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1. Introduction

The desirabllity for new methods of Ilnsect control has become inereasingly evidant with
the realization of the consequences of misuse or over-use of a number of the more important
pesticides e.g, chlorinated hydrocarbons and cyclodienes that have been used in enormous
guentities (primarily DET and related CONgeners) ., Concomlttant with the awareness of the
undesirable effects on the environment and of toxicity to mammals and of equal importance
is the realization of the rapid acquisitlon of reslstance by Insects,

2, Conventional pest contrel agents

Although new and innovative metheods are being sought for pest coentrol. ¢chemical
pesticides at the present time are the basls of controlling public health disease vectors
and will econtinue to be for the foreseeable ruture.! New pesticides are required and
constantly sought for sxpanding the scope of vector contrel for those dizeases not now
adequately controlled and for possible use with veectors whieh have developed or may develop
resistance to currently used materials. Development of new materials lnvolves searching
for chemicals with high specific aetivity on the target organisms and developing the
correct formulation and methods of application,l

Competition from the 500 or more first and second generation pesticides and the general
concern with the quality of the envirommeni, which 1s reflected In the more siringent
requirements being adopted ny many regulatory authorities and agencies, have had a signifiecant
impact on research and development within the agro-chemical industry. ©

Recent legislation affecting the use of the persistent organo-chlorine insecticides
is likely to stimilate efforts to £ind environmentally acceptable replacements more
particularly among the organophosphate and carbamate group of compounds.

It iz also probable, according to Danielzthat the Industry will adopt the concept of
"integrated control” which involves the optimization of all lmown methods of pesticide
control and may signiﬁ}cantly alter use patterns. 3 fhe more likely results of this
strategy could ineluds @ (1) the use of more specific, less persistent pesticides;

{2) selective use of organo-chlorine insecticides; (3) development and use of crop varieties
resistant to inseot attack. {(The effectiveness of this approach must be viewed with zome
caution however sinece Insects are highly adaptable and may adjust to resistant strains,)
(4) changes in cultivation practices; (5) inereased use of biologleal insect control
including microbial and viral insect pathogens; {6) greater use of sierile inseeots;

(7) increasing use of insect attractants, and inseet growth regulators of both synthetic
and natural origin such as juvenile hormones and ecdysones; (8) improvements in
formulations or methods of applications: (a 0% reductlon in the use of pesticides has,
for example, been achieved in some instances, following the intervention of ultra-low
volume (ULV) method of application), and (9) the use of new pyrethroids with improved
stability. In addition it 1ls believed that microencapsulation will also make a
significant contribution to integrated control. Other practices that may be implemented
inolude 2 ¢ the storage of grain in an atmosphere of carbon dioxide; the use of
pesticlde-lmpregnated strips in storage bulldings; improved methods for the detection of
pests. (This could result in more effective control and require the use of relatively
small amounts of pesticide.)

It is useful to recall the previous use patterns of pesticides. For example in 1969,
the Mrak Commission was told that symthetie organice pesticeide production in the USA was
ingreasing at the rate of about lB%/&ear.l In 1971 FAO2 cugpested that the amnual rate of
growth waz in the region of 10% with the increase applying more to herbicides and
fungicldes than to insecticides, It i=s estimated that 50-T5% of pesticides were produced
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in the USA and for 1967, FAQ estimated a global usze of 1,300,000 metric tons, although thils
did not inelude the amounts used in some countries including the United Kingdom, Prance and
China. In that year, primary chemical manufacturers iln the USA produced 897,000 tans,
The United Slales' President's Scientific Advisory Commititee estimated that 120,000 tons were
uged in developing countries (excluding Latin America) and predicted that this would have 4o

be ralsed by 7,000,000 tons if food production was to be doubled, Taking an estimate of total
ugsapge of 1,500,000 tons of pesticides in 1967 and the FAQ estimated armual rate of inerease
(10%), *the amount used in 1972 would be in the reglon of 2,400,000 tons and by 1975 will be
more than double the 1967 figure, 4

The production figure shown for pesticldes by primary chemical manufacturers in the USA
in 1967 included 17.4% fungicides, 32.1% nerblcldes and 54.5% Insecticides (it did not
include rodenticides and fumlgants). Based on this production ratio and allowing for 5%
annual increase for insecticldes since the rate of growth is lower than for the other two

categories, the ampunt of global insecticide productlon In 1972 was estimated to be in the
region of 1 million tons. 4

The contribution of DDT to the total production of insecticides has declined
considerably. In 1967, US production alone (which is believed to be about half the warld
production, was 7,000 metrie tons, a reduction of 27% below the previous year and 4o%
below the peak production year 1960-196%. The decline has eontlnued, however at a slower
pace duc to the continued predominant requirement for DDT in public health whieh still has
to be uged for malaria eradicatlon. Although more than 1000 millien people now live iIn
areas that have been freed from the endemie form of the disease, it is generally
acknowledged that to maintaln this achievement as well as to permit the extension of
protection to tne many millions of persons still exposed to infection will require the
continued avallability of DDT. 3 The witbdrawal of DDT from public use at this time could
give rise to immense problems and expose large populations to outbreaks of endemic and
epidemic malaria,

The other major use of DDT is for is for cotton growing and this too has slowed the
dizcontinuance of DDT.

Exampies of newer chemicals for use In some vector control inelude the organo-
phosphorus compounds and carbamates for residual application for malaria control,
organophosphorus compounds for larvicide application on mosquitoes and blackflies, organo-
phosphorus compounds and syhthetlic pyrethroids for aerosol dizpersal for rapld knockdown
of insects, for epidemics of the arbovirus caused diseases (mosquito vectors) and for
control of tzetse flies,

Tne WHO programne for evaluating and testing new insecticides has included a
consliderable number of compounds for use in public health practice, The testing starts
with the laboratory investigation at Stage I and progresses through teo the fileld
epldemiologlecal trials at Stage VIT, 68

Concomittant with the development of new insecticides is the ancillary requirements of
evaluating and/or predicting their environmental biodegradability and toxleity. Booth 2
recently described the usefullness of model ecosystems in insectlclde development, The
system is composed of a 10 gallon aguarium with sand, water and air and aquatic organlsms.
Soprghum is planted and grown on the terrestrial phase, The plants were treated with 5 mg
of radiolabelled insecticide and =alt marsh ecaterpillars were used to forage on the plants.
At the end of *0-4%0 days, all of the organisms and water were examined for metabollite
diztribution. Congentration factors, 1.e. the ppm in the tlissue divided by the ppm 1n
water, were recorded to determine if the compounds accuwmildated in the organisms. The
present data compared the fate of DDT, DIT analogs, orthene, and carbofuran in the model
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ecosysten, DDOT accwmilated in Iﬁry large amounts in every organism with DDE contributing
to a major portion of the total c. Orthene could not be detected in any of the organlsms,
but an average of 41% was found in the water. Large amounts of polar metabolites were
obtained from the origin. The DDT analogs ethoxychlor, methlochleor, and methylchlor were
rapldly metabolized to polar compounds, showing concentration factors for fish of 1500, O,
and B840 respectively. Carbofuran was not detectable in any of the organisms thail stayed
alive but was found i&ucrabs which died soon after application of the compound to the system
(41-80% of the total ~ C). Carbofuran was also quite toxic to clams, daphnia and snails,
All of the compounds were biodepradable when compared with DDT; this dneiuded orthene,
carbofuran and the DDT analogs. The model ecosystem appears to be a useful tool In
developing safe and biodegradable insecticides for the Muture,

Casida et allILtudied the chemical composition of toxaphene with a view toward
elucidating the possible biodegradable sites of the variocus toxaphene components, One
billion pounds of toxaphene have been used for pest insect control without detalled
owledge of its chemical composition or metabolic fate, Examination of toxaphene by
silica gel adsorption column chromatography and gle-msz revealed a complex mixture of at
leaét 1?5 c O-polycnloro coTpounds made up of clOHHCllO’ ClOHlB-nCln and clOH 6-nCl
derivatives where the chlorine number (n) is 6, 7, & or 9, It is likely that the
C HlB- Cl c¢ompounds are polychlarobornanes and the ClOHlﬁnnCl derivatives are poly=-
c%gorobgrngnes and/or polycnlerotricyelenes, Individiial comp%nents can be igolated by
chromatography invelving, In sequence, a partition columm, an adsorption column, a second
partition ecolumn, a second adsorption column then preparative GIC and crystallization,

One toxic component is identifled by X-ray cvystallography as 2,5-endo, 2,6-exo, 8, 9,
10=neptachlorebornane . Another more toxic component Is an occtachloro compound, These

two toxic components appear to contribute a major %grt of thiqacute toxicity of toxaphene

1o mice treated intraperitoneally. Studles with ““Cl- and ~ C=toxaphene establish that 1in
rats about half of the carbon-chlorine bonds are metabolically labile in the technleal
mixture and in each of seven subfractions of varying composition and toxieity. Two sets of
structural features are of interest relative to the individual toxaphene components, An
appropriate sterie relatlonship between certaln chlorines present in only a few constituents
may determine the neurotoxie potency. Blodegradable sites such as chloromethyl and other
groupings are probably present in most if not all of the toxaphene components. Technigues
are now available to define more completely the struecture, metabolle fate and environmental
persistence of the toxaphene components.

Mention was made earlier in this sectlon of the deeline in production of DDT
accompanying a gradual replacement by organophosphorus amd carbamate insectieides, One of
the largest use categories of DDT is in the area of cotton farming. Its replacemsnt In
this use application has been primarily with methyl parathion, toxaphene and carbaryl
{zevin). An additional pestieide for cotton to replace DDT is a newly developed preduct
by Ciba-Geigy called chlordimeform /Nf-(4-chloro-0-tolyl)-N. N-dimethyl formamidin_/ which
has been available in Europe and will be introduced into thelUS shortly. Studies with
carbamate insecticides indicate the posslibility of effecting a reductlon in mammalian
toxleity, while retaining high insectleidal activity. Thls has been achieved by
N-acylation of the menomethyl carbamoyl moiety. The success of this approach elearly
depends apon an understanding of the comparatlve blochemistry of mammals and insects,

What additionally can we expeet in the way of new pesticildes in the near future?
In this regard it iz informative to assess the relative pesticide research and development
costsll,  In the United States, as of 1972, 1t was estimated tnat one new pesticide
emerges [or every 10,000 compounds tested; that the time from discovery to market is
B-10 years, and that the cost 1s in excess of 10 millien dollars, This figure would
undoubtedly be significantly higher as of 1974, It iz also reasonable to assume that
additicnal safety requirements for pesticldes will beecome manditory in many countries,
These may include : 2 year (or longer) carcinogenesis studies on laboratory snimals;
mutagenesis and teratogenesls studieg; toxiccology on primates and humans and perhaps human
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human metabolic studles as well, Theze additional tests might run the cost of the
safety component package to over a million dollars per compound, The expected result
may be a severely decreased number of candidate pesticides that would be available for
national and international assessment.

Recently pyrethrogds of very low mammalian toxleity have been developed including
resuethrin (0M3-1206)£5~benzyl—j—(furyl)methyl(i) eis-trans-2, 2-dimethyl-75-(2-methyl-
propenyl)-cyclopropane carboxylate and bloresmethrin, which is its {+}~trans-isomer .
These compounds have been suggested to provide an adequate margin of safety when used in
the prescribed mannmer for applications such as the disinfection of sireraft. They are

rapldly metabolized and detoxified so that no ecumilative effects are believed to occur or
be encountered,

A new synthetic pyrethroid NRDC-143 (t) has been recently gynthesized at Rothamsted
which may wlden the range of application of these Inzecticidesl?. It is 10-100 times
more stable in light than previcus pyrethroids, it is 5-30 times more active than
dieldrin and 14-100 times more active than DDT, depending on the insect species. It also Q
seems likely that it will be cheaper to manufacture since » phenoxybenzyl (t)-cis,
trans-2, 2-dimethyl-3-(2,2-dichlorovinyl) eyelopropane carboxylate is simpler to syntheslze
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than most of the other highly potent symthetic pyrethroids, Tt will be some four or five
years before the new photostable pyrethrolds are on the market, Although they seem to be

only moderately persistent in the environment much testing needs to be done to determine ‘»
their behaviour under practical pest control conditions,

Closely allied with the use of pyrethyinz and pyrethroids is the use of other
Insecticide synergists, The chemical structure of a synerglst for any given insectiecide
depends on the nature of the enzyme(s) responsible for 1ts detoxification, Because of the
overall importance of microsomal oxidation, attentlion has been focussed on materials that
interfere with this system.

The best known and most important group of compounds with thils property are
derivatives of methylenedioxybenzene (1,3-benzodioxole). Of the many materials of this
type evaluated as symergists only four, plperonyl butoxide, "sulfexide", propyl-isome
and Tropitol (figure 1) are of commercial Iimportance. Piperonyl butoxide is the most
important of thege with an amnual US production of about 800 pounds.

In recent years other groups of compounds have been shown to pessess simllar actlvity
to the 1,3-benzodioxeles, These include meveral series of aryl propynyl ethers, propynyl
oxime ethers and propynyl phosphonate esters as well as a varlety of other materlals such
as the benzylthlocyanates. N-alkyl compounds =uch as SK§ 525-4, and Lilly 18047 have
long been known as drug potentlators in mammals and as this property resultz frem
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Figure 1: Methylenedioxy synergists of current commercial significance

microscomal enzyme inhibition it iz not surprising that in the free-base form these materials
are also active as synerglsts for insecticides, More recently there has been considerable
interest in the activity of compoundds with nltrogen-containing rings and indeed some of these,
ineluding the 1,2,3-benzothiadiozoles and the 1- and 4(5)-substitutdd imidazoles

{figure 2) are some of the most potent microsomal enzyme Inhibitors known, 13

From the practical standpoint the use of insecticide synergists haz zeveral obvious
advantages, Since they enhance the efficacy of an insecticide with which they are combined
they have the ability to reduce the amount of the materlal required for insect control,
This would clearly be beneficial in reducing the possible envirommental hazards
assoclated with insectilcide usage and would alze serve to reduce the cost of applying
expensive materials.13 The increased cost of developing and registering these more
sophistlcated chemlicals must ultimately be borne by the consumer, so that the economie
advantages to he galned from the use of synergized formulaticons might become a more
significant factor in the future, Al the present time the commercially avaliable
synergists are themselves expensive and in limited supply and it is only with the
pyrethroids that their use is economically Jjustified. If new types of relatively cheap,
effective, safe and environmentally sound synergists or new processes fop known synergists
can be developed, they may be of cansiderable use for agricultural pest control. 13 7t
should be recognized that in addition to blocking detoxiecation in insects the synergists
also have the unfortunate property of stabllizing potentially harardous forelgn compounds
in man and other animals, Thus although synergists in general have a low acute mammalian
toxicity per se, their propertles wlll have to be carefully evaluated., The present of
residues of stable synergists In the environment would be a justifiable cause for concern
although it was stressed by Wilkinson 13 that there is little or no hazard associated with
the present usage patterns of synergists because the levels used are =mall and the
materials used are all rapldly depraded by mammals.
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The prospect of reduced pesticidal dosages through controlled release is a promlsing
agspect of new pest control metheods. Tn recent years, a remarkable number of methods of
achieving this control have been proposed and have been reviewed by Allan et all% 1in terms
of the problems and opportunities forcing polymer and pesticlde technologies, It has been
shewn 1n small seale testing that controlled release combinatlons, In comparison with free
pesticides provide elther an extended period of protection at equivalent levels of
application, or the same period of protection at greatly reduced levels of applieation,
Both of these alternatives tend to reduce the envirommental hazards associated with the
continued use of conventional pestiecldes.

Penmwatt Corporation in the US ls now marketling, under an experimental label, a
product consisting of methyl parathion-centaining microcapsules dispersed in water,
in a flowsble formulation for release by ordinary ground or alr equipment3. It is
claimed that this polyamide encapsulated product is effectlve for a longer time in the
field, yet safer to handle tnan ordinary emulsifiable concentrates,

3. Juvenile hormones and ecdysones

Insect juvenile hormones and compounds which mimlc thelpr effects have received much
attention in Tae Last several years as possible insect control agents, Insect hormone
studies can be traced to their early beginnings with the work of Kopecliwuo first
suggested that ingect molting was controlled by hormones.
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In insects, the processes of growth and developmen®t are controlled by three primary
hormones, e.g. the brain hormone, the moltlng hormone and juvenile hormones. The brain
hormone (BH) is produced by the neurosecretory cells of the brain, transported via axoms
to the corpus cardlacum, and released from there, The brain hormone stimulates the release
of a second hormone known as the molting hormone (MH) or ecdysone. The molting hormone
initiates the development of a new cuticle and the maturation of the tissues in the Inzect
prior to scdysls or the casting off of the old skin, In immature insects, a third
hormone, the juvenile hormone (JH) is also released into the blood aleong with the meoliing
hormone and suppresses or inhiblts the full maturation of adult tissues,

A new concept of the biochemical mechanism of hormone actlion was developed from the
obzervation of Clever and Karilson 16that ecdysone can induce puffing in salivary gland
chromosomes and recently it has been shown that some puffs in Drosophila respond to
suvenile hormone, 17 The blochemical significance of puff induction is that puffs are the
site of ANA synthesis or, in other terms, the site of active transcription of INA into RNA.
Compbination of the Jacob-Monod model of gene expresshm%%ﬁih the experdmental findings on
ouff induction led to a scheme of the mechanism of hormone action as proposed by Karlsonl’
in this scheme, the hormone is visuallzed as a specific inducer of transeription of specific
cenes, e.g., the production of messenger RNA and, in consequence, of specific proteins which
can set in motion the steps of morphogenesis. Experiments on the action of ecdysons and
Juvenile hormone on isolated cell nuelei from insecttissues (epidermis and fat body)
appeared to lend strong =upport to the theory on the mechanism of hormone action at ithe
level of the cell nucleusl?

Juvenlle hormone and its mimics have been heralded as third generation insecticides
by Williams19:2fi0 1isted their possible attributes as ineluding : specificity, high activity,
safety, and possible circumvention of resistance.

It iz generally acknowledged that successful pest control by insect growth regulators
requires that tney possess at least the following properties : high potency in pest
insects; moderate fileld stabllity without updue persistence; seleetivity for target pest
organisms; and stractural slmplicity for economically feasible synthesis. During the last
geveral years, a large number of chemieal structures with juvenile hormone activity have
been synthesized and investigated 21-33  Reviews of insect juvenile hormone analogs and
their structure-activity relatlonships have been publisned by Slama 34 und Mern and Beroza .

Direct comparison between current insecticides and lnsect growth regulators is
undoubtedly difficult, particularly when complex long-term effects on the total ecosystem
are considered, For example, simple T (Tnhibition Dose) values are not a satisfactory
bagis for malking a comparison between thgotwo categoriesz of control agents, However, such
values do provide an accurate basis for making structure-actlvity correlations within each
group of chemicals, e.g., the potency of a number of alkyl 3-T-Ll-trimethyl-Z,
Y-dodecadiencates,

Any potential use of a juvenile hormone {or any agent) in insecct control requires an
understanding of its metabolism and environmental degradation. One possible method of
application of these materlals would be spraying which would leave a thin film on the plant
Foliage and hence the compounds would be exposed to heat, sunlight and oxygen from the air
as well as ellmatic conditions. They ecould also be adsorbed on the plant surfaces and
sbsorbed through the cell.

The mammallan metabolism and environmental degradlation of the juvenoid
1- 41 —gthylphenoxy }-3, 7T-dimethyl-6, T-epaxy-trans-2-octene (ethyl epoxide) and related
compounds (its diene Egecursor {ethyldiene); its 6,7-di0l and 2,3,6,7-dlepoxide) was
studied by Gill et al’> ). Major identified products formed from the ethyl epoxilde were
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the sthyldiol and x-hydroxyethyldicl on incubation with mouse, rat, or rabbit liver
microsome - NADPH systems apd algae; compounds resulting from ether cleavage in 1iving
mice; the ethyldiel, ethyldiepoxide, and ethylphenol on exposure to sunlight or residual
depogslts or In agueous solutlon. Commparable studles with the ethyldiene, ethyldicl and
sthyldiepoxide led to tentative identification by primarily cochromatography and
deupratization techniques of over 25 metabolites and photoproducts. The ethyl epoxide
was transformed at varylng rates in the systems examined by epoxide hydration,
2,3=epoxidation, -, or ﬁ ~oxidation of the ethyl group, and ether cleavage.

The major pathways for metabolism in mammals and algae and for photealteration of
the ethyldiene, ethyl epoxide, ethyl dlepoxide, and ethyldiol involve &,7-epoxidation
and -hydration, 2,%-spoxidation and -hydration with or without eyelizatien, oxidation of
the ethyl side chain, to a greater extent at the than at the position, and ether
cleavage.

In living rats and mice, the phenyl-labelled ethyl epoxide is rapidly metabollzed
and the metabelites are excreted without persistent storage In tissues., Orally
administered etiyl epoxide is likely to undergo rapld acld-catalyzed hydration to the
ethyldicel In the stomach. Conjugation is also important in ethyl epoxide metabolism in
rats and mice, as well as Inseots 36, A major portion of the ethyl epoxide dosc
undergoes ether cleavage in rats 3] and mice whereas under in vitro condltions ether
cleavage does not ocour due possibly to competing reactions. Ether cleavage in vivo 1s
probably initlated by oxidation at the activated O-methylene position. O-deallgrlation
might be further faeilitated by preliminary oxidation of the ethyl to the aceto, carboxy,
and carboyymethyl groups. However, C-dealkylation in mice can ocour prior te oxidation
of the side chaln sinee ettiylpnenol is exereted,

The ethyl group of the ethyl epoxide 1s extensively metabolized in living rats yellding
carboxymethyl, carboxy, and d«hydroxyphenyl derjvatives. 37 A recent study with mice
eonfirmed the presence of hydroxybenzoie and hydroxyphenylacetic acids as in vivo urinary
metabolites of the ethyl epaxide but It did not detect the hydroxydiene and -diol,
carboxgtetraol, and ethyl-2,3-diocl-6,7-eporide reported as rat metabolites Ly Hoffman
et al 3/ . The urinary and fecal metabolites of miece do not include any one of the carboxy-
methnyldiene and -diol, the carboxydiene and -diol, and the hydroxydiere, hydroxy epoxide
and hydroxydicl, compounds that would result from extensive oxidation or cleavage of the
ethyl molety while retaining the ether linksge. Tn analogy wlth metabolic studies on other
alkylbenzenes, the complete scisslon of the ethyl group in the ethyl epoxide is an
unanticipated reaction,

The ethyl substituent iz preferentially oxidized by the microsome-NADPH system at the
activated benzylic methylene group with subsequent oxidation of the  ~hydroxyethyl campound,
catalyzed more effectively by soluble than mierosomal enzymes, to the aceto derivative,
nly small amounts of the - hydroxyethyl compounds are fourd and the aclds resulting from
their further oxidation are not detected.

The ethyldiene iz epoxidized to the ethyl epoxide in all microsome-NADPH systems
examined, In the prat system, the ethyldiene is poorly metabolized relative to the ethyl
epoxide and ethyldiol, whereas in housefly -5 and mouse systems there is extensive
modifiecation of the ethyldiene, FEpoxidatlon of the 2,3-double bomdd, wlhich oceurs 1o a
greater extent with the ethyl epoxide,than with the ethyldicl, converts the epoxide to the
didpoxlde and both the ethyl epoxide and ethyldiol to the etihyltetrahydrofurandiols and
other eyelic ethers whieh probably arise via the 2,3-epoxy-6, T-dlol’"

The ethyl epoxide undergoez rapld enzyme-catalyzed hydration to the ethyldicl. The
epoxilde hydratase activity of rat liver acting L the ethyl epoxide can be compared with
that of guinea pig llver acting on styrene oxidt al follows: similar tissue distribution;
Lhe most actlve subeellular fraction is the soluble with the ethyl epoxide and the micro-
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somes with styrene oxide: compounds that inhibit hydration of styrene oxide do not Inhibikt
ethyl epoxide hydration of microsomes, Tnese differences could result from one or more of
the following: species specificity: the presence of more than one epoxide hydratase in the
microsomes (Oeseh, 1973: Oesch et al., 1971a); the iInvolvement of different hydratases or
hydration mechanisms with highly ltpophilic trisubstituted epoxides (the ¢thyl epoxide)
than with monosubstituted epoxides (styrene oxide). Additional species and substrate
specificity studies are necessary to clarily these speoulations,

Enzymatic hydration of the ethyl diepoxide glives rise tw a number of cyelic products
similar to those Fformed on aqueous aaid treatment, indicating that an elegtrophilic site on
the enzyme catalyzes formation of an epoxydicl wnich subsequently undergoes intranclecular
cyclization. No tetracls are detected as etiyl epoxide of dicpoxide metabolites in rat
liver microsomes, yet the acetotetraol is an in vivo metabolite of the ethyl epoxide in
rats 3z znd miee, Thus, the ethyl diepoxide I1s not a likely intermediate in furmation of
the acetotetraol,

o In regard to the effect of the juvenoids on algae, the growth of algal cultures at
27 was delayed at the following Juvenold concentrations (parts per million):

Chlorella, ©.1 for ethyldlene, 0.2 for ethyl epoxlde, and 10 for ethyldiol;
Chliamydomonas, L1 for ethyldiene and 10 for ethyl epoxide, ethyldiel and two for aliphatic
diene esters. Considerably higher Juvenoid concentrations (2-~100 fold) are needed to block
growth., Thas, these compounds delay the time hefore algal growth enters the log phase but
not the growth rate within the log phase. The poteney of the ethyloepuxide and ethyldiene
iz inereased about tenfold when Chlamydomonas cultures are held at 5 for 48 hours before
insculation Into the treated medium,

Inhibition of algal growth was suggested by G111l et afl-m)be urnlikely to limit the use
of phenyl geranyl ether juvenolds in control of mosguito larvae since they block insect
development at much lower levels. However, there are conceilvable situations of low
populations and slow growth rates where application of an inappropriate Juvenoid could lead
to a deirimental shift in the composition of a phytoplankton commumnity.

The ethyldiene and ethyl epoxide are both rapidly degraded by algae giving a variety
of products ineluding ethyl- and acetophenols. Chlamydomenas carry out rapld oxidation
and then hydration of the 6-7-double bond. The 2-3-double bond is relatively resistant
to oxidation as evidenced by the low levels of the ethyl diepoxide and ethyltetrabhydro~
furandiols formed.

One photoproduct, the ethyl-6-hydrox-Zeecne, may undergo oxidation to the corresponding
keto analog since comparable ketones form on photooxidation of trisubstituted olefins
(pyrethroids) and Isomerization of trisubstituted oxiranes (citronellol epoxlge) 4344

The ethyl epoxide undergoes signiflcant photoepexidation to the ethyl diepoxide,
A slmilar epoxidation occurs with tone Cl =Juvenile hormone on UV expoaure95 . The
eyelic dicls and ethers other than the e%hyltetrahydrofurandiols probably arise by
photoepoxidation of the ethyl epoxide and then hydration of the ethyl diepaxide rather than
2,7-epoxidation of the ethyldiol since they form in larger amounts from the diepoxide and are
not photoproducts of the ethyldiol, )

Photedecomposition of the ethyl epoxide and particularly the ethyl dispoxide gives larger
amounits of the ethyltetrahydropyrandiols I and II than of the ethyltetrahydrofurandiols.

Ethyl epoxide hydration to ths ethyldiol is the major route of photo-alteration in agueous
medla; however, on silica gel oxidation of the 2,3-double bond also oceurs to yleld an
unidentifiied cyelic monohydroxy derivative, In aqueous media, the etnyl epoxide and
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ethyldiol give the els- and trans-ethyltetrahydrofwrandiols as the only identified eyelic

products, the ethyldiol being a likely intermediate in conversion of the ethyl epoxide to the
ethyltetrahydrofurandiols.,

The etlyl epoxlde and ethyldiol in aguecus media and the ethyl epoxide on silica gel
when sensitized with xanthen-9-cne undergo benzyliec oxidation, The =hydroxy-ethyl
compound is presumably the intermediate in formation of the aceto eompound , Photochemical
ether cleavage forming phenols, which occurs with many of the test compounds and conditions,
results either by photolysis of the carbon-oxygen bond or photooxidation at the activated

-earbon giving the unstablie ~hydroperoxide as an intermediate.

The ethyl epoxide, ethyldiene, ethyl diepoxide, and ethyldiol undergo rapld and
extensive modifications with loss of morphogenic activity in each of the biological and
photechemical systems examined. This limfted persistence is advantageous in minimizing
environmental pollution but detrimental in the practieal use of juvencids in pest insect
control. The groupings that are most labile to degradiation are the ethylphenyl and
epaxide moleties, the 2,%-Gouble bond, and the ether linkasge. Substitution of any of these
grouplngs with others more resistant to metabolism and photodecomposition might yield
compounds of inercased effectiveness, but also the pollution potential of such compounds.

Pawson et al Aﬁstudies the environmental stabllity of juvendle hormone-I (figure 3).
This compound is a mixture of 8 cis/trans isomers, e.g. 2-gis, 6-cis, 10-1ll-cls/trans
and 2-trang, €-trans, 10,ll-cis/trans. No attempt was made to duplicate closely Tileld
cenditions, but lnstead, a thin £ilm of pure actual compound was placed on a glass surface
and exposed to UV light supplied by a 275W-Hanovia sun lamp. Under these conditions, more
than 95% of the starting material disappeared after 24 hours, The activity of the synthetic
Juvenile hormaone I af'ter exposure to sunlight for 16 hours was approximately one-tenth that
of the unexposed material,

IR

Figure 33 Juvendle hormone mimicking agents
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Similar decompasition studies were carried out with the Jjuvenile hormone mimicking
agent IT (figure 3). Under ultra violet exposure, 50% of the starting material had
disappeared after 16 hours znd 0% after 96 hours.  After 40 hours, the activity of the
decompositlon material (as assayed in the Tenebrio screen ) was less than one-tenth that
of the original material,. The fowr lzomers of the JH-mimicking agent II zlso exhibited
similar stabilities when subjected to ultra violet exposure as above,

dnother factor of critical importance in asgessing the potential use of a guvenile
hormone mimicking agent in the field is the effect of the material on the plant itself,
Wnen JH-mimicking agent II (L-isomers and a mixture) were evaluated on sugar beets, corn,
wheat, soybean, cotton and ftomato, no significant differences between whe isomers and the
mixture were observed, Plant injury was the same in all cases, itypified by slight necrosis.

An interesting obgervation has been reported by Bowersf’6 who found that a number of
insecticide synergistz such as piperonyl butoxide, sesamin, and sesamolin had activity
which mimicked that produced by JH, Most of these same synergisis have bheen shown Lo
improve the efficacy of certain insecticldes by inhiblting microsomal oxidases which
would normally act in detoxification processes 47749 | Then, later, based on results
with Tenebrioc and Cncopeltus Bowers found that JH activity inereased in terpenoid ethers
were synthesized Into methylenedioxyphenyl and benfZene ring systems. However, 1f
methylenedioxyphenyl and benzene ring systems are retained in some JH structures, they may
be suspected of causing the same effects as thelr particular synerglst analogs on nontarget
organiszms sueh as other invertebrates, vertebrates, and man.

Mayer et al’l recently reported several JH analogs, e.E. 4-/F(6,T-Epaxy-B,T-dimethyl-
Q-monenyl)oxy_?ml,2—(methylenediux) benzene (I}, its ethylbomolog (II) and 6,7-epoxy-l-
(pvethylphenoXy)-e, T-dimetnyl-Z-octene (III} to be in vitro inhibitors of rat liver
microsomal oxidases (e.g. amline nydroxylase). Cytochrome P-450 binding for all three
compounds was observed to be of the type I Category. The results of Mayer et a151 thus
provided additional evidence that JH anelogs react with mammalian tissues and are thus
not completely insect speclfic. The methylene dioxyphenyl- contalning JH analogs do
regemble Insectlelde synergists in their reactions with mierosomzl systems, Although they
do not appear to have any significant acute toxieity where mammals are concerped, the
possible long~term effects such as Induction could eonstitute a concern.

In the initial section on insect hormones as potential pest control agents, mach stress
was placed on the juvenile hormone analogs, it is nevertheless of lmportance to consider the
sodyscnes as well, An attractive feature of the potentlial use of sedysones and related
substanees for insect eontrol is that they are already widespread 1ln the environment,

In addition to the eedysones identified from inseets and crustaceans approximately
forty eedystereoids, including the two major insect ecdysones, alpha-ecdysone and
20-hydroxy ecdysone, 52,33 have been isolated and characterized from plants, 24739

Tt would appear likely that the next few years will see increased testing of various
ecdyzone-based substances for use as agents of Insect control, 60763 In addition,
we can anticipate a gearen for agents which bloeck ecdyszone synthesis, which compete with
ecdysones Lor binding sites in tissues and which prevent braln hormone from initiating
ecdysone production.

L, Bex Attractants {Pheromones)

Sex attractants have been propoged for many years as one of the potential tools to be
developed to help modify and reduce Insecticidal treatments. Progress however has been
relatively slow in the past, primarily because of the time and expense involved in
identifying the pheromone siructures.
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During the past 5 years, the list of insecu sex attractants pheromones identified
has increased steadily, and effective attractants are currently available for ai least 35
species of economic importance., 54  However, recent developments in insect pheromone 65
research have also Indicated that many oversimplifieations have been made in the past,
For example, behaviourly responses formerly attributed to one single substance have been
shown to be govermed by a mixture of compounds (sometimes closely related synergistie isomenr).

Some pheromones appeared to be mich less specles-speeifile than was supposed. Tt has also
become mogg difficult to use sensible classifieations for pheromones or semlochemicals in
general , These various points can be illustrated with semiochemicals isolated and

partly or completely identified by TNO, Delft In recent years and inelude : trail
substances and attractants for a termite, a spring tail and an ant; the alarm pheromane
of aplids; aggregation and sex pheromones for cockroaches and sex pheromones of Lepidoptera, 65

Another example of recent developments in pheromcone research is in the potential

control of dendroctonus bark beetles, which represent the most destructive force affecting
the coniferous forests of North and Central America. 66

5. Chemosterilants

Another sex-based methed of insect control is the sterile-male release technique,
ploneered by Knlpling of the WSDA. In this approach billions of male insects are reared,
then sterdilized (in the reproductive sense) via radiation, although alkylating agentz and
other chemosterilants are also used. The sterile males are released in insect-infested
areas, there to compete with normal males for the attention of the Temales. Since the
egps Fertilized by the sterile males do not develop and of the ratio of sterile to normal
males is hiph enough, the population of that particular insect falls off drastically,
gometlmes to the vanishing point.

It is generally acknowledged that since chemosterilants are blologically active
chemicals, a very cohesive, well-coordinated, interdisciplinary approach is required in
chemlstry, blochemizstry, biology, geneiies and pest conitrol sciences.

Initial studies with chemosterilants in pest control primarily centered about the use
of the aziridinyl alkylating agents.

The tegting of other classes of compounds for activity as imsect sterilants,
includes phosphoramides ©/ S-triazines 68, dithiobiuretH?and dlthiazolinium saits 70
have alse been described.

Recent chemical research has inereased the number of active chemosterilants to over
1000, and the elaszification by structural types now ineludes : aziridines, N-ruztards,
alkanesulfonates, anti-metabolltes, non-alkylating phosphoris amides, melamines,
diaminotriazines, boron and tin compounds, dithiazoles, antibloties, and miscellaneous
agents,

Thne degradation and residues of the chemosterilant ariridinyls have been reviewed
by Pishbein, 72

The P%%Fﬁﬁxf absorption, degradation and excretion of ZJEP-Metepa in mosquitoes 73
houseflies in miee 73 , serewworm fly 7% , stable fiy 75 ; the metaboliszm,
distribution and residues of ~ P-Thiotepa following topical appliecation to the German
cockroach (Blatella germanica) /8, housefly (Musca domestica) 76, stable fly
(Stomoxyz caleltrans) 76 and ball weevil (Anthonomus grandis)/6 have been reported.
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A1l aziridine chemosterilants are apparently extremely susceptlble to meisture and
acidic conditions 77-79 ., (For example at pH 3.0 degradation of TEM is complete and occurs
almost immediately, whereas minor degradiation cccurs in buffered or unbuffered solutions
at oH 7.5). Thermally stable non-alkylating derivatives of tretamine and TEPA, e.g. Hemel
/ (2,4, 6-trisdimethylamino)-l-triazine / and Hempa(hexamethylphosphoric triamide) developed

by Ching et al 80, ape effective chemosterilants for houseflies (Musca domestiea).

The use of volatile chemosterilants, applicd In the vapour phase, can avéid the problems
of non-uniformity of treatment, A elosed, eclrculating fumigation sysiem conteining
chemosterilant vapours at atmospheric pressure has been widely used by Terry et al a1
This eclosed circulating system has the following advantages (1) it is safe to the
operator; (2) the treatment is rapid; (3) it is economical in the use of chemosterilants;

{4%) the insects are easily treated; and (5) the system could easily be scaled up for mass
treatiment,

Beyond the mechanics of an eradication preogramme per se and of primary consideration
in terms of potential environmental hazards is the question of the toxicity of a number of
compounds wnich have reached the fleld testing stage. Here a major concerm is the
mutagenicity of a number of the alkylating aziridinyl chemosterilants. For exaomple, the
mitagenic a%ﬁ%&ﬁfy of TEM (tri-ethylenemelaming) has been demonstrated in mice 52786
Drosophila » Musca Domestica 92 , screwworm fly, Chochliomyea hominivorax 93 and the
agent has also been shown to induce chromosome aberrations in mice 99» 74-79 Drosophilal00,101
cultured human leukocytes 02+'®, typnimurium 0% and E, coli 103,

The mutagenicity of TEFA has been demonstrated in the parasitic wasp Habrobracon 106
and in the dominant lethal test in mice 84, the mutagenicity of Metepa in mice (dominant
lethal test)84=1q7and teratogenlicity in the rat 108 the induction by Apholate of
gominant lethal mutations in mature sperm and gonial sell death in Musca domestica 109
the mutagenic setivity of Thiotepa in mice (dominant lethal) B4 | screwworm fly
Coochliomyia hominovoraxlji}as well as its induction of chromosome aberrations in human

chromosomes LLh have all been reported,

Of the chemosterilants tested, compounds with nitrogen containing heterocyeclic
groups, expressed highest mutagenie activities, TEPA was considered one of the mogt
Interesting compounds, with highest mufagenic index in Culex. Pigure 1 shows the structures
of some aziridinyl chemosterilants tested extensively in insects,

Figure 1
0 ty 0 ¢, :? CN\,NJ
fv-f-ng tN—l;‘-—Nj N'é)w NP
i N NRA N DNep i BN
Ly, < VAL Y
< g
Tepa Merepa Tretamine Apholate

Source -~ Borkovec, A. B. 1969, Alkylating Agents as Insect
Chemosterilants, Amn. N.Y. Acad. Sci., Vol. 163, Art. 2,
865,
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