0.22

0.06

0.It 8

a.33

0.9

UoI

L.L!

5,1+

0.5

9.3
L,!
0.3

z.l+

76.9
L.?

Totals 100.0 4.61
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Ibom this tabtre tbe Percentage of the variow phanols were obtaiaed..

Ihenol,ic
raetalolite I,IetabolLte Fereentage of total

I
II
III
rv
v
w

a

b

c

i[*e
f+g+h
i+j+k

A.f,"
o,L%

L.M"

5.f,"
Lo,ffi
8t,Vo'
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llhe netabolisn of Sr"rtacarb by SESC donestica enzJnne

Housefly abdomen enzJrue was prepared snd used as previously

described. Assay wae conductecl usi"ng the nethod. as d.escribed. for nouse

liver enzJpre. In1eau recoverlr of ratli.olabel r.ras cletemined. as 99 ,9f,o of 
* 

,
the adcted. mrbstrate.

Deternir:ation of l$drolysis products

TABI.,E T

Phenolic netaboLites of Sutacarb fo:cned by housefly enztrme

r. r Meant
I,tretaboLit e /" chronatogran(l) 

rrser" 
n"t"(z)

I
il
III
rV

V

TI

0.r3
0.01

0.L6

0.?+

0.55

98.80

0,10

0.07

0. 12

0.26

0,4)

Totals 100.00 0.97

. (1) y'o radiola,bel on chronatograra (mean of replicate experinents).

(z) Rate fo:ma+iont y$e flyllorr.
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Eigh voltage electrophoresis

flhe acidic netabolites nigrated. a nearr d,istance of 7.8 cms at

pE 7.0 and 4000 v.

Clrronatogra.n Aa"te yNI/€ flies/hor:r

I{ean of replicate
experiments 0.111 0.10

Results obtalned. fron chronatograa,s of metabolites

TNSLE II

Metabolites of Sutacarb fo:med. by houge.fly enzyne, chromatographed in
solvent IfI (ether:isooctane JzL 

u/v)

spol(1 )

Ilean:

tletatotite(2) y'o ctvomatogr*(3) nat"(4)

t-

4J

at t-

1V

v
vl
vii
vr-1r.

t_x

a

b&
c

a

f
6

h&
j
k

0,L3

0.05

0,L7

0,29

0.27

0.L7

L,O?

97.57

0.28

0,10

0.04

0,L3

0,22

0.20

0.L3

0.82

0.2L

Totals ,.*(l)
See footrote on p.150.

99.99



TASIE III

Butacarb netabolites fornecl by housefly enzyne, chromatography in
solvent f (aietfryflether).

spot(1 ) Itetatorite(2) y'o wo. onatogr*(3) n"t"(4)

x
xi
lcii
rriii
riv
lnr

xvl

a

b

e

I
erfrgrh

1

i'k

0,tj
0.01

0.t?
0.d.L

0.9+

0,96

97.86

0. 10

0.01

0.L3

0.03

0.63

O,_r,

See trrevious footnotes.

Percentage of each netabolite was obtajnetl fron Tables

I{etabolite u/g flj.es ho',*

0.10

0.01

0.L3

0.03

0.22

0.20

0.13

0. 09

0.73

0.22

a

b

c

d.

e

f
6

h
i
j
k

Mean y'o

0.13

0.01

0.17

0.0t1

0,29

0.27

0.L7

0.L2

0,96

97.57

0,29

Totals 99.99 1.811
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trlrom this tao-Ie, ttre percentages of the various phenoLic netabolltes

ealouLated..

Phenol.le
netabol-ite MetaboLites

I
It
III
nr
v
YI

0,13

0.01

a.L7

0,3?

0,55

98,82

a

b

c

d.&e
f&s&h
i&J&k
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Ihe netabolisrn of Sutacarb by lilgi1ia. sericata enzJme

3lowfl-y abd.men enzlnne was prepared and used. as previously.

Recovery from incubations of radioactive naterial z- 99.55/" (nea3 of

replicate erperiroents ) .

TASIE I

Dete:mlrration of hyd.rolysis products

I{etabolite

I{eanr

y'o G*::s,natogr"r(1) n"t.(2)

T

II
III
rr
v
VI

0.14

0.01

o.1ll

0.23

0.t+5

99.0L

0.08

0. 01

0.08

0.13

:"

[ota.ls 100.00 0.57

(r)

(z)

y'o radio\abel on chromatogram.

Rate of netabolite fomatioo ItNI/e 
fly/noar ,

Eigh voltage eleglqqphgresis

Acictic netabolites at pH ?.0 mi€rated' 8'6 cns (4ooo v, 20 min')'

YIean Ifr chronatogpa,nr 0.150

I{eaa rate , yVe/nour, 0.OB?
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TASIE II

Percentages of netabolites from b1or,rfLy e4pgpe on a elrronatogra^n cLeveloped
in solvent III (ether:isooctane J:1, '/v)

spot(1 ) l,ietatotite (2)

Mean values

y'o hromatogr"r(3) n"t"(4)

t-

l-l-

r-1L

iv
v

vL

vLl-

val-1

t_x

a

&ct

c

e

f
g

&i
j
k

0.14

0.011

0.14

0. 1g

0.19

0.L6

L.L5

97.77

0,34

0. 0B

0.02

0. 08

0. 11

0. 11

0.09

0.51

0,20

TotaLs 100.00 ,,,,G)
(t) See pnerrious footnotes, p.1J0.

TT3I,E III

Percentages of rnetabolj-tes fron blorrfly eorzlme on a chronatogra,n developed
in solvent f (atettryl:ethecr)

spol(1) l,letamrite (2)
_I{ean values

y'o chrcnar,ogr*(3) n.t"(&)

x
xL

xii
xiil
xiv
xv

xvi

a

b'
c

ii

.e rf rgrh
i

j&k

0.L5

0. 01

0.1It

0,03

0,8+

0,94

98.09

0.08

0.01

0.08

0.02

0,37

0,55

Totals
(1) See previous footnotes.

99,99 1.10
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Ithe percenta8e and rate of fomatiqn of each netabolite lras

calcirlat€d f:nom titre precetlirg tables'

Itletabolite MeelrL fi tu/g flties/hour

a

b

c
:!

d

e

.f
g

h
i
j
k

0. tll
0.01

0.14

0,03

0.19

0.19

0,15

0.10

0.91+

97,77

0.31+

0.08

0,01

0.08

0. 02

0.11

0.11

0.09

0,06

0.55

0.20

€Ire'l

[ota].s 100.00 t.2g

fire lercentage of phenrotric metabolites calculated' from this table

Yrr*eno1 Metabo:Lites /"

I?

il
III
IT
v
rr;

a

b

c

d.&e
f&g&h
i&i&k

o.1l+

0.01

o.tll
012?

O,LT,

99.05



CHAPMR III

TN VIVO METABOLISM OI'3UIACARB
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$re ig rni& netaboLisn or [34]-,notacarb

lllhe time couxse of Sutacerb netaboltse lrx fli

Blowf.ly and housef\y adults and lanvae were topiqal,ly ttosed with

gS ne Oea pU; or 9.5, ,E (3,6,2 pM) of PgJ-B,ot*""t. RepJ-ieate batehes

of j0 iaseots r+ere retainecl for up to 24 hsr:rs. lilre inseots were extractedl

ntth ethef as prerviously tlescrlbedl. ancL the er,tracte assayd fot rad:io-

aetivity. ghisoetogfaphy ou eilica gel g thin J.ayers and dlevelopnerrt

ln so1veg1t s;rsten III separatect ttre i.u,seoticide flrom neteboliteel tJre

IrerceErbge of Pn-l-a"t"narb on tlre ohirornatograin was Aetemined. arnd extrEessed,

as a pqrcenrtage of the agI'L1eat clos'e.

I
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llhe resultc ind.icate t]rat the adrflt lnsect is nore oaluble of

oxidlatLon of brtacarb, the 'Larvae 
dosed with 95 rg died r+ithin two

hor:rs of d.osing, lDre first and. seconcl jnstar Larvae were kilLed. by

the low close of 9.5 rW per insect, and hence t']re d.ata above was collected.

for prepupal Lanrae.
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Ttre netabolisn of P"] **"carb in insects

Three day o1d M'rsca d'omestica, five d'ay o1d' Lucilia '14L9@' md

lanral Costelytra zealandica were each dosed. topically with 0' 095 y I

(0.362 nM) of plr]-mtrcarb (0.L1;,6 ,,cjj.hM), io ilupl-icate batches of

50 insects. Flies were retained. for 12 hor:rs at 30o in large test tubes'

and. grass g:r:bs were held' in petri tlishes for d+ hor:rs in ttre dark'

l,arvae of g. d.omestica and L. sericata were dosed flith 9'5 tw

(je.z pvt) ['"]-**rcarb. Duplicate batches of 50 were dosetl' and' retained'

in snaLl petri dishes in the dark for 12 horns'

Extraction and. netabolite separation

The jlsects were extracted as previously clescribetl' Trial

chronatogfans intlicated. a i-arge nttmber of ettrer soluble netabolites fron

aJ-1 species, and in view of ttre 1ow spec5fic activiw of the Sutacarb

used., estimation of phenolic compormcls only was attenpted'

Both ettren arrcl aqueous fractions wele counted for raclioactivity

and then subjectetl to hydrolysi-s, the residue was also counted'

The ether layer was hytlrolysed in ZI'I-NaOH and re-extracted' into

ethen, counted. and appl-iect to clrrcnatograns, and eLecbnopherograns'
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speeies #,crl ffi"czl **3'*"t'l ,:#n:t*) 
fr$)

Extraction efficiencies

6L.6 28.0. 3.0 ?.3 89.5

S.$omeslle bL.5 52.5 i.,3 t+,? 9ll.o
laqvae

!' *ga!c. 62.5 z9.g 3.0 l+.5 g2.l+
actu.t

!.ge_ricata U6,5 W.g !,g 6,,l gL.Ll' Larvae

g'Searandiroa ig.3 3L,6 z. j ?,6 8g.g
Largtrae

ResuLts are meane of replicate experJ.nents.

(1) percentage appLiecl dos.e in ether €xtractible iractlon.

(Z) Percentage applied close fux aqueous fracti.on after hydroJ.ysi.s.

(l) Percentage appl.iecl doEe unertraatible from hydrolysed equeous
fraotion.

(tl) Percentage applierl iloeri unextmctible from hooogenis'ed tissue.

$) Percentage of appl,ieil d,ose tihat $as secovered.
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Eigb voltage elecl,roPhores:is

- At pE 8,0 arrcl 4000 voltsl ,&cid.lc ooupounds uigrated betweem 8.5

and 10.2 @s in 20 mirnrtee.'

, {"acidia oonporurcls on electropt"togt*(1)
Speoies

Etber ex,baot Aqueous ext:act Co@ined' total

M. d.omestica

--

adu1t
2.OA - 3.9'5 5,97

M. domestica- la,frrae

Lr. sericata
irduLt

1,. sexaipaja
larvae

C. zealanillqa
laawae

0,85

5,23

0,20

,.87

0.gg

'3,72

3.53

5.59

1,83

g.g5

3.73

Ll,.46

(f), ?ercentage on eLeotroltrerogr.a,n is eoffected to pereentage

of total i.n eadr fraction.

Rate,s of oxidation

Itrre ap,p-rorinate rate of oxldatton for the var:i'ous metaholitee

oan he obtained si$ce ttre trreviorrs exlprinents sbo$ thst the reaction

$as Ligear durirlS the wi'tbho1dr"'€ period.
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Therateflgr:resprobablyaccountforabouthalfofthefullrate

as netabolites with an unchanged phenolic moi-ety are not j]lcluded'
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PAXT V

TTIE IqEIABOIISM OF SAYGON

( a- rsopnop0xypum{fr,-U-l,Elrryl,ceru.o,uarn )



CHAPTER I

MTURE OF METASOLIMS
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Id.entification of the metabolites of 2-isopropoxyphenyl-[-
nethylcarba,natg

Irritial identijication

-

Metabolites from mouse }iver eIIzJme incubations were subjecte to

ttrin layer chsonato€laphy. [he chronatograms were devei'oped' in solvent

system VI (etJ:er:isooctane A$ ("/v)) and- on treatment with spray reagent

(l) ten spots appeared. flLrese apparent\r consist of two phenolic cornpo:nds'

one at Rf .0.8, ryhich cochromatographs with 2-isopxopolqrphenol, and the

otlier at Rr.O.30 with simiLar properties to catechol'

Metabolites were renoved fron the p].ate, hydrol-ysed- and re-

chromatographed. ,orly two spots were visible, at Rrts 0.3 and- 0.8.

Ittre spot at Rr. 0.3 reactecl with color:r reagents as a lt3-dilydro:cy

compound, that at Rr. 0.8 cochronatogralihed witti Z-isoproporgrphenol and

hail sirn{lar colour reactions.

Poor separation of netabolites was obtaj.necl in ottrer soLvent systems

tested.
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Interpretation of co or4r reaction;g

(1) Metabolite@

6onpoulds reacti'g uittr reagents (n) s,rd (C) contain oarbarnate-

ruttrogen a,rrd incLud.e elL netabolite epo'ts except ff and fi. Spots Ib 
'

o and h reaetirrg ultl: ninhydr5.no but not $.rg-di:oettryla,ninoeinna,naldehytte

couJ.tl be carfr,mate.$, uhereas netabolites Ia and fg, reaot5ng w'ith shrcmo-

tnopio aciel have ttre !!.hydrorqi'eetlryl g'oupjxg. MetaboLites TJ and' fj d'o

not react rrit*1 any oJ the reagents f,or nitrogen antt are'probably phenolic

compornd.s.
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Csl,or:r reactioars gC.ven by tsaygon netaboLite-s

-

0ol.orrr reactions
(r) (s) (r) (e) (e) (r).(c) (r) (n) (u"o4 1ec*

IL

IJ

I,tretabo1lte * (t) * (il)

0.05 0.3,1

0,0g 0.31

0..1L 0,2g

0.16 0.30

0.26 0,31

0.31 0.30

o.l[L- 0,79

rh 0,6L 0.81

0,65 0.80-

0.80 0,.80

Xa

Ib
-LO

Id
Ie
If
Ig

satechol, 0.3L

nayeon (r) 0.65 o.8o

a"26 0.30

0"8-0

0.33 -

II
ilI

orci,noL

tF l{Etab6lites r,l:itr cl-rrn"l ettached"

(i) R.of netab'olite.

(il) nr. of lo{Itrolysed. netabolite.

il 2-Xry41's4PheayJ.-$-net\yl.carbenate.

III 2-i.eop:roporq4ibeno]..
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(z) The aromatic noj-ety

Colour reactions indicated. that all netabolites except lgr h and

i possess a free ring hydroxyl function, a3d. that netabolites &r br €,

f, and j also have free para positions. Hence netabolites c and. d. contaln

a free ring hydroxyl group, but no position para to it for coupli:rg r*ith

reagent (C). fhis would lndicate a hydroryl group para to the isopropo>ryl

group, tttat is, a 5-hydro:ryl-ated. cornpound.

l{etabolites a, c, d and f and orcinol reacted wit}r reagent (N) to

give si-urilar coloured compounds. [tr:is indicates that they are 1,J-d.ihydro:cy

compor:nd.s.

Catechol when sprayecl wittr ZM-NaOI{ gave a greenish brorvn colour,

vhich was also observetl with netabolites Ia, b, e aJrd f. flej-s corflicts

with the previous test, and indicates that netabolites Ia and If nay be

mixtures.
Gt, 1

Q;Deallqrlation of [*Cl-l"ygon causes a loss of label. The netabo],ites

]b and Id. have no associated. rad.ioactivittrr and. can be assu.med to have a

free 2-hydrory1 group, r+hile other netaboLites retain an i-ntact ether

goup inclicating that neta,bolites &t at cL, f are hydro:qrLated eLsewhere.

Three aromatic groups are involvedl

II 2-isoproporgrphenol

III 1r2-dihyd.ro:qybenzene (catechol)

fV 5-hydro:qy-2-ieoproporq4ihenol
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Eigh voltage electrophoresis

r"e*tabol-itcs w€re hydrohrseiL in g,0M-NaOtr prlor to eleotropho:resis

at 6000 v for 15 to 20 ruinrrtes.

Ey5lrolyeed netab olite . Distance travellect a BH (igl
2.0 7 ,+ Lo. o L2,0 13. o

cm)(1)
14.0

g,

b

e

d.

e

f,

e
h

t
j

0.0 0.0
0.0 0,0

0.0 0.0

0,.0 0. 0

0.0 0.0

0.0 0.0

0.0 0.0

0.0 0,0

0.0 0.0

0.,0 0'0

6,3 10.5 Lo.?

6,.2 to.4 L0.7

6,.X 10.9 tt ' 1

5.9 11.1 10.9

6.t 10.6 11,1

7.0 L!,? 10.9

6.6 6,tl 6,5

6.U . 6,6 6.1+

6,2 6.9 6,7

6.6 6,7 6.6

6,2

5.9
6.0

5.8
7,L
6.9

6.1+

6.3

5,9
6,t

c*itechotr-

orciaoL

Z-isopropo:irypheno1

0.0 0.0

0.0 0.0

0.0 0.0

6,.3

6.2

5.'8

6.lr

6,3

5.9

to.? 10.9

10.1 t0,3
6.9 6.9

(f) Euffers used. s,re ttescri.bed. on p.82

4rom ttrege resrd.ts it can be eonc}rdetl that netabo]Jtes a, b,

cr dr e and f contain a ilortly im:lsab1e firtcction.



ILll'

I ,..,*"*

MetaboLlte 0arbarate sirit'e chain ester anonatio noie-by
(eee B.t?3)

nr&ffr
III
w
ff

.III
IV&III
fi

'II
II
u

- lIHz

- NEz

- r[Ecg3

- Mffi3
- notr€

- NH.C%oH

- NEz

- twcE3

- IIOII9

Ia
Ib
Ic
Id

Ie
If
Ig
Ih
Ii
rj

- NE.CE2oE
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l&e stnluttlres below have been tentativeJ'y aasigneel to fire
netaboLitee of BaYgon

Sbr,rctme

0.08

0.1L

+

b

d

e

0.16

o.,26

0,9L OH

o"..

9CCf.rH cH3

"oOo*

OH

".@*
+

g

Metabol-ite Solvent I

o,4o

6J*'HcDH
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Dletabolite Solvent I
Rt

S'tarrcture

h 0.61
OCONH2

Oo't'

0.65 (aayeon)

0.80 (z-isopropoqrpheoeoL)

ocoNHcH3

Oo't"

OH

Aoit"v
Id.entification of the vol-atiLe radiolabellecl netabolite(s

Baygon, labelletl rrith FOt] * the 1 and. 3 positions of tJre

isopropo:ryl sitle chain loses ratlioactiriff in ttre fom of eittrer tUtO,

or acetone.

llhe volatile rad.ioactive netabolites were reacLily tnappett jn

aqueous eodiun bisulphite, anrd in bnrffered. senicarbazide hyclrochloricLe.

No eppreciable raclioaotivity vas oolLectecl ia 2M sotlium h;rtlroride.

llrappecl. volatiLe ratioactive material from'nouse liver enzJrme

lncubations was buLked., eooled to 0o and. the resultant cryetalline

precipitnte fiLteretl. This rJBs recrSratal.LLeed tlrice from cold et'tralrol'.
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llixett nelting po5.nts of ttre trappetl naterial w:Lttr acetone sen:l-

ca,rbazone gave no clepression fron the acetone eemicarba,zotte nelting point

of 1900.

ftre volatile netaboLites from ten, one ml 1nouse liver enzJme

incubations were trappetl in semicarbazicle h$rochloricle r tlre sa,rnpl-es were t

bulkecl and. a portion connted (totat d.pm = 65 196). lfhe precipitate at 0o

was fiLtered, and. crystallised. tfice fron colcl ethanoL. A sa"mple of ttris

was coutrtecl for raclioactivity (tota1- clpn in precipitate = 63 r29ll). ftris

precipitate was then ctilutetl with r:nlabeLLed acetone senicarbazone t

recrystalLised forr ti-nes and. the specific actirrlty of ttre ni:ctr:re d'etqrnined..

Specific activity of la,bellecl compormd = 2.38 x 104 nci/nlrl

CaLculatecL specific activ:ity of nixt1g.e = 1. 635 x t1-5 nCi/nU 
I

Actqal strncific activity of recllf€ta1lisetl nixtr:re = L,645 T 1O-5
nCi/mM

Raclioactive E]r{ty = LOO.6y'o

l&re isopropo{yI eitle chaln of Saygon in mice appears to be reLeasecl

"" [t"t]-acetorxe, lntllcating attack by orictatl.on on the 2 carbon aton

rather than ttre terrnirel netJqyl grouper
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ftre Q-d.eallqflation of fat]-ttvuon iryllp

T:rcubations using mouse liver elxzJmer 4' @!!g. and l" sericata

abtlomen er,;7,yme preparations wexe cond.ucted to d-etemine the optimal

conclitions for Saygon Q-dealiqflation.

(") lfrre stability of FAtl-tgr"on in buffer solutions

E+a]-Baygon was incubated. at 21o in Conway nicrocliffusion vessels,

any F4t]-"""tone produced. rras 'trappetl as the sernicarbazorrQo Suffers

used were 0.1M-tris-H0L buffer ancl 0.lM-phosphate br:ffer bottr at pH 7.1+,

At a substrate concentration of 1.0 nillinolar no F4c]-t""t*r"

r+as fomecL in up to 36 hor:rs of incubation in eittrer buffer.

(t) Cofactor requirenents for l"ye* t"ffi

E:zlmre 
,preparationE 

were incubated. for 30 minutes n'ith the cofactor

atLtlitions given in tJre following table.

ptrosphate buffer aLLowed higher rates of Q-dea1}ry1ation than diaL

tris-H6L buffer for the housefly enzJme, it was not tested in ttre blolrfly.

llrere appears to be no difference between the two buffers wittr mouse liver

enzJnne,

Nicotjna.loide gave slight inhibition in ttre fly incubations and was

not generally 5.ncl-utLed. in enzlrme fortification. [tre carbon mono:cide

inlibition and cofactor requireneuts inilicatecl that the syeten ws,g m'i ss's-

s@al in nattne.
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Cofactors
adcled

Mouse

Phosphate llris-E0l
Rate Rate

Housefly

Phos,phate Tris-BCl
Rate Rate

31ord1y

Phosphate
Rate

ISone

NID.G5P.

NA.DP. G5P.

}IA.D.NIDP. G6P.

I{AD.N4IP. G6P.
l,Ig .

NAN.NADP. C6P.
Nlcotina'nlcle.

}I[D.}IADP. G6P.

KCTI.

NJ.D.NADP. G6P.
KCN. 3SA.

]i[{D.I[ADP. G6P.

BSA.

NAD.NANP. G5P.
co.

0.01

0,?L

0,4)

o.Il?

o.ly'l

0.01

0.29

0,r+5

o.rl1

0.46

0.0

0.05

0,2?

0.30

0.31

0.25

0.3L

0.31

0.30

0.05

0.0

0.02

0.19

0.2?

0.22

o.?L

0,20

0.29

0.2L

0.011

0.0

0.11

0.18

0.20

0.2L

0.19

0.22

0.23

0,21,

0.05

KCl{.

3SA.

cp.

10- mol-ar potassirrm cyanride.

L/"'h bovine serum alburn:in.

@rbon monoxide was bqbbled. into ttre buffer solution prior

to incubation, ttre cornvay urdt was incubated in tl.e d'ark.

Cofactor concentrations were as tlescribetl on p.ll8

Bate. Bate of $dea1qrLation at 30 ninutes, fU/g l1,il."'flies/ho:r'
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(") Effect of substrate concenf,ration on Saygon uretabolism

&rzynes were prepared. a.nd. fortifietl with cofactor as d.escribed.

previously. Various amounts of substrate were added. to initiate the

reaction. Q-}eal-lcylation was measured by removing [t4t]-acetone semi-

carbazone after a suitable d.iJfusion time and courting for radiocarbon

in an aqueous-holding scintiLlant fluid.. I:lcubatlons were continued for

30 nuinutes at a tenperatr:re of 22o, incubate volumes were 1.0 ml.

Substrate Molarity
atidetl of
t g substrate

Mean rate of Q-deallgrlation
,r}y'g ffies 6r liver/nonr

Musca d.cmesticb Lucilia sericata Mus mussulus

5o

100

L50

200

250

500

750

1000

0.25 x I0-)
-?0.5xL0'

0.?5 x LO-3

1.0 x 10-3

1",25 x L0-)

?.5 x !0-)
).?5 x LQ-)

5.0 x 10-3

0. 0B

0.15

0.23

0.29

o.)2'
0.32

0.33

0,)2

0.08

0.20

0.20

0.L7

0. 17

ol:r

0.55

o,6g

0.7L

o.7L

(a) [tre effect of enzyme concentration on Baygon metabolisn

Drztrrne concentration required. for optinaL O-d.ealkylation was

i:rvestigated.. Ore nl inqtrbatiors were r:sed, with constant substrate

concentration of 1.0 nilLinolalc. li?re insubation time vas 0.5 horrs antl

tenperature 22o o
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Mean rate of Q-dealiry1ation rf(./novt

Abdonens S. g@. !. .segicata. g liver\r/ U. musculus

0.5

1.0

2.0

),0
4.0

5,Q

6.0

7.0

1.0

2.L

2.9

2,6

2,0

L.g

t.6
t,5

),0
4.2

3,8
3.5

3.2

-

0.005

0. 010

0,025

0.050

0.100

0.500

1.000

4.2

9.3
22,L

l+2.0

70,L

8r+.0

gB.3

(t) ,1orOO0 g supernatant from quoted anount of liver.

(") Q-Dealkylation of F&t]-"."*on r.rith tine

lu:e time cor:rse of the $dealkylation was followecL to ensure that

incubations were stopped dr:rilg a linear part of the reaction. fltre

incubations of 1.0 ml were conti.nued. for up to t hour at 22o with substrate

concentration 1.0 nillimoIar,

Tine
ninutes
Species:

amount of pAc]-"""tone produced per liver or
r,rhole insect

10 20 30 4o 50

domestica 0.051
0.306

0.105 o ,L63
0.315 0.326

0.203
0.301+

0.250 0,285
0.300 0.285

0,033
0, 198

0.067
0.201

0.098
0.L96

0.I22
0.193

0,L55
0.186

0.178
0.178

0.120
0,720

0.218
0,651+

0.330
0.660

0.4L2
0.620

0.468
0,56?

o.l+72
0.+72
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(f) llhe effect of pH on the !-dealkylation of Saygon

orrtinal pH for microsomal- reactions is reported. jn the literatr:re

to r^ange fron pH ?.0 to pH 8.5. llhe opti"nal pH for Q-dea1iryIation wae

measured for mouse and Mrsca domestica enzJEes. PH was measur€cl both

'befone and. after the 30 m:i-nute incubation period'

(e) O-Deallcylation of Saygon at various ternperatures

since $dealJcylation rates were rnaj-:r1y cond.uctecl at anbient

temperature, 20 to 22o on a microdi3fusion vessel shaking tablet the

need to conpare oxid.ation rates r.rith those of other carba.mate insecticitles

at cLi-fferent temperatures necessitatecl incubations at a range of tempera-

tures. Itrese extrleriments were ca^:riecl out at anbient tenperatr-rrer and

above, in incubators with occasional swislitg by hand', other cond'itions

were he1d. constant. Mouse llver enzJre and' fly abcl'omen enzyme were usedt

the same ellzJfme preparation ltas used for al1- tenperatr'rres' [he resu'lts

are pLotted. on the follorang graph'
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Tnhibition of Saygon O-deallq,rlation

' erperiments were conducted. to d.ete:mine ttre d.egree of fuhibition

of the enz;mic O-dealkylation of Baygon in mouse Liver enzJrme, housefly,

and blowfly abd.omen enzJmes.

One nl jrrsubations were carried out for 30 minutes at 21o jn
llt' 1

Conway nicrocLi.ffusion d.ishes, f*CJ-acetone was tnappetL as the seni-

carbazone and. cor:nted. after a six horr d.iffusion time.

In}-ibi tion experiments

-

FLy abd.onen enzJmle enzyme

Irrhibitor Concentration

F1y abdomen

Musca donestl"a(1)
/r^ \

Rate\'/ % lrtrilition

tucilla "."i"rtj2)
Rate y'o i:rhibition

None

Piperonyl-
butoxide

m4D

ffitr,-525-A

Sesoxane

rol3u
to-4u
to-5lt

to-3u
to-4u
10',M

to-31,t

to4l,t
ro-5u

to-3ttr

to4lr
to-5lr

0.270

0.051

0.097

0,t56

0.033

o',0g2

0.107

0.057

0.1111

0.180

0.051+

0. 089

0.L57

0,2a2

0.041

0.083

0. 105

0.038

0. 081

0. 103

0,056

o.0g6

0.t)g

0.038

0.078

0.105

81.3

€+.2

4).3

88.0

56.0

60,3

75.2

57,9

33,3

80.0

6),2
42,o

?9.?

59.0

47.1+

81 .3

50. o

49.0

7L.5

52.0

)L.2

81.7

6t,?
48,1

(t) Mean

(z) Mea^n

0) Rate

of three e:qlerinents.

of replicate experiments.

"t yWe ineect/hour.
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I

I

I

I

Mouse Ltver enz5nne

-

Inhibitor Goneentration

Mouee liver enzlrme

0.1 g Liven
equivalent

Xrer m1

R"rr(l) t6 inu6rtr*r(a')

0.005 g }iver
equivaletrt per

nI'

Bats # futrj-titioar

(

lilo:re

F.8.0.

lI.M.D.

-'{10 -M

to-4u
to-5u

-?10 -M

lo4lr
to-5tt

0,676

0.L,25

0,356

o.lr98

o,Ly+

a.l+L6

o.57i9

*;
l+v,3

26.!.

80.2

37,7

23,0

0.81?

a.t7?
a.I+2?

0,62I

0.181

0.5a9

0,687

79,0

47.2:

23.8

77.8

35.L
L5.8

(f), (a)r se€ foshrotes q prevttore' peg€:i

No oa,rkea &i.f,ferences were observerl

rn $noubstes contaJa'irg higb anit I'sw liver

be'tween tiie degree of lshibtticn

em.aJee conoentrations.
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Metabolisn of Saygon to J-hyd.roa1-2-isopropo:r;yphenyl-[-met^leylcarba,mate

&rzlmes prepared. from houseflies, blowflies and mouse liver were
pr,'t

isrcubated with L'+Cl-nryeen for 30 ninutes at 21o. Iiecubations (t nf)

were ca,rried. out in 10 mI conical flasks.

Ttre j-ncubateg were extracted. w:ith ettrer, ruhich was taken d.own to

drXmess, r:nlabeJ-1ed. acetone ad.cied. a.ncl evaporatecl rinder vasuum twice to
Ittr'^lrenove []-Cl-acetone produceti cturing metabolim.

A measure of acetone- FUt] production was obtainecl by using the

sane enzJme pretrnrations and incubation conditions in Conway micro-

d.iffusion vegsels.

[he ether extnacts fron t]re enzpe incubations were subjected to

alkaline hydrolysis for 3 hours at 50o, These were then acid.ified.,

extracted w:ith ether ntrj.ctr was evaporatecl to drlmess, and rnade up to a

sma11 voLume, part of uhictr tras csunted. for radioactivity, a,ntl. part of

r+hich was chromatographed. on t^hin layers and. then cornted. for rad:io-

activity.

Daring all the operations, losses of raff.oactiv:lty were miniar:isecl

by nultiple extractions and rinsings r*ith ether.
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Tntribition of the Saygon J-hydroqrlatlon reaction

Piperonyl butoxitl.e and. sesoxane were used to inhibit the

hydro:qylation of Saygon in housefly and. blorrflLy enzJmes. No account

uas taksr of ttre volatile LtAtl l-abell-ed metabol-ites.

Inhibition of the Saygon riag hydror(flation reaction

Inhibitor Concentration

Mrsca d.onesti.ca tucilia sericata
/r \ fr \

Rate\t ) /o f Rate\r/ /A

I[one

P.8.0.

Sesoxa^ne

:
-M

JIM

-(JTII

,YI

JIM

-4'NI

(1) Rate as fWg ftiee/hor, lvtreen values fron replicate e:rperi.ments

caLsulated from y'o tadioactivity on chromatogran comesponding to

J-hydrory 3aygon, and. ttris expreesed. aa y'o of totaL subs'trate

add.ed..

10

10

10

10

10

10

0.288 0.2L2

0,056 80.5 0.05L

0. 102 41,.) 0. 090

0.190 )l+,) 0.L50

o. o5o 82,5 0.053

0.087 70.0 o.to1
0.171 1t0,7 0,L5I

75.7

56.3
28,5

75.9

52.0

28,7
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flhe netabolirs of Z-isoFrap (1 13- r"t] )o4rphenol

}rsuba+ions were eontlueted llsing mo,use ltve,r enuJneel horisefly

enpyoe *id bLowfly enz;pe rrith Z-ieo5nopo:Spitenol as substarate. Ettrer

ext;rasfiion of tlre lnastrateg f,oIleryed. by chzonatography of tlre extractecl

na-terial. sltErf,ed no aptrlarqt netabolisn of this eonpolrne'

Irre above engyoeg were ilrqubateiL ldth rarLloective 2-iEopropo4pheerol

as substrate. r$o tranefel of vo.LatiLe radl.ocarbsn into $@rod.tle of

Eamtne 10rX trapptng agent eouild be fleteeted af,ter ingubation lJr Coar'ray
i

niorodiffusi,on vegsels.
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Metabolisn of [t4al-t**on in vivo

?4lr 1
Insects were dosed topically with f*CJ-faygon in acetone solution

and. retained. in Conway diffusj-on vegsels. ,[he rate of $dealkylation
was neasured as evolution of [t"t]-acetone.

I:ritial plots of time versus acetone released. fron houseflies

ind.icated. a very 1ow rate of netabolism, up to five percent of the applied

dose was excreted. as f4t]-acetone after six hours.

Rate of absorption of F"J- Baygon

Tmnediately after d.osing, the insect was placed into a screw cap

scintlllation vial and retained. for the required tj.me. The viaL was then

opened, and 18 ml of scinf,illant solution run irr. The inseet was washed.

l,:ith 1 n1 portions of toluene a.fter sctraction frour the vial e ttre washings

were adcied. to the vi.al, which was then cor:ntecL for ra*ioactj.vity.

Rad iocarbon rernaj.rring outsid.e the insect r,ras not checked. for

netabolites r but penetration rates were calsulated frrcm the a,mor:nt of

[t+t] on the vial antt exterior of ttre insect. The following graphs indicate

these rates.
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Lg6.

To avoltl variation in penetratiorr rates Eet]-tu"uo* waE iaijeetedl

ifto ttre fJ.tght nusef.e of atlul.t, or ab'doqlnal cavity of lasval inseots.

In vivo netaboli,sm

A number of insect sp-ec.ies *ss,e inJe,cted raith EAt]-"**on, and

the r,ates o"f trlrotl,trction of F4t]- ecetooe measured. grre ineeJts rsere held

indivr*dusty * tbe dtiffusio:r oha;mbers..

M"re@, :do.ne.s.ti ga netaboll sn

(a) BJne eourse gf, the gdeglt@btion oq Bqyrgen

ltrree day oLc[ edult flies rere injeoted, rrith E4t]-*"*on ard

retaine0 ae :iud:lvicluals fon up +o d+ hoqrs, Fine f].iee werre tloirecl at

eaoh tine pol.nt" I[te insects were not sexed, before d.osing.

tha mean resrlte of t&ree exBeei.nents, sre lnes'entecl.
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Time
hours

Mean % dose
netabolised.

Rate/insect
(ntu/ins'ec t/now) nI'I/g inse ct/novr

0.0

1.0

2.0

3.0
4.0

5.0
5.0

0.8

4,7
9.4

1,?.0

14.7

22.0

22,3

o.irt
0.020

0.019

0.018

0.02L

0.018

L.g7

!.75
L.67

L.52

t.8)
L.56

Replicate experiments where flies were retainedl for up to 24 hollrs

were conducted. to d.eteroine the maximrm a^mount of $deallylation.

Time
hours

Mean % dose
netabolised

Rate/insect
(nu/ins"ct/no,ar) d{y'g inse ct/Ao.ar

0.0

4ro
8.0

L2,0

16.0

20.0

24,0

0.?

L5,3

23,0

2b,g

23,6

?3,)
24,6

0.018

0.014

U r UJ.U

0,007

0.006

0.005

t.66
1..26

o.9t+

0.65

0.53

0.It 5

Irr these experiments, the range of

fLies were therefore sexed. and. each point

by each of fi.ve flies.

deallrylation was very large,

obtainecl fron the aeetone enpired.
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30

Time counse of Boygon Q-dealkylot6yn ( housefliesrdosc Oapg )
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MaLe houseflies, mean Fac]-"""tone formation

Tine
hours

J-lvlean 70 OOSe

metabolised.
Mean rate/insect
| --1. , l- \
\ilvyr-nsect/ novr )

(rtVe insect/hour)

0

IOU

3.0
l.tt.5

5.0

0.5
l+.0

7.2
IUeO

t+,3

0. 019

0.0L2

0.0L2

0. 012

2.!0
J. .+U

1.40

1.40

Female houseflies, mean F&c]-r""tone formation

Time
hor:rs

uean % d.ose
metabolised.

Mean rate/insect
| --l. ', L \
[ruvy]"nsec\/ nouT )

(ta/e insect/hour)

U

1n

3,0
*.)
6,0

0.7

9.2
18.4

27,5

35.L

0. oly'l

0.031

0,029

0.028

3. B0

2.50

2.20

2.t5

(t) flre effect of housefly age on Q-deallcylatlon of Saygon

t-.r r, "l

hsects were dosed. ldth 0.1/ g (0,4?5nno1es) or [^*cJ-Baygon.

Ten individuals were dosed. f9r each age Soup in each experiment by

injection with ar:. acetone-phosphate buffer solution.

fasects were dosed. at various tjnes after hatching, day one was

ttre day of emergence of ttre adult, fhe insects were he]-d. for six hours.

Ifaxinxal rates of metaboLism were found. in the early aduLt stages.
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Housefly dose yS activity.
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2AZ,

gge ur"u *s(1) u" 4o*'u(2) *t n*t4u.(tl)

Lagv,ae

Brpae

-5
-N

L6.'

17.0

10.3

11.1

812

9.?

0.11.8

a,*5

Ma].e + I
3

5'

7

tr0

L?,0

tr.5
TL,5

LL.5

ltr .0

29.6

30,1
29.9

2J+.9

2b.e

23.5
'?Jo,o

8.3
Lg,7

19.1

1,r'95

2 
"0E

2,Q,A

L.Tt

1.71,

I'ena1e + 1

3'5
?

10

9.0
8.0

9.5

9-.0

8,5

t9,5
zt,v
t9,.0

1,6,6

L5.5

t5.l+

L7..e

x5' o

13.1

t?,,?

L,7L

2,L5

t*5?
L.l+5

L.LV?

(1) Ivfiearr nass of f .i-es usecl'

(z) Mean S dose recovered. t" F'nal-acetone

(f.) Satef5leect ertrrressetl as lmoleo Pe3 tlpeat per horg

(4) nste/g as @oles /g^ insect/hou

fllre ef5tec+ of, the applie& jgse- level on g-qP,4tlqdetnon of, 3av'go4

Ecruseflies netre'd.opect by lurJeotion ,'rrtU FeoJ:3a36on antl

retai.nerll for Elx hotds. lDre sate of $deaflyletisn at eaab doee

Levei was grallhedL.
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Dose (Ig) r nate or(1) Rrt or(2)
vearl Yo metaDorlsm netabolisn&1y netabolisn

0.a25

0.050

0.100

0.150

0.200

33,5

28.7

22.5

t6.2
LL,6

5.80

11. 60

18.00

t9.50
19.50

0.65

L.LL

L,72

L,g6

L.77

(1) pnoles/insect/hour

(a) nnoles/gra;n insectAour (nass insects 10.J ngs)

With high d,ose leveIs, in excess of ttre topical IO5g values, flies

were lorocketL dorsr antl clid not recover, ttre percentage d.ose ercpired. as

Lt'-tJ-acetone was found to be very low after a six hour retention

period.

Dose (pg) Nlean y'o netaboLism

0.250 1.60 (0.2)

o.5oo 0.4 (o.z)
1.ooo o.2 (o.r)
2.ooo 0.1 (o.r)

.[he figures obtained. for doses greater than 0.5f g fer f1y are

not sufficiently clifferent fr_om control values (i.rr parentheefs) to

be neaningfuJ.. As repeatecl erperiments gave siqilar resuLts, ttre

flies were assumetl to be rapiclly ki1letl. by the appliecl doses,



eolt,

l&te effect of inhibtto:rs on Baygon. !-deatkyfation

'Three day olcl uusexecl honrseflies were eloserl topioally rrith

inhibi,,tor tltre-e bolrre b,ef,ere inject-ton of lneeetieid€. llhe, iaseets

wsr€ given O.05/g Saygon arrdl 0r.OJ';.rg or 0.025 ]rg of inhln-iltorp

Following injecti.on the insects uere placecl i:r d,tffusim, rirrite

*rd F4c]-aoetolo"e prodrnctim nee,eirred. at var*ious timesr
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tvo.

I{ean /o inhibition of Baygon O-dealkylation in housefLies

Dose P.8.0. T .D.i\1. SW .525-A

1:1 53/" 6t/" 58%

Iz5 84" 86/" Bo/"
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tr{etaboLisn of 3ag6on hy gnase grub (0oet'olrbra z,eale&diea)

fhe effect of dose l,evels 6a 1g3la6s grub O-d.ealkylatiolr of Baygotr

lt 8'

GrsEs grtrbe were dosed with lt'ud'Bagrgon by iaieotion and retained

folr gix horrre (five inseets lirere ueed for each elcpertnental point).

Dose rlo,un f,metabo1isn 
Rat" ffib?li*/ nat" ffi"ur/

Q,A2,5 ?A,7

o.o5 19.9

0. i.00, 18.&

0,200 7 .7

0.500 ?.8

1. CI00 L.5

l+.2

7.9
!+.?
t2.)

- L1.3

L2,A

0,042

a.079

0.1lry

Q,L?"

CI.1L3

0.120

(1) pu/-'ins,ect/nour

(a) 
"$dsrmftnur

Ag in the p:nev:i.ous extrrerJ,rnent uri,tla bousef,lies, the rate of,

netabolism increaEeg linearlSr up to o,Lf g ilose andL then levEils sf,f.

With the 0.119 d€se, hswrnrern the grubs appeared. tsbe d'eadr hut the

rate of, netabolien fornnriL srigges.ts rloock d,ournt vith netabolim occurriag

gt maxjrnal fate'

I,ilt-egr oqlrpanect rrith horseflies, wr E f,oserr/body neigbt bas:i.e th,e

follclwi.ag re.stilts were obtainect.,
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Dose /s Dose p u/r3) n^t"yrQ)

Musca oomeslLca Costelytra zealandica

/r \ /a\

lose yg/g\r/ Rate/g\t)

0,025

U r U)U

0. 100

U r J-JU

0.200

0.500

1. 000

2.5

5.Q

15.0

?0.0

50.0
100.0

0.25

0.5
1ntr.\J

!.)

4 tU

5.0

0.042

a.079

0.L47

0.1,23

A,LL7

VoLEU

u. o)

J. IJ.

t,72
1.95

L.77

G)
(z)

/t e 3atrSon per gran insects

n:nole s/gra.n/horrr

At each dose 1eveI there is a ten fold. d:ifference in oxidation

rates between housefly and. grass gtrubs.

Grass grubs were injected. with 0.L yg Saygon three hours after

topicalLy applJring O.L f g or 0.J le of inhibitor. llhe larvae were

placed. in the d.iffuslon cha,nbers and. retained. for the appropriate time.

Unfuhibited netabolisni

Ti-ne
hours

Mean /o d.ose
netabolised. Rate/e:"ub/rro',o(1) nat.f gr*lh'rxQ)

1.0

z.v

3,0

4.0

)'u
A^

ll.8

5,2

7.5
LL,g

13.9

ro.+

23.L

12,5

L<,.V

tl+.j
13,3
1e, 1

0,23L

0.L25

0.120

o.Ll+j

0.!33
0 .131

(nearr data from for,u experinents). (1) pM/sr"t/norx (z) Ne/novx
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30

Tirme,cou'rse o.t grass grub metobolism,.

hourS
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T'"J dose( ygs)
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.LL.

Mean y'o inhibition of Saygon $d.ealkylation in grass grubs

nose P.3.0. T.D.M. ffiff.525-A Sesoxane

I:I

88. 2

59,4
on1

01 .u

82.8

o(.Ll
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$re $dealkyIatdon of, Satjigon by blorrflies @l]ig, sericata)

trrseets were dss.ed, wi.th 0.11e or 0.? Pg of Saygon, s&d[ retaihed

for up to efuc'ho,urs'. Tnaseets w.eee also d.osed topioall.y wlth P.8.0,

tbree hours Frior to injeotlon, of jnsecticicle.

I'or these elqp,@i.nents tlre doEe sf, P.8.0. w.ss 0.1pS anO A"51tg

and. i.neeetieide 0.1,19. Wlth 0.2 pg of, ineeoti.cide, f,be'iaeect€ lre e

rapidly kll.led witn no neasurab.le p,roductio.n of Lt4tl-aeetone.

I4ean % :unitftion by P.B.O, of Baygon Qid,eal3ylation jn bilowflies

I.ns,e,cticid.e to P"B.O, ,natio 1t1 L$

tfales Wo ?8.f,n
Fenal,es ll,6.qn. ,gg.#
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5'O

g-,D,eefiq/latron of Baygan(, O.ipg) by malc blswflies.

d
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Q-Dcnlhylation oi Baygon( o;tpg ) ty lerncle Howflies.
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o 5rO houl's



p-Dcalkylatron of Baygon(O"2,p ) bymutc blowflics.

o- hours
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Q"Dcqll(ylstton of Baygon ( O'zpg) by femole blswflics.

1ita
li

o.
5

&loE
a

c



e18.

Q-DeaLirylat:isn of 1ut]-"**n in varj.ous species

Ind:iv-iduaL itF.ects were :injectecl with llUt]-Baygsr j.n aeetone-

phosBhate tuffer solutlon and allswed to rnetabolise the inseetLoi.de

for uil ts six hours. ResuLts fbou f,ive ins,eots we:*e used. f,or eacb tl,mc

poi.nt. The nean figures for replioate erperinsrts are pree'ented..

Speeies & d.oee
wy-/: nare/iuse.*(1) nateT*(a)rnetaboLlsn 'ev

Tlne
houre

.Apls meLXifera
70 ng mase
0.5 yg
(a,?z ye/d

0.10 Pg
(t.t+g ys/s)

e

!
.7 ,!,
t6.2
23,9

8,5

919,

9.3

0. .059

o.06g

0.065

2

I+

o

3,7
g.g

L6.lr

8.9

L0,.7

13 2

A.0'6:2

0,,a7'5

0.093

0,20 va
(z,a6 i{e)

4
L
t+.

6

L.7

3,2
5.6

8.2

7,V

8,-9

0.093

0.054t

0.063

Graphosrathus

-

leqeoloms

Lag ng,/,la,wae'
o.L yg
(o.ei p/s)
o.L yg
(t.9 yele)

2

l+

6

L0.8

?2.9

3.2;,3

26.0

27 5

2,6r0

0.2118

0.262

CI.2At8

2,

h
6

l+.9

L0,5

L?,3

23,5

25,?

n.:6

0.2u+

0,240

a,263

(t) pMfiosect/aorrr

(e) nluy'g :insectfrour.
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S?ecies & d.o'se
Sl-ne

houre -^Pf.,l.'- Bate/insect(l)
netaboJ-a,siln

B*rte7s(2)

ps3{p}apeta 2

Ll

6

L6.0

t7,6
&+.6,

38.5

7:3"?

5a.?

0.?34

0.90,0

0.300

@etleElua
60 nS nea& flass

'til,t 
unu/rl

?t'"fr*1,rtul
2

l+

6i

LL.3

L7,U

31 3

5t+.0
l+L,9

58'.2

0,,330

a.e5g

0.30

Wiseana. sp.
?-\ -
lBor].nErl
163 ng per X.anva
o1i',t rrrtul

lr?,{o*r*tu,

2

+

6

10.5

21.5

?l9,8

?5.?

25.7

ilh.o

0,1,57

0'tr57

0.1tr|6

?

l*

6

3,,9

9,1+

tu,L

18-.?

22,'6

22.6

o.L!5
0.138

0.199

(t) ptuy'inseotla,omr

(z) nllg insect/hqur
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Qther species were dosed by injection or allowed. to come jnto

contact with Saygon, and. retained. for 6 hours before measurement of
(t r. -l

f+cJ-a"etone productj.on.

r/.r \ /o\

species & dose Application of dose *"T':ffi#"In H:4" 
o"l"'

Dermestes
maculatus
Dose. 0,7 p E
Aduli 26'rs trr.jection !8,? 14.90 0'5?6
T,arvae 34 ng I:ejection 22,L 17.80 0.52L

Epiphyas postvittana
Dose, 0.1p,9
Adult ?6,1 ne Injection L[.L LL.?A 0.425

Sitophilus fi:ranarius
Dose, 0.,I p g
Ad-u1t (1.87 n-rg) Contact r.6t t,zg 0.692

Sitophilus ovyzae
nose, 0.1 pg
Adult (t.2f ms) Contact 1. t0 0.85 0,7L4

Ienebrio nolitor
Dose, 0,L yg
Adult ?0 ne Trrjection LI+'.I+! !I.50 0.081
Pupae 120 ne l:jection L3.2L LA.57 0.088
larvae 100 rng tr:jection 5,95 4,77 0.050

piu/trr/insect

nlu/g inse ct/bouc

\r/
(z)
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r.r r, J ilt
Metabolisrn of f"cj -Bayeon to '"t0, -

r:asects we.re d,ssea ili1tb 0.1J.,u [ut]-tailgon ty iniee,ttou, and

retaiued. in diff,usloil ctra,nbers fo,r six houfs. TIxe trapping agents used

v6re sodirn bgtro:ciae (gU); $rdrorid,e of ryemi-ne L6-X, a,led semicarbazide

hSiod:eochloride.

yeecr.- f" apFlied .dos€ recovered, in trappillg agent

NaoE ofo*tr)
II

Senicarbaaid.e
I-IISgiecles

$. rsea]'anFiear laasrae

M. domestica, male
--
Irr.. dOmestioa, fenale

E. S n uuale

L. Sggl@' ftmale

(t) Wdroxid.e of [Yaniue 10-X

Eron theee re$tLtg it appea,rs that, b]etween sero ar,rd. three pers€at

of th;e J:rjected. d.oee j.e uetaboli,sed to 1&Q0r. Eswever sonB asetoae w[11

he tragrped. ln Na6E, up to, {" of t}re totaL present, the d'lffenenee betl,rEen

r and rr ffi,ll probably give a dpre :aceuxate fieure for &co'u produotion'

In e,ach of ttrer speoiee tested tlris uouLd, acoou[t for less +hl}rL L/" of tlre

tstal dog,e.

0r3

z.t
2.3

2.6

?.r0

L7.7

t7,x"

35.3

23,t

3g.A

L?:.5

L6,T

3l+.9

?2.2

3B.l+

0,2
0.9'

0.Il
0.9

0.6
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flae netabolisn sf Z-isoprop(ln3- cl )slsptrenor

Rad.Loi.abel.1e.d" Irhenol, 1,,0/g:a AlJ yl, sf aae',Loarer UQs i4jected

intO hoUeefJ.y f,1t6ht museLc an:fl iuee-ote w.enc.e seteJ.ne.d i:a t&e metaboli'm

rrirtts gnti.L deatlr (about J6 hotrs). .Ib railioca.rborl lras traBPed lJx

eemlcarbaz,ide hyd.rOc-h1orid,e or !1 $yd:roxttl"e of, &e,Si11e LQ-X.

Shc ocnrclustom. drai{r.t Ls that frp uetabollso o,eclrrs vtfri Z-J.so-

propoq4frenol, pogsibly beoagse of Lte pole;3 natrre it ng Unable to

feaoh tine wLdation enaSrne sJrute.m.
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Ere hydro ysis Of eubstifited. ph,erryl-$-uretbyloarba,nates

Experinenbe ltege oorrducted to detenutrle the aatlrre of r err$

cofAetog :ceqUlryEnoerats of ; the eruyno e1rstems hydeslysnng 3a$fgslr Butacarb t

an6 3-@buty1p,benyl-$loe'bfuyl earbtuate .

flre erlz34e systeosr uEed. in tiuis gtudy.il,ere prepatred' es pl.evisqstrJ

d.escf:ilbed; rad.ioactive subEfuate ednewdtratiE$s Of 1.0 nMmene used.

Each c-errbrunate na'ct tested, witll the sq@e erxzliao s)rstenr hrrt different

euslrces rit€a€ :tle€d, fon $r.e d.if,fer,:ent EeBb4eat6S.

Sae ncrub'ates w€:r'e extnaeted af,ter 30 nirruteE, x{+*th et&e-r wtl1 tlp

fllrtlaen radioaetivit;r coutd be rennoveA end the e.atra.ct tseated as bef'ore.

The ex,tmect wi**s trur on a o,brornatsgreilo (I4lhatftnan S.S' 81) fo oeparate tbe

pheno,J. fr,,w the substaate a.ne[ other metabo].ites.
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NAD.NfiEP,G6P A,A:Ly'a O.Q*e

IIAD.N[DP.G6P,-D|age 1'.?5fi Z,lSa

Ilouso iiver s1[BerrB€.ta,nt shor,€d.. a reqilSretuent foir NA'DP gxd NID

foz' hydrolys,is to oecu.r. A niorogonaL prep,a,ration using alL ttree.

carba,mates gave s:imita"r results' .

Irricnosoneg were paepared. f,rs.on 10r0r00 ,g e.upenoa,tant faon n€u,$e

triver hgnogenarbe, flre uisrosones frq 1 g vet liver were used ln eaeh

10 nl" i,ncubstion.

/; \ i/a\/41

"odaitrn(l) 3j_rprrmc(a) 
(3) ,Bntaca,rh saygon

0,00 0.00 o.o0

0.OL{6

2.2q9
z,tt+fu

0.3:Vrt

L.g5%

0.5310

a$w

(1) NAD. $IA,.DF. N&Dpg. IIADE 0.1 uil]iloo1er ft4a1 coneentrat{on

G6P.; srueu.s-$4rhostriha-te 4.0 mlLLi.noLar finaL ooneentration

G6?-D'rdSe; G1'ucogeJ-pb,osBhat'e p u&itsdr)@rogenase

P;8.0.; ?ii.Xrer,m3rl b:ntoxide 1'0 nilllnoLar
Met.; l{etopirone 1.0 nd.LlluoLa,r

( Z) 3tffiIff$'' 3-$g[butyJ.pheuryl-$rnetby3.crbanate
(l) Pencentage lihencX. om. ehroaatsgran

lh,eSe d.ata indiOate a r.equir-menrt fou" reduoed cof,aetor; w,lth

NADII rrovidj,p,g some t5,$ of the oddation ea3ee-ity.

$ADP'g

NA,NH

IIADPH. }IA]E

Ll68y', L.9g^

O'j,}fa 0.41y'o

2,L6/" 2J3{"

MDPH * B"BiO. 'o,l+f,i 0,1+L{,

XIADFE * Me . A,9,6,fo A,.T'VI
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Fydro,Lysis of eairbamates by mou€e blood

0.5 rnl. of nouse bl,ooc. vas dlLuted. to 5 an rrith pho'spbate bllffer

(0,Xtul, pg ?.k) and. :inoubated with na.dloerotive eubstreete (1, rri]-tirnolar')

f,or ]0 n:i"r.mtes aft 3ifo,

. Ertreotion of ireubate wlt& etherl aied ehromato-graphf of tlre

err*:ccet eborted that pO hyd:rolpsJ.s ooeriTrcd,

Disffibiution of radioLah'en 1ed. earbmate,s

The distrihuttroa of esb.amates betwe"r, 105 g supernatant e,nd.

l"OF g, pel'lelr. q&d. betr,reen 1Oi g pel3.et and phopphate bu er was

d,etexm:i.ned to evalirate t&ie effect of l-:ipld. solubility cm tsetab,oLiee.

Exinri-uents were perfornetl uCth eond.itions th,e gitfie ag f,or

incubatlou. e6perinents., hotEin nae d.eteairi{ted by ttre biuret net}rod.

(Aor-try g!.gl" , L95Ll. Mean restrLt,g of tluplicate erfireriLsents ere g:.,I'gegl.
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The nature of ihe metaboHtes of ary1-N-nethylcarba^nates

fiie carbannate insecti-cicle studied. were quite resistant to non-

enzSroic degradation, as portrayeo by their stability ln buffer and

buffer plus cofactor soiutio::s at pH f .l;', Itre stabillty of carbamate

insecticldes has been reported to be pH d-epend.ent, they show increased

rates of hyd.rolysis at high pH (fr,rtcuto et al. , t96?).

Extraciion of metaboli'i;es fron enz;me incubaiions and @g]g_aninals

Recoveries in excess of 98 peroent of the added. radiolabel were

achieved. from enzyme incubations of the tJrree carbanates studied..

Ooniihan and Casid.a (1958) however reported rad"iocarbon losses of up

to 30 percent after incubation for for.r hor:rs w'ith rat liver rni crosomes.

ftlis was caused. in part by the fo:mation of ether insoluble conjugate

metabolites.

Uith live ani.urals the recovery of rao.iolabel was lower thall wittl

enzJtrle jacubations. tr'or l-tertbutylpherlyl-[-nethylcarbanate the .iritii.ua

recovered from insecis ranged. fron 95.3 to 102.0 percent, for Sutacarbt

89,5 io 94.1 percent. tr'or insects dosed. "t* lt+ilBaygon, it was assumed

that all volatile radloactive metabolites wouLd. be e:rtrlired. flris was not

ehecked- by d.etermination of tJ:e elinination of applied. rad.i.oactive acetone

but other r.rorkers (Casida gjg. , L9&) have found. that up to ?5 percent

of the injected ra&iolabelLed acetone was ex-pired fron f-iving houseflies.

ftrus quantitative results obtained. for this reaction were probably Iow.
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Recovery of 'briti',.im label from mice dosed. lr:ith 3_jertbutylphenyl_

N-methylcarbamate r,ras consj-d-erably Lower -btran the recovery from insects.
fne uri-::e r,ras foriic to contajn /0 perceni of tJ:e rad.iolaber from i.p.
d.osed. roice whereas for ora11y d.osed. anirnals urine contajned. BJ percent

of i;he d.oseo. raciioactivit]r. Since i;he mouse faeces were not exa"uui:red.,

any metabolites excreted. in ilre bile were not non:ltored.
\

Separation a::d id.entification of the meieboli_tes

The netaboliie s of 3-@lbutylphenyl-N-ne thy]_carba,nate that were

ether extractible could. be separai;ed. on flrj:r layer chronatogra,ns. fhe

ether soluble netabolites of Butacarb and Baygon were not resolved. by

TIC into one conponent spots. Quantltative data for O-deallqrlation,

rir:g hyd'ro:q6lation and. hytirolysis were obtained. for Baygon metabolism.

Data were obiained. for Butacarb by neans of composite chromatograns nrn
in d'jfferent solvent systems. -!-ew solvent systems gave ad.equate separation

of the netabol-ites of any insecticid"e, and the ln vivo ether soLuble

roetabolites of Butacarb were too numerous to alIow more tha,n the assay

of phenolic compound"s fo:med- after chemical hydrolysis.

lhe waier soluble rnetabolites forned in vivo were unable to be

separated. in the systems used.. [he nr.mber of conjugate rqetabolj.tes forned.

preclud.ed boti:. j.d.entificatj.on and. quantization.
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fd.entificaiion of metabolites lnvolved. nainly the use of specific

colour reactions, but for sone neiai:oli1;es anbiguous resuLts have

ensuecl. rn the absence of authentic syni;hetic netabolites , axLy

id.entj-ficai;1ons mad.e car:. only be tentative but vhen conpared. r,rith previous

workersl resuLts, the present inetabolite identi-fications appear to be\
consistent.

l{etaboiic alterailons of the I-methylcarbarnoyl ester group

N-nethyl grou? oxid.ation and. cleavage

3-tgr:[Sutylpher:yi--i\-methylcarbarnate, Butacarb and Baygon a1J- yield

at least one metabolite both in vivo arrd ]4-gi!ry_ thai reacts r,rith

chromotropic acid. in sulphr:ri-c acid. to give a red.-purple coloration.

This is indicative of tfte fo:ma1d.ehyd.o that j.s a breakd.or,m prod.uct of

the [-hydrox;rnnethylcarbana,tes. Oiher workers (Oonithan and Casida, Lg6B;

Dorough, L9?o; Kuhr, L9?0) have reported. that aryl-N-hydror6rmet):yr-

earba^mates were readi-ly fo:med. fron the N-nethylcarba,rnates. fxrese

compound.s are lctown to be narkedly less io:ric to noice than the origi-nal

lnsectlcid.es (lafira gj_4. , Lg6B).

No evidence for the fo:mation of N-hydro:ry-$nethylcarba'nates was

found j;n a stud"y by 0onithan and casj.da (Lg6g), but such metabolites

might be indis'Linguishable from N-hyd.ro:rynettrylcarbanates on the basis

of coloi.r reactions. a1'*rough no apparent N-hyd.ro:ry1ase activity is
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shown towards carbanate insecticid.es a numben of other compounds d'o act

as substrates, and inclucle p-phenetidine (Uetrtet<e , L969 ) "nd S-methyl-

anftirres (Das ana Ziegler , Lg?O). lltre enzJrme would thus appear to

exhibit some substrate specificity.

N-Dene thylation of 3-jgglbutylphenyl-[-methylc arba^nate and Baygon

was forrnd" to take place both iU!@ and in vivq 2-isopropo4phenyl-

carbanate was present as a minor netabolite, whereas 3-.!4buty1pheny1-

carbanate was a major metabolite.

N-Demethylation of the carbanoyl grouping is not conrmon anong the

N-rnethylcarba.rnate insecticides, but occurs widely anong the Sr[-dimethyl-

carbamate goup of insecticicies (Uoagson ancl Casida, L96I).

N-Denethylation of both the carba,noyl group antl aryl anino groups

appears to take place via the. N-hydro:rynethy1 clerivative (Oonithan and

Casidar 1,968), but the nature of the enzJme involvement is not lslown.

In a m:nber of compound.s the {-nethyL substltuent is oxicLatively cleaved,

w'ittr the resultant formation of fo:malcLehyd'e. Tktis could take place

through ttre breakctown of an unstable l.I-hydro:gmethyl d.erivative, or be

mecliated. entirely by an elrzJnne e;rstem. Ary1-S-ttydro:qpethylcarbanates

are unusual in ttrat they are quite stable, but they nay slowJ-y clecompose

to y:ieltl the carbanate d.erivative, although this uight not account for

ttre quastity of carba,nate fo:mecL fron 3-@[butylphenyl-S-nethylcarbarnate.

A rapid. breakcLown of this natrrre na;r however account for clenethylation of

compounds suctr as $-nethyl aniline (Das and Ziegler, L9?0), ethyl-morphine
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(StaAet anil lviannering, L969), and aminopyrine (Ped.erson and Aust, L9?O)'

Carba,nate ester hYdrolYsis

Hydrolysis of the carba.mate ester to yield. the parent phenol

took place with ttre a:ry1-S-methylcarba,mates in enzyrne ilcubations and

whole arrimals. some tSdrolysis of orictative metabolites may have occumed

sjnce phenols vith altered. tertbutyl, isopropo:ryI, or arornatic g'oups

were formed, but tlrese may also have been produced' by t'tre oxidation of

the parent phenols r since incubation of the phenols rrit'h enzyrne

preparations gave a mall amount of metabolites. Low enz;me activitJr

nay be caused. througtr slow penetration to the enzJme oxid'ation sitet

as the phenols are more polar than the carbangte insectici'des '

uydrolyticpathwaysappeartopl.ayamoreimportantr6lein

carbamate insecticid.e d.etoxication in live insects than in errzymLe systems.

Il nice a1so, lrydrolysis is the naior route of cLetoxication of 3-tem-

bu tylphenyl-N-me thyl carbamate'

MetaboLic alteratiqns of the arornatic nuqleus ard its substi

@L3utyl group oxid'ation

[}re .lggtiag, butyl groups of both 3utacarb and 3-&gslbutylphenyJ--

]{-nethylcarbarnate were oxid.isecl by insects and. mice.
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' lh.e @glbutyl substitr:ent of 3-@[butylphenyl-N-nethylcarba^mate

was oxidised at one tqminal nethyL group to give the alcohol both i-:r

vitrg and j-n vivo. & vivo it might also be oxidised to the carboxylic

acid iLerivative to give a metabolite ttrat was not recovered from mouse

urjJre. No i.nd.ication of a carborqrlic acid. netabolite was found rcith

live insect experiments.

Butacarb was metabolised in vivo and ]31!@ to give metabolites

which, when hydrolysed. in sotiir:n hyd.roxide, released six phenolic

conpounds. Identification based. on electrophoretic nigrationr thin

layer chronatographJrr and GLC retention times indicated. the presence of

mono, di, and. trl alcoholic groups n carborqyLj-c acid. plus alcoholj.c group t

and. a carbo:ryLic acid. netabolite, 3r5-ditertbuQrlphenol was also present.

AltLehyd.ic fr:nctions could. not be detected anong ttre rnetabolites in this

stucly.

These netabol-ites conpare with those obtained by Chakraborty ancl

Smith (1'96?) for ter[butylbenzene, where a]-coholic and carbo:rylic

netabolites lrere d.etected. Dacre Gget) founO that 3rJ-d'itertbutylJf

hydrotrytoluene was oxidised. at one butyl group to give a,n aLcoholic

fi:rrction but this was not for:nd. in a later study (lanief g!4. , L968)

j.n rrhich it was reported that one tertbutyl goup was orid:ised. to

carbotrylic acld.l ancl another to an aldehydic function. Ttre fo:mation

of an alttehydic grouping fron 3rJ-d.itertbutylJFhydroxsrto3-uene has been

ctisputed. by ottrer workers (Uotaer g!-4. , L970).
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fsopropo:yl substifiient oxidation

Baygon was metabolised both in rivo and. in vitro in insects, and

in vitro in mice to acetone and 2-hyd.ro4rphenyl-N-nethylcarbarnate.

Gcid.ation appears to occur at the second.ary carbon aton of the isopropo:ryl

group to g:ive the unstable 2-(a-iryOro4,:isopropotry)phenyl-{-nethylcarbamate.

This reaction is analagous to the oxid.ation of the isopropyl substituent

of l-isopropylphenyl-N-methyi.carba,mate to give the stabre carbj.nol

derivative, amd to the oxid.ation of Furadan to yielct 3-hydro4r and J-keto

Furadan.

hitial stud.ies by Metcalf g! sf.. (L96?) ind.icateci that Baygon was

d.eisopropo:rylated to gj.ve 'uror. f,ater vork however (casida gj-4. , L96B)

showed that the substituent r+as removed as acetone frorn live insects. lltre

sane stud.y reported that 1-hyd.ro:ryacetone was not volatil"ised from live
flies after injection, and coultl not be d.enonstrated to be forned. from

Baygon.

o-Deallqylati.on of cinrgs such ag cod.eine to y:ie1d. morphine and.

formalcLehyd.e, and. p-etho:ryacetarrilid.e to p-htrnclrotgracetanilid.e and.

acetaldehyde (GilLette, Ig6D) nay be nectiatect by the sane enzJme system

that dealkylates Saygon. trre deallgrlation of conpounds suctr as Su.oithion

to y:leld desnethylsr:nittrion hovever appears to require glutettrione as a

cofactor (f*ani and Srishido, !966) and are not ned.iated. by n:icrosomal

enzJmes.
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Aromatic ring h)d.ro:qflation

Itletabolites'of Saygon were found to contain ring hydro)ryl substituents.

2-F[d.roqphergrl-N-net]qri.carba,'nate was fonted through Q-dealkylation, 2-iso- ,-

proporqrphenol was forned through hyd.rolytic action and a conbination of

these two mod.es of attack led to the fo:emation of catechol in sma11

arnor.mts. Other metabolltes appear to be the result of insertion of

hyd.roxyl groups. The substitution position was not definitely established,

but is 1ike1y to be at the 5- position to g:ive J-hydro:ry-2-isoproporryphenyl-

N-methylcarba,mate and derivatives of this. Such a netabolite found in

najor proportion has been reported to be formed. from Baygon in live insects

and microsomal enzyme preparations (Str:rivistava et a1. , 1969). A nunber

of similar compound.s were strmthesised. by the sane research group, and

their biological activlty was found. to be less than ttrat of 3aygon (natla

ancl. Casida, 1958).

No ring hydrorylated. metabolites were obtained fron either Sutacarb

or 3-@[butylpheqyl-l[-mettrylcarbanate. A netabolite from 2-@[buty1-

phenyi--[-nettryl-carbamate wh:ich was apparently ]rydro:qylatecl in the 5-

position of the aromatic ring was formed however.

trr the case of Ertacarb, steric hindranee of the 2-, l*-, and 6-

positions by the ring substituents wouId. reduce the likeliJ:ood. of ring

hydro:ryLati.on.
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3-ter[Butylphenyl-N-net]rylcarba,matel whieh has a simi 1ar steric

corrfigr:ration to Saygon night be expected. to be hydroxylated in the

aromatic nucleus. Such an oxidation night result in tlie release of

tritir:n from the ring positions oxidised. as has been reported for nany

compounds e er & migration of the label, the so ca11ed I'Nff:[rt shift (Ufy

g!_el.,1,968). No release of Label r"ias found to occur, aJrd trrowid.ed.

evid.ence that no ring hydro:rylatlon occurred.

ltre najor difference between the two insecticid.es is the presence

of the ether oxygen atom, and. this may exert a strong orienting i:rfLuence

on the ester gf,oup red.ucing any steric hindrance of t?re ring J- position

of Baygon. Electronically, ttre two insecticicLes are simifar and. such

factors are not likeIy to irrfluence ring hydrolrylation reactions.

Mrltiple oxidation reactions

Sutacarb, Saygon, and 3-ter[butylphenyl-$methylcarbamate all gave

metabolites that were oxidised. in nore than one substituent group. TLrese

include netabolites oxidisetl in the arornatS-c noiety alone, anil in both

aromatic and ester noieties. Siltilar nultiply altered. netabolites are

reported to be fo:med from tr\rradan (Dorough, 1958).

The mechanisn of fo:rmation of such compounds has not yet been

eluciclated. but such oxidations could be eittrer sequential or concu:rent.
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Time cor:rse erperiments have shown no tj.me 1ag in the fo:mation

of nultipLy o:cidised. netabolites igJi@, and this Smplies that

metabolites r.cith a single oxitlised function are not substrates for the

enzJme system. Ttre jndication is that the noLecr:l-e is oxid.ised- in bot'h

substituents sinultaneously, or that a secsnd or third. oxid'ation takes

place without release of the moLecuLe from ttre enzwe.

Con-iueation reactions

Although a number of conjugated. metabolites were fo:sted in in vivo

experiments, no iclentification of then was undertaken, The conjugates

were hydrolysed. by incubation with the paua viscera enzJme preparation

and. the released. carbanate derivatives assayed. [Lrese released metabolites

were si-nilar to those fomed SaJi@r or to those that were ether soLubLe

fron !g15!gg experiments. h the case of m:ice d.osecL u:ith 3-@[buty]--

phenyl-{-nethylcarba^rna,te and insects dosed. with Sutacarb, recoveries of

rad.iolabel were low and. night indicate the presence of carborrylic acid

netabolites conjugated with anino acicLs. Such corjugates wouLal' not be

hydroLysed by the hydrolytic enzJrmes usetl.
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lcarbanates

11kre conditions for optimal enztrroe activity towards the insecticlcle

substrate were investigatecl for narnlnalian and insect enzJrme sSfstems t

and the results d.iscussed. below.

Effect of cofactor

Microsomal enzyme preparations frequentl-y show activity toward's

foreign compounds only when reduced cofactor llmllUr) is present in

the system (Citfett" 99 al. , 1969). trr the present study, the effect

of presence or absence of cofactor Lras cleterqined., the concentrations

of cofactors were sinilar to ttrose enployed. by other workers

(Ctralccaforty and Snith , t95?; Jordan and Smith, L9?A; Leeling ancl.

casid.a , tg66).

I%rry studies have been conducted using 100r000 g nicrosomal

preparations, but a siniLar enzynic activity is obtained- with 101000 g

supernatant enz;rne from marmtalian Iiver. ftre latter preparation has

tlre aclva.ntages of ease of preparation, and possession of an enz1me

system that generates NIDIII2 fronr I'IADP agd glucose-Gphosphate.

For oxidative metaboLism mouse liver enzym: showed. a requirement

for NADP, atld.ition of IIAD to this systen increased actirrity by some

fifteen percent.

Ttre in vitro netabolism of some substituted phenyl-$
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fnsect abdomen enzpe systems aLso showed a requirement for NAnPt

NA-D ancl glucose-5-phosphate, Nicotinamide was not ad.ded. as thls compound

produced a slight inhibition, Addition of potassium cyanide (Jordan and'

Srnith, t97O), or albumin (tsutca,noto and Casid.a, L96? ) reported to improve

the rates of oridation of various substrates by insect ttzymesr gave no

ruarked. benefit in the present stud.y.

Oxidation by both mouse liver and. insect abd.onen enzJrmes vas

inleibitecl by the addition of earbon monoxide and microsomal oxidation

inhibitors such as piperonyl butoxide'

&rperirnents using microsomal preparations from nrouse lj.verr arrd.

enzJmes fron f1y abdomens and mouse liver jnd.icated that hyd.rolysis of

carba,nate insectj-cid.es requires reduced cofactors, the reactj.on was

also inhibited by piperonyl butoxide and' Metopirone.

Leeling a^nd. Casid.a Ggee) reported Urat for carbarylr trydrolysis

by rat liver microsomes was inclepencient of cofactor. Howeverr only the

portion of the metabolites that was ether sol-uble was assayed.r the

netabolites not extractetl into etherr uP to 85 percent of the added

radiolabel, were not assaSred.

Recently oxid.ative trydrolytic s;rstems have been described t'trat

are invoLved in the rat micsos@aL netabolisn of parathion (Nakatsugawa

Sg4. , lgff , L969a) andt diazinon (makatsugawa 9!-El. , 1'96gb). A s;rstern

has been describetl for housefly netabol-ism (ttakatsugawa 9!3!. , Lg69c)

ttrat is aLso cofactor depentlent and intribited by sesanex,
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lhis pathway of oxid.ative hydrolysis appeaTs to act on the carbanate

insecticides, since with no ad.cletl cofactors only minimal hydrolysis took

p1ace. fhe possibility must also be entertained t]rat hydrolase activ:ity

j.s greater towards the oxid.ative metabolites of carba:nates than towards

ttre carbamate insecticiil.e. If this were the case , a delay i-n' the

fo:mation of phenols wou]d be expectecL, but no such delay was found to

OCCLIlf r

Effects of buffer and PH

Housefly abdomen enzJme prepared in phosphate buffer at pH 7,4

allowed slightly higher rates of Saygon O-dealkylation than d'id' the

cozresponding enzyue prepared. in tris-HQl buffer at the same pH' Tltis

aggees with results published. by Schonbrod and Tegiere Ggee)' No

difference in oxid.ation rates was found. between phosphate and tris-Hcl

buffers for mouse liver enzJme.

pH @tina between ?.0 and. l.J were obtained. for the metabolism

of 3-@outyLphenyl-N-nethylcarba.nrate and Baygon !-dealkylation. No

co:relatj.on between the oxiclation t;pe arrtL pH optinr:n could' be found'

Effects of substrate concentration and enzyme concentration

frre Baygon !-dea1lrylation reaction was used as a nodeJ. systen

for the dete:mination of optS-mal concentration of enrJme and substrate.

lUre rate of oxidation of Saygon inc-reases up to a na:cimr:m at about one
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milli-urolar substrate concentration in both stand.ard manmaLian and insect

enzJrune systems. At this substrate concentration, a preparation of

insect enzJrne containing tlro. abciomens per milliLitre gives ma:cirium

oxidation rate. This is iro agreement wlth the marcinal housefly hydro:ry-

Lation of biphenyl obtained by Jordan and Sndth (tgZO). Mouge liver

enzyrne concentrations up to the 101000 g supernatant from 0.1 grans

of liver per nillilitre gave marimum oxidation rates.

flre distri-bution of rad.iolabell-ed i:tsectici-cle between the

1001000 g superrutant and. resuspended microsoraes showed. t'hat the

microsomes were saturated. with substrate. TLre distribution between

1001000 g superna,tant and microsomes in conparj.son to the above gave a

mea6ure of the bind.ing of substrate to the supernatarrt protei:r. Sutacarb

alone appears to bind to a^ny extent to supernatant protein or lipld.;

71 percent of the radioactiuity is associated. witlt t'he 1001000 g

supernatant from 101000 g enzJ@e whereas 51 percent of radioactivity

is ln ttre supernatant of resuspended. nicrosomes. The apparent ord.er

of microsoural solubility of the insecticj.d.es was 3-@[butylphenyl-[-

nethylcarbanate ) Butacarb ) Saygon, but in each caser the system was

saturatecl with insectici-d.e, [tre so].ubiliff in mouse liver microsones

is j.nversely proportional to the housefi-y I,D,O for the carbanates ' and

night have some irrfl-uence on metaboLisn rates.
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Effects of incubation time on netabolim

Reastions takil'lg pJ.ace in vitrrc wittr both mouse }lver enzJme

a1d. fly abdomen enzJn1es were linear for at least 30 m!:utes. fhe

reactions were halted after l0 ndnutes to enable comparisons of rates

of metaboLisn to be made among the three carba,mates stuaLied.. The mouse

liver microsomal preparations gave linear hydrolysis reactions for less

than 30 mi:rutes antl were terrj.nated. after 20 minutes. Other workers

(Oonitfran and Casid.a, L95B) appear not to have consitLered. the linearity

of metabolite formation, and conpared the percentages of various roetabolites

present in rat liver microsome.incubations after for:r hours.

lhe rate of netabolisn of carbamate insecticides glIt@

The rate of metabolism of 3-@[butylphenyl-!-nethyLcarbanate and

Butacarb were found. to be sinifax' in each ellz]me system tested.. Sutacarbt

however, was more extens iveJ.y orid.i sed than 3-@[butylpherryl-S-ne thyl-

carbamate f4i.eLdire nul.tipLy oxidised metabolites that utilise a greater

oridative capacit;r.
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Eezyme nat"(1) Bot""""b 3- tertbutylphenyl-!-me thylcarbanate

Mouse

Housefly
31owfIy
Mouse

Housefly
31owf1y

4.10

t,3)
1",06

7.91+

2.02

1.41

ywf g/novt
yu/s/novt
yile/no'.r

x.yNtf gfnour

x.yvtf g,fbour

x.yWf g/novr

(f ) x is the nuiber of substituent oridations made'

witfu nouse ]-iver enzwe the expen&i-tr:re of oxid'ative capacity was

about tr,,rice as great for Butacarb as it was for 3-$g[butyLphenyl-$

nettrylcarba^nrate, similarly, with f}y enztrme t'he expend'itr:re of orcidation

capacity is about one and a half times greater'

The regults sr:nmarised in the foll-ow:ing table show t'hat t'?re major

n,etabolites of 3-@;$utylphenyl-[-met]:SrlcarbafiIate and' Sutacarb are the

$hydroqrnethyl and. $-d.enethyl derivatives. ocidation in the @[butyl

substituentsalsof':iel-dnajormetabolites'l&renajornetabolitesfo:med

by mouse enzJrrre fron Sutacarb is the doubly oxidi-setL d'erivative l-@!-

butyl-5- ( l-hydro:qygLbutyl )phenyl-![-hydrorq@ethy1 carbanate but wi th

insect enzJ@er the J,J-d.itertbutylpherryl-$lnydrorqruetl4ylcarbarnate was

ttre nost abunda:rt.

2,96

0. 81

0,gt+

3,09

L.T7

1.20
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Sr:nmary' of reaction m,teq !q!g!ilned. for various carbanate
Ts ecti cid e metaboli te s

R"r"t:-orr(1)

&rz;rme

Carbanate Mouse Housefly 31owf1y

t3u0H

tBu0H

O-deallcylation
ring hydro:ry-

lation
t3uC00H

IfH.CH20H

NH.CH20H

Mz

3IBPNMC

Butacarb

Baygon

Saygon

Sutacarb

Sutacarb

3IBPNMC

3tsPNMC

0.62

0.?2

0.70

0 t77

0. 02

0.48

1".28

0.9)

a.L5

0.L3

0.30

0.31

0.01

0.7)
0.1,6

0.LLt

0.28

0.09

0.L9

0,2)

0.01

0.55

0.25

0.38

multiple
oxidations

tBuOH rtBuC00E

tBuOH,tBuOH

tBu0H,tBu0Ht
t3u0H

Butacarb

Sutacarb

Butacarb

0. t7

1. 08

0.27

L.g6

0. 11

0.02

U r IU

0. 03

0.L3

0.20

0.23

0. 13

0. 08

0.02

0. 0B

u. rt
0. 0B

0.05

tBu0HrNH.CH,OH Sutacarb

tBuOH,NII.CHZOH 3IBPNMC

3IBPNMCtBu0H

Ilydrolys
3tBPNMC

Sutacarb

Baygon

0.67

U.))
0.42

0.23

a.2L

0,26

0.t2
0.20

0.19

(1) tBuOH oxidation to the sj-de chain alcohol'
TBUCOOH oxidation to a carborylic acid.
NH.CH^OH oxidatj-on to $-hydrorrymethyl derivative'
NH^ t $demettryJ-ation to the carbanate.z-

(z) 3tBPNMc - 3-tertbutvlphenyl-$methyLcarbanate'
(3) Mean rates from at least two experjments f(e liver or flies/hour.
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lhe ratlo

deternined.

Subsf,rate

of tertbutyl oxid.ation to N-nethyl oxidation can be

Hatio
mouse
enzJEle

housefly
enzyme

blowfly
enzlme

Butacarb

3IBPNMC

3tsPNMC

tBuoH/M.CEzOE

t3uovl$H.CH2OE

tBuoVNH.cH2oH +
ffiz

t.5l+

0,*

0,53

0,6)
L.3L

0. gB

0.58

1,,t1,

L.05

Trrclusion of the rate of fo:mation of 3-@$utylphenylcarbamate

into the ratio makes the ratio for f]y enzJroe closer to unityt but has

little effect on the mouse enzlme result.

ftre relative lmportance of each oridation type is reversed between

mouse a31d insect enz;nnes. llkte reversaL j:r the ratio between the two

insecticid.es nlght also be an in*ication of enzJme substrate specificity

reflecting the bullqy natr.rre of the igg[butyl substituents of Sutacarb '

The rate of forrnation of the doubLy orid:ised derivatives of Sutacarb

and 3-jgg[butylpherryl-!!.net]rylcarbarnate, *rose wit]r bot]r an altered EIg-

butyl goup and an [-]rydro4rmet]ry3. structr:re r a,re remarkably sinilar in

insectsr.but widely d.jjferent j11 ttre nouse enzJme system' Ttris latter

oridation appeag,s to proceed about 15 tines faster in mouse enztrme with

Butacarb than r,,ri th 3-@Lbuwlphenyr--$netlSrlcarba,mate .



Metabolisnofthe@g[butylsubstituentstocarboxylicacid,is

most evident for Butacarb, from the rate figures it night appear that

thecarborylicacidisfo:nedinarryquantityonlyasasecondoxidation

reaction,possiblyasaresultofasecondoxidationononetertbutyl

nethyl group, whereas a temporary release from the err:zlmels oxj'dative

sitemight]-eadtotheoxidationofasecond.nethylglouptog:ivethe

d.i or tri hydric alcohol- clerivative'

Tkre rates of oxidation of 3-Ertl"wlpherryl-$nethyl-carbanate to

thesidechainalcoholicclerivativeintheerLzymesystemsusedwere

similar to the rates of fo:sration of 2-hydro:qphenyl-$mettrylcarba'nate

aJrd 5-hydrory-2-isopropolqryhenyl-$nethylcarba^rnate 
from Saygon' [!:is

however is some flve ti-nes sl0wer tha.n the total rate of oxidation of

Sutacarbtothealcoholicd'erivative.s:erateofoxidationofSaygon

in fly enzJ@es co:responds to the rate of fornation of the s-hydrorynethyl

tlerivativeof3-@[butylphenyl-N-methyl-carbamate,butrrottothatof

Sutacarb. wittr no d.ata about the rate of oxidation of Saygon to

[-hyd.rorq4nethyld'erivativescomparisonsofttrisnatureared.ifficult.

Hook and Smith (L96?) studied tle rates of $hydro:qmet5yl carbamate

fo:ruation from a nurnber of ]'i-nethylcarbamates, but the nethod used

measured.thetotalofN-d.enet*rylationarrd$hydro:qpethylcarbamate

metabolites. with a mouse liver erTzlme preparaii-on a rate of 1'44 fWg/

hor:r was obtained for Baygon netabou-sn to the $hydroErnettryl derivative'
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A rate of 0.16 yVt/S/nor:r obtained. for l-isopropylphenyl-N-methylcarba,mate

{-hydro:qymethyl for:mation was lower than the rate obtained jn t}re present

study for 3-@[butylphenyl-$-nethylcarbanate metabolisn (234 ;'t't/g/nour)'

lf these data are strictly conparable, it suggests that the aromatic

a1lq1l substituents confer considerable variation on the overall metabolism

of such compound.s.

A sirnilar comparj'son may be rnade rnrith

the alky1 substituents of the aromatic ring'

various aromatic a1kyl substituents have been

Lg57; Chalaaborty and. snith , Lg67; Chalcaborty and snith , t96+), and

vith mouse Ii.ver enzyme a wid.e variation in the rate of oxidation of

nethyl gtroups in conpounds such as [-ilitrotoluene (t.?3 yWe/non;.) "nd

lrtoluid.jne (0.12 fWe/nor:r.) was found. iLing hydro:rylation of biphenyl

to lrhydrorybiphenyl was deterri:red by Jordan and. Snith (tgZO) and a

rate of reaction for enz;ruoe preparations from houseflies and blolrflies

of 0.18 to 0.30 f$e/tti.s/tto.,r obtained. These data co:relate closely

to the rates of Baygon ring hydrotrylation and $deallgrlation'obtajn'ed. fron

the present stud;r.

It has been suggested (Chakrabortlr and. Smittr, L95? ) tfrat tfre

. 
i:rsertion into a carbanate j-nsectj-citl.e of an alkyl substituent ttrat was

only slowly netabolised. as an aLkyl benzene night confer on the molecule

greater activity a;rd a reduced rate of d.etorication. Tkre rate of

the rates of oridation of

Rates of netabolisrn for

determj-ned (Hook and. Smitht
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metabolism of the suggested alkyJ- g.oup as in @[butylbenzene was fouacl

to be 0,005 fM/g mouse liver/hour, th'is compares with rates 100 to 500

times higher when incorporated. into the N-nethylcarbarnate.

Tlrus, rintil more jrrfo:mation is obtained about the oritlation

enzJmes j::vo]ved, the effects of ttre jntrod.uction of groups such as

tertbutyS- i]Ito a molecule will be ciijfisult to predict with accllf&cJrr

Inhibition of the ln-v1lro- metabolism of carbamate insecticid'es

Tkre metaboli.sm of 3-@[butylphenyl-N-methylcarbanate arld Baygon

were inhibited by insecticid.e synerg:ists such as piperonyl butoxide and

sesoxane. fJlhibition was also found. with inhibitors of microsomal

oxid.ations such as Metopirone and Siff'525-L'

with both mouse liver and f1y abdonen enzJ[0es an i]]hibitor

concenf,ration of 10-4 nolar gave about 50 percent inhibiti-on of metabolism

for singly oxidised metabolites. l&re d-oub1y oridised' netabolites of

3-@[butylphenyl--$methylcarba"rnate however s]nowed' J0 percent inluibition

of for:nation rates at an inhibitor concentration of 10-5 molar'

Irrhibitor molecules such as piperonyl butoxide are lsrovn to bind'

to the microsomal- oxidising entity alrd are metaboli.sed on-i-y slowly

(Matttrews gj_4. , Lg?O) and hence act as alte:raative substrates.

If an a#ay of toridisi:cg centresr is postulated. for the microsomal

oxid.ation enzJmes r md a nr:nber of such centres were invoLved in uultiple

oxidation reactions then fever ir:hibitor molecuLes would. be required. to

give ttre sa.Be inhibition of nu].tiple oxidation as singi.e oxicLatj-ons.
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Ttre in vivo metabolisn of 3-@utylpher:y1-[-methyLcarbatnate
in mice

The metab olj. tes f o:sed. fron 3- tertbutylphenyl-$me t'hy1 carba'nate

by both oraL1y and intraperitoneally dosed ni.ce showed a similar

quantitative distribution. The major netabolites wese fron hydrolytic

reactions, these accoqnted. for about 75 petcent of the recovered' rad'io-

acti-vity from mice dosed. by either rogte. [he sinilarity of the 4nrount

of hydrolysis of the insecticid.e by both administration routes indicates

that the j-ntestinal" esterases d.o not hydrolyse 3-@[butyLphen'y1-$

methylcarba.nate.

Oridatlve netabolites accounted. for about 25 percent of the

recovered dose, of whlch the najor portionr about ten percent of the

recovered dose, was l- (1-iryOro:ry39ggbuty1)phenol'

Recovery of radioactive nateriaL in ttre urine was about 80 percent

from ttre orally dosed. mice and. slightly less fron the i.p. d.osed' mice

after four days. A lowe3 recovery roay jnd-icate more protein bin&ing or

f.ipid. absorptlon of the insecticid.es for t}le i.p. dosed. mic€r than for

the orally dosed mice. A greater fraction of the d'ose n5'ght also be

excreted via ttre bile.
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the ryivo tet

Houseflyarrd.blowflyexperimentswithSutacarbshowthatthe

rnetabolism of topically applied insecticici.e continues linearly for about

fifteen hours. A retaining perlod. of twelve hours was used for most

extrreriments in wlr-ich insecticide was topically applied to ttre insect'

fhe rates of metabolisn of carbanate insecticid-e in various species

were obtained., but they nay not be strictl-y comparable as the flies were

the only species tested. for linearity of reaction'

lLre netabolism of 3-ter''[brrtylph"ny

[Lre metabolisra of ttr-is carbaloate in ttre insect speeies tested

more closely reflects the in vitro metabolisn tlr.an does the mouse i-n vivo

metaboli.sm. unlike mice, insects are generally less able to metaboLise

by hydrolybic pathways, oxidative metabolites being of major importance'

Grass grubs and yeIlow mealworms ezJribit nost hydrolybic activity' whereas

f Lie s metabo lise 3-&glbutylphenyl-$me thylcarba,rnate extensively by

oxid.ative attack.

Houseflies conpletely metabolise a topical dose of one microgram

of insecticid.e r,rithin 36 hours r &nd' about haLf of the d'ose in twelve

hoirrs. lllrere was essentially no diJference between ad'ult and larval

housefly metabolism of 3-tertbuwlphenyl-!!-netl5rlcarbamate, but the
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larva].fo:mswerenoresusceptibletoatopicalapplied"d'oge.This

susceptibillty might be caused through differences in penetration rates

target organs in aduLt and larvaL jnsects, si-:cce no urajor differences

metabolism were found..

Resultsobtajnedfromsevenstfajnsofhouseflysuggestthatthe

resistance shown by some strains was due mai:nly to factors other thart

metabolism. Tsuka,rnoto and his colleagres (fg68) for.rrd that for houseflies

resistance was in part conferrced by factors on the second chromosome'

lllr:is resistance was not caused by increased' netabolic activity, and

possibly resuJted fron factors such as ttrickened cuticle or reduced

membrane porneabilityn and resistance in the houseflies used in this

study rnight be conferred' by this chronosome'

[Lre rates of netabol-ism by houseflies of 3-@[butylphenyl-S-

methylcarba,mate to the [-hydrorymethyl and N-d.enethyl d'erivatives atre

slowert^trantberateofjgputylgfoupoxidationintheratioofone

to 0. J6 to 0.92. frre rate of tertbutyl group oridation was up to fo]]r

times faster than the rate of hydrolysis, wh:ich correspond'ecl to about

20 percent of the metaboLim'

31or,rflies show a similar pattern of netabolisn to that found' for

housefl-j"es, but the rate of metabolism lras lower'
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Honey bees were retained. for six hours onlxr since they were

particularly susceptible to the insecticide. Ir six hours the insects

netabolised 20y', of the applied dose, 50 percent of the netabolites were

water solubler and. about 30 percent of the total metabolites were formed.

through llydrolysis. The ratio of oxidation of tertbutyl to N-nethyl

groups r,ras sinil"ar to that obtained for houseflies.

Grass grubs and all stages of yeIlow mealwo::sts netabolise 3-@-

.butylpheqyl-$methylcarbanate primarily by esterase action. Grass grubs

produce up to 2J percent of ttreir netabolites by hydroLytic actj-on,

r,rlrereas for ye11ow mealwo::ms the figUre is 75 percent. Ilt' these two

species the relati-ve importance of tertbutyl group oxid.atj-on and. N-netfty1

oxi.dation is the reverse of that found. for flies. lfhe @[buty1 group

is oxid.ised at about half the rate of the [-nethyl- group. Ehese tlro

species afso formed. less ether extractible metabolites than other

insects, ind.j.cative of a more efficient conjugating system.

lhe rates of rnetabolisn of 3-@[butylphenyl-$methylcarbamate

in all insects tested were wj-thin the range 0.09 to 0.25 nV:$sect/hor;r,

but on a weight of lnsect basis rar:ged. from 0. ef fi'I/e/nour for gtrass

gnrbs to 22,9 m/g,/no,ot for Y strai:e houseflies. frris uide variation

night accourt for some of ttre selectiviff of carba,mate insecticides.

llre metabolism of Butacarb in insectg

Sutacarb has been proposed. as an jnsecticid'e to control tfte sheep

blolrfi-y (Iucilia sericata), ttre insectj.cide was found. to be quite toric
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to first and second. instar blowfly larvae (t,5 /te/e insect) but less

toxic to the adult housefly (llVgA insect) (Ibaser @., L96?)'

lhese data are comparable on an ir:d;ivid.r.ia1 i:rsect basis sj:rce the first

and second instar lanrae wej-gh between one and two nilligraJns, and the

adult up to l0 n:i11igra.ms.

trr the present study, the first and second instar larvae of botlt

housefly a1d. bLowfly were found to be susceptible to ten nanograms of

Butacarb per larva (5 to tOye/e). Snall-er doses were not adm.inistered

because the specific activ:ity of Sutacarb was too low to gj've ad'equate

cor:nting statistics. Prepupal larvae withstood 10 ng/insect (0 .5 y S/e

insects), and. the course of rnetabolisn indicated that theywere less abl-e

than the adult to elininate ttre insecticide. Although the masses of larvae

and adult were similar, the ad.ult i]lsect elirninated' the jnsecticid'e up to

ten times faster than the la,rval stage. Ilhese results d.iffer from ttrose

obtained. for 3-@[butylphenyl-N-methylcarba,mate r"rhere the netabolisn ln

larvae a,nd. aduLt flies was similar. flris effect on Butacarb rnetabolism

nightbecausedbyitslowerlipidsolubility,orbythenr.mberof

electrons that can be errpended. in oxiclisi:rg the tertbutyl groups'

Phenols onJ-y were assayed in the netabolisro of 3utacarbi hydrolysed'

uetabolites yielded. six phenols each witl: sufficient radioactivity to

' be measured.

In the case of flies and. grass gr:trbs, about l0 percent of the dose

applied. was recoverecl as aLtered. phenoli.c compounds, this woulcl indicate
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that only a smal1 a,rnount of oxidation to N-hydro:qrmethyl d.erivatives took

place since after the twelve hour retention tine only 50 percent of t'he

applied. dose would. be netabolised'.

Adult flies produced up to ttrree tj-mes the amount of carborylic '

acid. metabolites that were fo::ued by laruae. fJl gg'ass grubs, eleven

percent of the applied d.ose (about ?0 percent of the rnetabolites) was

elinir,ated. as carborqllic acids.

No measr:re of the alterations to the carba,moyJ. noiefir were

obtained., and hence the importance of such reactions was not ascertained.

[he rnetabolj-srn of Saygon in insects

frre o-d.ealkylation of Saygon was used as an ind.icatj-on of the

oxidisi-:rg abillty of live jrrsects.

[opical application of ttre irrsecticid.e gave a ]-ow metabolic rate
l-r r. -'l

in houseflies, about five percent vas elilainated. as [+CJ-acetone after

six hours. lfLte low rate of rnetabolism was caused. in part by the

relatively slow penetration of insecticid'e, about J0 percent of the

.applied. rad.ioactlvity renajning outsid'e the irasect a.fter four hours'

lihen the i.nsecticide was arlministered by injection, a marked increase

in the rate of metaboLisn was noted.

Houseflies,blowfliesandgrassgrubsal'lgavewid'eindivid'ual

variation in the percentagU F4t]- acetone excreted. Fenale i:rsects gave

higher percentages than cLi.d. male insects, a3d d.osing of separate sexes

reduced the variation of metabolisrn. t{hen the rates of metabolisn were
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calculated on a nass of insect basis, the d"ifference between the rates

of oxid.ation between male and female flies was reduced, since nrale flies

were always of less mass than ttre f emale flies of the sa,Ine 8,$€ r

Dose response curves r,s"ith houseflies, blo1rflies and €g'ass grubs

showed that the rate of metaboLism was slnilar at each d.ose level-

enployed. fhe percentage of the d.ose elininated as fhcl-.""torr"

decreased with higher doses, ind.icating that the netabolic systerns

involved were all operating at maxlmr:m efficJ'ency'

The netabolisn of Saygon to acetone was found to be greatest with

houseflies over two days o}d. fhree day o1d houseflies were two to

three tines more efficient at oxj-disj:rg Saygon than were the larvae or

pupaeo These results support those of Perry arrd. Buclsret (tg7O) who

fourrd. that cytochrome P 450 levels increase with housefly a,ge.

Application of lnsecticid.e strrnergist, or microsomal oxj-d'ation

inhibitor to the jnsect prior to i-njection of insectlcide cawed a

red.uction in the rate of Q-dealkylation of Saygon. A ratio of one trnrt

synergist to one part of insecticid.e oaused about 50 pereent inhibition

of rnetabolism whereas a five to one ratio of synergist to insecticitle

gave about 80 to 8J percent irftibition of oxidation'

Shrivistava @. , (tl6l) founO ttrat application of piperony1-

.butoxid.e prior to the insecticide to houseffi-es caused no reduction i1r

Saygon !-d.ea1lry1 ation.
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Ere lates otr orid.at:ron of Say,gon were fle-tel4jned' f,sn a i' e3 of

epee,ie-e ,qf ilrgectg. Eo6efLtes, gra:[n. weev'il {r4d. riee ueeiv:|I ga'rre ttre

gEeatestr lia es of o:ri'd'ation on a lfe5''$'t b'ani's t trhereeF the low'est ratss

,w€r€ fsuild lfifir troney bees, ye3.low mea1tgor,ng ariii, grapa g:nrbe. For Saygon

ae witft ?-$g[bu,ty13heny].-E;ne,tfiryr1c.,a3bat[ste the td-d'e vamiafticnes in

netaboLie rnates anong tlre Various :Lneeots rsill qst4q sone s€leetive

insectieidaL actiolr.
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tr'actors affecting selective insecticidal action

Ttre stnrcture of the carba,n,ate insecticides greatly influences

the conpoundrs effectiveness as a selective poison. Factors t'hat are

strucfiBe d.epend.ent, include penetration of interrral and' exterrral bareiers

in the aninal, the j:rteraction wittr the acetylchoLjsesterase target

enzJme, and the ease of d.etorication of the carbanate by the particuJ'ar

anjmal sPecies.

Interaction of acetylcholinesterase wj-th the inhibitor is thought

to be similar for all species for a particular carbanate, but a large

variation is found. between d.ifferent carbanate insecticides in both

I.^ and en,,*e affinittrr (see tables pp . LtrLZ) but these data d.o not
2v

co:relate to the observed D56 values jn the case of houseflies (Kolbezen

g!4. , 1,g5+). fkrese factors are unlikely therefore to greatly influence

the selective action of carbamate insecti'cides'

ftre polarity of the carba,nate must be such that it is abl-e to

penetrate the cuticle a1d. internal barriers of the animal' [o be an

effective ilsecticid.e, the conpound should, be highly lipid soluble' The

order of mouse microsomal soLubility for the carbanates stud'ied was

3-@gq1utylphenyl-$-nethylcarb anate) Sutacarb ) Saygon which surprisir:gly

is the reverse of ttieir housefly LDro values. flre requirement of lipid

solubj-1ity for cuticular penetration would aLso mealr that the insecticide

wouLd a,trive rapidly at the site of detoxication. Differencee in lipid
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solubility wou1d. allow the carbanate insecticides to be netabolised' at

d.ifferent rates r &nd d-ifferences in the external and' internal bapiers

among insect strains and species woulcl al1ow a variation iJI the penetration

rate of a particular poison and. night lead to some selectivity'

It has been suggested that the effectiveness and rate of detoxication

of insecticid.es might be governed- by the ease of oxid'ation of the alkyl

substituents on the aromatic nucleus, aJrd that these alky1 groups nright

act as rtselectophorestr (Cf:alcatorty and Snith, L967; Hook and' Surith'

Le6?).

lkre metabolisrn of three insecticidal carbanates was studied' in a

nirnber of species, and. in all species tested. ttre netabolites fo:med' from

each carbamate were similar. frre rates of rnetabolism were r+:ideLy d'ifferent

however, with soroe species, mice and ye11ow mealwolrts, hydrolytic netabolism

was the najor pattrway, whereas with ottrer insects, oxidative metabol-ites

were preponderant. Alttrough a r,rid.e variatj.on in rates of netabolisn was

fo1rld no oxidation reaction was truly species specific'

Inhibition of netabolism was brought about by application of a

synergist prlor to appli-cation of insecticidel or by ad'd:itj-on of synergist

or microsonal inhibj.tor to the in vitro system. Tf,l vitro all single

oxid.ations were fuhibited to the same extent with a particular i:rhibitor

concentration, sim'iler inhibition resulted' from all- the inhibitors used''

lhus it would appear that the mechanism of inhibition of ttre various singl-e

oxidation reactions was si-nj.lar, and ttrat this was different from t'he
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inb,ibitiqi1 of tfue reaotisng gi'rliflg nrfltipXy oxidised netabolites. Ig
y{fg e marked. reductlon iR Baygola $-deaXlrytatiour v€rlo eri;usedl b'y the syilo3-

g[sts., tfue reduotion j^n netabolim cg,gesponcting to reduetion fo 
'jO

tr:a1uge. 
.t

[he ease of oxitlation of a Eub,stltueurt alIV]. Soup tr,r c-arbamate

j.nsectieid.es atrlpeerg to soffeot t&e seLectivity o.f f,he s@loulfil. M.cLaticEr

of, euc.h sirbstltttentg i,s f:rfLuenced by' the pneeelce of othet groupe {n the

noJecul-e, 3-@_butyLpher.lyl-$netbylearb'alnate and. 3ra:tac,ar3 are b'ottrr

orj..d,ised. in the @Suty:. substihrehts, but tho second, lertbutyX' Subs'tituent

in Butacarb allows an increased rate of oxi'dation.

1n

of eagb@at€ i:rsectieliles is qeoessa&-T before a conryould,ls act[vity 4ay be

predioted.. $trrd.ias of the netebolisn eg serbgmate inecctLciclee woulcl'

e.nab,le @pqpqun&s of this class to be rlesigae-d for eeLective activiftr,

brEt cound. not be aBplied to tho dLesign of other oLaEe-es of, 4:nl8s since

the faotore affecting netabotrisn wolrLcl not be the sane.
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