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ABSTRACT  

The metabolism of diazinon, diazoxon and parathion 

was studied, both in vitro and in vivo, in six strains of housefly 

(Musca domestica I ). 	Two strains of L...usefly (ocra SRS p7,0. 

ac;ar;bwb;ocFa ..)RS) were fully susceptible, and one st.'ain (SKA) 

was highly resistant, to these three organophosphorus insecticides. 

The other three strains studied had either a resistance factor 

(gene a) located on chromosome II derived from the SKA strain 

(strains 29 and 39)) or a zesistance factor 	chl—losome V 

derived from the SKA strain (strain 466.500). Strains 29 and 393 

were resistant to all three organophosphorus insecticides, whilst 

strain 466.500 was resistant to diazinon and diazoxon, but not to 

parathion. 

The strains with gene a had a glutathione-requiring, 

anaerobic system, located in the 100,000 g supernatant fraction, 

which metabolised diazinon, diazoxon and parathion principally to 

their desethyl derivatives. The synergist S,S,S-tributylphosphoro-

trithionate (TBTP) inhibited this system but sesamex, another 

synergist, did not. Preliminary experiments were carried out on 

the enzymology of this system. 

The strains with the resistance factor on chromosome V 

had an NADPH and oxygen-requiring system, located in the microsomes, 

which metabolised diazoxon and, possibly diazinon, to at least three 

unidentified metabolites, but did not metabolise parathion. 
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Sesamex inhibited this system and TBTP did not. 

In addition, all six strains studied had an NADPH 

and oxygen-requiring microsomal system which cleaved diazinon and 

parathion to die thylphosphorothioic acid and diazoxon to diethyl-

phosphoric acid, and converted the thionates to their more potent 

anti-cholinesterase ^xy.7.,:m analogues, diazoxop and paraoxcn. 

Sesamex inhibited this system also, whilst TBTP did not. An 

explanation of the effects of sesamex and TBTP on the toxicity of 

diazinon, parathion and diazoxon to the various strains is suggested 

ani .111.-I'coTkai,,;Aion of these ms:::-.bolie pathways tc 

resistance to organophosphorus insecticides is discussed. . 
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GENERAL 

INTRODUCTION  



Resistance  

The resistance of insects to insecticides, which has 

been defined by the World Health Organisation (W.H.O., 1957) as 

"the development of an ability in a strain of insects to tolerate 

doses of toxicants which would prove lethal to the majority of 

individuals in a normal population of the sar,,  species", -.a6 

assumed considerable medical and agriculr-aral importance this 

century and, with no immediate alternatives to chemical methods 

of pest control available, the problem is likely to grow. 

The first ocz.u.1re of resisanc., to .71!,.-ecticides 

was found in 1908, when the San Jose scale became resistant to 

lime-sulphur sprays. Three species of scale insect had acquired 

resistance to cyanide in California by 1925 and the codling moth 

became resistant to lead arsenate in Colorado in 1928 (Brown, 1957). 

With the advent of the organic insecticides, the occurrence of 

resistance increased greatly and at least 224 species of insects 

or acarines are now resistant to one or more insecticides (Anon., 

1969). In addition, the phenomenon of resistance to toxic 

chemicals, as well as occurring in insects, has also been found in 

rats (Cuthbert, 1963), bacteria (Moyed, 1964) and fungi (Harding, 

1964). 

The first instance of the resistance of houseflies 

(Musca domestica L.) to insecticides was found in Sweden in 1946 

(reported by Weissman, 1947) and shortly afterwards Sacca (1947) 
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'reported another case in Italy; both of these field strains were 

resistant to the organochlorine insecticide, DDT. Ke.Sding (1956) 

then found field strains of housefly that were resistant to the 

organophosphorus insecticides, diazinon and parathion, in Denmark 

in 1955 and houseflies have now become resistant to a wide spectrum 

o1.insecticides (Georghio-4, 1965). 

Resistance is not inducible during the lifetime of an 

insect but is inherited (Bruce & Decker, 1950). It arises from 

the maintenance of insecticidal selection pressure, with the 

insecticide 	a "powerf,;1 ..3f3ve for -Qncentrating resI.ant 

mutants that were present in low frequencies in the original 

populations" (Crow, 1957) and, thus, resistance to insecticides is 

an example of accelerated microevolution (Brown, 1957; Georghiou, 

1965). 

Genetics of resistance  

After Bruce & Decker (1950) had showed that housefly 

resistance to DDT was inherited, much work was done on the genetics 

of insecticide resistance (reviewed by Milani, 1967). Initially, 

it was thought (Nguy & Busvine, 1960; Oppenoorth, 1959a) that 

resistance to organophosphorus insecticides was determined in 

houseflies by one incompletely dominant gene. Oppenoorth & van 

Asperen (1960) reported that this gene, which they called gene a, 

was associated with low aliesterase activity and Franco & Oppenoorth 
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(1962) then showed that gene a was located on chromosome II (nomen-

clature of Wagoner, 1967). Oppenoorth (19590 had suggested that 

one of his strains (strain F) might have a further resistance factor 

and later both Tsukamoto & Suzuki (1966), in the Hokota strain, 

ar: 	& Farnham (1969), In the :KA strain, discovered three 

genes for resistance to aazinon and these genes were located on, 

chromosomes II, III and V. The gene on chromosome V which, unlike 

gene a, is independent of aliesterase concentration, is possibly the 

same gene as that reported ''y  Oppenoorth (1959b) in stre!tt F, which 

was derived from the same parents as the SKA strain. 

Dr R. M. Sawicki, of Rothamsted, has isolated strains 

of housefly which each have one chromosome derived from the SKA 

strain (Sawicki & Farnham, 1967b and 1969). The SKA strain, of 

wild phenotype, was crossed with two multi-marker susceptible strains 

using the methods of Tsukamoto (1964). One susceptible strain had 

visible recessive mutant markers (Milani, 1967) on four chromosomes:- 

I - ac; curved wings 

II - ar; aristapedia substituted by 

tarsal segments 

III - bwb; brown body 

IV - unmarked 

V - ocra; yellow eyes 

The other susceptible strain had only the visible 
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recessive mutant markers ar;ocra. The strains with one chromosome 

derived from the SKA strain were obtained by substituting one of the 

marked chromosomes of the susceptible parent with an unmarked 

chromosome of the SKA strain. Hence strain 393, which has the 

markers aO;bwb;ocra and is the offspring of the quadruple-marked 

susceptib10 strain, lacks the marker ar and therefore has chromosome 

II.derived from the SKA crain. Toxicity studie (St-.4icki & Farnham, 

1969) showed that factors on chromosomes II, III and V conferred 

resistance to diazinon and diazoxon; the factors on chromosomes II 

and, possibly, III gave resistance to parathion (Table 2, page 2.3 ). 

Biochemistry of Resistance  

i) Enzymology 

Organophosphorus compounds react with enzymes by 

covalently binding their phosphoryl moiety to the hydroxyl group 

of a serine residue in the enzyme (Mahler & Cordes, 1966). The 

reaction occurs in two stages: firstly, the organophosphorus compound 

phosphorylates the enzyme with the concomitant hydrolysis of the 

phosphorus ester; secondly, the phosphoryl moiety is hydrolysed 

from the enzyme. The rate of this second reaction determines 

whether the organophosphorus compound is a substrate for or 

inhibitor of the enzyme (Dixon & Webb, 1964). Hence, organophosphorus 

compounds with diethyl phosphoric acid esters are more potent anti-

cholinesterase agents than the dimethyl analogues, because they are 

hydrolysed from the enzyme more slowly than the dimethyl analogues 

(Aldridge, 1953c). 
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The toxicity of the organophosphorus compounds is 

due to their inhibition of cholinesterase enzymes (Spencer & O'Brien, 

1957). The cholinesterases, which degrade acetylcholine the 

mediator in transmission of nerve impulses (Augustinsson, 1950), 

are a sub-group of the esterases, enzymes which hydrolyse a great 

-ariety 	organic esters. Organophosphorus co impounds 	1.7:1h 

substrates and inhibitors of the esterase l'amily of enzymes 

(Aldridge, 1953a, b). 

Much of the early work on the resistance of insects 

'o organophosphorus insecticidec involved a s:ay,.111 for differences in 

the activities and inhibition characteristics of the various 

esterases of resistant and susceptible strains. No differences 

in housefly cholinesterases were found (Oppenoorth, 1958; Mengle & 

Casida, 1960; Bigley & Plapp, 1961), but differences were observed 

in the level of aliesterase activity, as measured by in vitro 

hydrolysis of methylbutyrate; extracts from resistant houseflies 

showed less aliesterase, and more organophosphorus-metabolising, 

activity than extracts from susceptible flies (van Asperen & Oppenoorth, 

1959) and this led these workers to postulate their "mutant aliesterase" 

theory, in which a particulate (van Asperen & van Mazijk, 1965) 

aliesterase enzyme is changed, as the result of a mutation on 

chromosome II, into an organophosphorus-metabolising "phosphatase" 

enzyme (Oppenoorth, 1965). 

Other workers (Ogita, 1962; Menzel, et al., 1963; 

Ogita & Kasai, 1965; van Asperen, et al., 1965; Collins & Forgash, 
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1968) studied the esterase and phosphatase patterns of resistatbs, 

and susceptible strains of houseflies by starch- and agar-gel 

electrophoresis. Although differences were observed in the 

patterns, no definite correlation with resistance could be made. 

ii) Metabolism 

Diggle & C.-ge (1951) observed tlfac parathic r. was 

highly toxic in vivo but not in vitro, Pad this led them to suggest 

that parathion was activated by living organisms. Gage (1953) 

later identified the more potent anti-cholinesterase metabolite of 

oxygen anaioolt, 2.araoxon. Co.-xrnac: ...erve cord 

preparations required aerobic conditions for this activation process 

which was stopped by heating (Metcalf & March, 1953) suggesting that 

it was an enzymic process and Davison (1954) then showed that 

parathion activation occurred in rat liver microsomes fortified 

with pyridine nucleotide cofactor. 

Metcalf (1967) has pointed out that, because the 

phosphorus atom is more electrophilic in the phosphate configuration 

than in the phosphorothionate, the phosphate esters are about 1,000 

times more reactive with cholinesterase than the phosphorothionates, 

and 10-100 times less stable to hydrolysis. 

A possible cause of resistance to organophosphorus 

insecticides is, therefore, a reduction in the quantity of the 

phosphate aralogues accumulating in the insect. This may occur 

either by lowering the rate of oxidation of the thionate, or by 



increasing the rate of detoxification of the phosphate, or a 

combination of both. Organophosphorus compounds are readily 

detoxified by hydrolysis because the relatively strong acids which 

are produced as a result of hydrolysis are poor cholinesterase 

inhibitors due to their strong negative charge and the reduced 

electrophilicity of 4-he -,..hosnhorus atom (Metc;.J.7_f, 1967). 	The 

increased polarity of the products of hydrolysis would also 

facilitate their excretion (Parke, 1968). 

In practice, the results reported for organophosphorus 

me _holism by res.Lat....::-; any susceptitLe str,:ns of 

housefly have not been conclusive. Whilst some in vitro studies 

have suggested that resistant flies do detoxify more insecticide 

(Oppenoorth, 1958; El Bashir & Oppenoorth, 1969), in vivo studies 

have not (Mengle & Casida, 1960; Kreuger, et al., 1960; Forgash, 

et al., 1962), with the exception of Matsumura & Hogendijk (1964) 

who reported greater detoxification of diazinon and parathion by 

resistant flies both in vivo and in vitro. 

The metabolism of organophosphorus insecticides by 

insects is carried out in vitro by two subcellular fractions: the 

microsomal (Nakatsugawa & Dahm, 1965) and the soluble fraction 

(Fukami & Shishido, 1966). In houseflies, the microsomes, which 

require oxygen and NADPH for maximal activity, metabolise methyl-

carbamates (Tsukamoto & Casida, 1967a), DDT (Oppenoorth & Houx, 1968) 

and aldrin (Ray, 1967) as well as organophosphorus insecticides 



(Nakatsugawa, et al., 1969a). The principal microsomal metabolites 

of the phosphorothionate compounds were diethyl phosphorothioic acid 

and the oxygen analogues (Nakatsugawa, et al., 1969a). 

The soluble fraction contains an enzyme system which 

hydrolyses the alkyl-phosphate bond of organophosphorus compounds 

in the presence Jf reduced :;iucatniune. This system, which is 

found prerinantly in mammals, metabolises the dimetnyl, rather 

than the diethyl, organophosphorus insecticides to their monomethyl 

(desmethyl) derivatives, with the concomitant formation of 

E-n!,-;thylglutaLniae,,, clHci ,.fngworth, 1969; N4,..-.311, et al., _;:.,;;;; 

Hutson, et al., 1968). It is less important in insects and has 

not been reported in houseflies, although reduced glutathione is 

required for housefly metabolism of DDT (Lipke & Kearns, 1959) and 

hexachlorocyclohexanes (Clark, et al., 1969). 

iii) Synergists 

Insecticide synergists are compounds which, although 

relatively non-toxic themselves, gi-eatly increase the toxicity of 

insecticides. Hence they are of importance in improving the 

economics of pest control, increasing the spectrum of activity of 

an insecticide and restoring the activity of an insecticide to which 

insects have become resistant (Metcalf, 1968). 

Sesamex, a methylenedioxyphenyl synergist, increases 

the toxicity of many insecticides to houseflies but decreases the 

toxicity of ("antagonises") parathion (Sun & Johnson, 1960). 
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Nakatsugawa & Dahm (1965) showed that sesamex inhibited cockroach 

microsomal metabolism of parathion and Esaac & Casida (1969) and 

Wilkinson & Hicks (1969) suggested that the methylenedioxyphenyl 

compounds act as synergists by competing as substrates for the 

microsomal mixed-function oxygenases. Sesamex has little effect 

on the toxicity of diazfc„on and parathion in the SKI! strain, but 

antagonises diazinon alid parathion in the strains with only the 

resistance factor on chromosome II and synergises diazinon in the 

strain with only the resistance factor on chromosome V (Sawicki & 

Farnhan, 	'969). 

Plapp, et al. (1963) found that S,S,S-tributyl-

phosphorotrithionate (TBTP) acted as a synergist of malathion by 

inhibiting aliesterase enzymes; this compound synergises diazinon 

and parathion in the two strains with only the resistance factor on 

chromosome II (Sawicki & Farnham, 1969). 

Purpose of Work 

Other workers (Mengle & Casida, 1960; Kreuger, et al., 

1960; Forgash, et al., 1962; Farnham, et'al., 1965) have shown 

that delayed penetration of insecticides contributes to resistance 

but that there is usually residual -resistance even to injected 

insecticides. Sawicki & Farnham (1969) found that, alone, the 

resistance factor on chromosome III of the SKA strain delayed 

knockdown by some organophosphorus insecticides by reducing the rate 

of penetration of the insecticide, but it did not affect kill. 



Preliminary results, not reported in this thesis, confirmed that 

the strain with only chromosome III behaved metabolically like the 

susceptible strains and that its slight resistance was due to 

the delayed penetration of insecticide. 

The purpose of the work reported in this thesis was, 

therefore, to elucidate t'Ae biochemical modes of r.oti:,!1 of the genes 

for resistance located on chromosomes II and V of the SKA strain.* 

Both of these genes confer resistance to diazinon and, as this was 

one of the insecticides to which resistance originally arose in the 

field an wit :thic!-) the SKA stra.3-1 was :.-eief7.-i:ed, it was used 

the main insecticide for this investigation. The metabolism of 

parathion, another insecticide to which resistance originally arose 

in the field, was also studied because most of the resistance of the 

SKA strain to this compound is conferred by gene a on chromosome II, 

rather than by the gene on chromosome V. Parathion thus acted as 

a cross-check on the diazinon results. 

The modes of action of the genes on chromosome II and 

V were elucidated by examining the esterase patterns obtained by 

electrophoresis and by examining the metabolism of diazinon, diazoxon 

and parathion in vitro (by the microsomal and soluble fractions) and 

in vivo in two susceptible strains, in the SKA strain, in two strains 

with chromosome II derived from the SKA strain and in one strain 

with chromosome V derived from the SKA strain. The results obtained 

are related to the genetics of resistance of the SKA strain. The 

effect of the two synergists, sesamex and TBTP, on the pathways of 



metabolism of diazinon, diazoxon and parathion was also studied and 

the results related to the effects of these synergists on the 

toxicity of these insecticides to the six strains of housefly 

investigated. 
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MATERIALS 

AND 

METHODS  



A) BIOLOGICAL MATERIALS  

(a) Strains of houseflies 

Six strains of housefly (Musca domestica L.) were 

F4-udiP. 	Table 1 summarjsF:t; their ..7.tlaracter and some relevant 

toxicity data. The houseflies were bred by Dr R. M. Sawicki of 

Rothamsted. 

The designation of .the physiological mutants follows 

Georghiou (1965) and the nnmbering of the chromosomes is that of 

Wagoner (1967). 

(i) The SKA strain 

This strain, of wild phenotype, resulted from a cross 

between two diazinon-resistant strains (203a, Danish and Latina, 

Italian) and from continual selection with diazinon (Sawicki & 

Farnham, 1964). It is very resistant to diazinon (x 300), 

diazox.on (x 160), parathion (x 70) and several other insecticides 

(El Bashir, 1966) and is almost immune to DDT (Sawicki & Farnham, 

1967a). 

Table 2 gives the location of the resistance factors 

of the SKA strain and the degree of resistance conferred in strains 

with the isolated chromosome. 

(ii) Strain ac;ar;bwb;ocra SRS 

This strain, with visible recessive mutant markers 

on chromosomes I, II, III and V, is closely related to the W.H.O. 
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Table 1 

Toxicity of diazir,:-,n, diazoxon and parathion to females of six strains of housefly, 

With and without pretreatment with sesamex and TBTP (from Sawicki & Farnham, 1967b, 1969) 

Strain 
Located on Type of `Chromosome resistance No; 

Diazinon LD50 (pg/fly) 

Alone 	+ Sesamex 	+ TBTP 

Diazoxon LD50 (pg/fly) 

Alone 	+ Sesamex 	+ TBTP 

Parathion LD50 (pg/fly) 

Alone 	+ Sesamex 	+ TBTP 

ac;ar;bwb;ocra SRS None 0.040 0.020 0.025 0.026 0.006 0.012 0.026 0.016 	0.015 
(Susceptible) 

ocra SRS None - 0.059 0.029 0.030 0.020 0.008 0.007 0.02 0.01 	0.01 
(Susceptible) (approx.) (approx.) (approx.) 

29 gene a II 0.76 1.35 0.36 0.20 0.09 0.12 NOT 	AVAILABLE 	- 

393 gene a II 0.50 0.96 0.23 0.20 0.08 0.08 0.41 ' 	0.80 	0.095 

466.500 

SKA 

Sesamex-inhibited 

gene a, 
Penetration and 

V 

 II 
III 

0.37 

15.0 

0.025 

6.2 

0.27 

10.0 

0.12 

4.2 

0.007 

1.7 

0.06 

4.2 

0.032 

1.8 

	

0.015 	'0.019 

	

3.0 	1.8 
Sesamex-inhibited V 
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Table 2 

Location of the resistance factors in the SKA strain and the degree of 

resistance conferred,in strains with the isolated chromosomes 	(from 

Sawicki & Farnham, 1969) 

Chromosome No. 

Chlorthion 
chloroxon 
c. x 2 

II 

gene a 

diazinon x 13 
diazoxon x 8 
parathion x 15 
paraoxon x 3.6 
methyl-parathion x 7 
methyl-paraoxon x 2.4 
ethyl-malathion x 4 
ethyl-malar)..-on x 6.5 
malathion x 1.4 
malaoxon x 
ethyl-chlorthion x 48 
ethyl-chloroxon x 14 
chlorthion x 14 
chloroxon x 12 

III 

pen 

61azinon x 2* 
ehlorthion x 2* 
dieldrin x 2* 
DDT x 2* 
tA.ibutyl tin acetate x 12 
tctran x ? 

x ? 

IV ,  

did 

dieldrin x 700 

V 

Ses 

diazinon x 9 
diazoxon x 4.6 
ethyl-malaoxon x 3.3 
DDT x 10 
methoxychlor x 20 

Deh 

DDT x 100C> 	 

*measure of delayed penetration, not resistance to kill 



Standard Reference Strain and is fully susceptible to organo-

phosphorus insecticides (Sawicki & Farnham, 1969). 

(iii) Strain ocra SRS 

This strain, with the recessive visible mutant marker 

ocra or' -7.,romosome V, is a1s,_77 related to the W.H.O. Standard Reference 

Strain and is fully suskmptible to organophosphords insecticides 

(Sawicki & Farnham, 1969). 

 

(iv) Strain 29  

  

:pith Der-, 

crossing the SKA strain with a double-marker 

ac;ocra SRS. Chromosome II is derived from 

was obtained 

susceptible strain, 

the SKA strain and 

      

gene a, located on this chromosome, confers resistance to many organo-

phosphorus insecticides (Table 2) and is associated with low ali-

esterase activity (Oppenoorth, 1959b). 

(v) Strain 393  

This strain, which is triple-marked ac;bwb;ocra, was 

obtained by crossing the SKA strain with strain ac;ar;bwb;ocra SRS. 

Strain 393, like strain 29, has chromosome II and hence gene a 

derived from the SKA strain (Sawicki & Farnham, 1969). 

(vi) Strain 466.500  

This strain, triple-marked ac;ar;bwb, was also 

obtained by crossing the SKA strain with strain ac;ar;bwb;ocra SRS. 
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Chromosome V is derived from the SKA strain and a factor Ses, 

located on this chromosome confers resistance to a few organophosphorus 

and organochlorine insecticides (Table 2) and is- inhibited by sesamex 

(Sawicki & Farnham, 1969). 

(b) R.- ;:ring of houseflies 

The rearing rind handling of houseflies was described 

in detail by Sawicki et al., (1966). Houseflies were used seven days 

after emergence. 



B) CHEMICALS  

(a) Insecticides, additives and cofactors 

The following insecticides were used: 

(i) diazinon - 0,0-diethyl, 0-2-isopropyl-6-methyl-4-pyrimidinyl 

phosphorothionate - 99.5% 	a)  

(ii) diazoxon - 0,0-diethyl, 0-2-isorrryfy1-6-methyl-4-pyrimidinyl 

phosphate - 97% pure(a) 

parathion - 0,0-diethyl, 072-nitrophenyl phosphorothionate 

99% pure(b)  

(iv) paraoxon - 0,0-diethyl, 0-2-nitrophenyl phosphate - purity 

unknown(b) 

The following labelled insecticides were used:-

diazinon (specific activity = 1.0 mCi/mmole)(a) and parathion 

(specific activity = 15.1 mCi/mmole)(c) were labelled with carbon-14, 

in the ethyl groups. Diazoxon (specific activity = 4.1 mCi/mmole)(c) 

was labelled with phosphorus-32. 

Also used were the following additives:- 

sesamex (2-(3,4-methylenedioxypheny1)5,6,9-trioxaundecane)(d)  and 

TBTP (S,S,S-tributylphosphorotrithionate)(e)  . 

(a) given by Messrs J. R. Geigy, S.A., Basle 
(b) given by Bayer G.m.b.H., Leverkusen 
(c) bought from the Radiochemical Centre, Amersham 
(d) given by Messrs Mitchell Cotts, London 
(e) bought from Eastman Kodak Ltd, Liverpool 
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The cofactors, NADPH (reduced nicotinamide-adenine 

dinucleotide phosphate) and GSH (reduced glutathione) were bought 

from the Boehringer Corporation (London) Ltd, London. 

(b) Metabolites 

Except for 0,0 -04.ethyl phosphoric acid (DEPA), which 

was bought,(e) all the metabolites were synthesise-.1. 	The structure 

and identity of the metabolites was confirmed by either NMR or Mass 

Spectrometry (see section E.(e)). • 

(i) 	 acid (,D1TTA) was prepared ki7 

alkaline hydrolysis of diazinon (Plapp & Casida, 1958a). 

Diazinon (1 mmole) and potassium hydroxide (4 mmoles), 

each dissolved in 95% ethanol (5 ml), were mixed and incubated at 

32.5°C for 16 hours. The solution was neutralised (3N hydrochloric 

acid), concentrated to 2.0 ml and chromatographed on Whatman No. 1 

paper with propan-2-ol/ammonia (75:25, v/v) to give a single spot at 

Rf = 0.76. Diethyl phosphoric acid (DEPA) had an Rf = 0.63 in this 

system. The Rf values are similar to those published by Plapp 

Casida (1958b): DEPTA, Rf = 0.77; DEPA, Rf = 0.61. 

Gas chromatography (section E.c) indicated a single 

component, the mass spectrum of which, obtained by combined gas 

chromatography-mass spectrometry, gave the required molecular ion 

at m/e 170. 

(e) bought from Eastman Kodak Ltd, Liverpool 



-[14C-ethoxy] DEPTA was similarly prepared from 

[14C-ethoxy] diazinon. 

Desethyl diazoxon (0-ethyl, 0-2-isopropy1-6-methy1-4-

pyrimidinyl hydrogen phosphate) was prepared by the method used by 

Hollingworth et al (1967) to synthesi-: The desmethyl deri-,tives 

of Sumioxon a-1(1 methyl-paraoxon. 

Equimolar quantities of diazoxon and anhydrous sodium 

iodide were refluxed in dry acetone (30 mis) for 36 hours, the 

acetone was evaporated and the residue, dissolved in chloroform 

(5 ml), was eluted from a et-lumn (1.0 cm x 15 	°I "Florisil" 

(Hopkin & Williams Ltd) with petroleum ether (40-60°), cyclohexane, 

diethyl ether, acetone and methanol (20 ml each), successively. 

Desethyl diazoxon was eluted in the methanol fraction 

which was then slightly acidified (3N hydrochloric acid), dried over 

anhydrous sodium sulphate, evaporated and the residue washed with 

chloroform. 

The NMR spectrum of diazoxon (Figure la) in CC14, with 

peaks at -r 3.35 (singlet, 1H; heterocyclic H), 5.75 (double quartet, 
4H; 2 x 0-CH2, J= 8, 7 c/s), 6.9 (septet, 1H; CH.(CH3)2, J= 7 c/s), 

7.6 (singlet, 3H; heterocyclic CH3), 8.6 (triplet, 6H; 2 x CH2.CH3, 

J = 7 c/s) and 8.7 (doublet, 6H; CH.(CH3)2, J = 7 c/s) is similar 

to that recorded for diazinon (Babad, et al., 1968); the main 

difference is a change in Jpir  from 11 to 8 c/s. 

The sample of desethyl diazoxon, produced as described 
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above, had an NHR spectrum measured in D20, which differed from the 

spectrum of diazoxon in that the triplet and double quartet from the 

0.CH2.CH3  group were halved in intensity relative to the other peaks. 

An extra peak occurred due to a small amount of methanol (Figure 1b). 

(iii) Desethyl diazinon (0-ethyl, 0-2-isopropy1-6-methy1-4-

pyrimidinyl hydrogen Tlhoc-phorothionate) was pr:J1:ared by rE,-;.:ting 

diazinon with sodium thiophenoxide, as d:,:6sribed by Miller (1962), 

because refluxing thionates with sodium iodide yielded S-methyl 

phosphoric acid derivatives' (Hollingworth, et al., 1967). 	This is 

by 	a nucleophilic ...---gent which doe-- rot 	with 

the thiolate anion. 

Equimolar quantities of sodium hydroxide, thiophenol 

and diazinon were dissolved, in that order, in 95% ethanol, and 

refluxed for 18 hours. The ethanol was then evaporated and the 

product purified on "Florisil" (eluted in acetone), as for desethyl 

diazoxon, and identified by NMR. 

The NNR spectrum of diazinon4CC14  (Figure 2a) was 

the same, as that recorded (Babad, et al., 1968). The spectrum of 

desethyl diazinon in D20 showed the same features but with the 

intensities for the 0.CH
2
.CH

3 group halved (Figure 2b). 

(iv) Desethyl parathion (0-ethyl, 0-p-nitrophenyl hydrogen 

phosphorothionate) was prepared like desethyl diazinon. 

The NNR spectrum of parathion-(Figure 3a) in CC14  was 
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the same as that recorded'(Babad, et al., 1968) and the spectrum of 

desethyl parathion, in D20, differed, as with desethyl diazinon only 

in the intensities of the peaks from the ethoxy group and in the 

expected small shift due to the change of solvent (Figure 3b). 

(v) Monoethyl phosphoric acid (NEPA: 0-ethyl phosphoric acid) 

and (vi) Monoethyl ,,-losphoroth4o3c pc3,7 ,..]-1EPTA: 0-ethyl 

phosphorothioic acid) were prepared by aqueous hydrolysis: of desethyl 

diazoxon and desethyl diazinon, respectively. 

Alkaline hydrolysis of desethyl diazinon appeared to 

give both diethyl phosphorothioic acid and phosphorothioic acid 

instead of MEPTA. The identity of YEPTA was not confirmed. 

(vii) S-Ethyl :clutathione was synthesised by alkylating reduced 

glutathione with iodoethane in alkaline solution and precipitating 

unreacted material as the silver salt (Foxwell, 1965). 

The product, recrystallised from water/acetone 

(50:300, v/v), had m.p: 199-200°C, decomp. (Foxwell [1965] gives 

m.p. 194°C, decomp.). 	The yield was 402:;. 	Comparison of the NMR 

spectrum of this material in D20/potassium hydroxide with that of 

GSH in D2
0/potassium hydroxide showed new peaks att 7.4 (quartet, 

5H; 	S.CH2' CH3  ) and T 8.8 (triplet, 5H; S.CH2  .CH ) (Figure 4a, b). 

No unchanged GSH was detected in the product. 

... 
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C) DOSING AND IN VIVO EXTRACTION TECHNIQUES 

(a) Treatment of insects: 

Insecticide was topically applied to seven-day old 

female houseflies using an Arnold Hand Micro-applicator (Burkard 

Scientific Ltd, Ricknisworth) 	wil;;. an "Agla" all-glEsr -,yringe 

(Burroughs Wellcome). Each fly was dosed on the ventral side of the 

thorax with 1 ug of insecticide in 1 n1 acetone. The synergists, 

sesamex (2 pg/fly) and TBTP (1 ng/fly), were topically applied in 

1 ul acetone to the ventral side of the abdomens of the houscflies 

1-4 hours before the insecticide. 

The treated flies were incubated at room temperature 

for various periods and killed by immersing in petroleum ether (6 ml 

of 40-60°) for 1 min, which also washed o4eunpenetrated insecticide. 

Controls were either untreated or dosed after immersing 

in a boiling water-bath for 5 mins. 

(b) Extraction techniques: 

Three extraction procedures were developed to study 

insecticide metabolism in living flies:- two were used to detect 

metabolites by gas-liquid chromatography, and a third was used to 

detect metabolites of radioactive insecticides. 

(i) Extractions with organic solvents for G.L.C. 

(a) This procedure was a modification of the method 

of Blinn & Gunther (1955). Batches of 120 houseflies, after washing 



in petroleum ether, were homogenised in more petroleum ether (20 ml 

of 40-60°) and the homogenate extracted with acetonitrile (4 x 7.0 

ml). The combined acetonitrile extractions were dried (Molecular 

Sieve 4A); evaporated to dryness, and the residue dissolved in 

acetone (O.? ml). The waehinfs were reduced to less than 5 ill 

and injected into. the gas-liquid chromatograph 

(b) With the method of Gwiazda & Lord (1967) the 

houseflies were homogenised in TRIS buffer (20 ml of 0.05!', pH 7.0) 

after washing in petroleum ether. The homogenate was centrifuged 

(2,000 g for 	qiin) 9;id the supernatant extcted with cyclohexane 

(2 x 20 ml), acidified (3N hydrochloric acid) and re-extracted with 

diethyl ether (3 x 20 ml). The combined cyclohexane extracts and 

the ether extracts were separately dried (Molecular Sieve 4A), 

evaporated to less than 5 111 and injected into the G.L.C. 

(ii) Aqueous extraction for radioisotope experiments: 

Batches of 60 houseflies, after immersing in petroleum 

ether, were homogenised in water (3.0 ml); the homogenate was 

centrifuged (13,000 g for 10 min) to remove insect debris and ice-cold 

acetone (3.0 ml) was added to the supernatant. The mixture was left 

overnight at -10°C, then centrifuged.(1,000 g for 5 mins) to precipitate 

the protein, and an aliquot (0.35 ml or 0.5 ml) of the supernatant was 

examined by paper chromatography. 



D) IN VITRO TECHNIQUES 

(a) Subcellular fractions: 

Subcellular fractions of houseflies were prepared to 

investigate the nature of the enzymes responsible for the metabolism 

CI org-nophosphorus insoi:-:_des. These enzymes were partially 

purified by gel chromatography and electrophoresis. Three 

subcellular preparations of the housefly were studied: microsomes, 

the soluble fraction and a mixture of the two (the 13,000 g super- 

natant). 	r metL'Ids of 1.---Erz,t',on ani Krcubation were- 

from Tsukamoto & Casida (1967a) and Neal (1967a). 

(i) Preparations: 

Seven-day old female houseflies were homogenised in 

phosphate buffer (20 flies/ml of 0.1511 KH2PO4-NaOH buffer, pH 7.3) 

containing bovine albumin (2% w/v; British Drug Houses) in an 

ice-bath. The homogenate was centrifuged (13,000 g for 10 min) and 

the resulting supernatant was recentrifuged (100,000 g for 60 min) 

to give a soluble fraction (fluid) and a microsomal fraction 

(precipitate). The microsomal pellet was resuspended in a volume 

of phosphate buffer equal to the volume of the soluble fraction. 

(ii) Incubation conditions: 

A typical reaction mixture had material from 10 flies 

(i.e. 0.5 ml of either the 13,000 g supernatant, the microsomal 

fraction or the soluble fraction) in a total volume of 2.0 ml 



'phosphate buffer which contained NADPH (2 mg; 1.3 mM final concen-

tration), GSH (4 mg; 6.5 mM) and radioactive insecticide (10pg in 

10 pl acetone). 	Sesamex (20 ig) and TBTP (10 g) were added, when 

required, in acetone (10 111). In some experiments, GSH was replaced 

by iodoacetate (3 mM), p-chloromercuribenzoate (0.05 mM), ethylene-

diamim tetracetic acid 0.:1)TA: 3 mM), dithiothre5to1 (1.0 mM) or 

L-cysteine (1.0 mM) dissolved in phosphate buffer. 

The mixture was shaken in a water-bath (30°C), in air 

or nitrogen, usually for 2 hours, and the reaction terminated by 

adding 	ace,.:ne (3-.G ml;. 	The .r .1.1.4:‘ :e was left at -10-C 

overnight to allow the precipitate to settle and aliquots (0.5 ml) 

of the resulting clear supernatant were then examined by paper 

chromatography. 

An enzymic preparation immersed in a boiling water-bath 

for 5 mins was used as a control. 

(b) Partial purification of enzymes by gel chromatography: 

To define more clearly the enzymes involved in 

insecticide metabolism in resistant and susceptible houseflies, an 

attempt was made to partially purify both the microsomal and soluble 

fractions by Sephadex chromatography. 

A Pharmacia K 15/30 column (i.d. 1.5 cm x 30 cm) was 

packed to a height of 27.5 cm in each experiment. Non-specific 

phosphatase activity in theeluates was assayed with a solution of 

1-naphthyl disodium orthophosphate (0.04%, w/v) (British Drug Houses) 
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and "Fast-Blue RR" (0.1%, w/v) (G. T. Gurr Ltd, London) in phosphate 

buffer (pH 7.4). Phosphatases liberate free naphthol which reacts 

with the diazo dye to give a dark brown-black colour. 

-(i) CM-Sephadex 0-25: 

Female housef14.--; were !-.3mogenised in phosphate buffer 

(20 flies/ml of '0.05m KE2p04-K2Hp04: pH 7.4), centrifuged (100,000 g 

for 60 mins) and the supernatant passed down the column with an 

elution gradient of phosphate buffer of 0.05M (50 ml) to 0.2M (50 ml). 

All the protein (detected by the Biuret test:  Dawson, pt al., 1969) 

and phosphatase activity was eluted immediately after the void 

volume (Vo = 15 ml). An aliquot of this fraction was incubated with 

[32P7 diazoxon and GSH (see: D (a) ii). 

(ii) Sephadex G-200: 

This was used to try and separate the proteins not 

retained on C14-Sephadex C-25. Female houseflies were homogenised 

in phosphate buffer (20 flies/m1 of 0.15M KH2PO4-NaOH: pH 7.3), the 

homogenate was centrifuged (100,000 g for 60 min) and the supernatant 

(5.0 ml) passed down the column. 	The eluant was phosphate buffer 

(0.1M KH2 
 PO
4  -K2 HPO4' 

• pH 7.4). The eluate was assayed for protein 

and phosphate activity. The fraction with phosphatase activity 

was incubated with radioactive insecticides (see: D (a) ii), with 

and without NADPH and GSH. 
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(iii) Sephadex G-25: 

The microsomal fraction was desalted to provide a 

system in which the cofactor requirements of the enzymes could be 

studied. 

The microsomal fraction from feple housefls 

suspended in distilled water (20 fly equi,alents/m1) and passed down 

a column with distilled water as eluant. 

Protein and phosphatase activity was eluted immediately .  

c-ftc,r the. void volume. 	.:.:^ctior: was .11.231:1;atd w4th [14C] 

diazinon, with and without NADPH and GSH (see: D (a) iit). 

(c) Starch-gel electrophoresis: 

Possible interstrain differences in phosphatase 

enzymes were investigated by the method of Sargent (undated). 

Hydrolysed starch (15 gm; British Drug Houses) was 

dissolved in borate buffer (100 ml of 0.025M HBO3-0.O1M NaOH: 

pH 8.5) and the solution heated gently to 95°C, with vigorous swirling. 

The solution became viscous at about 65°C, but the viscosity 

diminished at the higher temperature. The flask was briefly 

evacuated, to remove air bubbles, and the starch solution was then 

poured into a Perspex mould (0.6 cm x 10 cm x 18.5 cm), lightly 

smeared with paraffin oil. Excess starch was immediately scraped 

off and a slot-former placed 6.0 cm from one end. The cooled gel 

was covered and stored for 6-7 hours at 5°C. 



Female houseflies, homogenised in TRIS buffer (50 

flies/ml of 0.2M TRIS: pH 7.0) in an ice-bath, were centrifuged 

(13,000 g for 20 mins) and aliquots (10 111) of the supernatant 

placed in the slots. The gel, in its mould, was placed in the 

buffer chamber of the Shandon Universal electrophoresis apparatus 

:Shandon Scientific Ltd, Tondon) and was conneri,:a to the to,....a!,e 

bridge buffer (0.3M HB03-0.06M NaOH: pH t1.5) by two wicks of Whatman 

3MM paper. The buffer chamber was maintained at 5°C. A constant 

voltage (63 Volts; 3.5 volts/cm) was applied along the gel for 16 

the gel wa,. ::pit -,z,d from the movld and 4mmersed 

for 60 mins in a solution of 1-naphthyl disodium orthophosphate and 

Fast Blue RR in TRIS buffer (0.05M; pH 7.0). The stained gel was 

washed in methanol/glacial acetic acid/water (50:1:50, by vol.) and 

replaced in the mould for photography. 

Gels were also examined for protein distribution by 

immersing in Nigrosine dye solution (0.2% w/v in 40% ethanol and 2.5% 

trichloracetic acid). Proteins stained black. 

Insecticide hydrolysing activity was investigated by 

soaking filter-paper in a parathion solution and placing the paper flat 

on the gel. After incubation in a saturated chamber for 3 hours, the 

paper and gel were sprayed with N-sodium hydroxide and examined for the 

yellow colour of p-nitrophenol (Robinson, et al., 1951). 

Eluates from the Sephadex G-200 column were examined by 

electrophoresis. The eluates were reduced in volume by adding dry 



Sephadex G-25 and a little of this Sephadex was then placed in 

the gel slots. 
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E) ANALYTICAL TECHNIQUES 

Insecticide metabolites were examined by paper, thin-

layer and gas-liquid chromatography. Gas-liquid chromatography was 

used with non-radioactive metabolites and paper-chromatography was 

used principally :r.z. 	metabolites. 

(a) Paper chromatography 

Two Whatman papers, No. 1 and silica-impregnated SG 81 

(Reeve Angel & Co., London), were used to separate radioertive 

metabolites by ascending chromatography. 

Four solvent systems were used (Table 3); acetonitrile/ 

water/ammonia (40:9:1, by vol.) (Gwiazda & Lord, 1967); propan-2-ol/ 

3N ammonia (3:1, v/v) (Plapp & Casida, 1958b); butan-l-ol/glacial 

acetic acid/water (11:4:5 by vol.) (Morello, et al., 1968); hexane/ 

acetone (4:1, v/v). The last solvent was used only with Whatman 

SG 81 paper. 

Metabolites were identified by two-dimensional co-

chromatography with reference compounds, and autoradiography. 

Unlabelled reference compounds were detected colorimetrically by 

spraying: 

(i) after exposure to bromine vapour, the chromatograms were 

sprayed with ferric chloride (1 g FeCl, dissolved in 100 ml 1% 

hydrochloric acid and diluted to 400 ml with ethanol) followed 

immediately by sulphosalicylic acid (1% w/v in 80% ethanol). ' The 

chromatograms were dried (2 min at 100°C) and then lightly sprayed 



with water. Phosphorus compounds showed as white spots against 

a pink-brown background. 

(ii) Sulphur-containing compounds were detected by spraying the 

chromatograms with 2,6-dichloro-p-benzoquinone-4-chlorimine (1% w/v, 

in acetone) followed by 2,6-dibromoquinone-4-chlorimide (0.5% w/v in 

ae..atc.lie;. 	Sulphur compc,,y-J'.- appear ,:.d brick-red against a pale pink 

background. 

Table 3 

Rf values of insecticides and metabolites in paper chromatography.  

four solvent systems 

Rf value in solvent systems 

acetonitrile propan-2-ol water 3N ammonia ammonia 

butan-l-ol 
acetic acid  
water 

hexane 
acetone 

diazinon 1.00 1.00 1.00 1.00 

diazoxon 1.00 1.00 1.00 0.53 
parathion 1.00 1.00 1.00 1.00 

paraoxon 1.00 1.00 1.00 0.51 

desethyl diazinon 0.85 0.95 0.84 0 

desethyl diazoxon 0.60 0.80 - 0 
desethyl parathion 0.90 0.95 - 0 

DEPTA 0.65 0.76 0.71 0 

DEPA 0.40 0.63 0.69 0 

MEPTA NOT ASCERTAINED - - 

MEPA 0.18 0.54 - 0 

S-ethyl glutathione 0.09 0.26 0.42 0 



(b) Thin-layer chromatography 

Thin-layer chromatography (with alumina, silica gel 

and cellulose supports) was tried to separate metabolites. It was 

abandoned when it showed no advantages over paper chromatography. 

(c) Gas-liquid .,%.-omatograph:f  

A Varian Aerograph 1520 gas chromatograph fitted with 

a phosphorus detector (flame ionisation), used under the following 

conditions: Infector, 167°C; Column (2 metre, 20% diethylene glycol 

succinate on Chromosorb w), 130°C; nitrogen flow,.30 ml/min; 

detector (hydrogen 18 ml/min; air, 240 ml/min), 218°C. 	This 

separated DEPA (retention time of 8 min) and DEPTA (retention time 20 

min) from diazinon and diazoxon which had very long retention times 

under these conditions. 

(d) Autoradiography  

The radioactive insecticides and their metabolites were 

detected by autoradiography of the paper chromatograms. Films 

(Ilford Industrial "G" X-ray) were clamped to the chromatograms by 

sheets of window glass for about 10 days and then developed (Ilford 

Idex developer and Ilfofix fixer). 

Radioactive areas of the chromatograms were dissected 

and counted on a Panax XAA-04 Autoscaler Analyser with SC-LP2 

Scintillation Counter (Panax Equipment Ltd, Redhill, Surrey), by 

pressing against a solid scintillator (Naton 136), protected from 



contamination by a thin film of Melinex. 

(e) Spectrometry 

Spectra were obtained with a Hitachi Perkin-Elmer 

RMU 6E mass spectrometer (with the help of Dr D. H. Calam) and a 

60 MHz Perkin-Elmer R10 Nuclear Magnetic Resonance Spectrometer (with 

1..ne help of Dr N. F. JPner). 



VESULTS  

AND 

DISCUSSION  



Introduction 

The microsomal fractions of mammalian livers (Davison, 

1954) and insect tissues (Fenwick, 1958; Fukami & Shishido, 1963) 

metabolise organophosphorus insecticides, in the presence of pyridine 

nucleotides and oxygen, to their more potent anti-cholinesterase 

o7.ygen al.alogues. Microsomal preparations from 

et al., 1969b) and insects (Nakatsugawa, et al., 1969a; Shishido & 

Fukami, 1963) also detoxify organophosphorus insecticides. In 

addition, the soluble fraction, especially in mammals, degrades 

t.:kc•arnuhosphorus insecticide_ cncl. reduced glu*,:.tone is involved in 

this reaction .(Fukami & Shishido, 1966; Hollingworth, et al., 1967). 

Siekevitz (1965) defined microsomes as "the high speed 

pellet (from 100,000 g to 250,000 g for 60 to 120 mins) resulting when 

the supernatant fluid from the mittochlondrial fraction is sedimented". 

This definition is employed here. The soluble fraction is regarded 

as the supernatant fluid resulting from this high speed centrifugation. 

I have investigated the metabolism of diazinon, diazoxon 

and parathion in the six strains of housefly, both in vivo and in vitro, 

and I have correlated the results obtained from subcellular preparations 

(in vitro) with those obtained from whole flies (in vivo). 



A) IN VITRO METABOLISM 



All the studies on in vitro metabolism were carried 

out with radioactive insecticides and the metabolites were separated 

by paper chromatography and detected by autoradiography. 

(a) PRELIMINARY  1J21.PERIMENTS! 

?reliminary experiments established the conditions 

for optimal activity of the subcellular preparations. 

(i) Activity_  of various preraratinng 

There are conflicting reports on the best housefly 

material for metabolism studies. Tsukamoto & Casida (1967a) and 

Nakatsugawa, et al. (1968) used preparations from abdomens instead 

of whole flies, although Nakatsugawa, et al. (1969a) later found no 

differences in metabolism between headless and whole flies. Hook, 

et al.(1968) found that centrifuged.abdomen preparations had no 

more metabolising activity than uncentrifuged abdomen homogenates. 

To clarify these various reports, the diazinon-

metabolising activity of uncentrifuged abdomen homogenates, 

centrifuged (13,000 g for 10 min) abdomen homogenates and centrifuged 

(13,000 g for 10 min) whole fly homogenates, all in phosphate buffer 

(0.15M KH'2PO4-NaOH, pH 7.3), was investigated (Table 4). 

Table 4 shows that centrifuged, whole fly preparations 

metabolised diazinon significantly faster than abdomen preparations 

and, in contrast to Hook, et al. (1968), centrifuged abdomens were more 



Table 4 

Diazinon metabolism by subcellular preparations of strain 29.F71 

Incubation Metabolites 
DEPTA 

(11g) formed from diazinon 
DEPA 	TOTAL 

uncentrifuged 1.6 0.7 2.3 
abdomen 

centrifugepi 2.4 0.8 3.2 
abdomen 

centrifuged 3.0 1.0 4.0 
whole-fly 

active than uncentrifuged. In all subsequent experiments, 

centrifuged homogenates of whole flies were used because there was 

no advantage in using abdomens. 

The removal of housefly abdomens is a lengthy and 

laborious procedure and some loss of metabolising activity, as 

compared to whole-fly preparations, probably occurred during this 

stage. The uncentrifuged abdomen homogenates possibly contained 

endogenous inhibitors which sedimented on centrifuging at 13,000 g. 

(ii) Optimum buffer  

A variety of buffers have been used for studying 

-housefly subcellular metabolism of insecticides and so, to find 

the optimal buffer, homogenates of houseflies in three buffers 

(0.15M KC1, Ray, 1967; 0.15Y KH2PO4-NaOH, pH 7.3, Schonbrod & 

Terriere, 1966; 0.15M KH2PO4-NaOH plus 0.25M sucrose, pH 7.3, 



Tsukamoto & Casida, 1967a) were prepared, centrifuged (13,000 g for 

10 min) and incubated with diazinon for 60 min. 

The formation of DEPTA was highest in sucrose-phosphate 

(2.2 pg) and lowest in chloride (1.3 lig). 	However, the sugar 

caused severe streaking of metabolites in paper chromatography and 

so phusiihate (1.6 pg DEPTI, .iol.med) was subsequently us7,d; Schonbrod & 

Terriere (1966) also found higher metabolism with preparations in 

phosphate than in chloride buffer. 

(iii) Optimum pH 

The optimum pH of phosphate buffer for organophosphorus 

insecticide metabolism was investigated by incubating diazoxon and 

parathion in reaction mixtures of pH 6.9, 7.3 and 7.6 (Table 5a, b). 

These pH values were obtained by adding 1.0 ml of phosphate buffer 

of pH 5.8, 7.3 and 8.0 respectively to each reaction mixture which 

contained enzyme and cofactors in 1.0 ml phosphate buffer, pH 7.3. 

Table 5a 

Desethylation of diazoxon by the soluble fraction of strain 

SKA.A.F70 with GSH, incubated at different pH 

Incubation Metabolites (jig) formed from diazoxon 
DeSethyl diazoxon 

pH 6.9 

pH 7.3 

pH 7.6 

1.5 

4.0 

3.3 



Table 513 

Metabolism of parathion by 13,000 g supernatant preparations 

of strain 29.F106, incubated at different pH  

Metabolites (pg) formed from parathion 

Incubation DEPTA DEPA Ethyl glutathione Paraoxon 

pH 6.9 .4 0.2 0.2 none 

pH 7.3 0.7 0.2 0.3 0.2 

pH 7.6 0.8 0.2 0.3 0.3 

Tables ja, b si.ce that the optimui4 pH fir desethylation 

of both diazoxon and parathion was about 7.3, but the optimum pH for 

the metabolism of parathion to DEPTA and paraoxon was slightly 

higher. Because no clear pH optimum emerged, the phosphate buffer 

was standardised at pH 7.3 in subsequent experiments. 

(iv) Effect of bovine albumin 

The effect of bovine albumin on the metabolism of 

diazinon by both microsomal and soluble preparations was examined 

(Table 6), because of reports that this protein enhanced housefly 

microsomal metabolism of aldrin (Ray, 1967) and Baygon (Tsukamoto & 

Casida, 1967b) and retarded the loss of microsomal activity with 

ageing (Tsukamoto & Casida, 1967b; Hook, et al., 1968). 
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Table 6 

Diazinon metabolism by 13,000 c supernatant preparation of 

strain SKA.B.F62, with and without bovine albumin  

Incubation DEPTA 

Metabolites (vg) formed from diazinon 

DEPA 	Desethyldiazinon 	Ethylglutathione 

Without albumin: 

+ NADPH 2.2 1.0 none none 
+ NADPH + GSH 4.2 1.0 0.7 1.0 

With 2% w/v 
albumin: 

+ NADPH 2,5 1.0 none 
+ NADPH + GSH 4.5 1.0 1.2 1.8 

Table 6 shows that 2% w/v bovine albumin marginally 

increases the formation of DEPTA from diazinon (mainly microsomal 

metabolism) and significantly raised the quantity of glutathione-

dependent desethylation (in the soluble fraction); 2% w/v albumin 

was therefore included in later experiments. 

It has been suggested (Tsukamoto & Casida, 1967b; Hook, 

et al., 1968) that endogenous inhibitors bind with albumin in preference 

to the microsomal enzymes. It appears from Table 6 that, in diazinon 

metabolism, albumin is even more effective in removing inhibitors 

of the soluble enzyme system. 

(v) Effect of sex on metabolism 

Female houseflies are more resistant to organophosphorus 



insecticides than males (Sawicki & Green, 1965) and so possible 

differences in rates of metabolism of diazinon were studied in male 

and female flies (Table 7). 

Diazinon met;J:)olism by 13,000 g supernatant preparatior.s of males  

and females of strain SKA.B.F62  

Metabolites (pg) formed from diazinon 
Incubation 	DEPTA DEPA Desethyldiazinon Ethylglutathione 

Males: 

+ NADPH 1.1 0.8 
+ NADPH + GSH 2.7 0.8 trace 1.0 

Females: 

+ NADPH 2.5 . 1.0 
+ NADPH + GSH 4.5 1.0 1.2 1.8 

Table 7 shows that female houseflies metabolise diazinon 

twice as fast as males when the rates of metabolism of the two sexes 

are compared on a fly-to-fly basis. Even on a weight-for-weight 

comparison of the sexes the females, which are 50% heavier than 

males, still detoxify diazinon at about 150% of the rate of the 

males and this probably explains the increased resistance of the 

females. 
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(vi) Optimum concentrations of enzyme and substrate 

The optimum concentration of housefly subcellular 

preparation was examined by incubating 5, 10 and 20 fly-equivalents 

(i.e. 0.25, 0.50 and 1.0 ml centrifuged homogenate) with diazinon 

(Table 8). 

Table 8 

Diazinon metabolism by various concentrations of 13,000 g 

supernatant preparation of strain SKA.A.F52, with NADPH 

Incubation Metabolites (m) formed from diazinon 

DEP.TA 	DEPA 	TOTAL 

0.25 ml 2.0 0.4 2.4 

0.50 ml 2.9 0.6 3.5 

1.00 ml 2.8 0.6 3.4 

Table 8 shows that the optimum concentration of enzyme 

was 0.50 ml (i.e. 10 fly-equivalents) per reaction mixture. The 

lack of increased activity with the higher concentration of enzyme 

was probably due to rate limiting concentrations of either substrate 

or cofactors, and so the effect of varying the concentration of 

diazinon was studied with 10 fly-equivalents per reaction mixture 

(Table 9 and Figure 5). 



Table 9 

Metabolism of varying concentrations of  &..azinon by 13,000 

supernatant preparation of strE.i SKA.A.F62  

Metabolites (lig) formed from diazinon 
Incubation DEPTA DEPA Desethyldiazinon* EthylglIltatione* TOTAL 

10 lig diazinon 3.0 1.6 trace 1.5 6.1 

20 lig diazinon 6.2 2.2 2.2 2.8 13.4 

30 Itg diazinon 7.8 3.0 3.6 5.6 20.0 

*In desethylation, the ethyl group is transferred to glutathione and the 
resulting S-ethylglutathione gives a more discr,a,e spot for counting than 
does desethyl diazinon. The value for S-ethylglutathione therefore 
reflects more accurately the quantity of desethylation. 
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Figure 5 Metabolism of diazinon at varying concentrations  

(Data from Table 9) 



The linearity of the results in Table 9 and Figure 5 

confirms that the limiting factor in the rate of diazinon metabolism 

is substrate concentration, not enzyme concentration. Although more 

metabolism occurred with higher doses of diazinon, the pattern of 

formation was not significantly different from th't obtained with 10 p2, 

(about two-thirds of 	dose being metabolieea at each concentration). 

Therefore, for reasons of economy, 10 pg was used as the 

standard dose of insecticide in subsequent experiments. 

The standard reaction mixture (see Materials and Methods 

Section, page 4:r? ) evolved from tne above preliminary e:„.1„r1ments. 

It became apparent, during 	preliminary experiments, 

that two subcellular fractions, the microsomes and the soluble 

(100,000 g supernatant), each contained insecticide metabolising 

activity (Table 10a, b and Plates 1 and 2) and each fraction had 

different cofactor requirements; the microsomal fraction contained 

the oxygen and NADPH-requiring mixed-function oxygenase system and the 

soluble fraction had a glutathione-S-transferase system. 

The pattern of subcellular location of parathion metabolism 

in the SKA strain was almost identical with that of diazinon (Plate 3). 
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Table 10a 

Diazinon metabolism by subcellular fractions of strain SKA.A.F54 

and SKA.A.F60 (mean values of two experiments) 

Incubation DEPTA 
Metabolites (pg) formed from diazinon 
DEPA 	Desethyldiazinon 	Ethylglutathione 

13,000 g supernatant: 

+ NADPH 1.7 0.5 
+ NADPH + GSH 

microsomes: 

3.6 . 0.5 0.9 1.9 

+ NADPH 1.8 0.5 
+ NADPH + GSH 

soluble fraction: 

3.2 0.5 

+ NADPH 
NADIH 	GSH 

0.1 trace 
trace 

Table 10b 

Diazoxon metabolism 13.7 subcellular fractions of strain SKA.B.F57 

and SKA.B.F58 (mean values of two experiments) 

Incubation Metabolites (pg) formed from diazoxon 

DEPA 	Desethyldiazoxon 

13,000 g supernatant: 

NADPH 0.5 0.2* 
+ NADPH + GSH 

microsomes: 

0.5 1.5* 

+ NADPH 0.5 * 

+ NADPH + GSH 

soluble fraction: 

1.0 * 

+ NADPH 0.1 0.3 
+ NADPH + GSH 0.25 3.7 

*Two other metabolites detected 
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Plate 2 Autoradiogram of diazinon metabolism by subcellular 
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to top) the formation of S-ethylglutathione, DEPA, 
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to top) the formation of S-ethylglutathione, unknown 
(MEPTA?), DMA, DEPTA and desethyl parathion (near 
solvent front). Solvent front consists of paraoxon 
and unchanged parathion. 



The metabolising metabolising activity of the two subcellular fractions 

was examined in greater detail and is described separately. The 

results reported in the following sections indicate the metabolic 

pathways for diazinon, diazoxon and parathion shown in Figure 6a, b. 
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(b) METABOLISM BY THE MICROSCNAL FRACTION 

Table 10a, b shows that there is a microsomal system 

which cleaves diazinon to diethylphosphorothioic acid (RE,PTA) and 

diazoxon to diethylphosphoric acid (1>.,PA). 	This system also 

cleaves parathion to DEPTA, converts parathion and diazinon to their 

oxygen analogues, paraoxon and diazoxon, and in certain strains 

metabolises diazJ-Ion and pos.....J.Iply diazinon to at least tree other 

compounds. 

(i) Requirement for added NADPH 

Th atfect ctf NADPH on the c,..r.4qe c:c* diazinc%, Jf,7,:xcn 

and parathion was investigated (Table lla, b, c) because microsomal 

preparations from both mammalian livers (Davison, 1954) and insects 

(Nakatsugawa & Dahm, 1965) are reported to require reduced pyridine 

nucleotide cofactors for maximal organophosphorus insecticide 

metabolising activity; NADPH is more effective than NADH in insect 

preparations (Nakatsugawa & Dahm, 1965; Tsukamoto & Casida, 1967a). 

Table lla 

DEPTA formation from diazinon b  13,000 g supernatant preparations 

of several strains of housefly, with and without added NADPH  

Strain 
DEPTA (31g) formed from diazinon 

+NADPH 	-NADPH 

SKA.B.F52 2.4 0.4 
SKA.A.F63 2.0 0.6 
sKA.B.F63 2.7 0.0 
29.F77 1.5 0.6 
29.F85 0.9 0.4 
393.F4o 0.8 0.1 
466.5co.B.F30 _ 	o.8 o.o 
466.500.A.F3o 1.9 0.7 
ocra SRS.F104 0.3 0.0 
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Table llb 

DEPA formation from diazoxon by 13,000 g supernatant preparations 

of several strains, with and without added NADPH  

Strain DEPA (Vg) formed from diazoxon 
+NADPH 	-NADPH 

.SKA.B.F58 0.36 0.36 
29.F80 0.20 0.17 
393•F45 0.33 0.24 
466.500.A.F32 0.07 0.03 
466.500.B.F35 0.18 0.14 
ac;ar;bwb;ocra SRS.F55 0.07 0.05 

Table 11c 

DEPTA formation from parathion by 13,000 g supernatant preparations  

of two strains, with and without added NADPH  

Strain DEPTA (lig) formed from parathion 
+NADPH 	-NADPH 

SKA.A.F72 
	

0.7 	0.3 
29.F106 
	

0.7 	0.2 

Tables lla, b, c show that, in several strains of flies, 

added NADPH significantly increased the cleavage of diazinon and 

parathion to DEPTA, although some residual cleavage occurred without 

added NADPH. This residual cleavage could be due either to endogenous 

NADPH in the preparation or to the action of non-specific phosphatases 

or to the residual activity of the GSH-dependent soluble mechanism. 



In contrasts  added NADPH only marginally increased the 

cleavage of diazoxon to DEPA. This may be due to the presence of a 

microsomal enzyme different to that which cleaves diazinon; Fouts & 

Gram (1969) have postulated the existence of a number of different 

microsomal mixed-function oxygenases. An alternative explanation 

is that diazoxon cles7ages activity is equal tc per less thar the 

residual level of diazinon cleavage in ti,:: absence of added NADPH. 

Thus any endogenous NADPH in the preparation sufficient to give the 

slight residual diazinon cleavage would also be sufficient to give 

cleavage. 

Cleavage of diazoxon does not decrease in the absence 

of the soluble fraction (see Table 10b) and, therefore, residual 

diazoxon cleavage in the absence of NADPH is not caused by the 

GSH-dependent soluble mechanism. 

A fuller explanation of diazoxon cleavage in the absence 

of added NADPH might result if any NADPH present in the microsomal 

preparation was blocked or removed. 

Table 10a, b also shows that GSH, in the presence of 

NADPH, significantly increases microsomal cleavage of diazinon and 

diazoxon. Further studies on the respective roles of these two 

cofactors are described in Results Section (b) 

(ii) Effect of incubation with oxygen  

Because Neal (1967a) reported that mammalian liver 
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microsomes metabolise parathion fastest in an atmosphere of air and 

that metabolism was inhibited by nitrogen, the effect of oxygen on 

housefly microsomal metabolism of diazinon and diazoxon was compared 

(Table 12) by incubation under nitrogen or air. A nitrogen atmosphere 

was obtained by perfusing the reaction mixture with nitrogen for 5 min 

i.n a test tube, and t)-,an ,toppering the tube 	incubation. 

Table 12 

Effect of oxygen on diazinon and diazoxon metabolism by 13,000 g  

superneartTrepal7ations. with NADPH 

Strain 
DEPTA (m) formed 

from diazinon 

+ NITROGEN 	+ AIR 

DEPA (lig) formed 
from diazoxon 

+ NITROGEN 	+ AIR 

29.F77 0.9 1.5 

393.F41 0.2 1.1 

ocra SRS.F105 0.2 0.7 

393.F44 0.24 0.35 

466.500.B.F34 0.21 0.23 

SKA.A.F57 0.5 0.4 

The requirements for oxygen and for NADPH (previous 

section (b) i) are similar. Both NADPH and air greatly increase 

the amount of DEPTA produced from diazinon but have little effect 

on the cleavage of diazoxon to DEPA. 

The formation of DEPA and of residual DEPTA under 

nitrogen may be due either to oxygen dissolved in the buffer or bound 
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to the microsomes, or to the action of phosphatases, including the 

GSH-dependent enzyme. Later results will show that the GSH-dependent 

enzyme is as efficient under nitrogen as under air. 

These results indicate that diazinon, and parathion, are 

metabolised by the NADPH- and oxygen-requiring microsomal mixed-

function oxygenase system in houseflies, but do not indicate whether 

'.:azoxon is metabolised by the same system as thc. thionates. 

Nakatsugawa, et al. (19F.,b) expressed doubt,$ aoout the nature of the 

diazoxon cleavage mechanism in rat subcellular preparations. 

(iii) Effect of compounds with reduced sulphur groups  

C-..pounds containing :educed sulphur g.coup,7 Ilicrease the 

overall metabolism of parathion by rat liver microsomes (Neal, 1967b). 

Because Table 10 a, b showed that GSH, in the presence of NADPH, 

significantly increased microsomal cleavage of diazinon and diazoxon, 

the effect of compounds containing reduced sulphur (GSH and dithio-

threitol, Cleland's Reagent) was further investigated (Table 13a, b). 

Table 13a 

Diazinon metabolism in 13,000 g supernatant preparations from  

several strains, with and without GSH and dithiothreitol, with NADPH 

Strain Incubation 
Metabolites (11g) formed from diazinon 
DEPTA 	DEPA 	desethyl diazinon 

466.500.A.F30 standard 3.1 trace none 
+ GSH 4.7 trace trace 
+ dithiothreitol 4.9 trace none 

29.F77 standard 1.5 0.4 none 
+ GSH 2.1 0.3 0.8 

. + dithiothreitol 1.5 0.2 none 

SKA.A.F52 standard 2.9 0.6 none 
+ GSH 4.3 0.7 1.6 
+ dithiothreitol 4.1 0.8 none 



Table 13b 

Diazoxon metabolism in 13,000 g supernatant preparations of 

several strains, with and without GSH and dithiothreitol  

Strain Incubation Metabolites (11g) formed from diazoxon 
DEPA 	desethyl diazoxon 

46(:) 5o0.e.133 standard 0.22 none * 
+.GSH 0.35 0.5 	* 
+ dithiothreitol 0.35 none * 

466.500.B.F34 standard 0.23 0.06 * 
+ GSH 0.34 0.5 
+ dithiothreitol • 0.28 none * 

393.F44 standard 0.35 0.2 
GbP 0.50 1.8 

+ dithiothreitol 0.50 0.1 

29.F81 standard 0.42 0.16 
+ GSH 0.53 1.6o 
+ dithiothreitol 0.60 0.09 

SKA.B.F56 standard 0.54 0.3 	* 
+ GSH 0.45 3.50 * 
+ dithiothreitol 0.54 none * 

SKA.A.F57 standard 0.38 0.25 * 
+ GSH 	• 0.75 5.00 * 
+ dithiothreitol 0.35 0.13 * 

* traces of two unidentified metabolites 

L-cysteine behaved similarly to dithiothreitol. 

Table 13a, b shows that.GSH increases the metabolism 

of diazinon and diazoxon in some strains of houseflies. Dithio- 

threitol generally slightly increased the formation of D..,PTA and DEPA, 

but did not stimulate desethylation. The increase in metabolism caused 
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by the reduced sulphur groups cannot be attributed definitely 

to the microsomes or to the soluble fraction in Table 13 because 

13,000 g supernatant preparations were used. However, desethylation 

occurs entirely in the soluble fraction and DEPTA and DEPA formation 

occurs mainly in the microsomes (see Table 10a, b); it is probable 

t7dereforr that, whereas only GSH affects the solu-ole desethy1a-ion 

mechanism, all the compounds with reduced s•r.1pnur groups increase 

metabolism by the microsomes. 

Pinto & Bartley (1969), working with rat liver homogenates, 

postulated that GSH supplied the "reducing p:wer" for metabolising 

peroxides to alcohols. GSH was regenerated from oxidised glutathione 

by the oxidation of NADPH (Hall & Lehninger, 1952) or by the action 

of thiol compounds. This scheme bears out the suggestions of Neal 

(1967b) that stimulation of rat liver microsomal mixed-function 

oxygenase activity by reduced sulphur compounds is due to these 

compounds either maintaining essential thiol groups (e.g. GSH, in 

this scheme) in a reduced state or acting as redox couples in 

microsomal electron transfer. 

The role of the reduced sulphur compounds in housefly 

microsomal metabolism of organophosphorus insecticides was further 

investigated by using sulphur-inhibitors (described in a later section) 

and by desalting the microsomes (Table 14). 

A microsomal preparation was passed down a column of 

Sephadex G-25, to remove any essential cofactors, metal ions, etc., 

of molecular weight less than 5,000. A lack of activity in the 



eluate would indicate that cofactors are required and subsequent 

retrieval of activity on the addition of cofactors should show what 

these essential cofactors are. The fraction containing material of 

molecular weight greater than 5,000 (i.e. microsomes) was eluted 

immediately after the void volume and aliquots of this fraction were 

7i..4cubated with diazinon, with and without added l''ADPH and 0:.ia cofactors. 

Table 14 

Metabolism of 20 Itg diazinon by microsomal preparations of strain 

SKA.B.F63, before and after desalting, incubated with and without  

cofactors  

Incubation Metabolites (lig) formed from diazinon 
DEPTA 	DEPA 	TOTAL 

Before desalting: 

NO COFACTORS 	none 	none 	none 
+ GSH alone 	0.4 	0.3 	0.7 
+ NADFH alone 	2.7 	1.5 	4.2 
+ GSH + NADPH 	5.8 	1.7 	7.5 

After desalting: 

NO COFACTORS 	none 	none 	none 
+ GSH alone 	0.3 	0.8 	1.1 
+ NADPH alone 	3.6 	1.5 	5.1 
+ GSH + NADPH 	4.5 	2.8 	7.3 

The results in Table 14 confirm that microsomal metabolism 

of diazinon requires NADPH (section b.i) as the essential cofactor. 

As the results before and after desalting are almost identical, the 

desalting procedure did not remove any other important cofactors of 



microsomal metabolism. Table 14 also shows that, whilst GSH 

significantly increases diazinon metabolism in the presence of 

NADPH, GSH alone has only a slight effect 

metabolism of diazinon. It is unlikely, 

the direct source of "reducing power" for 

microsumes. 

on housefly microsomal 

therefore, that GSH is 

diazinon metabolism by 

The possiblUi:d remains that GSH, di+hithreitol and 

cysteine stimulate micrcsomal metabolism by maintaining some essential 

microsomal thiol groups in a reduced state or by acting as redox 

couples in microsomal electron transfer, as suggested by Neal (1967b). 

(iv) Effect or possible inhibitors 

The stimulatory effect of compounds containing reduced 

sulphur groups on diazinon metabolism was studied further by attempting 

to block endogenous reduced sulphur groups with iodoacetate, which 

alkylates thiol groups, and p-chloromercuribenzoate (pCMB) which 

forms mercaptides with thiols (Dixon & Webb, 1964) (Table 15). 

Table 15 

Diazinon metabolism by 13,000 &. supernatant preparations of three 

  

strains, with and without thiol-inhibitors 

formed 

TOTAL inhibition 

Strain Incubation Metabolites (ug) 
from diazinon 

DEPTA 	DEPA 

466.500.A.F30 + NADPH 3.1 trace 3.1 
+ NADPH + pCMB 1.9 trace 1.9 39 

29.F77 + NADPH 1.5 0.4 1.9 
+ NADPH + IODOACETATE 0.9 0.2 1.1 42 
+ NADPH + pCMB 1.1 0.2 1.3 31 

SKA.A.F52 + NADPH 2.9.  0.6 3.5 
-+ NADPH + IODOACETATE 1.8 0.4 2.2 37 
+ NADPH + pCMB 2.4 0.4 2.8 20 
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Table 15 shows that the thiol-blocking reagents 

inhibit metabolism of diazinon and these results, which agree with 

those of Neal (1967b) for rat liver microsomal metabolism of 

parathion, confirm that thiol groups function in the metabolism of 

organophosphorus insecticides. 

Another common inhibitor of metabn14..am, ethylerkedia-

minetetracetic acid (EDTA), gave inconclueive results. Combined 

with the complete recovery of microsomal activity in the presence 

of NADPH and GSH after desalting, this suggests that divalent metal 

:'ans. which are chelated by EDTA, are not pa?.tic.ularly important in 

microsomal metabolism of organophosphorus insecticides. 

(v) Effect of synergists  

The effect of sesamex, a microsomal inhibitor (Sun & 

Johnson, 1960; Nakatsugawa & Dahm, 1965) and S,S,S-tributyl-

phosphorotrithionate (TBTP), an aliesterase inhibitor (Plapp, et al., 

1963), on the cleavage of diazinon, parathion and diazoxon in several 

strains of housefly was also studied (Tables 16a, b, c). 



Table 16a 16a 

Diazinon metabolism by 13,000 g supernatant preparations of 

 

various strains with NADPH, with and without synergists  

Strain Incubation Metabolites (lig) formed 
from diazinon 

DEFTA 	DEPA 	TOTAL 

inhibition 

ocra SRS.F102 standard 0.8 none 0.8 
+ SESAMEX 0.3 none 0.3 62 
+ TBTP 0.8 none 0.8 0 

ac;ar;bwb;ocra stz,;.da,•c1 1.2 non' 1.2 
SRS.F51 + SESAMEX 0.3 ncne 0.3 75 

+ TBTP 1.2 none 1.2 0 

ac;ar;bwb;ocra standard 0.9 none 0.9 
SRS.F86 + SESAMEX 0.7 none 0.7 22 

k66.500.F30 standard o.8 tract. 0.8 
+ SESAMEX trace 0.5 37 
+ TBTP 0.8 trace 0.8 0 

466.500.A.F30 standard 3.1 trace 3.1 
+ SESAMEX 1.3 trace 1.3 58 
+ TBTP 3.2 trace 3.2 

466.500.A.F50 standard 1.8 none 1.8 
+ SESAMEX 0.3 none 0.3 83 

29.F76 standard 1.5 0.2 1.7 
+ SESAMEX 0.9 0.3 1.2 29 
+ TBTP 1.8 0.4 2.2 

29.F85 standard 0.9 0.2 1.1 
+ SESAMEX 0.4 0.2 0.6 45 

393.F38 standard 1.2 0.2 1.4 
+ SESAMEX 0.6 0.2 0.8 43 
+ TBTP 1.2 0.2 1.4 0 

393.F41 standard 1.1 0.2 1.3 
+ SESAMEX 0.4 trace 0.4 69 

SKA.B.F51 standard 2.6 0.4 3.0 
+ SESAMEX 1.4 0.5 1.9 37 
+ TBTP 2.4 0.5 2.9 3 

SKA.A.F63 standard 2.0 1.5 3.5 
+ SESAMEX 0.8 trace 0.8 77 

SKA.A.F74 standard 2.9 0.4 3.3 
+ SESAMEX 1.3 0.3 1.6 52 



Table 16b 

Parathion metabolism by 13,000 g supernatant preparations of 

various strains with NADPH, with and without sesamex 

Strain Incubation Metabolites (Tie formed 
from parathion 

DEPTA 	DEPA 	TOTAL 

% inhibition 

ocra SRS.F25 standard 0.3 none 0.3 
+ SESAMEX 0.1 none .0.1 66 

ac;ar;bwb;ocra standard 0.25 none 0.25 
SRS.F87- + SESAMEX 0.2 none 0.2 20 

466.5oo.A.r5o standard 0.2 none 0.2 
+ SESAMEX 0.15 none 0.15 25 

29.F98 standard 0.4 0.3 0.7 
+ SESAM-6X 0.2 0.2 0.4 43 

SKA.B.F71 standard 0.6 0.3 0.9 
+ SESAMEX 0.5 0.3 0.8 11 

SKA.A.F?4 standard 0.25 0.1 0.35 
+ SESAMEX O.? 0.05 0.25 29 

Table 16c 

Diazoxon metabolism by 13,000 g supernatant preparations of various 

strains with NADPH, with and without synergists 



Table 16a shows that sesamex significantly inhibited 

the cleavage of diazinon to DEPTA, whereas TBTP did not. This 

confirms that diazinon is cleaved to DEPTA principally by the 

microsomal mixed-function oxygenase system. Sesamex also 

inhibi'ved parathion cleavage (Table 16b), bu4 to a lesser vxtent 

than diazinon. 

Table 16c shows that sesamex inhibits diazoxon cleavage 

much less than diazinon cleavage and TBTP gave almost the same level 

cl; inhibit:on. 	In conjun:tior 	4.he lack of varia'cion in 

diazoxon cleavage found in the experiments on the requirements for 

oxygen and NADPH, these results question whether diazoxon cleavage 

is microsomal. Table 10b showed that DEPA formation from diazoxon 

occurs mainly in the microsomal preparation, but it is possible that 

the enzyme involved in DEPA formation is not a mixed-function 

oxygenase. Nakatsugawa et al. (1969b) also doubted that diazoxon 

cleavage was microsomal. 

Because the mode of action of sesamex as an inhibitor 

of microsomal cleavage of diazinon was not clear, the kinetics of 

this inhibition were studied (Table 17; Figures 7 and 8) by 

the graphic methods described by Dixon & Webb (1964). 
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Table 17 

DEPTA formationndiazthon by 13,000 g supernatant preparation 

of strain SKA.B.F54, at various concentrations of substrate and  

sesamex, incubated with NADPH for 60 mins  

Diazinon dose 	Sesamex dose 	DEPTA (ug) 
(11g) 
	

(IT) 	Formation 

	

5.0 	0 	1.15 

	

10 	0.85 

	

20 	0.65 

	

10.0 
	

0 	1.50 

	

10 	1.05 

	

20 	0.90 

	

20.0 	 0 	2.10 

	

10 	1.60 

	

20 	1.25 

Figure 7 shows the Lineweaver-Burke double reciprocal 

plot, of 1/v versus 1/s, which suggests that sesamex inhibits 

diazinon cleavage to DEPTA non-competitively (Dixon& Webb, 1964). 

From this graph, the rate of the cleavage reaction (V) is 1.0 x 10-2  

vmoles/hour and the Michaelis constant (Km) is 3.0 x 1072  }1M for 

this reaction. 

However, the plot of i/v versus i (inhibitor concen-

tration) (Figure 8) shows the characteristics of competitive 

inhibition (Dixon & Webb, 1964). This suggests that diazinon (for 

cleavage to DEPTA) and sesamex are bound to the same microsomal enzyme 

(hence competitive inhibition) but at different, but close, active 
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Figure 8  Plot of i/v vs i for diazinon, with sesamex as inhibitor 



sites (non-competitive inhibition). 

Full elucidation of the mechanism of action of sesamex 

as a synergist and microsomal inhibitor will depend on more detailed 

studies on the kinetics, not only of diazinon cleavage but also of 

the formation and detoxification of diazoxon. 

Sincc' ;iris work %PS e0PC. Lsaac & Casida (1959) 

and Wilkinson & Hicks (1969) reported that the methyleniedioxyphenyl 

compounds are metabolised by the microsomes and they have suggested 

that these compounds act as synergists by competing with the 

inscnticides as ,,-obctrates for the mic.71 mixed-functic7, 

oxygenases. 

(vi) Formation of metabolites  

Figures 6a, b (pages 69,70 ) show the pattern of 

metabolism of diazinon, diazoxon and parathion. 

1) Formation of DEPTA and DEPA 

13,000 g supernatant preparations from all strains 

cleaved diazinon and parathion to DEPTA and diazoxon to DEPA 

(Table 18) and Table 10a, b (page 641- ) showed that most of this 

activity is located in the microsomes. 



Table 18 

Cleavage products of diazinon, diazoxon and parathion from 13,000 g 

supernatant preparations, incubated with NADPH  

(all values mean of determinations on at least three 
different generations) 

MetPsolites (IT) from: 
Strain 

ocra SRS 
ac;ar;bwb;ocra SRS 
76.500 
29 
393 
SKA 

diazinon 
,';EPTA 	DEPA 

paratbon 
DEPTA 	DEPA 

diazoxon 
DEPA 

0.7 none 0.2 none 0.1 
1.3 none 0.4 none 0.1 
1.4 none 0.3 none 0.1 
1.5 0.4 0.5 0.3 0.3 
1.;- f-‘,,  0,4 0.2 0.2 
2.7 0.6 0.4 0.3 0.4 

Table 18 shows that no marked interstrain differences 

were detected in the quantities of DEPTA formed from diazinon and 

parathion, except from diazinon in the SKA strain and strain 

ocra SRS. However, strains with gene a (strains 29, 393 and SKA) 

produced significantly more DEPA, when incubated both with diazoxon 

and with the thionates, than the susceptible strains and strain 

466.500. Because no DEPA was obtained when 13,000 g supernatant 

fractions were incubated with 14C-ethoxy] DEPTA, all DEPA 

produced must have resulted from cleavage of the oxygen analogues 

(i.e. diazoxon and paraoxon). Thi's agrees with the results of 

Matsumura & Hogendijk (1964) and Nakatsugawa, et al. (1969b), who 

also found no conversion of DEPTA to DEPA. 



Therefore, resistance caused by gene a appears to increase 

detoxification of the oxygen analogues by cleaving them to DEPA. 

2) Formation of unknown metabolites  

Strains 466.500 and SKA, both of which have the 

chromosome V resi_F:,ance 	diazinon and/ -,e diazoxcli, 

but not parP.tliion, to at least three unidentified comix.unds. Two 

of these metabolites were derived from diazoxon, not diazinon, and 

were detected on Whatman No. 1 paper with acetonitrile/water/ammonia 

(Rf = 0.f35 and 	(Plnte 1); the 	compeund of the 

metabolite (Rf = 0.59, on Whatman SG 81 paper with hexane/acetone) 

is not known (Plates 4A and 4B show this metabolite and diazoxon). 

These three metabolites, which have not been detected in 

any of the other strains, are produced only in the microsomal fraction 

of the two strains with the chromosome V resistance factor. Their 

formation requires NADPH and oxygen, increases with GSH and 

dithiothreitol and is inhibited by sesamex. Microsomal preparations 

of the SKA strain produced 1-2 pg of these unidentified metabolites 

from 10 pg diazoxon doses. 

Strain 466.500 is not resistant to either parathion or 

paraoxon and this susceptibility can be explained by the total lack 

of formation of the parathion/paraoxon analogues of these three 

metabolites in this strain. Comparison of the structures of parathion 

and diazinon (Figures 6a, b; pages 69,70) suggests that a possible 
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Plate 4A Autoradiogram of diazinon metabolism by 13,000 g 
supernatant preparations showing formation of 
unidentified metabolite (and diazoxon) in strains 
with resistance factor on chromosome V. 
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Plate 1-13  Autoradiogram of diazinon metabolism showing formation 
of diazoxon and unidentified metabolite by microsornal 
(100,000 g precipitate) fraction of strain 466.500, 
and formation of diazoxon in strain ocra SRS. 

  

     



mechanism of action of the chromosome V microsomal resistance factor 

is oxidation of either the methyl or isopropyl groups of the pyrimidinyl 

moiety of diazinon/diazoxon, because these groups are absent from 

parathion/paraoxon. 

Attempts were made to form the 2:4-dinitrophenylhydrazine 

derivative of possib1.1 r;dehyde or carbonyl metabolites 	chromat-

ographing microsomal reaction mixtures ci the strains with the 

chromosome V resistance factor, incubated with diazoxon, on Whatman 

No. 1 paper in acetonitrile/water/ammonia and then spraying lightly 

2:4-di.-1iL:-.phenylhydrazine i.. HC1 (Dawson, ct al., 1?69). 

When chromatOgraphed at right angles in the same solvent, the 

unidentified metabolites appeared to be slightly retarded by the 

spray (Rf = 0.45 for both) but there was insufficient material to 

show as the yellow 2:4-dinitrophenylhydrazine derivative and the 

results rather depended on the degree of spraying; diazoxon and 

DEPA were also retarded if the chromatograms were sprayed too heavily. 

Recently, Mucke, et al. (1970) have reported isolating 

the primary and tertiary alcohols formed by oxidation of the isopropyl 

group of the pyrimidinyl moiety. These metabolites were found in 

the urine of rats dosed with diazinon; diazinon was first cleaved 

to DEPTA and the pyrimidinyl moietyl and the pyrimidinyl moiety was 

then hydroxylated at the isopropyl group. It is possible that the 

unidentified metabolites found in strains with the chromosome V 

factor could be similar derivatives of diazoxon and/or diazinon. 

All strains also metabolised diazinon, diazoxon and 



parathion to metabolites with an Rf = 0.2 (acetonitrile/water/ 

ammonia system). The diazoxon metabolite occurred entirely in the 

microsomes (Plate 1; page 65') and was probably NEPA. The parathion 

metabolite occurred in both the microsomal and soluble fractions 

(Plate 3, page b7 ) but only in the presence of GSH; it has not 

been identified. 	Only minute traces of this metabolite wr120 found 

in diazinon rza.:tions. This metabolite is possibly MEPTA. 

Formation of diazoxon and paraoxon 

All six strains metabolise diazinon and parathion to 

their oxygen analogues, da.z.oxon and paraoxon, respeztively. 

These reactions occur almost entirely in the microsomes (Plate 5) 

and require NADPH and oxygen. GSH stimulates the reaction, which 

is inhibited by sesamex (Plate 6); the formation of the oxygen 

analogues is therefore probably carried out by the mixed-function 

oxygenase system. Because 	diazoxon and paraoxon are further 

metabolised in the resistant strains, quantitative differences 

between the strains are difficult to ascertain. However, significant 

interstrain differences in the formation of the oxygen analogues do 

appear to occur (Table 19). 
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Plate 5  Autoradiogram of parathion metabolism, showing 
formation of paraoxon in the microsomal (100,000 g 
precipitate) fraction in vitro; and showing paraoxon 
formation in susceptible but not resistant strains, 
in vivo. 
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Plate 6 Autoradiogram of diazinon metabolism by 13,000 g 
supernatant preparations, showing inhibition of 
formation of both diazoxon and unidentified 
metabolite by sesamex. 

 



Table 19 

Diazoxon, paraoxon and DEPA formation by 13,000 g supernatant  

preparations of various strains+, incubated with NADPH 

Strain. Netabs. (pg) of diazinon 
DMA 

Netabs. (pg) of parathion 
Paraoxon 	DEPA 

ocra SRS 0.40 none 0.13 none.  
ac;ar;bwb;ocra SRS 0.20 none 0.14 none 

466.500 .0.80 none 0.10 none 

29 0.15 0.3 0.07 0.3 
393 o.is 0.3 0.02 0.2 

SKA 1.20 0.5 0.14 0.2 

+
mean values of determinations on at least 

three generations 

• 

Table 19 shows the susceptible strains (ocra SRS and 

ac;ar;bwb;ocra SRS with diazinon; ocra SRS, ac;ar;bwb;ocra SRS and 

466.500.with parathion) produce the least amount of oxygen analogue 

(sum of oxygen analogue and DEPA) but they do not detoxify any, and 

so these strains have the highest accumulated concentration of oxygen 

analogues, with the exception of the SKA strain. The strains with 

'gene a produce more diazoxon and paraoxon than the susceptibles but 

they detoxify these oxygen analogues to DEPA, so that the concentration 

of paraoxon and diazoxon that accumulates is small. 

The SKA strain detoxifies much diazoxon and paraoxon, 

but produces even more and so the accumulated concentration of these 

compounds is high. This strain generally metabolises significantly 



more insecticide, especially diazinon, than any of the other strains, 

in vitro. This will be further discussed later. 

It is noteworthy that the quantity of DEPA produced 

from a diazoxon dose is almost identical to the amount produced from 

a diazinon dose, although in the latter case the diazoxon concentration 

:17.s mucl. lower (Table 18). 	his sugi-;:-sts that the mechanism(s) of 

cleavage of diazoxon is %-apidly saturated and raising the concentration 

of diazoxon does not significantly alter its rate of detoxification. 

This could be verified by experiments on the kinetics of diazoxon 

metabolism. 

(vii) Effect of time of incubation on metabolite formation  

Table 20 and Figure 9 show that formation of DEPTA and 

DbEA from diazinon was initially rapid, but then levelled off. 

Table 20 

DEPTA and DEPA formed from diazinon by 13,000 g supernatant  

preparations of the SKA strain, incubated for varying times  

Incubation Time 
Metabolites (pg) formed 

from diazinon 
DEPTA 	DEPA 

	

15 min 	1.8. 	trace 

	

30 min 	2.1 	0.2 

	

60 min 	2.4 	0.4 

	

90 min 	2.6 	0.5 

	

120 min 	2.6 	0.5 

Nakatsugawa, et al. (1969c).obtained similar results in 

parathion metabolism by rat liver microsomes and they suggested that 
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Figure 9 Metabolism of diazinon with time (Data from  
Table 20) 
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the levelling off was due either to gradual inactivation of the 

microsomal enzymes or to exhaustion of the NADPH supply. 

(viii) Electrophoresis of 13,000 g supernatant preparations  

13,000 g supernatant preparations of all the six strains 

of housefly were rA:udied by ei,al-ch gel electrophoresis. Six 

distinct bans were visible when the gels were incubated in a 

solution of 1-naphthyl phosphate and "Fast Blue RR". Five of these 

bands were anionic (Plate 7) and later work (see: Metabolism by 

.zoirUe fraction, 6,,ction c;i) showed that tilt,. nattnic band was 

probably the microsomes. Intra- and interstrain variations in the 

phosphdase patterns were observed, but these differences could not 

be related to resistance. 

No p-nitrophenol formation was detected when the gels 

were incubated with parathion, probably due to the deficiencies of 

the detection methods; ,p-nitrophenol would be produced only in 

minute quantities by the concentration of enzyme (less than one 

fly-equivalent) present in the gels.' The gels were also stained with 

Nigrosine in an attempt to detect interstrain patterns of protein 

distribution. However, only heavy long black streaks were produced 

and these obscured any possible interstrain. differences. 

Ogita (1962), Collins & Forgash (1968) and Menzel, et al. 

(1963) studied the esterases of resistant and susceptible strains of 

housefly by acrylamide and starch gel electrophoresis. All these 



OcA 3,3 571 

anode 

-*origin 

cathode 

Plate 7  Photograph of starch--gel after staining with 1-naphthyl 
phosphate and Fast Blue RR, showing one cathodic (at 
bottom) and four anodic bands. 

  



workers found considerable variation in the patterns of esterases 

obtained by incubating the gels with 1-naphthyl acetate or 1-naphthyl 

phosphate, but they could not correlate these differences with 

resistance. 
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(0) METABOLISM BY THE SOLUBLE FRACTION 

The results in Table 10a, b (page 64 ) showed that 

the SKA strain has a further mechanism for metabolising some 

organophosphorus insecticides. This mechanism, which cleaves 

diazinon and parathion to DEPTA and din7r:xon to DEPA in small 

quantities, pri-Aarily desethylates these insecticides :Figure 6a, 

b; pages 4m -70) in the presence of reduced glutathione (GSH) and 

is located in the soluble fraction of subcellular preparations of 

the strains with gene a (chromosome II). 

Fukami & ZhiLio (1966) reportA.:1 a g1a7:athione-dependent 

enzyme, present in the 100,000 g supernatant (soluble) fractions of 

rat liver and cockroach mid-gut, which degraded methyl parathion to 

the monomethyl (desmethyl) derivative, but only cleaved diazinon and 

diazoxon to DEPTA and DEPA, respectively. 

(i) Requirement for GSH and added NADPH  

Tables 13a, b (page 75 ) showed that 13,000 g supernatant 

preparations, particularly of strains with gene a, metabolise diazinon 

and diazoxon to their desethyl derivatives in significant quantities 

in the presence of GSH, but not with dithiothreitol. The desethyl 

derivatives were also not formed with L-cysteine. 

Parathion metabolism was similar to that of diazinon. 

Tables 21a, b Show that NADPH is not required for the 

GSH-dependent desethylation mechanism and that this mechanism is 
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possibly slightly more active in the absence of NADPH. 

Table 21a 

Diazinon metabolism by 13,000 g supernatant preparations of 

several strains, with GSH, with and without NADPH 

Strain :rxubation DEPTA 
(pg) formed frr.r,  ‘liazinon. 
DEPA 	EthylgIutathione 

ocra SRS.F104 + NADPH 1.0 none 0.3 
- NADPH 0.6 none 0.2 

466.500.F30 + NADPH 1.6 none trace 
- NADPH 1.4 none trace 

393.F4o +NADPH 1.3 0.2 0.6 
- NADPH 0.6 trace 0.8 

29.F77 + NADPH 2.1 0.3 0.8 
- NADPH 1.2 0.1 0.8 

sKA.A.F53 + NADPH 5.3 0.6 0.8 
- NADPH 1.3 0.2 1.0 

SKA.B.F52 + NADPH 3.6 0.6 1.3 
- NADPH 1.8 0.2 1.3 

Table 21b 

Diazoxon metabolism by 13,000 g supernatant preparations of 

three strains with GSH, with and without NADPH 

Strain Incubation Metabolites (pg) formed from diazinon 
DEPA 	Desethyldiazoxon 

466.5oo .A.F52 + NADPH 0.2 0.3 
- NADPH 0.1 0.3 

29.F80 + NADPH 0.2 0.9 
- NADPH 0.2 1.1 

SKA.B.F58 + NADPH 0.45 1.5 
- NADPH 1.o 3.9 



The residual cleavage activity (i.e. DEPTA and DEPA 

formation) in the absence of NADPH is largely due to a soluble GSH-

dependent system (c.f. Table 10a, b). 

The metabolising system present in the soluble fraction, 

unlike the microsomal system, has an absolute requirement for GSH but 

does not require NADPH. 

(ii) Effect of incubation under air or nitrogen  

Tables 22a, b show that the GSH-dependent mechanism of 

metabolism of diazinon and diazoxon is not inhibited by lack of 

Table 22a 

Diazinon metabolism by 13,000 g supernatant preparation of strain 

595.1'41 with GSH and NADPH incubated under air or nitrogen  

Incubation Metabolites (vg) formed from diazinon 
DEPTA DEPA Ethylglutathione 

air 1.6 0.2 1.0 
nitrogen 1.5 0.2 0.8 



Table 22b 

Diazoxon metabolism by 13,000 g supernatant preparations of three 

strains with GSH and NADPH, incubated under air or nitrogen  

Strain Incubation Metabolites (pg) from diazoxon 
DEPA 	Desethyldiazoxon 

466.500.B.F34 -..ir 0.3:4. 0.5 
nitrogen 0.12 0.1 

393.1'44 air 0.30 1.6 
nitrogen 0.35 1.7 

sKA.A.F57 air 0.75 5.0 
nitrogen 0.74 5.6 

The GSH-dependent soluble mechanism therefore appears to 

be totally distinct from the microsomal mechanisms because NADPH and 

oxygen are not required for maximal activity and only reduced 

glutathione is. 

(iii) Effect of synergists and inhibitors  

Because the metabolites formed by the soluble fraction 

were produced only in the presence of GSH, it was not possible to 

study the effect of the usual thiol inhibitors, which would have 

immediately combined with any added GSH. However, iodoethane (at 

10-4M final concentration), which alkylates GSH, inhibited 70% of 

diazinon and parathion metabolism by the soluble fraction of strains 

SKA and 29, in the presence of GSH. 

The effect of the two insecticide synergist, sesamex and 

TBTP, on the GSH-dependent mechanism was examined (Tables 23a, b, c). 



Metabolites (pg) formed 
from diazoxon 

DEPTA 	DEPA 	athylglutathione 

% inhibition 
of ethyl- 

glutathione 

2.8 0.2 1.2 
1.7 0.2 1.4 * • 

4.0 0.5 1.8 
3.5 0.4 1.6 11 

4.7 1.o 1.8 
3.4 I. I. 

2.8 
1.9 32 

1.8 0.5 1.1 
1.3 0.2 1.1 0 
1.9 0.6 0.7 36 

Strain Incubation 

393.F51 	standard 
+ sesamex 

SKA.A.F63 standard 
• sesamex 

SKA.B.F62 standard 
Tr.."113  

SKA.B.F61 standard 
+ TBTP 

29.F108 
	

standard 
+ sesamex 
+ TBTP 

-106— 

Table 23a 

Diazinon metabolism by 13,000 g supernatant preparations of several  

strains with GSH and NADPH, with and without- sesamex and TBTP  

* stimulation 
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Table 23b 

Diazoxon metabolism by 13,000 g supernatant and soluble preparations 

of various strains with GSH and NADPH, with and without sesamex and TBTP  

Strain 
Incubation 
13,000 g 

supernatants 

Metabolites ('g) formed 
from diazoxon 

DEPA 	Desethyldiazoxon 

% inhibition 
of desethyl- 

diazoxon 

ac;ar;ocra;bwb standard 
TBTP 

standard 
+ TBTP 

standard 
TB2P 

0.4 
0.3 

0.9 
0.5 

0.2 
p,3C 

0.8 
0.6 

2.6 
1.3 

2.3 
:.5 

25 

- 
50 

- 
35 

sRs.F57 

29.F82 

29.F83 

SKA.B.F58 standard 0.45 1.5 
+ TBTP 0.49 1.3 13 

SKA.B.F57 standard 0.5 2.7 
+ TBTP 0.6 2.2 19 
+ sesamex 0.3 3.1 * 

466.5001A.F34 standard 0.4 0.8 
+ TBTP 0.3 0.6 25 
+ sesamex 0.4 0.8 

Soluble 
fraction 

SKA.B.F57 standard 
+ sesamex 

0.22 
0.16 

3.8 
3.6 5 

+ TBTP 0.25 3.3 13 

SKA.B.F58 standard 0.24 4.1 
+ TBTP 0.30 2.2 46 
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Table 23c 

Parathion metabolism by 13,000 g supernatant preparations of  

several strains with GSH and NADPH, with and without sesamex  

and TBTP  

Strain 	Incubatif:,n Metabolites (Itg) formd 
from parathioi.1 

Ethylglu- DEPTA DEPA 
cathione 

ja 11"4.0.07^..1CA 

of ethyl-
glutathione 

SKA.B.F69 standard 0.7 0.4 0.40 •Mg 

+ TBTP 0.7 0.4 0.30 25 

SKA.rc,Y71 r--1.ondard 0.7 :i.3 0.40 
+ TBTP 0.8 0.3 0.40 0 

29.F108 standard 0.5 0.1 0.25 
+ sesamex 0.4 0.07 0.25 0 
+ TBTP 0.5 0.1 0.15 40 

Table 23 shows that sesamex does not affect the desethylation 

of diazinon, diazoxon and parathion; lower DEPTA and DEPA formation is 

probably due to inhibition of the microsomal cleavage mechanisms 

present in the 13,000 g supernatant preparations. 

Table 23a, b, c also shows that TBTP inhibits the GSH-

dependent desethylation of diazinon, diazoxon and, less conclusively, 

parathion. 

Sesamex antagonises, and TBTP slightly synergises, 

diazinon 	and parathion in the strains with gene a (Table 1; 

page 22). The lack of effect of sesamex on the desethylation 

mechanism explains why this compound does not synergise the strains 

with gene a. Conversely, TBTP inhibits the desethylation mechanism, 

reducing the detoxifying capability of strains with gene a 



and thus causing synergism of these insecticides in these strains. 

(iv) Formation of metabolites  

Figures 6a, b (page 6`}7o) show the pathways of metabolism 

of diazinon, diazoxon and parathion. The principal metabolites of 

the soluble fractiop, in the r7- a,17.--enc o GSH, were the dezPtryl 

derivatives of diazinon, diazoxon (Table 10a, b; page (.4-) and 

parathion. Table 24 indicates that these metabolites were found 

primarily in the strains with gene a. 

24 

Desethylation of diazinon, parathion and diazoxon by 13,000 g  

supernatant preparations of various strains, with GSH  

Strain 
diazinon 

Ethylglutathione 

Metabolism (lig) of: 
parathion* 

Ethylglutathione 
diazoxon* 

Desethyldiazoxon 

ocra SRS 0.6 0.2 0.5 

ac;ar;ocra;bwb SRS 0.5 0.15 0.5 

466.500 0.3 0.15 0.4 

29 	. 1.3 0.35 1.9 

393 1.6 0.35 1.7 

SKA 1.9 0.35 2.1 

+ mean value of determinations on at least four different generations 

* mean value of determinations on at least three different generations 

* mean value of determinations on at least two different generations 

In desethylation, the [14C-ethyl] moiety of diazinon and 

parathion was transferred to the thiol group of GSH, to give S-ethyl-

glutathione. S-Ethylglutathione could not be detected from 
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desethylation of diazoxon because of the position of the label. 

The quantity of desethy1ation of parathion and diazinon is given 

by the sum of the activities of the desethyl derivatives and 

ethylglutathione, or twice the activity of ethylglutathione, that 

was found, because both ethyl groups were labelled. Thus, from 

Table 24, the SKA strain desethylated 38% of diazinon doses, 7% of 

parathion doses and 21% of diazoxon doses. 

Desethy3,/oliazol 	detec,ted as a metabolite when 

diazinon was incubated wi',h 13,000 g supernatant preparations of the 

SKA strain in the presence of GSH. 

The soluble fraction also cleaved diazinon and parathion 

to DEPTA, 	diazoxnn to DEA, 	sial1 „71.uvrtities in thy) 1-1:e, once 

of GSH (Table 10a, b; page 64). Data on the interstrain differences 

in the cleavage of diazoxon to DEPA are not available. However, 

Table 25 shows that whilst there are almost no interstrain differences 

in the cleavage of diazinon to DEPTA, a strain with gene a (strain 29) 

cleaves significantly more parathion to DEPTA than two strains which 

are susceptible to parathion. 

Table 25 

DEPTA formation from diazinon and parathion by soluble fractions  

with GSH. Values mean of determinations on three different  

generations  

Strain 	Metab. ()i.g) of diazinon 	Metab. (pg) of parathion 
DEPTA 	DEPTA 

ocra SRS 

466.50o 
29 

0.03 

0.03 

0.4 



The unidentified parathion metabolite (Rf = 0.2 in 

acetonitrile/water/ammonia) was formed by the soluble, as well as 

the microsomal, fraction (see Plate 3; page 67 ). 

(v) Formation of metabolites with time  

26 and "P'igure 10 show the effect of varying the 

time of in.:ubation on the metabolism of diazinon and parathion by 

the soluble fraction. 

Table 26 

Ethylglutathione formation from diazinon and parathion by 13,000  

supernatant preparations of strain SKA, with GSH, with varying  

length of incubation  

Incubation Time Metab. (pg) from diazinon Metab. (Ile from parathion 
Ethylglutathione 	Ethylglutathione 

30 min 1.4 0.2 

60 min 2.0 0.3 

90 min 2.6 0.4 

120 min 3.1 0.4 

The metabolism of diazinon and parathion by the soluble 

fraction continues for at least two hours, in contrast to the rapid 

levelling-off effect observed with the microsomes. This agrees with 

the results of Nakatsugawa, et al. (1969c) for parathion metabolism 

in the rat. 
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Figure 10 Formation of S-ethylglutathione from diazinon and 

parathion, with time (Data from Table 26) 
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(vi) Investigation of the soluble fraction enzyme 

Some work on the enzymology of the soluble enzyme system 

was begun. Table 10a, b (page 64) showed that a soluble, 

GSH-dependent system both desethylated and cleaved diazinon, diazoxon 

aid parathion. It was not clear whether these two reactions were 

carried out by one cs- tw.., enzymes. 

The mutation giving rise to the resistance gene a most 

probably altered an enzyme already present in susceptible flies. 

Partial purification of the soluble enzyme(s) was therefore undertaken' 

in an attempt kt,) to clarify the constituents of the solutae, GSH-

dependent mechanism present in strains with gene a and (b) -to detect 

differences between the soluble enzymes of a susceptible strain (ocra 

SRS) and the strains with gene a. 

Soluble fraction preparations were passed down Sephadex 

columns and aliquots of the eluates examined for phosphatase activity 

by incubation with 1-naphthyl phosphate and "Fast Blue RR". Where 

phosphatase activity was present, further aliquots were incubated 

with GSH and insecticide. Initially, preparations of the SKA strain 

were passed down a column of GM-Sephadex C-25, which separates solutes 

of molecular weight less than 10,000 on the basis of their ionic 

charges. Diazoxon was desethylated by the fraction eluted 

immediately after the void volume and this fraction also contained all 

the phosphatase activity. 

Columns of Sephadex G-200, which separates solutes of 

molecular weight 5,000-800,000 on the basis of their molecular size, 
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were then tried (Table 27). 

Table 27 

Diazinon metabolising activity of soluble fraction of SKA strain 

eluted from Sephadex G-200 

Tube No Elution Vray":.e Metabolites (pg) iJrmed frog 
DEPTA 	DEP, 	Ethylglutathione 

4 15-20 ml none ' none none 

5 20-25 ml 0.5 none 1.8 

6 25-30 ml 1.5 none 4.0 

7 30-35 ml 1.2 no re 2.6 

8 35-40 ml none none nul'i 

Table 27 shows that most of the diazinon-metabolising 

activity was eluted around tube 6 (25-30 ml eluate). This fraction, 

which also showed most phosphatase activity, both desethylated and 

cleaved diazinon, parathion and diazoxon (Plate 8). Added GSH 

considerably increased both reactions (Plate 8), and NADPH had no 

effect. These results suggest that, in the strains with gene a, 

the same soluble enzyme(s) metabolises all three insecticides. 

However, starch-gel electrophoresis of both a soluble 

preparation and the eluate in tube 6 gave two of the anionic 

phosphatase bands,(loon4c o and o, roportod provioucly). These 

results do not therefore clarify whether the two reactions, desethyl- 

ation and cleavage, are carried out by one or two enzymes. The 

absence of the cationic band from electrophoresis of soluble preparations 
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Plate 8  Autoradiogram of parathion, diazinon and diazoxon 
metabolism by fraction 6 eluted from Sephadex G-200 
column, showing desethylation activity of this fraction. 

  



confirms that this band is microsomal. 

When the soluble fraction of strain ocra SRS was passed 

down the column of Sephadex G-200, the eluate in tube 6 showed much 

phosphatase activity but almost no desethylating activity. This 

suggests that the mutation which gave rise to gene a altered a 

pliaospha+7,ae enzyme to give the GSH-dependent, (E,:pcIthylatin7 enzyr_e, 

The resulting desethylation enzyme is insuf.:iciently different, 

however, to be separated by the technique employed. 

This result also explains why no significant interstrain 

differences were detected b7 sterch-gel elec:;rophoresis, as the 

enzymes apparently cleave 1-naphthyl phosphate regardless of their 

activity towards organophosphorus insecticides. 

The enzymes of the soluble fraction can only be studied 

in more detail when they have been purified further than was 

achieved in the above experiments. 
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IN VIVO METABOLISM 



Diazinon and diazoxon metabolism by living houseflies was 

studied both by gas-liquid chromatography of unlabelled material and 

by paper chromatography and autoradiography with radioactively 

labelled insecticide. Parathion metabolism was studied by paper 

chromatography and autoradiography of labelled material only. 

Gas-liquid chromatography r7c.eided limited infortion 

because it was .r.Jre complicated and less accurate, quantitatively and 

qualitatively, than paper chromatography combined with autoradiography. 

Paper chromatography of unlabelled compounds was unsuccessful because 

the spray reagents used failed to detect the small quantities of 

metabolites formed in vivo li-om unlabelled maLcrial. 	The bulk of the 

results described here were, therefore, obtained with labelled insecti-

cides. 

(i) Metabolite analysis by gas-liquid chromatography  

The extraction procedure which involved homogenising whole 

flies in petroleum ether (Materials and Methods, page 3c) ) was 

reasonably efficient in extracting DEPTA, but no other metabolites 

were detected by gas-liquid chromatography of these extracts. The 

values obtained for DEPTA formation from diazinon by the various strains 

generally agreed with the results from the carbon-14 experiments 

(reported later, Table 30a; page(2.5). 	A notable difference was that 

the quantity of DEPTA detected decreased after 40 min incubation. 

This was possibly because the DEPTA was too tightly bound to cellular 

constituents to be removed by petroleum ether and this solvent.  was.  

also insufficiently polar to extract other metabolites. 
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The other procedure used (organic extraction of aqueous 

homogenates; Materials and Methods, page40) extracted both DEPTA 

and DEPA. However, no other metabolites were detected by this method 

which was only about 25% efficient for DEPTA and DEPA extraction. 

Figure 11 shows a representative gas-liquid chromatograph trace for 

samples extracted by thi: method. 

(ii) Effect of synergists  

The effects of the two synergists, TBTP and sesamex, on 

:^abelss e>f diazinon 	p,.rathin was -:!:z,:cind in an attempt 

to confirm the in vitro effects of these compounds and to explain the 

toxicity data shown in Table 1 (page 22.). 

Pretreatment of houseflies with TBTP had no detectable 

effect on their metabolism of diazinon and parathion. This was 

expected because TBTP had little effect on the in vitro metabolism of 

parathion and diazinon to DEPTA and DEPA, the two principal metabolites 

found in vivo, and the desethyl derivatives were found in such small 

quantities in vivo that no significant variation in their formation 

was detected. 

Tables 28a, b show the effect of pretreatment with 

sesamex on the metabolism of diazinon and parathion in strain 466.500 

and in two strains with gene a. 
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Effect of sesamex 

Table 28a 

on diazinon metabolism by three strains, 

incubated for 60 mins  

 

Metabolites (% of dose) of diazinon 
Strain Incubation ao,PTA D.711A diazoxon Desethyl- 

diazinon 
Unidentified 
metabolites 

466.500.B.F53 - sesamex 5.2 2.1 trace 
+ sesamex 3.2 1.4 trace 0.2 

466.500.A.F59 - sesamex 
+ sesamex 

4.6 
1.1 

2.2 
- eel 

29.F102 - t' 	amex 2.0 0.3 
+ sesamex 5.1 1.6 

393.F69 - sesamex 6.0 2.4 
+ sesamex 1.3 

Table 28b 

Effect of sesamex on parathion metabolism by three strains, 

incubated for 60 mins 

Strain Incubation Metabolites (% of dose) 

DEPTA 	DEPA 	Paraoxon 

of parathion 
Desethyl-
parathion 

466.500.E.F14 - sesamex 1.6 trace 0.3 
+ sesamex 0.2 

466.500.A.F59 - sesamex 1.1 .0.1 0.2 
+ sesamex 0.1 

29.F108 - sesamex 2.4 0.6 0.2 
+ sesamex 0.3 trace trace 

393.F69 - sesamex 1.4 0.8 0.3 
+ sesamex 0.4 trace.  0.4 
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Tables 28a, b show that sesamex reduces all parathion 

and diazinon metabolism in strains 29, 393 and 466.500. These 

results contrast with those obtained in vitro and they do not 

explain why sesamex synergises parathion and diazinon in the strain 

with the resistance factor on chromosome V and,  antagonises these 

insecticides in the Ftrt-:ins with gene a (Tal,le. 1; page 	except 

in Table 28b where sesamex increases the formation of desethylparathion 

by strain 393. More detailed studies on the effect of sesamex on 

the rates of formation of the various metabolites are required to 	• 

the mcc of action of 'chi: syntrgist, both in viv;:-. and in 

vitro. 

(iii) Formation of metabolites with time  

Table 29a and Figure 12 show the effect of varying 

the time of incubation on the metabolism of parathion by strains 29 

and 466.500. 

Table 29a 

Parathion metabolism in strains 29 and 466.500 with varying time  

of incubation. Values means of determinations on two different  

generations  

Metabs. (% of dose) of parathion 
DEPTA DEPA Paraoxon 

466.50o 	30 min 	0.4 	none 	none 

	

60 min 	1.1 	none 	0.11 

	

120 min 	2.2 	none 	0.22 

29 	30 min 	0.8 	0.3 	none 

	

60 min 	1.4 	0.5 	none 

	

120 min 	3,5 	1.1 	none 

Strain 	Incubation Time 
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Figure 12 Formation of parathion metabolites, in vivo,  by  
strains 29 and 466.500 (Data from Table 29a) 



Strains 466.500 466.500 and 29 metabolised parathion at different 

but almost constant rates up to two hours. The linear rate of 

formation of DEPTA and DEPA contrasts with the result in vitro in 

which the rate of production of these metabolites by the microsomal 

fraction rapidly levelled off (Results and Discussion, page 97 ). 
Furthermore, it is rintei-orthy that since all 1.-.1,e flies wc.ra knockeu 

down within two hours of dosing with parathion at 1 lig/fly, knockdown 

does not slow the rate of metabolism. 

Extensive data on the effect of time of incubation on 

rf,tab,licm were m.t pbt-ined, but lablc 2qb ci'res the 

results of one generation of strains 29 and 466.500 incubated for 

60 and 120 minutes. 

Table 29b 

Diazinon metabolism in strains 29.F101 and 466.500.B.F52 incubated 

for 60 and 120 mins  
•• 

Strain 	Incubation Time 
Metabolites (% of dose) of diazinon* 
DEPTA DEPA Desethyl- Unidentified 

diazinon metabolites 

29.F101 

1+66.500.B.F52 

	

60 min 	5.8 0.9 	0.1 

	

120 min 	8.8 1.5 	0.6 

	

6o min 	3.6 0.5 

	

120 min 	5.0 0.8 
0.3 
0;7 

* Diazoxon was not detected in this experiment; both strains 
are resistant to diazinon 

Table 29b shows that the pattern of metabolism of 

diazinon with time is similar to that of parathion. 



(iv) Formation of metabolites 

All the metabolites of diazinon, parathion and diazoxon 

that were found in the in vitro studies (Figures 6a, b; page 6970) were 

also detected in vivo, in the appropriate stains (Tables 30a, b). 

30a 

Metabolism of 14C:diazimn, by four strains, incubated for 60 mins. 

Values mean of determinations on at least two different generations 

Strain Metabolites (% of dose) formed from diazinon 
DEPTA DEPA Diazoxon Desethyldiazinon 

ocra SRS 	4.4 	0.4 	0.5 	none 

466.500 	3.6 	0.6 	none 	none* 

29 	5.8 	0.8 	none 	0.3 

SKA 	2.6 	0.6 	none 	none 

* Unidentified metabolite (Rf = 0.59, in hexane/acetone) = 
0.6% of dose 

Table 30b 

Metabolism of 14C-parathion by four strains, incubated for 60 mins 

Strain Metabolites (% of dose) formed from parathion 
DEPTA DEPA Paraoxon Desethylparathion 

ocra SRS* 	0.6 	none 	0.06 	none 

466.50e 	1.1 	none 	0..15 	none 

29+ 	1.6 	0.4 	none 	0.15 

SKA* 	0.6 	0.2 	none 	none 

* Value for determination on one generation 

• Mean value for determination on four different generations 
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Table 30a, b confirms the in vitro result that 

diazinon is metabolised faster than parathion by all strains and 

shows that DEPTA, which was detectable within minutes of dosing, 

was the principal metabolite of both of the thionate insecticides. 

DEPTA was produced in greatest quantity by strain 29 and it is 

notewort13y that the strains with gene a produced more DEPA than the 

other strains, especially after dosing with parathion (Table 30b and 

Plate 9). The cleavage mechanism forming both DEPTA and DEPA appears, 

therefore, to be an important component of the detoxication system 

of strains with gene a. 

Table 30a, b also shows that the potent anticholinesterase 

oxygen analoguesoilazoxon and paraoxon, were detected only -in the 

strains that are susceptible to the parent insecticides. Thus strain 

466.500 accumulates the oxygen analogue of parathion, to which it is 

susceptible, but does not accumulate the oxygen analogue of diazinon, 

to which it is resistant. Diazoxon and paraoxon are prevented from 

reaching a toxic concentration in the various resistant strains by 

their rapid detoxication to DEPA, to their desethyl derivatives or to 

the unidentified metabolites of diazoxon. 

The results in Table 30a, b for the SKA strain contrast 

with those obtained in vitro, in that the level of insecticide 

metabolism is lower in the SKA strain than in the other strains. 

This is due to the presence in the SKA strain of the resistance factor 
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on chromosome III, which reduces the rate of penetration of some 

insecticides (Sawicki & Farnham, 1969; Sawicki, 1970). Table 31 

and Plate 9 show that the spot at the solvent front, after paper 

chromatography of extracts in acetonitrile/water/ammonia, was much 

smaller in the SKA strain than in the other strains. 

Table 31 

Size of the solvent front spots after dos:_n4 various strains with  

diazinon or diazoxon  

Strain 
	

Incubation Time 	Sclvent Front (% of dose) 
".•••••••1111••••••••••••••. 

a) with diazoxon: 

466.5c0.B.F45 	30 min 
	

6.9 
SKA.A.F69 	30 min 
	

3.3 

b) with diazinon: 

ocra SRS.F130 	60 min 	9.0 
4.;6.5CO.B.F54 	60 min 	8.1 
29.F1c6 	60 min 	8.4 
SKA.B.F77 	60 min 	6.6 

As the spot at the solvent front consists mainly of 

unchanged insecticide, the results in Table 31 in conjunction with 

those in Table 30 a confirm that less diazinon penetrates into flies 

of the SKA strain. Despite the smaller amount of insecticide and 

DE'L'TA recovered from the SKA strain, a relatively higher proportion 

of the diazinon which penetrates is finally metabolised to DEPA in 

the SKA strain (Tables 30a and 31) than in the other strains; this 

rapid detoxication of diazoxon might explain the high resistance of 

the SKA strain. Table 30b and Plate 9 suggest that the same effect 
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obtains for the high resistance tofthe SKA strain to parathion. 

Metabolism of diazoxon 

Detailed data on the in vivo metabolism of diazoxon 

were not obtained due to the limited availability of [32P] labelled 

dinzoxon. 	However, all strp... ,-.s proded DEPA within 10 mins of topical 

dosing with diazoXon. Tn vivo, as well as in vitro, the amount of 

DEPA formed from diazoxon was similar to the quantity formed when 

diazinon was applied (i.e. 0.3-0.8% of the insecticide dosed). 

The interstrai" pattern of diazoxon metabol:!sn was 

similar to that found in vitro. Strains with gene a produced much 

desethyldiazoxon, which was detected 10 mins after dosing; the SKA 

strain desethylated 3.6% of a diazoxon dose (1 lig/fly) within 60 mins. 

The two strains with the resistance factor on chromosome 

V metabolised diazoxon to the two unidentified metabolites (Rf = 0.53 

and 0.69 in acetonitrile/water/ammonia). Again, these metabolites 

were detected 10 mins after dosing and the SKA strain metabolised 

1.0% of a diazoxon dose (1 pg/fly) to these two metabolites within 

30 mins. 
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C) DISCUSSION 
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. The results described for the metabolism of diazinon, 

diazoxon and parathion in the six strains of housefly studied 

indicate that, although apme metabolic pathways are common to all 

strains, others occur only in resistant strains and the combination 

of these pathways in the SKA strain accounts for its high 

resistance to the 	organophospb-rus :!1...4rIeticides. 	All ths 

metabolic pathw-Ays found in vitro were also detected in vivo in the 

appropriate strains of housefly, which confirms that they were not 

artefacts of the subcellular preparations (Hook, et al., 1968). 

No significant interstrain variation, which could be relaf'.ed to 

resistance, was detected by starch-gel electrophoresis and this 

confirms the findings of others (Ogita, 1962; Menzel, et al., 1963; 

Ogita & Kasai, 1965; van Asperen et al., 1965; Collins & Forgash, 

1968). 

All six strains of housefly have a microsomal system 

capable of metabolising diazinon and parathion to DEPTA and of 

converting the phosphorothionate insecticides to their more 

potent anti-cholinesterase oxygen analogues, paraoxon and diazoxon 

(Figure 6a, b; pages (,9:70). 	This microsomal system, which 

requires NADPH and oxygen for maximal activity, is stimulated by some 

compounds with reduced sulphur groups and is inhibited by the methyl-

enedioxyphenyl compound sesamex. It therefore appears to be similar 

to the microsomal mixed-function oxygenase systems reported by others 

to metabolise insecticides in mammals (Davison, 1954; Shishido & Fukami, 

1963; Neal, 1967a, b) and insects (Ray, 1967; Tsukamoto & Casida, 1967a; 



Oppenoorth & Houx, 1968; Nakatsugawa & Dahm, 1965; Nakatsugawa 

et al., 1969a; Hook, et al., 1968). 	This system, however, is 

probably not a resistance mechanism as there was no significant 

interstrain difference in the quantity of diazinon and parathion 

metabolised to DEPTA by the microsomes, with the exception of the 

SKA strain, which rnAabolised 	011,:-7,ilion, and ocra SPS %oich 

metabolised 7e6s (Table 18, page 88 ). The reason fcp the higher 

in vitro metabolism by the SKA strain is not clear, but may be due to 

a factor lost in the breeding of the sub-strains. However, resistant 

strains do co=ert slightly more of the thionates to the.'," -,xygen 

analogues and cleave these faster to DEPA (Table 19; page 96 ) and 

this agrees with the findings of El Bashir & Oppenoorth (1969). It 

is not clear whether diazoxon is cleaved to.DEPA by the microsomal 

mixed-function oxygenase system because NADPH and oxygen are not 

required and the mechanism is not significantly inhibited by sesamex. 

Nakatsugawa, et al. (1969b) reported similar results for diazoxon 

metabolism by rat liver microsomes. 

Diazoxon and paraoxon were detected in vivo in susceptible 

but not in resistant strains of housefly and therefore resistance 

appears to result from the more efficient prevention of the accumulation 

of the oxygen analogues. The resistance mechanisms of detoxification 

of diazinon, diazoxon and parathion will be discussed separately. 

M' os 
	J.. 

The two strains with the gene, located on chromosome V, 

which confers resistance to diazinon and diazoxon but not parathion 
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(strains 466.500 and SKA) (Sawicki & Farnham, 1969) have a microsomal 

system which metabolises diazoxon,'and possibly diazinon, to at least 

three unidentified metabolites. None of these metabolites were de-

tected in any other strains and neither were analogous metabolites of 

parathion or paraoxon detected. This microsomal system also requires 

NADPH and oxygen for maximal activity, is stimulated by some compounds 

w-1.th thiol groups and is inhibited by sesamex (Plate 6). Strains with 

the gene on chromosom!-: V therefore probably a,;'.ieve their resistance by 

rapidly metabolising diazoxon to these uaidentified metabolites, thus 

preventing its accumulation. 

Although these three metabolites have not been identified . 

it is tnougnt id:at they may be the result of oxidation jai the methyl or 

isopropyl groups of the pyrimidinyl ring, because parathion and diazinon 

differ principally in the presence or absence of these groups in the 

ring moieties (see Figure 6a, b; pages 69:70) and the gene on chromo-

some V confers resistance to diazinon but not parathion (Sawicki & 

Farnham, 1969). Mucke, et al. (1970) have shown in rats that diazinon 

is cleaved to DEPTA and the pyrimidinyl moiety, and the isopropyl 

group of the pyrimidine is then hydroxylated to give both the primary 

and tertiary alcohol derivatives: 

HO HO 

 

CH3 

 

  

CH3 

PRIMARY ALCOHOL DERIVATIVE 
	

TERTIARY ALCOHOL DERIVATIVE 

Hook, et al. (1968) reported a similar example in several 

mammals in which the methyl group of fenitrothion (folithion; dimethyl, 



4-nitro-3-methylphenyl phosphorothionate) is first cleaved to dimethyl 

phosphorothioic acid and 4-nitro-3-methylphenol and the methyl group 

of the phenol moiety is then oxidised to carboxylic acid, giving 

2-nitro-5-hydroxybenzoic acid:- 

COOH 

466.500 is e.:1 -3t) voc. slightly reois 	to ,!.-Itylmalaoxcn YTz.ble 

page 23 ) (Sawicki & Farnham, 1969) and this compound also has free 

alkyl groups remote from the phosphoryl moiety: 

C
2
HO 5 \ 	0 

C2H5O \\S.CH.CCO.CH2.CH3  
CH2.CC0.CH2.CH3 

ETHYLMALAOXON 

Soluble resistance mechanism 

The three strains with gene a, located on chromosome II, 

(strains 29, 393 and SKA) are resistant to diazinon, diazoxon, 

parathion and several other organophosphorus insecticides (Table 2; 

page 23 ) (Sawicki & Farnham, 1969). These strains have a soluble, 

glutathione-requiring enzyme system which desethylates diazinon, 

diazoxon and parathion with the concomitant formation of S-ethylglutathione 



(Figure 6a, b; page (09:1o). 	This enzyme, which has not previously 

been reported in houseflies, is similar to that found in mammals and 

other insects (Hollingworith, 1969; Morello, et al., 1968; Hutson, 

et al., 1968; Fukami & Shishido, 1966). 	It is noteworthy that in 

all these reports the enzyme desmethylated the dimethyl insecticides. 

Casida (1958) reported that the dimethyl insecticides were desalkylated 

in preference to the diethyl and that desalkylation was more common 

in mammals than 	insects. It is 	interest that, although the 

diethyl orc.....2y_ThosDhorus insecticides are more potent anti-cholinesterase 

agents than the dimethyl (Aldridge, 1953c), strains with gene a are 

more resistant to diethyl organophosphorus insecticides than dimethyl 

2; page 	) (0p11:1_,:7oorth, 19.396 	i'7awirtki t. Farnham, :y;;(... 

This increased resistance maybe due to the greater specificity of the 

desalkylation system of these strains for the diethyl compounds rather 

than the dimethyl. Unfortunately no radioactively labelled dimethyl 

analogues of diazinon, diazoxon or paraftt were available for 

comparison of the rates of desalkylation by strains with gene a. 

This enzyme is probably responsible for the considerable cross-

resistance of strains with gene a to the dialkyl phosphorothionate 

insecticides (Table 2; page 23). 

The soluble, glutathione-requiring system of the strains 

with gene a also cleaves diazinon and parathion to DEPTA and diazoxon 

to DEPA. 	It is not clear whether these reactions are carried out by 

one enzyme or two. Both involve hydrolysis of the phosphorus-oxygen 

bond but, whereas the ethyl group is transferred to the sulphydryl group 

of glutathione in desethylation, the role of glutathione in cleavage of 
aryl 

the pyrimidinyl oxygen-phosphorus bonds is not clear. Diazinon and 

diazoxon are cleaved predominantly at the ethyl-oxygen-phosphorus 

position, but both positions are broken to about the same extent in 

r- 
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parathion (Tables 24 and 25; page 109,110 ). This may be explained 

by comparing the structures of diazinon and parathion (Figure 6a, b; 

page 6910). Parathion has an electron withdrawing group (-NO2) on the 

ring, which diazinon does not, and thus electrons would be pulled 

towards the -NO2 group in parathion (and paraoxon): 

AD  
47 	GO 	Ar 
NED 	00' 

e 

resulting in a slight positive charge on the oxygen of the nitro-

phenyl-oxygen-phosphorus bond which would increase the likelihood of 

nucleophil:i.c attack (by -OH gz-oups) at this position, are l'en-e 

favour the formation of DEPTA (and DEPA) rather than the desethyl 

derivative. 

Table 18 (page 88 ) shows that no DEPA is found when the 

13,000 g supernatant preparations of susceptible strains and strain 

466.500 are incubated with diazinon or parathion, but it is found in 

all strains when diazoxon is the substrate. DEPA was produced only 

from cleavage of the phosphates and not from DEPTA which confirms 

the results of Matsumura & Hogendijk (1964) and Nakatsugawa et al., 

(1969b). It is possible that the DEPA produced on incubation of 

diazinon and parathion with subcellular preparations of the strains with 

gene a arises from the soluble, glutathione-dependent cleavage of the 

oxygen analogues (see Table 10b, page Ok for diazoxon cleavage). 

These oxygen analogues are produced from the thionates in very small 

amounts and the quantities present might be below the threshold 
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concentration required for cleavage by the microsomes, but not below 

the threshold for the soluble, GSH-dependent mechanism. The data 

for diazoxon cleavage in Table 19 (page 96 ) were obtained with a 

relatively high (10 Ilg) concentration of diazoxon; interstrain 

differences might be more pronounced at lower concentrations of 

The strains with gene a therefore prevent the accumulation 

of diazoxon and paraoxon by rapidly metabolising them both to DPA 

and to their desethyl derivatives. 

It seems probable  th2f. the "mutel7C,; alic.strase" governed 

by gene a, (proposed by Oppenoorth and van Asperen (1960)), is in fact 

the glutathione-requiring desethylation enzyme. Although van 

Asperen and van Mazijk (1965) reported that the "mutant aliesterase" 

was a particulate enzyme and the desethylation enzyme is soluble, the 

soluble enzyme obeys the criteria to be expected of the "mutant 

aliesterase". It is present in trace quantities in susceptible 

strains but has greatly increased activity in strains with gene a, 

(Table 24; page 109) suggesting modification of an enzyme already 

present in susceptible strains; this increased activity is only 

found in strains with gene a; and the enzyme is inhibited by TBTP, 

reputedly an aliesterase inhibitor (Plapp, et al., 1963), whereas the 

microsomal (particulate) enzymes are not inhibited by TBTP. The 

low level of phosphatase activity reported by van Asperen & Oppenoorth 

(1960) would be expected of this system in the absence of glutathione. 

It was not possible to differentiate between the naphthyl phosphate-

hydrolysing fraction of 



a susceptible strain and the desethylating fraction of a strain with 

gene a when these fractions were eluted from Sephadex G-200 columns, 

which suggests that the enzymes involved are of similar size; 

this would be expected with enzymes derived from alleles of the same 

gene (Oppenoorth & van Asperen, 1960). 	It is not clear whether the 

greatly increased j-Jsethylatio: aotivity .of the strains with gene a is 

due to an inrr.:ase in the activity or in the concentration of the 

desethylation enzyme. 

Action of Synergists  

The two synergiss examined had 014-csiLc effects on the 

metabolism of diazinon and parathion by the two resistance mechanisms. 

Sesamex inhibited the microsomal system (Plate 6; page 9$) but not 

the soluble and 'I= inhibited the soluble (Table 23; page i0e. ) but 

not the microsomal system. 

Thus sesamex synergises diazinon and parathion in strains 

ocra SRS, ac;ar;bwb;ocra SRS and strain 466.500 because these strains 

have only microsomal detoxification mechanisms. However, as sesamex 

also inhibits the microsomal activation of diazinon and parathion 

(Plate 6), it is necessary to postulate a differential inhibition of 

the microsomal enzymes by sesamex to favour activation. There is 

not only evidence for different microsomal enzymes for the activation 

and detoxification processes (Neal, 1967b) but also of differential 

inhibition of microsomal enzymes by methylenedioxyphenyl synergists 

(Jaffe, et al., 1969). 

Sesamex antagonises diazinon and parathion 
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(Table 1; page22) in the strains with gene a alone (strains 29 and 393) 

by inhibiting the microsomal activation mechanism but not inhibiting 

the powerful soluble desethylation mechanism. Thus, after pretreatment 

with sesamex, strains with gene a form less of the oxygen analogues 

whilst their detoxification capacity is hardly impaired. TBTP 

Tightly synergises diaziron, diazoxon and parthion in botL the 

strains with gene a alone (Table 1; page ?,2.) by inhibiting the soluble 

mechanism and thus reducing the detoxification capability of these 

strains. The slight synergism of these insecticides by TBTP in the 

.stfler 	rc,flects the law le r-1 of desethylatiwl eci„fvity that 

is present in these strains. 

The kinetics of TBTP inhibition were not studied, but 

those of sesamex were. The results obtained suggested that sesamex 

inhibited diazinon metabolism by the microsomes both competitively and 

non-competitively and this agrees with the reports of Wilkinson (1968). 

The SKA strain 

The foregoing Results indicate some reasons why the SKA 

strain has such a high level of resistance to some organophosphorus 

insecticides (Table 1, page 2.2; and El Bashir, 1966). This strain 

has not only the common microsomal detoxification mechanism but also 

the two resistance mechanisms located on chromosomes II and V. 

Together, these mechanisms confer much of the SKA strain's resistance 

to diazinon (x 80), diazoxon (x 40) and parathion (x 25) (Sawicki, to 

be published). In addition, the SKA strain has the factor on chromosome 



III which reduces the rate of penetration of some insecticides 

(Sawicki & Farnham, 1969; Sawicki, 1970). This factor probably 

acts by limiting the quantity of insecticide entering the insect to 

a level at which the microsomal and soluble systems can detoxify most 

of the phosphorothionates (to DATA, their desethyl derivatives and, 

diavioon, to one of -te unidentifiod metabolites). 	This in 

turn reduces the quantity of phosphorothionate available for 

activation to the phosphate and the resulting concentration of 

phosphate is low enough for rapid and total detoxification (to DEPA, 

the desc!thyl derivatives an'l, with diazoxon, to the two unidentified 

metabolites). Thus, the detoxification mechanisms, combined with the 

penetration factor, prevent accumulation of the active anti:-cholin-

esterase agents. 

Of the synergists, sesamex slightly synergises diazinon 

and diazoxon but antagonises parathion, and TBTP has little effect on 

the SKA strain (Table 1; page 2.2). Antagonism of parathion by 

sesamex is explicable because, like strains 29 and 393, the SKA strain 

has only the soluble detoxication mechanism for resistance to 

parathion. With diazinon and diazoxon however, the response of the 

microsomal and soluble mechanisms to sesamex (i.e. synergism and 

antagonism) almost cancel each other, the balance being slightly 

towards synergism. Inhibition of one of the mechanisms by one of 

the synergists would be expected to reduce the level of resistance in 

a strain with the two detoxification resistance mechanisms, to that of 

a strain with the unaffected resistance mechanism. That this does 

not occur in the.SKA strain is a measure of. the effect of the 



penetration factor factor combined with one detoxification resistance 

mechanism alone. 
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CONCLUSIONS 
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The metabolism of diazinon, diazoxon and parathion by 

the SKA strain of housefly was compared with that of two susceptible 

strains and three strains with one gene for resistance inherited 

from the SKA strain. No diazoxon or paraoxon, the active anti-

cholinesterase metr21,.,lites of.dip7inor :,4rld parathion, were detected 

in the resist,Fili: strains in vivo or in vitro, in contraA to the 

susceptible strains. 

In the strains of housefly with the resistance gene a 

located on chromosome II, diazoxon and paraoxon are prevented from 

accumulating by rapid metabolism, in the presence of reduced 

glutathione, to diethyl phosphoric acid and to their desethyl 

derivatives. 

In the strains of housefly with the gene for resistance 

on chromosome V, diazoxon is prevented from accumulating by its rapid 

metabolism to diethyl phosphoric acid (to a lesser extent than in 

strains with gene a) and to at least two other unidentified metabolites. 

Parathion analogues of these unidentified metabolites were not detected 

so that paraoxon accumulated in strain 466.500, thus explaining the 

susceptibility of this strain to parathion but not to diazinon or 

diazoxon. 

The SKA strain has both of the detoxification mechanisms 

associated with chromosomes II and V, as well as the common microsomal 

mechanism found in all strains. These three detoxification mechanisms 

confer much of the resistance of the SKA strain and this resistance is 
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raised still further by the combination of these mechanisms with 

the gene on chromosome III which lowers the rate of penetration of 

insecticides and thus reduces the quantity of insecticide inside the 

insect to a level at which the detoxification mechanisms can rapidly 

and completely prev'nt the accumulation e-f the toxic oxygen 

analogues. 

The effect of the two synergists, sesamex and TBTP, 

on the toxicity of diazinon, diazoxon and parathion to the six 

strains of housefly has been discussed. 
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IN VITRO METABOLISM OF ETHYLCHLORTHION 

Introduction 

The metabolism of ethyl chlorthion was studied 

in vitro in five of the strains of housefly (Table Al) described 

previou. 	This work was & nz in e,-21aboration with Dr K. A. Lord, 

although the results described here were those of the author alone. 

The SKA strain is highly resistant (c. x 500) to ethyl chlorthion 

and this resistance is conferred by gene a on chromsome II and the 

penetration factor on chromosome III (Sawicki & Farnham, 1969! 

Sawicki, 1970). The metabolism of ethyl chlorthion was examined in 

an attempt to confirm the mode of action of gene a; not only does 

gene a confer much of the SKA resistance to ethyl chlorthion but this 

insecticide is also greatly antagonised by sesamex and synergised by 

TBTP (Table Al), a response that is similar to, but more pronounced 

than, that found with diazinon and parathion in strains with gene a 

(see page ll ). 
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Table Al 

The toxicity of ethyl chlorthion to five strains of housefly and  

the effects of synergists (Sawicki & Farnham, 1969) 

Strain Type of 
Resistance Alone 

LD50 (pg/fly) 
+ sesamex + TBTP 

ocra SRS none 	(sl:poel:L.i16  0.067 0.1C,  0.023 

Lts;aL; bwb ;222:9. 6 RS none (susceptible) 0.095 0.22 0. 

393 gene a 4.6 * 0.28 

466.500 

SKA 

sesamex-inhibited 

gene a 

0.081 0.20 0.049 

+ penetration 42.0 * 15.5 
; 	nc:,„-Imex-inhibite,1 

* = excessive antagonism 

Materials and Methods  

[14C-ethoxy]ethyl chlorthion (0,0-diethyl, 0-3-chloro-4- 

nitrophenyl phosphorothionate) was synthesised by Dr Lord, using a 

method adapted from Hilton & O'Brien (1965). 	[14C]-ethanol was 

bought from the Radiochemical Centre, Amersham. 

The preparation and incubation of the housefly subcellular 

fractions and the methods of detection of metabolites were as described 

previously. 

Results  

Strains with gene a metabolised ethyl chlorthion to at 

least six metabolites. Two of these metabolites, DEPTA and DEPA, 

were produced by the microsomal NADPH and oxygen-requiring system. 
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DEPTA, S-ethylglutathione and three unidentified metabolites (Rf = 

0.15, 0.2 and 0.35 in acetonitrile/water/ammonia) were produced by 

the soluble, GSH-requiring system. 

The two susceptible strains and strain 466.500 metabolised 

ethylchlorthion to DEPTA and DEPA only. 

All ty metabolitec, pr, c:,:,: 	by the soluble, frequil.t.ng  

system from &rains with gene a were also produced by tae same 

fraction, eluted from the Sephadex G-200 column, which desethylated 

diazinon, diazoxon and parathion as described previously, TBTP 

inhibited their formation. 	However, rc :5,7ethyl ethyl chlt;i:thinn 

was detected, although the unidentified metabolite with Rf = 0.2 

could be MEPTA, resulting from the further degradation of desethyl 

ethyl chlorthion. 

The metabolite with Rf = 0.35 was distinct from DEPA 

and was produced in considerable quantity (3.0 pg from a 10 pg dose) 

by the soluble fraction system from strains with gene a. This 

metabolite was always found associated with traces of ninhydrin-

staining material on the chromatograms. 

It is noteworthy that ethyl chlorthion, which differs 

from parathion only in having a chlorine atom attached to the nitro-

phenol ring, has a much higher LD50 (42 pg/fly) in the SKA strain than 

parathion (4.2 pg/fly) and this is reflected in the rate of metabolism 

of the insecticides. A 13,000 g supernatant preparation of the SKA 

strain metabolised 5.4 pg of a 10 pg ethyl chlorthiori dose in two 

hours and 1.1 pg of a 10 pg parathion dose. The values for diazinon 



were intermediate (LD50 = 13 lig/fly; 4.1 pg metabolised). 

Discussion and Conclusions  

The resistance to ethyl chlorthion of the strains with 

gene a appears to be due to the considerable metbolism of this 

insecticide' by the soluble, GSH-requiring zycitem, which desethylates 

diazinon, diazoxon and parathion and which is not present in the 

other strains. TBTP synergises ethyl chlorthion by inhibiting this 

detoxication mechanism. Sesamex does not inhibit this mechanism 

and so antagonises ethyl chlorthion by inhibiting its probable 

activation to ethyl chloroxon, whilst not decreasing its detoxification. 

The principal unidentified metabolite of ethyl chlorthion 

(Rf = 0.35), which is found in conjunction with ninhydrin-staining 

material, may be a conjugate of glutathione of the type reported by 

Clark, et al. (1969) for hexachlorocyclohexanes. Attempts to 

synthesise a conjugate of ethyl chlorthion and glutathione were 

unsuccessful and the quantities produced enzymically were insufficient 

for identification. 
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(Reprinted from Nature, Vol. 224, No. 5222, pp. 917-918, 
November 29 1969) 

Detoxification of Diazinon by ~ubcellular 
Fractions of Diazinon-resistant and 
Susceptible Houseflies -
HOUSEFLIES metabolize dialkyl phosphorothionate insecti­
cides, such as diazinon and parathion, to the corresponding 
dialkyl phosphorothioic acids1,2. ThiE' reaction is thought 
to be controlled by gene a, on chromosome II (ref. 3), 
associated with low aliesterase activity 4. The cleavage 
mechanism is reported to be in the micro somes 2, 5, 6. I 
have found three detoxification mechanisms in subcellular 
fractions of six strains (Table 1) of housefly and related 
these to the genetics of diazinon-resistance7 ,8 of the flies. 

Table 1. FACTORS OF DIAZINON-RESISTANCE IN STRAINS OF HOUSEFLY 7 

Degree Located Detoxi-
of on chro- fication 

Strain· resis- Type of resistance mosome me chan-
tance (ref. 3) ism 

ocra SRS 1 None (susceptible) .A 
ac; aT; bwb; OCTa SRS 1 None (susceptible) A 
29 10-15 Gene a (low aliesterase) II A+B 
393 10-15. Gene a (low aliesterase) II A+B 
466'500 10 Sesamex-inhibited V A+C 
SRA 400 Gene a II A+B+C 

and penetration factor III 
and sesamex-inhibited V 

• Strains 29, 393 and 466·500 were derived from the SRA strain:. 

The subcellular fractions were prepared by differential 
centrifugation of whole-fly homogenates in 0·15 M 
phosphate buffer (pH 7·3). The supernatant fluid from 
centrifuging at 10,000g for 10 min was recentrifuged at 
100,OOOg for 60 min, to give a soluble fraction (fluid) and a 
microsomal fraction (precipitate). Material from ten 
flies was incubated with insecticide, and any other 
reactants, in 2 ml. buffer and shaken in air or nitrogen at 
30° C. Decomposition products of [14C-ethoxy]diazinon 
and [32P]diazoxon in the reaction mixture were identified 
by paper chromatography, using two solvent systems: 
(I) acetonitrile/water/ammonia (40: 9 : I), and (II) pro­
pan-2-01/ammonia (75: 25). Autoradiography was also 
used. The products were measured by solid scintillation 
counting of the dissected areas of the chromatograms 9 

• 

Desethyl diazinon (Rp 0·85 and 0·95 in solvent systems 
I and II respectively) and desethyl diazoxon (RF 0·60 
and 0·80 in systems I and II respectively) were identified 
by co-chromatography with materials synthesized by 
methods described for the preparation of analogous 
derivatives of other insecticides1o. 



The first mechanism (A), cleavage of diazinon and 
diazoxon to diethyI phosphorothioic acid (DEPTA) and 
diethyI phosphoric acid (DEPA), respectively, occurred 
entirely in the Illicrosomal fraction and required oxygen. 
NADPH and reduced glutathione (aSH) separately 
increased this metabolism five-fold and, together, ten-fold. 
Sesamex, a methylene dioxyphenoxy type of synergist, 
inhibited this mechanism, but S,S,S,-tributylphosphoro­
trithionate (TBTP), a synergist that is an aliesterase 
inhibitor, did not. All strains used this degradative path­
way, which seems to be a common mode of detoxification. 
Five of the strains metabolized 20 per cent of a 10 ILg 
diazinon dose to DEPTA, and 3 per cent of a 10 ILg 
diazoxon dose to DEP A within 60 min. The diazinon 
selected SKA strain degraded significantly more diazinon 
and diazoxon than the other strains, by this mechanism. 
These results contrast with othersll which showed greater 
quantitative differences between resistant and susceptible 
strains. . 

The second mechanism (B), desethylation of diazinon 
and diazoxon, occurred entirely in the soluble fraction of 
strains with gene a and required aSH as cofactor. 
Monoethyl phosphorothionate and monoethyl phosphate 
were also detected, indicating further decomposition of 
the desethyl derivatives of diazinon and diazoxon. 
NADPH and oxygen were not required for desethylation 
which was slightly greater without them. Desethylation 
was unaffected by sesamex but was inhibited by TBTP. 
Strains with gene a desethylated up to 40 per cent of a 
10 ILg dose of either diazinon or diazoxon within 2 h in 
the presence of aSH, whereas only trace quantities of 
desethyl derivatives were detected with the other strains, 
indicating that the desethylating m~chanism is ,associated 
with gene a. 

The third mechanism (0) occurred in the microsomal 
fraction of the strains with the gene for resistance on 
chromosome V. Diazoxon, but not diazinon, was degraded 
to yield two unidentified metabolites and NADPH and 
oxygen were required. The mechanism was inhibited by 
sesamex and was unaffected bv TBTP. 

Strain 466·500 and strain F~ (ref. 12) may have a com­
mon resistance mechanism, because both have a gene for 
resistance on chromosome V, and strain F was a parent 
of the SKA strain. Strain 466·500 is, however, homo­
zygous, while strain Fc is not (N. W. Houx, personal 
communication). Both strains are resistant to diazinon, 
but only strain Fc is resistant to parathion and para­
oxon7 •13• 

It is noteworthy that GSH increased metabolism by 
the two microsomal pathways (A and 0), as well as being 
essential for desethylation (B). 

These results explain some of the effects of sesamex 
and TBTP on' the toxicity of diazinon and diazoxon to 
different strains of housefly. Detoxification mechanism A 
is inhibited by sesamex and therefore this syne~st 
should increase toxicity for all strains in which mechamsm 



A is dominant. This is observed with the strain' with the 
gene for resistance on chromosome V, which has mechan­
isms A and C, and with the susceptible strains7,8 which 
have mechanism A only. 

Sesamex, however, decreases the toxicity of diazinon 
and diazoxon to strains 29 and 393 (refs. 7 and 8). These 
strains have gene a and use desethylation (mechanism 
B), which is unaffected by sesamex, as a major degradative 
pathway. TBTP, which inhibits mechanism B, slightly 
increases toxicity, as would be expected, in strains 29 
and 393 (refs. 7 and 8). Neither synergist influences the 
toxicity of diazinon to the polyfactorial SKA strain. 

I thank Drs D. H. Calam, K. A. Lord and R. M. Sawicki 
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METABOLISM OF SOME ORGANOPHOSPHORUS INSECTICIDES BY STRAINS OF HOUSEFLY 

J. B. Lewis and K. A. Lord 
Rothamsted Experimental Station, Harpenden, Herts. 

Summary Six strains of housefly were used in a study to relate the 
genetics of their resistance to organophosphorus compounds to their 
detoxification of these insecticide.. Inconclusive results were 
obtained with whole flies, but subcellular fractions decomposed diazinon, 
diazoxon and et~l chlorthion by several mechanisms. One mechanism, 
located in the microsomes, vas common to all strains. Two other 
mechaniBIDs, one soluble and another in the microsomes, were associated 
with resistance factors on chromosomes II and V, respectively. The effect 
of the synergists sesamex and S,S,S-tributylphosphorotrithionate on these 
mechanisms partly explains their effect on tOxicity to the different 
strains. 

Knowledge of how a substance affects a sensitive mechanism is not 
enough to predict its biological activit,. Thus, organophosphorus insecticides 
kill by inhibiting cholinesterase but anti-cholinesterase activity' is not a 
reliable guide to toxicity, because toxicity is much affected by other phenomeDa.. 
The.e include entry of the poison into the insect (Farnham, A. W • .!! !! .• 1965) 
and metabolism of the poison (Matsumura & Hogendijk, 1964; Nakatsugava, T • .!! ~., 
1969) to compounds of greater or lesser toxicity. When the dynamics of these 
processes follow the usual courses of biochemical reactions, these will depend on 
the concentrations of the insecticides and metabolites, which, in turn, are 
determined by the distribution of these compounds between the several phases of 
the insect, and some insecticides are strongly sorbed on insect solids, others are 
not (Gviazda &: Lord, 1967; Lord, 1968). 

In addition, the size and shape (i.e. morphology) of the insect affects 
the dose required to kill, so toxicity can be described only in terms of nUllerous 
phenomena, each likely to influence, quantitatively if not qualitatively, others. 
At present few if any of these phenomena can be described preCisely. In an 
attempt to control and minimise the effects of gross differences in morphology and 
.chemical composition, we restricted our work to houseflies. Using strains of 
known genetic composition, which differ in their susceptibility to insectiCides, we 
sought and examined dif~erences of metabolism of poisons in attempts to relate the 
differences to susceptibility. 

We are forJunate to have strains of houseflies in which resistance 
mechanisms have been ge~etiCally separated by Sawicki & Farnham (1967, 1969), who 
also supplied informatidn about the toxicity of compounds and the effects of 
synergists on toxicity to these strains (Table 1). Diazinon has been used as the 
standard insecticide, because our first strains of flies were resistant to.it. 
Ethyl chlorthion vas used because some strains of flies resisted both it and 

• c diazillOn, and others only diazinon (Sawicki & Farnham, 1969), suggesting different 
mechanisms of resistance, one effective against both and one against d1azinon 

-alone. This offered the possibility of identit.1ing the mechanisms, in addition 
to separating them by genetic selection. We made preliminary studies of poisons 
applied to living flies, but because penetration is Blow, only a small proportion 



of the insecticide is metabolised. As penetration differences contribute to 
resistance, an uncertain proportion of the dose of insecticide can be metabolised, 
making it difficult to evaluate and compare metabolism in different strains. To 
study the metabolism of standardised amounts of insecticides, we therefore macerated 
houseflies and used subcellular fractions. 

Table 1 

The toxicityt of diazinon and ethyl chlorthion to strains 
of'houseflies and the effects of synergists 

strain 
LD50 pg/fly 

Ethyl chlorthion Diazinon 
Alone +T.BTP +sesamex Alone +T.BTP +seBamex 

2£!:!. SRS 

~;!£; .!~!!?J 2£!:!. SRS 

29 

393 

466.500 

SKA 

0.067 0.023 0.16 0.029 0.014 

0.095 0.070 0.22 0.040 0.025 

0.62 0.36 

4.6 0.28 & 0.50 0.023 

0.081 0.049 0.20 0.39 0.27 

42.0 15.5 & 13.0 10.0 

• excessive antagonism - LD50 not determined 

t from Farnham & Sawicki (1967, 1969) 

METHOD AND MATERIALS 

0.012 

0.024 

0.14 

0.96 

0.025 

6.2 

Diazinon, diazoxon, and [14C-ethoxyJ diazinon were kindly given by 
Messrs J. R. Geigy, and [32pJ diazoxon was bought from the Radiochemical Centre, 
Amersham, Bucks. 

Desethyl diazinon and desethyl diazoxon were synthesised by methods 
described by Hollingworth, R. M. et al., n967) for the preparation of analogous 
derivatives of other insecticides:-a;d the identity confirmed by NNH spectroscopy. 

Ethyl chlorthion was given by Farbenfabriken Bay~r. [14C-ethoxyJ 
ethyl chlorthion was synthesised by a method adapted from Hilton ~ O'Brien (1965) 
using l4c ethanol purchased from the Radiochemical Centre, Amersham, Bucks. Its 
identity was confirmed by NMR spectroscopy and co-chromatography with authentic 
un-labelled material. 

Desethyl ethyl chlorthion was prepared by a method analogous to 
desethyl diazinon, also by reacting one mole of ethanol with one mole of 0-3-chloro-
4-nitrophenyl dichlorophosphorothionate under conditions analogous to those used for 
the preparation of labelled ethyl chlorthion. The products co-chroma to graphed in 
system III and the results of NHR spectroscopy were consistent with the desired 
product~ Monoethyl phosphorothioic acid (MEPTA) was prepared by condensing ethanol 
with thiophosphoryl chloride and separating the products on paper using system I. 
Diethyl phosphorothioic acid (DEPTA) was prepared in the same way as NEPTA, also by 
alkaline hydrolysis of parathion, and separated by chromatography. Diethyl phos­
phoric acid (DEPA) was bought (Eastman Kodak). 

466 



Sawicki & Farnham (1967 t 1969) described the detailed genetics of 
the strains of houseflies studied (Table 2). 'l'he flies were kept at 20°C and fed 
on ~~ water, sugar and milk until used 4 to 7 days after emergence. 

Table 2 

Factors of diazinon-resistance in strains of housefly 

Strain· 

~SRS None 

Type of 
resistance 

(Susceptible) 

Located Detoxification 
on chromosome mechanism 

!£;!.t;~;~ SRS None (Susceptible) 

C+D 

C+D 

A+C+D 

A+C+D 

B+C+D 

A+B+C+D 

29 

393 
466.500 

SKA 

gene a (low aliesterase) II 

gene ~ (low aliesterase) II 

sesamex-inhibited V 

gene ~ II 
+ penetration factor III 
+ sesamex-inhibted V 

• strains 29, 393 and 466.500 were derived from 
the SKA strain (Sawicki & Farnham, 1967, 1969) 

1 pl of a solution of insecticide in acetone was applied to the ventral 
side of the thorax of individual flies, which were then kept at room temperature 
(20°C) for 1 or 2 hours as necessary and examined for decomposition products of the 
insecticides. 

Batches of flies were ground in an all-glass macerator with hexane 
(10 flies/ml), to extract the bulk of unchanged insecticide. The solids were then 
reground with N HCl (4 flies/ml), centrifuged (1,000 g for 10 mins) , washed with more 
N HCl (20 flies/ml) and re-centrifuged. The combined aqueous layers were extracted 
with 3 portions of 2 ml ether. The aqueous and ether layers were chromatographed 
and nutoradiographed to separate and find the metabolites formed. 

A second extraction procedure was also used for comparison. After 
extraction with hexane, the solids were reground with ~ aqueous acetone (4 flies/ 
ml), centrifuged, washed with acetone (20 flies/ml) and re-centrifuged. The acetone 
extractions were combined and examined for metabolites. 

S~bcellular fractions were prepared by differential centrifugation of 
whole-fly homogenates in phosphate buffer (0.15 H, pH 7.3) containing bovine albumin 
(2% 'fI/~; British Drug Houses). The supercatant fluid from centrifuging at 10,000 g 
for 10 mins was recentrifuged at 100,000 g for 60 mins to give a soluble fraction 
(fluid) and a microsomal fraction (preCipitate). TYpical reaction mixtures contain­
ed material from 10 flies, 2 mg NADPH (Boehringer Corp, London) and 4 mg reduced 
glutathione (Boehringer Corp, London) in 2 ml buffer and were shaken in air or 
nitrogen at 30°C. Sesamex (20 pgm), a methylene dioxyphenoxy type of srnergiet, 
and S,S,S-tributy1phosphorotrithionate (TBTP) (10 lJ.gm), a synergist thAt inhibite 
aliesterase, were added in 10 pl acetone. The reaction 'fIas ended by adding cold 
acetone (3.0 CIl), and an aliquot of the supernatant fluid was chromatographed. 



Chromatograph: 

Four 5,1atema ot chromatography were used to separate the inaecticides 
and their metabolites. Two used Wbatman No 1 paper with (I) acetonitrile:water: 
!lIIIIDOnia (40:9:1) and (II) propan2-ol:ammonia (75:25) as solvent. The third (III) 
used silica impregnated paper (Whatman sG8l) and hexane:acetone ~4:1) as solvent. 
rhe fourth (IV) U8ed Whatman No 1 paper impregnated by d1ppiDg in l~ liquid paraf­
fin with acetonitrile:water (3:7) a~ solvent. 

Rf values of materials with solvent I were the same whether Whatman 
No 1 or SGBl paper was used, aDd solvent I was sometimes used after solvent IlIon 
;3081 paper in 2-W&1 chrollll.togra~. !rable 3 glYes the Rt values of materials in 
these systems. 

!rable 3 

Chromatosraphl of diu1non. ethll chlorthioll and eo •• possible metabolites 

Compound 

d1azinon 

diuoxon 

deset~l diaz1non 

_des.t~l diazoxon 

DEPrA 
DEPA 
eth11 chlorthion 

etbJl ohloroxon 

deset~l ethfl chlorthion 

MEP'.rA 

Rf Talaes in solTent 81stems 

I 

1.0 

1.0 

0.85 

0.60 

0.65 

0.40 

1.0 

1.0 

0.95 

0.06 

II 

1.0 

1.0 

0.95 

0.80 

0.75 

0.70 

1.0 

1.0 

0.95 

III IV 

o 
o 
0.87 

0.30 
o 
o 

0.05 

0.8 

A fifth system using Whatman No 1 paper with n-butanol:acetic acid: 
water (1l:4:5) was used to try and separate amino acids and some radioactive 
products. 

Radioactivity present in chromatosrams was detected by autoradiographf 
(Ilford Industrial "G" X-ray film) and assessed by solid scintillation count1!Jg 
(Naton 136) of dissected areas of chromatograms. 

Phosphorus compounds were detected by exposing the chromatograms to 
bromine vapour and then spraying with 0.5?'; ferric chloride in 0.5% HCl in 8Oj6 
ethanol. Phosphorus compounds showed as white areas against a "pink" background. 

Insecticides were detected by spraying with 2% 4-(p-nitrobenzyl) 
pyridine in acetone, heating to 1l0oC for 10 mine and then spraying with 10% tetra­
ethyl pentamine in acetone (Watts, 1965). 
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REsULTS 

Metabo1iem by who1e fly (in vivo) 

Diazinon is metabolised to diethyl phosphorothioic acid (DEPTA) and 
dietby1 phcsphoric acid (DEPA). These metabolites are detected within 10 mins of 
dosiag and their quantit7 increases with time of incubation. . 

Signiticant interstrain differences were not detected, and variation 
within the same strain was as great as between strains. Flies used more than 9 
days after emergence metabolise diazinon less rapidly than younger flies and produce 
1ess DEPA. . 

EthJ1 chl.orthion is metabolised b1 the SKA strain to several sub·stanoes 
that resemble chromatographically those formed when ethyl chlorthion is incubated 
with iDeeot subcellular tractions. 

Metabo1ism by suboellular fractions (in vitro) 

Three mechanisms concerned with detoxification of diazinon and diazoxon 
were described b1 Lewis (1969) (Table 2). 

Figure 1 

Metabolism ot diazinon 

( Mechanisms 
C and D 

DIETHYL 
PHOSPHOROTHIOIC ACID 

CH\ 0 
2 5 / ( Mechanisms 

RING + \ C and D 

C2H51 H 

DIETHYL 
PHOSPHORIC ACID 

a-(H~ 
C~ 

DIAZINON 

1 
DIAZOXON 

}ec~em 
TWO UNKNOWN 
METABOLITES 
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f.'lechanism A, desethylation of diazinon and diazoxon, occurs entirely 
in the soluble fraction and requires reduced glutathione (GSH) as cofactor, but not 
NADPH or oxygen. This mechanism occurs only in strains with gene ~ (strains 29, 
393 and SKA). 

Mechanism B, degradation of diazoxon but not diazinon to two unknown 
metabolites, is microsomal and requires NAD£>H and oxygen. It was found only in 
strains with the sesamex-inhibited factor on chromosome V (strains 466.500 and SKA). 

Mechanism C, the cleavage of diazinon and diazoxon to DEPTA and DEPA 
respectively, also occurs in the microsomes and requires NADPH and oxygen. It 
occurs in all strains and seems to be a common mode of detoxification. Significant 
interstrain differences (except for the SKA strain which metabolised slightly faster) 
were not found in this mechanism, in contrast to the results of El Basheir and 
Oppenoorth (1969). 

A fourth mechanism (D), cleavage of diazinon and diazoxon to D~TA and 
DEPA r.apectively, by a soluble, GSH-requiri~~ enzyme, was found. It also occurs in 
all strains, but is distinct from, and much less powerful than, mechanism C. 

As mechanisms C and D occur in all strains, only A and B can be 
con.idered resistance mechanisms. Diazinon is activated to diazoxon by the micro­
some., and this reaction requires NADPH and oxygen. in all strains. 

GSH, in addition to being essential for mechani.ms A and D, increases 
the activity of all the microsomal mechanisms (B, C and diazoxon formation). Two 
other reduced sulphur compounds, dithiothreitol and cysteine, also increase micro­
sollllll. metaboliem, but deset~lation does not occur in their presence. Iodoacetate 
(3 roM) and p-chloromercuribenzoate (0.05 mM) inhibit microsomal metabolism, thus con­
firming a role for sulphur. 

Microsomal metabolites were formed rapidly initially, but did not 
incr.ase after. 60 mins incubation, whereas the products from the soluble, GSH­
requiring mechanisms increased steadil~ for at least 2 hours, confirming that these 
two pathways ar. distinct. 

Sesamex inhibits all the microsomal mechanisms (B, C and diazoxon 
formation), whereas TBTP only inhibits the soluble mechanisms (A and D), which are 
unaffected b7 sesamex. 

The metabolism of ethyl chlorthion is less clear. Hechanism C, the 
microsomal cloavage to DEPTA, takes place in quantities similar to that for diazinon. 

However, desethylation (mechanism A) is less obvious than with 
diazinon, although toxicity studies with different strains (Sawicki & Farnham, 1969) 
suggest that this should be a major pathway of detoxification of ethyl chlorthion in 
the strains with gene a. Four metabolites are produced by the soluble fraction of 
gene a strains (29, 393 and SKA) only in the presence of GSH9 which suggests a 
similir1ty to mechanism A (desethylation of diazinon). One of these metabolites 
(Rf a 0.1 in solvent I) is also found in diazinon metabolism and is probably S-ethyl 
glutathione. The other three (Hf ~ 0.15, 0.2 and 0.35 in solvent I) have not been 
identified. The metabolite with Hf = 0.35, produced in considerable quantity, is 
not DEPA, which also occurs. TBTP inhibits the formation of these four metabolites, 
but sesamex does not. 

Preliminary tests suggest that the compound with Rf = 0.35 may be an 
amino acid derivative, because in chromatograms run in system I it is invariably 
associated with ninhydrin staining material. Two-way chromatograms, run first in 
system I then system V, did not disprove this hypothesis. It was thought that the 
compound might be a glutathione derivative analogous to that found with BRC (Clark, 
A. G. ~ ~., 1969) but when the substance was dissected from a chromatogram and 
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lqdrolysed overnight in 6N HCl at 1100 in a sealed tube t chromatograms run in s;y'stem 
V had mostly yellow ninhydrin-reacting substances, not corresponding to the constit­
uent amino acids of glutathione. 

DISCUSSION 

Although our results are incomplete, they suffice to explain in tel'll8 
of metabolism of poisons some of the toxic effects of diazinon and ethyl chlorthion 
observed by Sawicki & Farnham (1969). Consider firs~ the toxicity and metabolism 
of diazinon and diazoxon in relation to the strains of housefly_ _The detoxication 
mechanism C is inhibited by sesamex, which increases toxicity not only to the 
susceptible strains in which this mechanism predominates, but also to the strain 
that has the sesamex-sensitive mechanism B. Sesamex does not increase the toxicity 
of diazinon and diazoxon to the strains 29 and 393 which have gene a as 80le resist­
ance factor and use desethylation (mechani8lll A) as a major degradative pathway. 
TB!P inhibits mechanism A and increases diazinon toxicity to the strains 29 and 393. 
For reasons not understood, neither synergist greatl1 affects the toxicity of 
diazinon to the polyfactorial strain SKA. 

There is less information about the Iletabolism of ethyl chlorthion, 
but a soluble, glutathione-requiring mecbaniSlll (A) is probably common to both 
diazinon and etlql chlorthion, althoush the products of decomposition are not 
strictl1 analogous, as relatively less desethyl chlorthion is formed and more of the 
unidentified metabolite (Rf • 0.35 in 8Jstem II) suspected of being an amiDe acid 
derivative. The simplicity of this supposition is attractive, because TB~ 
increases the toxicity of both ethyl chlorthion and diazinon to the gene ~ strains 
(393 and 29). 

The diminished toxicity of diaZinon in gene ~ strains, and etlql 
chlorthion in all strains, caused by sesamex possibly results from a partial 
inhibition of the microsomal oxidation to the analogous phosphates, rather than from 
a modification of detoxification mecbanisms. 

There remains one major anoJDal.y in the toxicological results; it is 
the lack of synergism of both diazinon and ethyl chlorthion by either TBTP or sesa­
mex in the polyfactorial SKA strain. This cannot be satisfactorily explained. 
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Examination of the isolated autosomes of the SKA strain of house-flies (Musca 
domestica L.) for resistance to several insecticides with and without pretreatment 
with sesamex and TBTP 

R. M. SAWICKI and A. W. FARNHAM 

Rothamsted Experimental Station, Harpenden, Herts. 

Introduction 
Resistance to many insecticides has been located in several resistant strains of 

house-flies (Musca domestica L.) (Franco & Oppenoorth, 1962; Hoyer & Plapp, 1966; 
Milani & Franco, 1959; Oppenoorth & Nasrat, 1966; Plapp & Hoyer, 1967; Ogita & 
Kasai, 1965; Sawicki et al., 1966; Tsukamoto & Suzuki, 1964, 1966) using genetic 
marker techniques (Tsukamoto, 1964), but few of the factors of resistance have been 
isolated (Hoyer et aI., 1965; Litchtwardt, 1964; Milani & Franco, 1959; Oppenoorth 
& van Asperen, 1961; Sawicki & Farnham, 1967 b, 1968) and fewer still examined to 
e~tablish cross-tolerance patterns (Bell, 1968b; Hoyer & Plapp, 1968; Plapp & Hoyer, 
1967, 1968). 

This work continues the examination of multiple resistance in diazinon-selected 
SKA flies (Sawicki et aI., 1966; Sawicki & Farnham, 1967a,b, 1968). We have now 
isolated and examined each of the five auto somes of the SKA strain for resistance 
factors for DDT, methoxychlor, dieldrin and fourteen organophosphate insecticides 
and tested with the organophosphorus insecticides the effect of pretreatment with 
TBTP, an ali-esterase inhibitor (Plapp et ai., 1963), and sesamex, an inhibitor of 
microsomal activity (Nakatsugawa & Dahm, 1967). 

Materials 
House-flies 

The strains of house-flies used were as follows. 
(i) SKA of wild phenotype, the result of a cross between two diazinon-resistant strains 
(203a, Danish X Latina, Italian) and of continuous selection with diazinon (Sawicki & 
Farnham, 1964). 
(ii) A multi-marker susceptible strain ac;ar;bwb;ocra SRS bred from single-marker 
strains sent by Professor Milani, University of Pavia. The ar mutant was reselected 
by us for susceptibility to DDT. 
(iii) Five triple-marker strains (Table I) derived from the cross SKA X ac;dr;bwb; 
ocra SRS. Each strain had one of its autosomes other than the IV derived from the 

TABLE I. Strains of house-flies derived from the cross SKA X ac;ar;bwb;ocra SRS 

Name or no. 
of strain 

338 
393 
348 
DR 

466.500 

Mutant markers 

ar; bwb; ocra 
ac; bwb; ocra 
ac; ar; ocra 
ac; ar; bwb; ocra 
ac; ar; bwb 

Origin of autosomes 
A 

Susceptible 
II, III, (IV)*, V 
I, III, (IV), V 
I, II, (IV), V 
I, II, III, V 
I, II, III, (IV) 

SKA 
I, (IV) 
II, (IV) 
III, (IV) 
IV 
V, (IV) 

Resistance gene or factor 

Slight chlorthion resistance? 
a (modified ali-esterase) 
Pen (delayed penetration factor) 
Did (dieldrin resistance) 
Ses (sesamex inhibited factor) 

*The brackets indicate that the IV linkage group could be derived from either parent or both. 
(L 4217) c 

Reprinted from the Bulletin of Entomological Research, Vol. 59, Part 3, December 1969. 
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SKA parent. Three auto somes were derived from the susceptible multi-marker parent. 
The IV autosome was derived from either parent or both, except in the quadruple 
strain, where it was derived from the SKA strain. The strains retain the number of the 
single-pair progeny from which they were derived. 

The resistance factors isolated were: gene a, intermediate for ali-esterase a 
(Oppenoorth, 1959); Pen, an incompletely recessive or intermediate gene, which delays 
the penetration of several insecticides into the insects, previously called R2 (Sawicki & 
Farnham, 1968), probably identical to organotin R (plapp & Hoyer, 1968); DId, an 
incompletely dominant factor of resistance to dieldrin isolated from the SKA strain 
(Sawicki & Farnham, 1968); Ses, an incompletely dominant factor of resistance to DDT 
and diazinon, previously called R3 (Sawicki & Farnham, 1967a) and similar in its 
response to sesamex to the gene DDTmd (Oppenoorth & Houx, 1968). 

The designation of the physiological mutants follows Georghiou (1965). The number­
ing of the auto somes is according to Wagoner (1967). 

Insecticides 
The following insecticides were used:-

diazinon-O,O-diethyl 0-2-isopropyl-4-methyl-6-pyrimidinyl phosphorothioate, l 

diazoxon-diethyl 2-isopropyl-4-methyl-6-pyrimidinyl phosphate, l 

l'arathion-O,O-diethyl O-p-nitrophenyl phosphorothioate,2 
paraoxon-diethyl p-nitrophenyl phosphate,2 
methy I-parathion-O,O-dimethy I O-p-nitropheny I phosphorothioa te, 2 
methyl-paraoxon-dimethyl p-nitrophenyl phosphate,2 
ethyl-malathion-O,O-diethyl S-(1,2-di(ethoxycarbonyl)ethyl) phosphorodithioate,3 
ethy l-malaoxon-O,O-diethy I S-( 1 ,2-di( ethoxycarbonyl)ethyl) phosphorothioate,3 
malathion-O,O-dimethyl S-(1 ,2-di( ethoxycarbonyl}ethyl) phosphorodithioate,3 
malaoxon-O,O-dimethyl S-(1,2-di(ethoxycarbonyl)ethyl) phosphorothioate,3 
ethy l-chlorthion-O ,O-diethy I 0-3 -chloro-4-nitropheny I ph osphorothioa te, 2 
ethyl-chloroxon-diethyl 3-chloro-4-nitrophenyl phosphate,2 
chlorthion-O,O-dimethyl 0-3-chloro-4-nitropheny I phosphorothioate,2 
chloroxon-dimethyl 3-chloro-4-nitrophenyl phosphate,2 
DDT, methoxychlor, dieldrin and tri-butyl tin acetate (technical). 

The additives were:-
sesamex-2-(3 ,4-methy lenedioxypheny 1)3 ,6,9-trioxaundecane, 
TBTP-S,S,S,-tributyl phosphorotrithioate. 

Methods 
The mass-rearing of the insects and the test methods are described elsewhere 

(Sawicki et al., 1966). Virgin flies were paired when 3-4 days old in single-pair cages, 
i.e., 140-ml disposable plastic containers with a one-inch circular hole in the bottom 
covered with gauze, and a gauze-covered top. The cage was placed inside an unmodi­
fied container and rested on the" food tray", a flat inverted plastic cap containing 
three one-inch-Iong rolls of cotton wool soaked with milk. The flies fed from, and 
laid eggs into, the food tray through the gauze. The trays were changed daily, and 
those containing eggs were transferred into larval medium in plastic containers. More 
medium was added two days later. On emergence all adults were examined for 
phenotype, and sexed if required. 

The females were treated when 3-7 days old by the topical application to the 
thorax of measured drops (1·0 p.l) of insecticide dissolved in acetone. The additives, 
se5amex (2·0 p.g/fly) and TBTP (1·0 p.g/fly), were applied on the tip of the abdomen 

1,2,3 Kindly presented by J. R. Geigy S.A., Basle, Bayer G.m.b.H., Leverkusen, and Dr. J. E. 
Boyd, American Cyanamid, Princeton, respectively. 
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1-5 h before the insecticide. The dead insects were counted 24 h after treat­
ment. Each insecticide was tested at least three times against each strain at four or 
five doses, with two replicates of 15 flies per dish. The insects pretreated with additives 
were treated with two doses of insecticide aimed to give 20 and 70 % kill. The LD50's 
were estimated graphically. All doses are given in p.g toxicant/fly. The activity of 
ali-esterase was determined spectrometrically (van Asperen, 1962) and the amount of 
insecticide retained in the external rinses of the insects four hours after treatment was 
determined by gas/liquid chromatography (Sawicki & Farnham, 1968). 

Results 
Isolation of the autosomes from the SKA strain 

The autosomes of the SKA strain were isolated by substituting one of the marked 
auto somes of the susceptible multi-marker parent by the unmarked autosome of the 
SKA strain. This made selection with insecticides unnecessary. 

The SKA parent, selected with diazinon, was crossed with the ac;ar;bwb;ocra SRS 
strain. Each of the four triple markers and the quadruple marker segregating in the 
test-cross progeny ~ ac;ar;bwb;ocra SRS X 0 FI (SKA X ac;ar;bwb;ocra SRS) was 
selfed. The four different combinations of triple markers, segregating in F3 were 
made up in single pairs (30 for each autosome), and only single-pair progenies breeding 
true for each of the triple-marker combinations were retained for setting up strains. 
Each of the triple-marker progenies had three marked autosomes derived only from 
the susceptible parent, the autosome without the fourth marker was derived only from 
the SKA flies, and the remaining autosome, the fourth unmarked in the susceptible 
strain, could be inherited from either parent or both. In the quadruple-marker progeny 
only the fourth autosome unmarked in the susceptible parent was derived from either 
parent or both. Selection with dieldrin ensured that the fourth autosome was from 
SKA flies (Sawicki & Farnham, 1968). 

Table I shows the strains used for the tests. The second autosome of the SKA 
strain was isolated twice because the single-pair progeny isolated the first time was 
contaminated at F21 by stray flies, and the fifth autosome was isolated differently 
because twice all the viable single-pair progenies were heterozygous for the ocra 
marker and Ses. Two of 62 single pairs set up from three fairly fertile heterozygous 
progenies bred during the second attempt (pairs 466 and 500), bred true for the absence 
of ocra, were identical in their response to diazinon and DDT and showed no loss 
or change in resistance during six generations. These strains were crossed to improve 
their poor fertility, and the resulting strain is called 466.500. 

Fertility varied widely between the different series of single pairs; it was greatest 
in the ar;bwb;ocra and least in the ac;ar;bwb series. Sterile females laid either no eggs or 
a few batches of sterile eggs. A few F2 flies were sterile (Table II). Heterozygotes 
were often more fertile than flies homozygous for the SKA strain's autosome, and in 
some single-pair progenies, especially those of the ac;ar;bwb series, quadruple markers 
were very rare in F2 or appeared only in Fa. 

TABLE II. Analysis of the single pairs and their progenies from which the strains 
used in this work were derived 

Heterozygous 
Phenotype of No. No. for fourth Homozygous for Autosome 
single pairs pairs sterile marker SKA autosome from SKA 

Fl F2 F3 
ac; bwb; ocra 30 1 19 7 0 3 I 
ac; bwb; ocra 70 16 24 25 3 2 II 
ac; ar; ocra 30 4 17 6 0 3 III 
ac; ar; bwb 132 53 31 35 9* 2 V 

*Two pairs sterile at F2. 
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Location of the dominant factors of resistance to diazinon 
The sixteen phenotypes segregating in the test-cross progeny ~ ac;ar;bwb;ocra SRS 

X 0 Fl (SKA X ac;ar;bwb;ocra SRS) were tested with four doses of diazinon as 
described by Tsukamoto (1964). Dominant resistance factors were present only in flies 
unmarked on linkage groups II, III and V, indicating that SKA flies carry dominant 
lesistance factors to diazinon on those linkage groups. The factors together gave 
different degrees of resistance, and the decreasing order of response occurred with 
flies heterozygous for the following linkage groups: II; III; V > II; V > II; III > III; 
V > II > V > III. Because the first linkage group carried no dominant factor of 
resistance, the seven possible combinations of resistance were duplicated and agreement 
within each pair of results was very good except for factor Ses (Table III). This dis­
agreement is almost certainly an experimental error, because the replicates in male flies 
tested in the same way were very good. 

TABLE III. Response of females of sixteen phenotypes of the test-cross progeny 
~ ac;ar;bwb;ocra SRS X o Fl (SKA X ac;ar;bwb;ocra SRS) 

% insects killed at indicated doses Resistance No. flies of 
Phenotype ([Lg diazinon/ ~) factors given phenotype* 

2·0 1·0 0·5 0·25 

+;+;+;+ 17 13 4 0 a;Pen;Ses 90 
ac;+;+;+ 17 3 10 3 a;Pen;Ses 66 
+;ar;+;+ 100 93 23 3 -;Pen;Ses 73 
+;+;bwb;+ 63 20 3 3 a;-;Ses 59 
+;+;+;ocra 97 50 13 0 a;Pen;- 57 
ac;ar;+;+ 100 94 30 10 -;Pen;Ses 31 
ac;+;bwb;+ 60 21 7 4 a;-;Ses 27 
ac;+;+ ;ocra 87 57 7 0 a;Pen;- 28 
+;ar;bwb;+ 100 100 48 27 -;-;Ses 24 
+ ;ar; + ;ocra 100 100 100 97 -;Pen;- 35 
+;+ ;bwb;ocra 100 95 45 5 a;-;- 29 
ac;ar;bwb;+ 100 100 93 31 -;-;Ses 22 
ac;ar;+ ;ocra 100 100 100 77 -;Pen;- 15 
ac;+ ;bwb;ocra 100 96 40 3 a·_·- 14 , , 
+ ;ar;bwb;ocra 100 100 100 ----- 10 , , 
ac jar ;bwb ;ocra 100 100 100 -----. 8 , . 
*Out of a sample of 568 flies. 

Segregation departed very significantly from normality in the progeny of the test­
cross ~ ac;ar;bwb;ocra SRS X 0 Fl (SKA X ac;ar;bwb;ocra SRS) and flies with 
most mutant markers were fewest (Table III). The sex ratio was normal. 

Response of the strains to insecticides 
This section deals with the response of the individual autosomes of the SKA strain 

inbred into the SRS stock. Each of five strains with an SKA autosome was tested 
with several insecticides to locate and measure the resistance of any factor present on 
the autosome, and the response was compared with that of the susceptible ac;ar;bwb;ocra 
SRS and SKA parents. Table IV shows the location of the factors of resistance in the 
SKA strain and Fig. 1 the r·esistance of this strain to organophosphate insecticides. 
The properties of each SKA autosome are described in turn. All resistance factors 
with the exception of Deh were homozygous. 

Parental strains 
(a) ac;ar;bwb;ocra SRS.-The response of this strain was tested against ocra SRS, 

the most susceptible of the four single-marker SRS strains. The quadruple-marker 
strain was half to three-quarters as susceptible as the oera SRS strain against most of 
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Factor of resistance 
10 100 1000 

Paraoxon 0·042 
Methyl- parathion 0·026 
Methyl- paraoxon 0·033 
Ethyl-malathion 0·28 
Ethyl-malaoxon 0·17 
Mala thion 0·6S 
Mnlaoxon 0·30 
Ethyl-chlorthion 0·095 
Ethyl-chloroxon 0085 
Methyl- chlorthion 022 
Methyl-chloroxon 0059 
Diazinon 0·040 
Diazoxon 0026 }:::::::::::::':::.:::':::::::::::::::::!;:::::::::::::::::::::~::::::::::::::::::::::::: 

1& i 160 i il~. 

Fig. I.-Resistance spectra against several organophosphates of the 
SKA strain and two strains derived from it. Strain 393 has gene a on 
the II autosome, and strain 466.500 the sesamex-inhibited factor of 

resistance on the V autosome. 
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the organophosphates tested. It was fully susceptible to DDT and dieldrin and dimeti­
lan, but was about five times more resistant to Zectran than the Cooper strain, our 
most susceptible strain. 

(b) SKA.-The LDSO's of SKA flies resembled ,those reported elsewhere (EI Basheir 
& Sawicki, 1963). The flies were more resistant to ethyl-chlorthion, with which they had 
never been selected, than to diazinon, with which they had been selected in this 
laboratory for over 12 years. They were almost susceptible to malathion (resistance 
factor (R.F.) 2'6); this small resistance could be interpreted wrongly as "vigour 
tolerance". SKA flies were also more resistant to the ethoxy than the methoxy 
organophosphates, and, for the malathion analogue'S, were more resistant to the thioates 
than the phosphates (Fig. 1). They were very resistant to malaoxon although only 
slightly resistant to malathion, and were about three times more resistant to ethyl­
malaoxon than to the corresponding thioate. 

chlorthion 
chloroxon 
c. x 2 

TABLE IV. Location of the resistance factors in SKA 

Linkage groups 

II 
gene a 

parathion x 15 
paraoxon x 3·6 
methyl-parathion x 7 
methyl-paraoxon x 2·4 
ethyl-malathion x 4 
ethyl-malaoxon x 6·5 
malathion x 1·4 
malaoxon x 6 
ethyl-chlorthion x 48 
ethyl-chloroxon x 14 
chlorthion x 14 
chloroxon x 12 
diazinon x 13 
diazoxon x 8 

Deh 
DDT x 1000 > 

III 
Pen 

diazinon x 2* 
chlorthion x 5* 
dieldrin x 2* 
DDT x 2* 
tri-buty tin acetate X 12 
Zectran x ? 

IV 
Did 

dieldrin x 700 

V 
Ses 

diazinon x 9 
diazoxon x 4·6 
ethyl-malaoxon x 3·3 
DDT x 10 
methoxychlor x 20 

*Measure of delayed penetration, not resistance to kill. 
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Strains with individual autosomes of the SKA strain 
(a) SKA flies autosome I (Strain 338 ar;bwb;ocra).-The flies of this strain were 

susceptible to most of the organophosphates tested, except against malaoxon CR.F. 1·9), 
chlorthion (R.F. 2'3) and chloroxon (R.F. 1'8). They were also fully susceptible to DDT 
and dieldrin. 

(b) SKA flies lautosome II (Strain 393 ac;bwb;ocra).-Two major factors of 
resistance are present on the II autosome of the SKA strain, the gene a for low 
ali-esterase (Oppenoorth & van Asperen, 1961) and the gene Delz for high DDT­
dehydrochlorinase. Gene a conferred resistance to all the Qrganophosphates tested, but 
resistance was much less than that of SKA flies (Fig. 1). This factor gave two- to 
three-fold greater resistance against the ethoxy than the methoxy thioates, but this 
difference almost disappeared with the methoxy and ethoxy phosphates. It was more 
effective against the thioates than the phosphates except for the malathion analogues. 
The resistance of strain 29 isolated previously (Sawicki & Farnham, 1967 b) was identical 
to those of strains 393 and 270, the latter strain discarded because of contamination, 
and there is evidence that the greater resistance of strain 52 (Sawicki & Farnham, 
1967b) was through the interaction of gene a and the penetration factor Pen, which 
was heterozygous. All four strains had low ali-'e'sterase. 

DDT-dehydrochlorinase was heterozygous in strains 29, 52 and 393, and the re­
sponse to DDT within each of these strains varied from full susceptibility to complete 
immunity. However, DDT-dehydrochlorinas'e did not protect strain 393 against 
methoxychlor. The resistance against this compound is on the V autosome. Many 
attempts to isolate DDT-dehydrochlorinase in a homozygous condition from strains 
29, 52 and 393 failed. Strain 270 was fully susceptible to DDT. This was one of very 
few strains with resistance to organophosphate insecticides and full susceptibility to 
DDT. 

(c) SKA flies autosome III (strain 348 ac;ar;ocra).-This autosome carries the 
penetration factor Pen which controls the mechanism delaying knockdown and the 
penetration of several insecticides into the flies (Table V) but has little effect on pro­
tecting the insects at death except against tri-butyl tin acetate (R.F. 12). About twice 
as much diazinon, DDT and dieldrin, and five times more chlorthion, were washed off 
strain 348 four hours after treatment than from susceptible flies. 

TABLE V. Percentages of doses of insecticides recovered four hours after 
treatment from external washings of strain 348 and susceptible strains 

lacking Pen 

% of dose recovered from strains 
Insecticide 

348 Susceptible 
chlorthion (0·65 (Lg/fly) 59 12 
diazinon (0'10 (Lg/fly) 74 38 
DDT (0'50 (Lg/fly) 56 30 
dieldrin (1'0 (Lg/fly) 41 21 

Results obtained by gas/liquid chromatography (Sawicki & Farnham, 1968). 

Recently Plapp & Hoyer (1968) isolated a similar factor, organotin R, which they 
introduced into the susceptible Sitw;w 5 strain. The two genes are probably close 
alleles because both strain 348 and tin ;stw and their Fl progeny respond similarly 
to DDT and diazinon, and the delay in penetration of diazinon and dieldrin are alike 
(Table VI) and both parents are equally resistant to tri-butyl tin acetate. 

Strain 348 resPO'nds to' organophosphates at death in almost the same way as the 
susceptible parent, except with diazinon to' which it is slightly resistant (R.F. c. 1'5). 
It is also slightly resistant to dieldrin (Sawicki & Farnham, 1968), DDT and methoxy­
chlor. 
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TABLE VI. Percentage of dose of insecticide recovered four hours after 
treatment from external washings 0/ strains 348. tin;stw and P l (tin;stw X 348) 

Insecticide 

dieldrin (0·5 {Lg/fly) 
diazinon (0'1 {Lg/fly) 

'348 
69 
48 

% of dose "recovered 

Fl (tin;stw x 348) 
75 
38 

tin;stw 
72 
38 
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This strain also has a factor of resistance, unaffected by sesamex, to the carbamate 
Zectran. Its resistance has not been measured because of interference by the resistance 
factor(s) to Zectran inherited from the ac;ar;bwb;ocra SRS. 

(d) SKA flies autosome IV (Strain DR ac;ar;bwb;ocra).-Flies with the SKA 
autosome IV respond to organophosphates and DDT in the same way as the susceptible 
parent. The major factor of dieldrin resistance DR of the SKA strain, which is on this 
linkage group, is described elsewhere (Sawicki & Farnham, 1968). 

(e) SKA flies autosome V (Strain 466.500 ac;ar;bwb).-The response of the flies 
with the sesamex-inhibited factor Ses on the SKA autosome V varies with different 
organophosphate insecticides (Fig. 1). Ses gives moderate resistance to diazinon (R.F. 9), 
slight resistance to diazoxon (R.F. 4-5) and ethyl-malaoxon (R.F. 3), and possibly very 
slight resistance to parathion (R.F. c. 1·5), but none to most of the other organophos­
phates, and it enhances the susceptibility by 1'5-2 to methyl- and ethyl-paraoxon. This 
factor also gives slight to moderate resistance to DDT (LD50 1·9 p..g/ <:;?, R.F. 10) and 
methoxychlor (LD50 c. 12 p..g/ <:;?, R.F. 20) which is completely reversed by pretreat­
ment with sesamex (2 p..g/fly) but is unaffected by FDMC (bis-(p-chlorophenyl)­
trifluromethyl carbinol). This factor, which has been described as giving extremely 
great resistance against DDT (Oppenoorth, 1965a, b; Oppenoorth & Houx, 1968) in 
the Fc strain, is called DDTmd. However, as discussed later, the resistance to DDT in 
Fc is almost certainly caus'ed by the interaction of two or more factors. Gene DDTmd 
increases the microsomal breakdown of DDT c. 15 times (Oppenoorth & Houx, 1968) 
which is in reasonable agreement with the lO-fold resistance of strain 466.500 to DDT. 

Effect of sesamex and TBTP on the response of the different strains to organophosphate 
insecticides 

The determination of the effect of the two additives was less accurate than the 
estimate of the response to the insecticides alone. In spite of this, the variations 
between tests done at different times were small. 

Only strains 393 (gene a), 466.500 (Ses) and SKA differed significantly from the 
others in their response to organophosphates after pretreatment with the additives. 
The other strains differed little from the susceptible parent and the pooled results are 
discussed under 'susceptible strains'. 

Response after pretreatment with TBTP (Fig. 2-3).-TBTP synergised the thioates 
only marginally both against susceptible strains and strain 466.500. The phosphates 
were slightly better synergised (synergistic factor (S.F.) 1'5-3'2). SKA flies also showed 
little or no synergism with TBTP, except with chlorthion (S.F. 3) and paraoxon (S.F. 2'8), 
and retained very great resistance. The only consistent and large synergism was with 
flies of strain 393 (gene a) especially with ethyl-chlorthion (S.F. 16) and methyl­
parathion (S.P. 8). In this strain TBTP almost eliminated resistance to methyl-parathion, 
its phosphate and malathion, decreased resistance to seven other compounds to a half or 
oae-quarter, and only slightly decreased resistance to parathion (X 6), chlorthion, 
diazoxon (X 8) and diazinon (X 10) (Fig. 3). 

Response after pretreatment with sesamex (Fig. 2-3).-Pretreatment with sesamex 
elicited two types of response: - antagonism, when kill after treatment was less than 
kill by organophosphates alone, and synergism when pretreatment increased kill. 
Antagonism occurred only with thioates, whereas most phosphates were well synergised. 
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The general pattern of response to organophosphates after pretreatment with sesa­
mex was similar in all strains (Fig. 2-3). Synergism decreased, or antagonism increased, 
with the following thioates: malathion, parathion, chlorthion, and the decreasing order 
of synergism with the phosphates was: malaoxon, paraoxon, chloroxon. Th'e ethyl 
phosphates were slightly better synergised than the methyl phosphates. Diazinon and 
diazoxon obeyed the general pattern, but diazinon was considerably more synergised 
than other thioates in strain 466.500. The strains differed most in the extent to which 
the individual compounds were synergised or antagonised by sesamex. SKA flies 
responded to sesamex least, and synergism or antagonism were either small or none. 
Synergism was greatest in strain 466.500 especially with ethyl-malaoxon (S.P. 52), 
malaoxon, diazinon and diazoxon; on the other hand, antagonism was greatest in strain 
393 where almost all the thioates were antagonised by sesamex, especially methyl­
parathion and ethyl-chlorthion which even failed to kill 10% at 16 p.g/fly. It is interest­
ing to note that the thioates most synergised by sesamex in strain 466.500 were least 
antagonised in strain 393, and that the three thioates antagonised by sesamex in strain 
466.500 were those most antagonis'ed in strain 393. Unexpectedly large synergism was 
obtained with the phosphates in the susceptible strains. Also, 466.500 flies pretreated 
with sesamex were more susceptible to the analogues of parathion and malathion than 
flies of the 'susceptible strains' but were fully susceptible to diazinon and diazoxon. 

In5~cticide Stram Synergism Antagonism Syn~rglsm 

D,azinon 
Et hy 1- malathion TBTP SESAMEX 

Methyl-malathion 
Ethyl- parathion 
Methyl-parathion 
Ethyl- chlorthlon .. 
Methyl-chlorthlon :is 

D,azoxon I Ethyl- malaoxon 
Methyl- malaoxon Vl 

Ethyl- paraoxon 
Methyl-paraoxon 
Ethyl- chloroxon 
Methyl-chloroxon 

50 100 01 05 10 5-0 100 50 1000 

Diazinon 
Ethyl-malathion 
Methyl-malathion 
Ethyl-parathion 
Methyl- parathion 
Ethyl- chlorthlon 
Methyl- chlorthlon 
D,azoxon 
Ethyl-malaoxon <t 
Methyl- malaoxon :><: 
Ethyl- paraoxon II) 

Methyl-paraoxon 
Ethyl-chloroxon 
Methyl- chloroxon 

10 50 100 01 500 1000 

Fig. 2.-Synergism or antagonism of strains SKA and ac;ar;bwb;ocra SRS 
(susceptible) to several organophosphates after pretreatment with TBTP and 
sesamex. Synergism and antagonism were calculated from ratios of the 
LDSO's of the insects treated with the insecticide alone and with the 

insecticide plus additive. 

Discussion 
The SKA strain is the first multi-resistant strain from which each autosome 

has been isolated and studied in detail. Five factors of resistance were located of which 
four were isolated in a homozygous condition. 
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Ins~cticid~ Strain 

Diazinon 
Ethyl- malathion 
M~ thyl-malathi on 
Ethyl- parathion 
Methyl-parathion 
Ethyl- chlorthion 
Methyl - chlorthion .... 
Diazoxon ~ 
Ethyl-malaoxon 
Methyl - malaoxon 
Ethyl- paraoxon 
Methyl-paraoxon 
Ethyl- chloroxon 
M(thyl-chloroxon 

Diazinon 
Ethyl - malathion 
Methyl- malathion 
Ethyl- parathion 
Methyl-parathion 
Ethyl-chlorthion 
Methyl- chlorthion ~ 
Diazoxon 

'" '" .... Ethyl - malaoxon 
Mt:thyl-malaoxon 
Ethyl- paraoxon 
M ethyl- paraoxon 
Ethyl-chloroxon 
Methyl - chloroxon 

1-0 

10 

Syn~rgism Antagonism Synergism 

SESAMEX 

50 100 

50 100 01 05 10 5-0 100 

Fig. 3.-Synergism or antagonism of strains 393 and 466.500 to several 
organophosphates after pretreatment with liBTP and sesamex. For 

calculation of synergism and antagonism, see Fig. 2. 
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The major factors of resistance to organophosphates and DDT are on autosomes II 
and V. One of those, Ses (V) and the minor factor Pen (III), which controls penetra­
tion and acts as a modifier by enhancing the action of the major factors (Sawicki & 
Farnham, 1969), are common to both groups of insecticides (Sawicki & Farnham, 1968). 
Dehydrochlorinase controlled by Deh on the II autosome is heterozygous in SKA 
(Sawicki & Farnham, 1967a) and was not isolated by us in a homozygous condition. 
Because gene a is also on the II autosome, flies with the SKA genotype maintain 
resistance to organophosphates and DDT whether selected with diazinon or DDT. 
There may also be a minor factor of resistance to chlorthion on the I linkage group,. 
but its function or contribution towards resistance to chlorthion is not known. Did, 
the factor responsible for dieldrin resistance on the IV autosome, was probably inherited 
from the parents of SKA, which were treated with chlordane in the field, and has 
persisted for over 12 years, although the percentage of SKA flies with this gene is 
now very small (Sawicki & Farnham, 1968) and plays no part in resistance to DDT or 
the organophosphates. 

The factors of resistance found in SKA flies seem to occur in widely separate fly 
populations. Gene a or a similar gene on the II linkage group has been reported in 
many strains resistant to organophosphates. Ses (V) has only been identified so far in 
Fc, where it is called DDTmd, and in SKA; both strains are derived from strain 203a. 
A factor of resistance to diazinon similar to Ses may occur in a Japanese resistant strain 
(Tsukamoto & Suzuki, 1966). Pen (III) occurs both in a European strain (203a) and 
American strains (plapp & Hoyer, 1968) and perhaps in Japanese strains (Tsukamoto 
& Suzuki, 1966). The dieldrin-resistance factor Did is located on the same linkage 
group as the dieldrin-resistant factor in U2, a Uruguayan strain (Oppenoorth & 
Nasrat, 1966). 

The only factor that conferred resistance to all the organophosphates tested was 
gene a, which is probably the gene controlling low ali-esterase (Oppenoorth, 1959). In 
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our experience heterozygosity of ali-esterase was always linked with heterozygosity for 
resistance in all flies having the factor of resistance on the II autosome. The degree 
of resistance of strain 393 resembles that of the Italian strain (Latina) (Bell, 1968a), 
which was one of the parents of SKA. Latina differs from 393 in its greater resistance 
to parathion, but selection with parathion (Busvine, 1959) may be responsible for the 
two-fold difference in resistance between the strains. Resistance conferred by gene a 
to other strains is also small (Oppenoorth, 1959; Hoyer et al., 1965; Bell, 1968a), and 
its contribution to the total resistance of SKA flies is variable, viz. it contributes half 
the resistance to methyl-parathion but only one-twenty-sixth against diazinon (Fig. 1). 

The second major factor of resistance to diazinon is Ses, the sesamex-inhibited 
factor on the V linkage group. It is most probably the same as DDTmd of strain Fc 
(Oppenoorth & Houx, 1968) and has been inherited by strains Fc and SKA from the 
Danish strain 203a. However, the Fc strain differs from strain 466.500 in having factors 
of resistance which modify its response to DDT and organophosphates. These factors 
are: Pen on the III linkage group (Plapp & Hoyer, 1968), an esterase controlled by a 
factor on the II linkage group (Bell, 1968b) and intermediate Deh (Oppenoorth, 1965b). 
The last two factors may have been inherited from the susceptible strain, with which 
strain F (strain 203a) was crossed to remove gene a. Strains Fc and 466.500 differ 
considerably in their resistance spectra both to organophosphates (Bell, 1968a) and 
DDT (Oppenoorth, 1965a; Oppenoorth & Houx, 1968). The most interesting feature of 
factor Ses, in addition to the ease with which it is inhibited by sesamex, is its specificity. 
Ses by itself gives moderate resistance to DDT, methoxychlor, diazinon, diazoxon, very 
little to ethyl-malaoxon and none to any other organophosphate tested. It even increases 
susceptibility to the analogues of paraoxon. In the presence of gene a, however, it 
interacts to give high resistance, even with compounds against which it is inactive by 
itself, such as ethyl-chlorthion (R.F. 150) (Sawicki & Farnham, 1969). 

Although the penetration factor Pen does not protect the flies against most insecti­
cides when tested in the laboratory, it may protect insects in the field when they come 
into contact with small amounts of insecticides. It is primarily an intensifier of the 
expression of other factors of resistance. For example, when present in homozygous 
condition with the sesamex-inhibited factor Ses, which alone gives X 10 resistance, it 
makes the flies immune to DDT (Sawicki & Farnham, 1969). Interaction between 
Ses and Pen may be responsible for the great resistance of Fc to DDT. Pen is non­
specific and delays the penetration of most groups of insecticides, but the delay in 
penetration differs in different insecticides (Table V). 

The results of tests with organophosphates after pretreatment with TBTP and 
sesamex indicate that at least two different mechanisms are involved in the breakdown 
of organophosphates in all the strains we investigated, and that the differences between 
the susceptible and resistant strains are mainly qualitative. The two major mechanisms 
of breakdown are: (i) on the II linkage group a factor which is inhibited or the activity 
of which is decreased by TBTP, and (ii) detoxication by micro somes on the V linkage 
group which is inhibited by sesamex (Wilkinson, 1968). Antagonism, almost complete 
only with ethyl-chlorthion, most probably results from inhibition of the activation of 
phosphorothioate into phosphate (Sun & Johnson, 1960) and the simultaneous break­
down of thioates, which is most pronounced in strains with low ali-esterase (Sawicki & 
Farnham, 1967b). In strain 393, which breaks down diazinon into O,O-diethyl phos­
phorothioate and O,O-diethyl phosphate more than strains with normal ali-esterase 
(Lewis, 1969), synergism by TBTP, an ali-esterase inhibitor (Plapp et al., 1963), is 
greatest as is antagonism by sesamex (Fig. 3). However, there is little or no antagonism 
of malathion because strain 393 has only a parathion-type ali-esterase (Nguy & Busvine, 
1960). In strains with normal ali-esterase, significant antagonism occurs only with the 
chlorthion analogues and slight antagonism with methyl-parathion, whereas the other 
thioates are synergised by sesamex (Table II). This is probably because those com­
pounds are only slightly affected by the factor on the II linkage group and are mainly 
broken down by microsomes. Therefore the inhibition by sesamex of microsomal 
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detexicatien, ceupled with the incemplete inhibitien ef activatien, results in the 
synergism of the thioates. Microsomal detoxicatien O'f the phO'sphates must be fast 
even in the susceptible strain, because these cempeunds are well synergised by sesamex 
(Fig. 2). They are even better synergised in strain 466.500, which has the facter that 
breaks dewn DDT by microsemes (OppeneO'rth & HO'ux, 1968; Gil et aI., 1968), and 
the synergistic facter ef 52 with ethyl-malaexen is the largest yet reperted. Hewever, it 
is net knewn why the strain 466.500 resists DDT, diazinen, diazexen and ethyl­
mala ex en, but net the ether 11 erganephespherus insecticides tested. It is pessible that 
DDT and the O'rganO'phesphates are broken dewn by twO' clesely linked factors en the 
V autesO'me in strain 466.500. It is even more puzzling that the two major factors of 
resistance to organophosphates when tO'gether, as in SKA flies, decrease the respense 
to' TBTP er sesamex. A similar result was ebtained with a strain bred from 466.500 
and 393, indicating that the penetratien factO'r is apparently net invO'lved in the lack 
ef respense ef 8KA flies to' the additives. 

Summary 
The facters ef resistance to' many insecticides were IO'cated and isO'lated in a 

hemezygO'us cenditiO'n from the diazinO'n-selected 8KA strain ef house-flies (Musca 
domestica L.) by inbreeding each ef the five autesemes ef the SKA strain intO' a 
'Susceptible multi-marker strain ac;ar;bwb;ocra SRS. The insecticides were: DDT, 
methexychler, tri-butyl tin, the methO'xy and ethexy analO'gues ef para thien, chlerthien 
and malathien and their cerrespending phO'sphates, diazinen and diazexen. 

The 8KA flies' autesemes had the fellowing facters of resistance: -autesO'me 
I-very slight resistance to' ethyl-chlerthien; autesO'me II-gene a fO'r lew ali-esterase 
activity which cenferred weak to' mO'derate resistance against all erganO'phO'sphates 
tested, and Deh (DDT-dehydrO'chIO'rinase) which gave great resistance to' DDT, but 
nene against methexychler; auteseme III-Pen, which delayed kneck-dewn by slewing 
dewn the entry of insecticides intO' the flies and had a negligible effect at death except 
against tri-butyl tin and methexychler, and a facter ef resistance to' Zectran unaffected 
by sesamex; auteseme IV-DId, the majer facter ef resistance to dieldrin; and auto­
'Some V-Ses, a sesamex-suppressed facter, which gave weak to' mederate resistance 
against ethyl-malaexen, dia:lJOxen, diazinen, DDT and methoxychler, but was ineffective 
against the ether erganophesphates tested. ' 

TBTP (8,8,8 tri-butyl phesphO'rotrithioate), an ali-esterase inhibiter, greatly syner­
gised erganephosphates enly against insects with gene a. Pretreatment with sesamex, 
an inhibiter ef micresemal activity, elicited two types of respense: antagenism with 
mest ef the thieates, most pronounced in flies with gene a, and synergism with the 
phesphates, especially evident with flies with facter Ses. The pessible reasens fer 
differences in the respense to' erganephesphates after pretreatment with TBTP er 
sesamex, and the nature ef the resistance facters are discussed. High resistance in 
SKA flies against erganophesphates arises threugh the interaction ef resistance factors 
which singly give enly weak to mederate resistance. 
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