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This thesis is dedicated to 
my parents and Mark

The caterpillar on the leaf,
Repeats to theethy mother’s grief.
Kill not the moth or butterfly,
For the Last Judgement draweth nigh.

William Blake, 1757-1827
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ABSTRACT

The toxicological effects of the neuroactive pesticide 
avermectin Bia/ib (80:20) (AVMBi or abamectin) have been 
studied in the noctuid moths, Spodootera littoralis 
(Boisduval) and Heliothis (Helicoverpa) armigera (Hubner), 
along with radiochemical and electrophysiological studies.

Topical application of AVMBi against second to sixth 
instar S. littoralis larvae showed differential toxicity; the 
fourth and fifth instars being very insensitive, but the 
sixth instar very sensitive to AVMBi. An enhanced sensitivity 
of the sixth compared with the fifth instar was not found in 
H. armigera. Fifth instar H. armigera were more sensitive 
than fifth instar S. littoralis. but the sixth instar larvae 
were less sensitive to AVMBi. Topical application of lambda 
cyhalothrin and malathion did not show the same trend in 
fifth or sixth instar S. littoralis larvae.

Application of the microsomal oxidase inhibitor 
piperonyl butoxide (PB) significantly increased the toxicity 
of AVMBi to second to fifth instar S. littoralis but not 
fifth instar H. armigera or sixth instar S. littoralis 
larvae. Injection of AVMBi increased the toxicity of AVMBi to 
fifth but not sixth instar S. littoralis nor to fifth instar 
H. armigera larvae.

The distribution and uptake of 3H-AVMBi in both species
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was investigated. Comparisons were made between the amount of
AVMBi, metabolites and the total amount of radioactivity in 
tissue samples of larvae showing either symptoms or no 
symptoms of poisoning with significantly more radioactivity 
in ventral nerve cord and fat body samples of larvae showing 
symptoms of poisoning. Fifth instar H. armigera larvae had 
significantly more radioactivity in the ventral nerve cord 
and fat body samples compared with sixth instar H. armigera 
and fifth and sixth instar S. littoralis larvae. Fifth instar 
S, littoralis larvae had a significantly higher proportion of 
radioactivity as metabolites in the ventral nerve cord 
compared with sixth instar S. littoralis or H. armigera 
larvae but this was significantly reduced when fifth instar 
S. littoralis larvae were treated previously with PB.

The action of topically-applied AVMBi on an in vivo 
nerve preparation of fifth and sixth instar larvae was also 
investigated. Spontaneous activity was recorded 
extracellularly and significant correlations found between 
the total amount of radioactivity (and AVMBi) present in the 
ventral nerve cord and the action potential (A.P.) frequency 
in both species and both instars. There were significant 
differences between larvae showing different degrees of 
poisoning and A.P. frequency. A.P. amplitudes were also 
reduced after treatment with AVMBi.

The distribution and uptake of AVMBi are discussed in 
relation to symptoms of poisoning and toxicological results.
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1. INTRODUCTION

1.1. The Avermectins-Isolation and Chemistry.

The avermectins (AVM) are a complex of chemically- 
related compounds which were first isolated from a novel 
species of actinomycete, Strentomyces avermitilis MA-4680 
(NRRL 8165), during an anthelmintic screening programme for 
Merck, Sharp and Dohme in 1976 (Burg et al.. 1979).

Structurally, AVM consist of a rigid sixteen membered 
lactone ring system, with a spiroacetal system (C-17 to 
C-25) attached so as to form two-six membered rings. There 
is also present either a cyclohexendiol or methoxy- 
cyclohexenediol group, which is cis-fused to a five membered 
cyclic ether. Another characteristic of these compounds is 
the presence of a dissacharide substituent, consisting of 
two identical a-l-oleandrose monomers coupled to C-13 
through an oxygen bond (Fisher, 1984).

A closely related group of sixteen membered macrocyclic 
lactones are the milbemycins which are also derived from a 
Streptomyces strain. The principle differences between the 
AVM and the milbemycins are the absence of the C-13 hydroxy 
disaccharide substituent and the saturation at the 22-23 
position in the latter. The AVM also have isopropyl and
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se&butyl substituents at C-25 whereas the milbemycins have 
methyl or ethyl substituents (Fisher, 1984; Fisher and 
Mrozik, 1984). Structurally, the AVM are also similar to 
macrolide antibiotics but do not exhibit antibacterial or 
antifungal properties (Onishi and Miller, 1985; Wang and 
Pong, 1982 ).

The naturally-occurring AVM can be separated into four 
major (Ala , A2a , Bia , B2a ) and four minor (Aib, A2b, Bib, 
B2 b) homologous components (Fig. 1.1.). Mixtures of 
homologous pairs containing at least 80% of the ’a ’ 
component and not more than 20% of the * b* component are 
referred to as AVM Ai, A2 , Bi, B2 , (Campbell et al.. 1983; 
Fisher, 1984). The *B* series are generally the more 
biologically active; the relative toxicity of the Bi and B2 
groups varying according to the target species (Campbell et 
al., 1983).

AVM have been shown to be active against nematodes, 
acarines and many insect species, including members of the 
orders Lepidoptera, Coleoptera, Hemiptera and Diptera, but 
have been found to be inactive against cestodes, trematodes, 
and protozoa (Putter et al.. 1981; Campbell et al♦. 1981; 
Wright, 1986; Strong and Brown, 1987).

A synthetic derivative of AVMBi, 22-23-dihydro- 
avermectin (DHAVMBi, MK933 or ivermectin) is available as a

Page 18



veterinary product for use against nematodes and arthropods 
(Campbell et__al. , 1983 ). Avermectin Bi (AVMBi , MK936 or 
abamectin) has been developed as an agricultural 
insecticide/acaricide (Dybas and Green, 1984; Strong and 
Brown, 1987) and can control pests which have become 
resistant to conventional acaricides and insecticides (Roush 
and Wright, 1986; Hoy and Conley, 1987; Dybas and Babu,
1988).

A semi-synthetic AVM derivative, 4"-deoxy-4"- 
methylamino-4M-epiavermectin Bi hydrochloride (MK243, Fig. 
1.2) which has a particularly good activity against 
lepidopterous larvae is currently undergoing trials (Trumble 
et al., 1987; Dybas and Babu, 1988; Dybas et al. 1989).
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Fig. 1.1. Avermectin structures (after Fisher, 1984).

9H
componentsB : R5  = H components 2: X = -CH2CH

components a : R2 6 S C2H5 
components b : R26s CH3

Avermectin Bia (Williams and Yarbrough, 1979):(2aE,4E,5 *
S,6S,6 ’R,7S,8E,HR,13R,15S,17aR,20R,20aR, 20bS)-6 *-[(R)-sec 
butyl]-7-[[2,6 dideoxy-4-0-(2,6-dideoxy — 3-0-methyl 
o(-L-aribinohexopyranosyl) -3-O-methyl-<?(-L-aribino- 
hexopyranosyl] oxy] -5*,6,6*,7,10,11,14,15,17a,20,20a,20b- 
dodecahydro-20,20b-dihydroxy 5 ’,6,8,19-tetramethyl-spiro- 
[11,15-methano-2H,13H,17H-furo-[4,3,2-pq] [2,3]
benzodioxyacyclo-octadecin-13,2 * -[2H] pyran]-17-ane. 
Molecular weight: 823 (Mellin et al.. 1983).

Page 20



Fig. 1.2. MK-243 structure (after Dybas and Babu, 1988).

A mixture containing a minimum of 80% 
4"-deoxy-4“-methyl ami no-4"-epiavermecti n Bla 
hydrochloride and a maximum of 20% 4"-deoxy-4"- 
methylamino-4"-epiavermectin Bib hydrochloride

a-Component R = C2 H5 >  80% 
b-Component R = CH3 ^  20%

Empirical formulae (molecular 
Bia C 4 9 H 7 5 N 1 O 13  . H C 1  ( 9 2 2 . 5 )  

(Dybas and Babu, 1988).

weight):
Bib C 4 8 H 7 3 N 1 O 13  . H C 1  ( 9 0 8 . 5 3 )
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1.2. Biological activity.
1.2.1. Nematodes

Most studies on nematodes have examined the inhibitory 
action of AVM on movement although some work has suggested 
that AVM can also inhibit the embryonic development of the 
microfilarial stage of the human filarial worm, Onchocerca 
volvulus (Campbell et_al., 1983) and the dog heartworm, 
Dirofilaria immitis (Anantaphruti et al.« 1982).

AVMBia (1.5jig), injected into adult Ascaris suum was 
found to immobilize the worms without producing either 
hypercontraction or flaccid paralysis; the worms remaining 
capable of movement when stimulated mechanically (Kass et 
al. , 1980). The sensitivity of nematodes to AVM is 
illustrated by studies on two animal parasitic species 
belonging to the Metastrongylidae, where complete paralysis 
occurred when intact worms were bathed in 3.6aM (3.6x10"15 
M) AVMBia, although other parasitic species examined 
required at least 3.6nM (Sano et al., 1981). Likewise the 
plant parasitic nematode, Meloidogyne incognita (J2 stage) 
showed a marked triphasic response to concentrations of AVM 
>1 nM, which consisted of an initial loss of locomotor 
activity (1-10 min.) during which the nematodes were still 
sensitive to touch, a recovery phase (10-30 min.) and a 
final loss of activity during which the nematodes were 
insensitive to stimulation, (Wright et al., 1984). AVM have
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been found to give very good control of plant nematodes in 
soils of low organic content at rates 10-30 fold lower than 
carbamate and organophosphate nematicides, but activity is 
lost in organic soils due to adsorption, (Putter et al.. 
1981; Sasser et al.. 1982).

Wright et al. (1984) provided some circumstantial 
evidence for the involvement of ^aminobutyric acid (GABA) 
in the action of AVM on nematodes by showing that the GABA 
antagonist bicuculine could completely prevent the triphasic 
response to AVM in M. incognita.

1.2.2. Lethal action on arthropods

In contrast to nematodes, AVM kill insects and mites 
directly although rather less rapidly than other neuroactive 
pesticides. Wright (1986) stated that it was uncertain 
whether the relative speed of kill with AVM was due to their 
mode of action (eg. because of the lack of hyperactive 
symptoms compared with other compounds) or to the relatively 
slow accumulation of AVM at critical target sites. Early 
symptoms of AVM poisoning, often observed a few h after 
application, such as paralysis of the hind legs of 
lepidopteran larvae (Putter et al.. 1981), may therefore
reflect an initial action at relatively exposed peripheral 
target sites. At high doses, treated insects are 
progressively immobilized; some showing a disturbed water
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balance becoming distended with fluid, while in others 
disruption of moulting and metamorphosis have been observed 
(Strong and Brown, 1987).

Marked differences in sensitivity between various 
arthropod species have been reported, particularly in 
noctuid moth larvae. For example, Anderson et al. (1986)
found Spodoptera eridania to be 150 times more tolerant of 
topically applied AVMBi compared with Heliothis virescens 
and 415 times as tolerant in foliar-residue assays. Bull 
(1986) used radiolabelled AVMBi to investigate differential 
toxicity in H. virescens and Heliothis zea compared with 
Spodoptera frugiperda (96h LDs o values 0.032, 0.026 and 
>10.0 ug AVMBi/insect respectively) and found that 
absorption of pesticide from the gut and its accumulation in 
the head were similar for all three species. He considered, 
therefore, that differential rates of cuticular penetration 
were unlikely to explain the tolerence shown by 
S. frugjperda and suggested that differential toxicity was 
related to target site sensitivity. A summary of recent 
reports, which together show differences in sensitivity 
against the larvae of various noctuid moths to AVMBi is 
given in Appendix 1.1.
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1.1.2.3. Systemic, translaminar and residual toxicity
against arthonods.

Ostlind et al.. (1979) first reported that a crude 
fermentation broth extract of AVM possessed insecticidal 
activity against the confused flour beetle, Tribolium 
confusum and against larvae of the robust bot fly, Cuterbrid 
sp. in mice. In the latter case where AVM extracts were 
applied to infected mice, a systemic action for AVM was also 
demonstrated.

In another early study, James et al. (1980) found a
LC50 of 0.12}ig/ml (ppm) with a crude AVM extract against
first instar larvae of the blowfly, Lucilia cuprina.
Purified components showed even greater activities, which
compared favourably with the organophosphorus insecticide 

*diazinon. In addition, it was found that up to 31 weeks 
protection was given against L. cuprina larvae (insecticide 
susceptible strain) when a patch of wool was saturated with 
a crude mixture of AVM, whereas diazf.non at a comparable 
concentration gave only 10 weeks protection.

The systemic activity of AVMBi was also shown by 
Standfast et al. (1984), working on Culicoides brevitarsis
- a vector of cattle arboviruses; flies feeding on cattle at 
10 and 18 days after subcutaneous injection of AVMBi at 
200ug per kg treatment showing 48h mortalities of 99% and
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40% respectively. No mortality occurred in flies that 
alighted on treated cattle but did not feed. Similar 
activity has been shown with other dipteran species, 
including the Tsetse fly, Glossina palpalis palpalis feeding 
on guineapigs and goats treated with DHAVMBi (Distelmans et 
al., 1983).

AVMBi has been shown to possess considerable intrinsic 
contact/ingestion toxicity towards T. urticae (72h LDso of 
0.02-0.03 ppm) when applied directly to adults or nymphs and 
was reported to have residual acaricidal activity on plants 
against T. urticae for up to one month (Putter et al..
1981).

The translaminar activity of AVMBi against the red 
spider mite, Tetranychus urticae and two aphid species,
Aphis fabae and Aphis gossypii was demonstrated by Wright et 
al. (1985a). Translaminar acaricidal activity was shown to 
vary between cotton, French bean and chrysanthemum leaves 
and it was suggested that this may be due in part to 
quantitative and/or qualitative differences in cuticular 
waxes affecting penetration of AVMBi. The addition of 
safflower oil or Sunspray 6E oil was found to increase the 
translaminar activity of AVMBi. Translaminar activity of 
AVMBi was greater against T. urticae when compared with the 
aphids tested, which may have been due partly to differences 
in feeding. Thus while aphids feed selectively within the
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phloem, T. urticae feed destructively on parenchyma cells 
and may come into greater contact with the AVMBi. Another 
factor likely to be involved in the differences in toxicity 
of AVMBi against these species was body size (Wright et al., 
1985a).

Grafton-Cardwell and Hoy (1983) studied the comparative 
toxicity of AVMBi against the predatory mite Metaseiulus 
occidentalis and two species of spider mites, T. urticae and 
Panonychus ulmi. They demonstrated a differential toxicity 
of AVMBi to the spider mites and to the predatory mites.
This could be of practical importance in the field 
especially if resistant predator strains are developed or if 
refuges exist. Similarly, Trumble (1985) found that AVMBi 
supressed populations of the leafminer, Liriomvza trifolii 
but did not adversely affect seasonal percent parasitism, 
adult parasite mortality or emergence of immature parasites 
in six parasitoid species on treated foliage. Pelag (1987) 
found similar differential toxicity to the Californian red 
scale (Aonidella aurantii) when compared with its parasite 
Anhytis holoxanthus.

The observed differential toxicity of AVM between 
beneficial and phytophagus species of arthropods may be 
associated with the distribution and persistence of AVM on 
foliage as Bull et al. (1984) have reported the half life of
toxic AVM residues on the surface of foliage to be less than
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one day, whereas Wright et al. (1985b) found significant
activity in leaves against T.urticae for 14 days post 
spraying

In the field, AVMBi has been tested successfully 
against a variety of arthropod pests of agriculture (Strong 
and Brown, 1987). For example, cotton sprayed with 28.3 g 
a.i./ha produced 75% more cotton than untreated plants 
infested with H. virescens (Wright, J.E. et al.. 1985) and 
Wolfenbarger et al. (1985) found reduced numbers of
H. virescens larvae on tobacco plants sprayed with 11-33 g 
a.i./ha over two years.

I. 1.2.4. Sublethal effects on arthropods.

1.1.2.4.1. Reduction in feeding

A number of previous studies have shown that a 
reduction in insect feeding can be caused by low doses of 
several classes of insecticides such as formamidines and 
pyrethroids (Davenport and Wright, 1987).

Pienkowski and Mehring (1983) were the first to report 
that AVMBi had an "antifeedant" action, in studies on the 
weevil Hvoera postica where they found that the feeding of 
second instar larvae was significantly reduced by 10 and 100 
ppm AVMBi (sublethal doses), whilst that of fourth instars
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was significantly reduced by lOOppm AVMBi. An "antifeedant" 
activity was also noted for AVMBi with the soybean looper 
Pseudoplusa includens ( Beach and Todd, 1985) while Corbett 
et al. (1985) showed that AVMBi greatly reduced the extent 
and rate of feeding in third instar larvae of S. littoralis.

An antifeedant substance produces a localized reduction 
in feeding damage by imparting a noxious taste or masking 
phagostimulants in the food. But repellency is the active 
avoidance of a volatile substance (Davenport and Wright, 
1987). Tedders et al. (1984) studied three species of pecan 
aphids, Monellioosis pecanis. Melanocallis carvfoliae and 
Monellia carvella on foliage sprayed with 3 ppm AVMBi. They 
showed that AVMBi residues provided protection against all 
three species migrating onto treated foliage and since dead 
insects were not seen, indicated that the pesticide acted as 
a repellent. In contrast, Cochran (1985) found that AVMBi, 
applied in the diet to nymphal Blatella germanica did not 
appear to cause repellancy or unpalatability.

1.1.2.4.2. Developmental abnormalities and effects on 
metamorphosis

There are several reports of AVM affecting 
developmental processes in insects. For example, Parrish and 
Roberts (1984) reported that pupation was completely 
inhibited in yellowjacket larvae, Vespula maculifrons
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treated with 10 ppm AVMBi, although this was thought to be 
due to the paralysing action of AVMBi. Similarly AVMBi was 
found to block metamorphosis in the dipteran species 
Chrvsomya bezziana and Calliphora vomitoria. probably due to 
inhibition of head eversion inside the puparium (Spradbery 
et_al., 1985; Strong, 1986a, b). Wright (1984) also found 
that AVMBi interfered with the development of pupae of the 
boll weevil Anthonomus grandis into adults.

Among lepidoptera studies on S. fruginerda.
H. virescens and H . zea showed that following topical 
application of AVMBi to larvae, some subsequently developed 
into larval-pupal intermediate forms that either died or 
remained at the final larval stage beyond the normal time 
for pupation (Bull, 1986). Jyothi et al.. (1986) found the 
application of AVMBi to fourth instar larvae of the castor 
semilooper, Achaea .ianata resulted in moult disturbances and 
treated larvae were totally or partly unable to shed their 
old larval exuviae, often dying one or two days later and at 
some doses formed larval-pupal intermediates and malformed 
pupae. Reed et al.. (1985) also found that AVMBi has a
number of harmful effects on development in the moth Cvdia 
pomonella: the pupal stage being greatly extended and this 
may have been due to reduced feeding. Reduced feeding may be 
a factor in many of the observed effects of AVMBi.
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1.1.2.4.3. Effects on reproduction and related processes

In most insects which have been examined, sub-lethal 
doses of AVMBi have shown deleterious effects on 
reproduction. For example, a reduction in the number and 
size of oocytes and in the number of oothecae produced by 
female Blattella germanicae. fed on AVMBi was reported by 
Cochran, (1985). These appeared to be permanent changes 
following ingestion of AVMBi by adults but were not found in 
females which had survived treatment as nymphs.

Lofgren and Williams (1982) investigated the delayed 
toxicity of AVMBi against the red imported fire ant, 
Solenonsis invicta. AVMBi was found to be a good control 
agent since workers distributed the food containing the 
toxicant via trophylaxis to other members of the colony 
including the queen. AVMBi was found to affect the 
reproductive capacity of the queen leading to the slow 
elimination of the colony. The effects of AVMBi on the 
ovaries were direct and included hypertrophy of the squamous 
epithelium, fewer eggs which were smaller in size and with 
reduced yolks (Glancey et al.. 1982).

AVMBi has also been shown to cause reduced egg hatch, 
egg laying and stippling by females of the serpentine 
leafminer, Liriomyza trifoli (Schuster and Everett, 1983).
It was suggested that AVMBi caused irreversible damage to
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the ovaries as was reported for the red imported fire ant 
Solenopsis invicta (Glancey et al. 1982). A more likely 
explanation is that muscles associated with the ovipositor 
might have been paralysed so that the use of the ovipositor 
was restricted. Reduced stippling by the flies "paralysed" 
ovipositor may have caused a reduction in food intake and 
therefore starvation and increased adult mortality. Early 
embryonic development was not inhibited and it is possible 
that the larvae may have been killed by contact with 
residues in or on the chorions or in the leaf mesophyll.

Finally, AVMBi has been reported to reduce pheromone 
production in 6 and 12 day old adult females of the boll 
weevil, Anthonomus grandis. AVMBi was found to reduce 
feeding and cause paralysis and the reduction in pheromone 
production was thought to be an indirect effect (Wright, 
1984). Glossina morsitans females feeding on blood 
containing DHAVMBi were found to abort larvae or eggs, but 
re-established normal cycles when fed on untreated blood 
(Langley and Roe, 1984).
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1.3. Cellular Level

The literature on the mode of action of AVM at the 
cellular action is large and difficult to interpret; 
encompassing a wide range of studies on vertebrates and 
invertebrates. For example, while early electrophysiology 
studies were carried out on invertebrates, early binding 
studies were on vertebrates. However there have been several 
reviews that include work on the cellular action of AVM 
which have helped to clarify the situation (Wright, 1986; 
Wann, 1987; Wright, 1987). More recently, receptor/membrane 
binding studies and electrophysiology have both been carried 
out on invertebrates and these will be considered in some 
detail.

Studies on AVM at the cellular level can be divided 
into three main areas: electrophysiology, pharmacology and 
receptor/membrane binding studies. Many studies have 
supported the idea that AVM acts by the potentiation of 
GABA-mediated Cl" channel conductance which could be due to 
one or more of the following effects: 1) AVM acting as a 
postsynaptic agonist of GABA, either at the GABA receptor or 
at an adjacent site, 2) The potentiation of GABA-receptor 
binding and 3) The stimulation of presynaptic GABA release 
(Wang and Pong, 1982). There is also some evidence that 
non-GABAergic receptors may be affected including, at higher 
concentrations of AVM, glutaminergic (excitatory) responses
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in insects (Duce and Scott, 1985b).

However as mentioned above, while electrophysiological 
experiments which link AVM with Cl" channel conductance have 
mostly used AVM-sensitive organisms, many of the ligand 
binding studies have used rat brain membranes and cannot 
necessarily be related to the mode of action against 
invertebrate target species due to pharmacological 
differences between phyla (Wright, 1986; Wann, 1987).

For these reasons the discussion has been divided into
1) GABA systems - early electrophysiological work.
2) GABA receptors and binding sites in a) vertebrates 

b) nematodes and c) arthropods.
3) GABA-C1"conductance studies.
4) Non-GABA system work on Cl" channels.

1.3.1. GABA systems
1.3.1.1. Early Electrophysiological Work

The first electrophysiological investigation into the 
mode of action of AVMBia was carried out by Fritz et al. 
(1979), working on the lobster neuromuscular junction. It 
was shown that AVMBia irreversibly eliminated both 
inhibitory post synaptic [IPSP] and excitatory post synaptic 
[EPSP] potentials; the former being reduced faster than the 
latter. The amplitudes of the evoked potentials were greatly
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affected but those of the membrane potentials were not. 
However, AVMBia did reduce the muscle membrane resistance 
which led to a reduction in the EPSP or IPSP. This work 
suggested that AVMBia acts to increase membrane permeability 
to those ions whose equilibrium potentials are close to the 
resting potential, such as Cl" and K+ . When AVMBia was 
applied in standard lobster Ringer’s solution the muscle 
membrane was hyperpolarised by up to 5mV within a few 
minutes, and the IPSP became much reduced^ Indicating that 
the drug increased the membrane permeability to ions whose 
equilibrium potential is more negative than the control 
resting potential. It was found that AVMBia affected Cl* and 
not K+ by bathing muscle in K+-free Ringer. This resulted in 
the IPSP being depolarised, due to the resting potential 
being more negative than the IPSP equilibrium potential.
When AVMBia was added, the muscle membrane was depolarised 
by several millivolts and the IPSPs again became greatly 
reduced (Fritz et al. 1979).

Since AVMBia causes hyperpolarisation in standard 
Ringer and a depolarisation in K+-free Ringer, it was 
suggested that AVMBia increased the permeability of the 
membrane to Cl" and not K+ (Fritz et al.. 1979). The rapid 
reduction in the IPSP and the slow reduction in the EPSP by 
AVMBia could be explained by the shift in membrane potential 
towards the IPSP equilibrium potential. The IPSP was reduced 
due to the decreased ionic driving force and the decreased
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muscle input resistance. The slower reduction in the EPSP 
was caused by a decreased muscle input resistance. 
Application of picrotoxin (a GABA antagonist) after AVMBia 
treatment of muscle resulted in an increase in the EPSP.
When the picrotoxin was removed, the EPSP became reduced 
again. However, picrotoxin is not completely specific to 
GABA synapses, acting rather on Cl' ion channels and this 
implicates these channels with the action of AVMBia (Fritz 
et al., 1979 ) .

In another early electrophysiological study, Kass et 
al. (1980) also suggested that AVM acted as a postsynaptic 
agonist of GABA in the nematode, Ascaris suum ; potentiating 
GABA Cl' channel conductance. They showed AVM reversibly 
blocked transmission between interneurone(s ) and excitatory 
motorneurones in the ventral nerve cord of A. suum. reducing 
depolarisation of muscle cells. It also irreversibly 
inhibited transmission between inhibitory motorneurones and 
muscle cells and thereby reducing hyperpolarization of the 
latter, but had little effect on excitory neuromuscular 
transmission.

Mellin et al. (1983) confirmed that AVMBia blocked
postsynaptic transmission in the lobster opener and 
stretcher muscles. Both GABA and AVMBia decreased the slope 
of the current-voltage curves in stretcher muscle, 
reflecting an increase in membrane conductance. These
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postsynaptic effects were found to be inhibited by 
picrotoxin and bicuculline [a vertebrate GABA-A receptor 
antagonist (Bowery et al. . 1980)]. These observations 
suggested AVMBia may act postsynaptically on the Cl" 
channels (Mellin et al.. 1983; Fritz et al.. 1979) or act 
presynaptically on GABA receptors to cause a sustained and 
potent release of GABA (Pong et al.. 1980).Fritz et al.
(1979) observed that at the lobster neuromuscular junction, 
AVMBia reduced the input resistance of muscle fibres in 
control Ringer’s solution as well as in Ringer’s solution in 
which Co2 * was substituted for Ca2 * . This was in accord with 
the Ca2+-independent stimulation of GABA release seen with 
synaptosomes (Pong et al.. 1980). Replacement of Ca2 * by 
Co2* in the lobster saline bathing the stretcher muscle 
preparation also did not affect membrane resistance in the 
post-synaptic muscle fibres but did block nerve-evoked IPSPs 
which are known to be caused by Ca2+-dependent presynaptic 
GABA release.

If the effects of AVM are caused by increased GABA 
release, then the fact that AVM also reduced muscle membrane 
resistance in Co2+-saline suggests AVM could be capable of 
stimulating GABA release in the absence of Ca2+ (Pong et 
al. , 1980). This is in accord with the Ca2 + -independent 
stimulation of GABA release seen with rat brain 
synaptosomes; a marked, sustained increase in the release of 
GABA being found from pre-loaded rat brain synaptosomes in

Page 37



the presence of AVMBia (Pong et al.. 1980). The apparently 
irreversible action of AVMBia could be related to sustained 
AVM stimulation of GABA release and the existence of a GABA 
re-uptake system in the inhibitory nerve endings helping to 
replenish the GABA supply. A good correlation was found 
between antiparasitic activity and GABA-releasing 
activity among various AVMBia derivatives, which suggested 
that the ability of AVMBia to release this neurotransmitter 
may be the basis of its antiparasitic action (Pong et al.. 
1980).

The black widow spider toxin jf-latrotoxin is known to 
stimulate indI’scriminately the release of several 
neurotransmitters including GABA and Tzeng et al. (1978)
have shown that the effect of V-latrotoxin on GABA release 
was independent of Ca2+. Misler and Hurlburt (1979) showed 
that the stimulation of GABA release from frog cutaneous 
pectordis nerve was also independent of calcium but was 
dependent on the presence of at least one other divalent 
cation such as Mg2*, Co2+ or Mn2+. Pong et al. (1980)
observed that in their experiments, the synaptosomal 
GABA-releasing activity of AVM was always tested in the 
presense of Mg2+, so it was not known whether there was a 
common mechanism in the action of ^latrotoxin and AVMBia on 
the nervous system.
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1.3.1.2. GABA Receptors and Binding Sites
1.3.1.2.1. Vertebrates

Pong and Wang (1980) reported that AVMBia had a 
presynaptic action on GABA neurones. Radiolabelled AVMBia 
was found to bind specifically to brain synaptosomes in both 
dogs and rats. This high affinity binding was saturable but 
was not found to be competitive with GABA, its agonists or 
antagonists, which suggested that the AVMBi receptors were 
not associated with GABA post-synaptic receptors.

Pong et al. (1981) showed that GABA and AVM act in a 
similar way to modulate benzodiazepine receptor binding in 
rat brain membranes. It was shown that there were different 
binding sites for GABA, AVMBia and benzodiazepines which 
were thought to be at the GABA post synaptic receptor-Cl" 
channel complex. Subsequently, the recognition sites for 
AVMBia, benzodiazepines, pentobarbital, tracazolate and 
picrotoxin were all found to be allosterically coupled to 
the GABA receptor-Cl" channel complex in rat brain, but in 
different ways (Pong et al.. 1982). AVMBia, pentobarbital 
and tracazolate all potentiated ligand binding to the GABA 
and benzodiazepine receptors and could ultimately lead to a 
prolonged opening of the Cl- channel, allowing an increase 
in the Cl" influx to the post synaptic nerve terminal and 
inhibit neurotransmission. It was found that picrotoxin 
blocked AVMBia-enhanced GABA binding by 80 to 85%, but only
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This suggested that AVMBia and picrotoxin sites may interact 
to some extent. AVMBia plus pentobarbitol or tracazolate did 
not increase GABA binding more than AVMBia alone, which 
indicated that the binding site for AVMBia may be shared 
with pentobarbitol and tracozolate. It was suggested that 
conformational changes of the GABA receptor complex may 
occur when the receptor binds different ligands under 
different experimental conditions and this might affect 
interaction of picrotoxin with the GABA receptor complex 
(Pong et al.. 1982).

Wang and Pong (1982) stated that AVM had specific, high 
affinity binding sites in the rat brain synaptic membrane, 
closely associated with the GABA-benzodiazepine receptor-Cl" 
channel complex. The density of available postsynaptic GABA 
receptors was increased by AVM in a process which required 
Cl" and was inhibited by picrotoxin. AVM appeared to 
increase the number of GABA binding sites without 
significantly changing the apparent dissociation constant. 
Nipecotic acid, an inhibitor of GABA uptake (Johnston et 
al., 1976), had no effect on AVM-induced GABA binding. The 
AVM-induced GABA binding sites were apparently not involved 
in the presynaptic uptake of GABA. Also, since GABA uptake 
requires the presence of Na+ , and none was present in these 
experiments, it would appear that AVM-induced GABA receptors 
are located postsynaptically (Wang and Pong, 1982). This

9 to 12% of GABA binding due to tracazolate was blocked.
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observation was further supported by the finding that 
picrotoxin only inhibited AVM-induced GABA binding and did 
not affect control GABA binding (Pong and Wang, 1982).

Drexler and Sieghart (1984) found that specific, high 
affinity reversible binding of 3H-AVMBia occurred in 
membranes from several rat brain regions, confirming earlier 
work by Pong and Wang (1980). This was in apparent contrast 
to studies by Fritz et al. (1979) and Paul et al. (1980) who 
reported an irreversible action of AVM in vivo and in vitro 
respectively. This discrepancy may be explained by the 
hydrophobicity of AVM. It is possible that 3H-AVM can only 
dissociate from it’s binding site in exchange with cold AVM, 
when cold AVM is present in aqueous solution in micellar 
form. Without AVM micelles, 3H-AVM dissociating from it’s 
specific binding sites might immediately and 
non-specifically precipitate on the membrane in aqueous 
solution (Drexler and Sieghart, 1984).

The high affinity 3H-AVM binding site in rat brain 
membranes was found to be partly inhibited by GABA agonists; 
this effect being blocked by Cl" (Drexler and Sieghart, 
1984). The presence of Cl" in the incubation medium may 
explain why Pong and Wang (1980) found GABA had no effect on 
3H—AVM binding. The action of GABA agonists on 3H-AVM was 
blocked by selective GABA antagonists such as bicuculline, 
indicating that at least part of the specific high affinity
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binding of 3H-AVM was at a GABA receptor. This was also 
supported by the observed small inhibitory effect of AVMBia 
on 3H-muscimol binding which may have been caused by AVM 
being incorporated into the lipid phase of membranes causing 
the exposure of new GABA binding sites (Drexler and 
Sieghart, 1984). This idea was supported by the observations 
by Wang and Pong (1982) and Pong et al. (1981) that there 
was an increase in density of GABA receptors with increasing 
AVM concentrations, who also reported that AVMBia increased 
the number of benzodiazepine binding sites. However, GABA 
receptor agonists did not completely displace 3H-muscimol 
binding to the GABA receptor, suggesting that the specific 
high affinity binding sites for 3H-AVM although associated 
with GABA receptors were not identical with these receptors 
(Wang and Pong^ 1982 and Pong et al .̂ 1981).

Thus, the work of Drexler and Sieghart (1984) indicated 
a connection between the pharmacological action of AVM in 
vivo, the specific, high affinity 3H-AVM binding site, and 
the GABA-benzodiazepine receptor-Cl" channel complex and 
supported earlier work of Pong et al. (1982) and Wang and 
Pong (1982).

1.3.1.2.2 Work on Nematodes

Kass et al. (1984) showed that AVMBia blocks
interneuronal stimulation of excitory motorneurones in
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A. suum but had no effect on excitatory neuromuscular
transmission. Two GABAergic agonists, muscimol and 
pipereazine, were found to mimic the effects of AVM which 
suggested that the action of AVM was related to a GABAergic 
mechanism. Ventral inhibitory neuromuscular transmission was 
also blocked by AVM. These studies suggested the principal 
action of AVM appeared to be in the ventral nerve cord of 
nematodes (Kass et al.. 1984).

In nematodes, few receptor-ligand binding studies have 
been published and the electrophysiological evidence 
suggests that the main action of AVM is at synapses believed 
to be mediated by GABA (Wright, 1986). However, Martin 
(1987) has reported that DHAVMBia (10_7M) acts as a GABA 
agonist at extrajunctional GABA receptor on somatic muscle 
cells of A . suum .

Schaeffer et al♦ (1988) studied the binding of
3H-DHAVMBia to membranes isolated from the free living 
nematode, Caenorhabditis elegans and demonstrated a specific 
DHAVMBia binding site. Initially, a rapidly reversible 
complex was formed which was then transformed to a much more 
slowly reversible complex. The in vivo effect of DHAVMBia 
and its derivatives on the nematode motility was found to be 
concentration dependent and correlated well with their 
relative binding affinities. Putative neurotransmitters, 
including GABA, glutamate and dopamine had no effect on
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DHAVMBia binding. Specific DHAVMBia binding sites were found 
by Schaeffer et al.. (1988) in rat brain but had a lower 
affinity than that observed in C. elegans and 
stereospecificity studies showed significant structural 
differences in the two binding sites.

The pharmacology of A. suum muscle GABA receptor using 
GABA agonists and antagonists was studied by Holden-Dye et, 
al. (1988). AVM was found to inhibit GABA-evoked increase in 
the membrane conductance and membrane hyperpolarisation on 
quiescent muscle cells. When applied to spontaneously active 
(spiking) muscle cells, AVM irreversibly inhibited action 
potentials after a delay of about 25 min. The apparent 
inability of a range of agonists to block the effect of GABA 
at this site suggested that it could not be classified as 
either a GABAa or a GABAb receptor. Picrotoxin and TBPS 
(piperidine-4-sulphonic acid) which were believed to be 
active at this GABA site were without effect on A . suum 
muscle cells, suggesting the recognition site at the 
chloride ionophore was different from that in other 
invertebrate and vertebrate systems (Holden-Dye et al.,
1988) .

1.3.1.2.3. Arthropods

Application of AVMBi at a low concentration (10"7M) to 
the leg muscles of P. americana resulted in the failure of
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the muscles to respond to external stimuli within 30 min. 
without affecting the magnitude of contraction (Tanaka and 
Matsumura, 1985). This suggested that AVMBi blocked the 
transmission of the stimuli from the central nervous system 
(CNS) to the muscles without affecting the muscle tension 
strength. This agreed with Fritz et al. (1979) and Mellin 
et al. (1983) who had found that AVMBi blocked postsynaptic
transmission in crustacean opener and stretcher muscles 
(Section 1.3.1.1.).

The binding of 3H-muscimol to P. americana muscle and 
brain membranes was not found to be increased by AVMBi but 
was inhibited by bicuculline methiodide (10_4M) (Tanaka and 
Matsumura, 1985). In contrast, Pong et al. (1982) found that 
AVMBi (10"4M) stimulated 3H-muscimol binding to rat 
membranes. In addition, . AVMBia (10~5M or 10"7M) did
not increase 3H-benzodiazepine binding to P. americana brain 
membranes in contrast to its action on rat brain 
preparations. It was thus suggested that benzodiazepine 
receptors have little involvement with the action of AVMBi 
in P. americana (Tanaka and Matsumura, 1985), in contrast to 
the findings of Paul et al. (1980), Pong et al. (1981) and 
Pong et al. (1982) on mammalian tissues. 3H-Dihydro-
picrotoxinin binding to P. americana membranes was not 
affected by AVMBi except at the relatively high 
concentration of 10~5M where binding was slightly inhibited. 
Hence AVMBi does not have an effect on the picrotoxinin (the
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a.i. of picrotoxin) receptor (an integral part of the GABA 
complex but independent from GABA and benzodiazepine 
receptors in mammalian brains; Tanaka and Matsumura, 1985).

Lummis and Sattelle (1985) showed that in nerve cord 
extracts taken from P. americana. specific binding sites for 
3H-GABA were present. The vertebrate GABAb receptor agonist, 
baclofen (Bowery et al.. 1980) and the vertebrate GABAa 
receptor antagonist, bicuculline did not inhibit this 
binding, indicating the binding component possessed a 
different pharmacological profile from that of vertebrates. 
These authors also showed a preparation from the CNS of 
P. americana could specifically bind 3H-flunitrazepam; 
binding being enhanced by low 3H-GABA concentrations. This 
indicated that the benzodiazepine binding component was 
linked to a GABA binding site.

Studies on cultured neurones taken from the CNS of 
P. americana showed that their GABA receptors appeared to be 
similar to GABAa receptors which have a widespread 
distribution in vertebrates (Lees and Beadle, 1986). Thus, 
they had inhibitory effects which were mediated by a rapid, 
transient increase in Cl" permeability and which could be 
blocked by picrotoxin. Vertebrate GABAa receptors were 
blocked by bicuculline but insect cells were insensitive to 
this compound (Lees and Beadle, 1986). These findings appear 
to support the observations of Pong et al. (1980) that GABA
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r e c e p t o r s  d i f f e r  s u b t l y  i n  t h e i r  p h a r m a c o l o g i c a l  s p e c i f i c i t y  

a c r o s s  p h y l o g e n e t i c  b o u n d a r i e s .

A b a l i s  a n d  E l d e f r a w i  (1986)  i d e n t i f i e d  a  p u t a t i v e  GABA 

r e c e p t o r  i n  t h e  h o n e y b e e  ( A p i s  m e l l i f e r a ) b r a i n  u s i n g  

3 H - m u s c i m o l  w h i c h  w a s  f o u n d  t o  s h o w  h i g h  a n d  l o w  a f f i n i t y  

b i n d i n g .  H i g h  a f f i n i t y  b i n d i n g  i n  A .  m e l l i f e r a  w a s  m o s t  

s e n s i t i v e  t o  GABA a n d  t h e  GABA a g o n i s t  m u s c i m o l ,  b u t  w a s  

i n s e n s i t i v e  t o  t h e  GABAa a n t a g o n i s t  b i c u c u l l i n e  a n d  t o  t h e  

GABAb a g o n i s t  b a c l o f e n  o r  t o  f l u n i t r a z e p a m ,  p i c r o t o x i n i n  a n d  

p e n t o b a r b i t a l  w h i c h  b i n d  t o  a l l o s t e r i c  s i t e s  i n  m a m m a l i a n  

GABA r e c e p t o r s ) .  Low a f f i n i t y  3 H - m u s c i m o l  b i n d i n g  w a s  

i n h i b i t e d  b y  v a r i o u s  GABA a g o n i s t s  i n c l u d i n g  i m i d a z o l e  

a c e t i c  a c i d .  T h e s e  o b s e r v a t i o n s  s u g g e s t e d  t h e  h o n e y - b e e  

b r a i n  r e c e p t o r  w a s  m o r e  l i k e  a  GABAa t h a n  a  GABAb r e c e p t o r .  

D i f f e r e n t i a l  b i n d i n g  w a s  s a i d  t o  r e p r e s e n t  e i t h e r  b i n d i n g  t o  

t w o  s i t e s  o n  t h e  s a m e  GABA r e c e p t o r  o r  t o  t w o  k i n d s  o f  GABA 

r e c e p t o r  ( A b a l i s  a n d  E l d e f r a w i ,  1986) .  AVMBia w a s  t h e  m o s t  

p o t e n t  i n h i b i t o r  o f  h i g h  a f f i n i t y  3 H - m u s c i m o l  b i n d i n g  

( I C 5 0 = 1 0 p M )  a n d  a l s o  i n h i b i t e d  l o w - a f f i n i t y  3 H - m u s c i m o l  

b i n d i n g .  GABA u p t a k e  i n h i b i t o r s  [ D L - n i p o c o t i c  a c i d  a n d  

1 - p i p e c o l i c  a c i d ]  w e r e  n o t  f o u n d  t o  i n h i b i t  3 H - m u s c i m o l  

b i n d i n g  w h i c h  s u g g e s t e d  t h a t  t h e  h i g h  a f f i n i t y  s i t e  w a s  n o t  

a n  u p t a k e  s i t e  b u t  w a s  o n  a  GABA r e c e p t o r .  A b a l i s  a n d  

E l d e f r a w i  (1986)  r e f e r r e d  t o  u n p u b l i s h e d  w o r k  w h i c h  s h o w e d  

t h a t  AVMBi i n h i b i t e d  b i n d i n g  o f  3 H - m u s c i m o l  t o  m a m m a l i a n  

b r a i n  t i s s u e s .  T h i s  w a s  i n  c o n t r a s t  t o  t h e  p o t e n t i a t i o n  o f
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3 H-GABA b i n d i n g  t o  m a m m a l i a n  GABA r e c e p t o r s  r e p o r t e d  b y  P o n g  

e t  a l . ( 1 9 8 2 ) .

I n h i b i t i o n  o f  3 H - m u s c i m o l  b i n d i n g  t o  t h e  b e e  b r a i n  b y  

AVMBia m a y  r e s u l t  f r o m  i t s  a c t i o n  a s  a n  a g o n i s t  o r  

a n t a g o n i s t  o f  GABA. T h e  f i n d i n g  t h a t  AVMBia p o t e n t i a t e d  t h e  

b i n d i n g  o f  b e n z o d i a z e p i n e s  t o  m a m m a l i a n  GABA r e c e p t o r s  a n d  

i n h i b i t e d  t h e  b i n d i n g  o f  3 5 S - t - b u t y l b i c y c l o p h o s p h o r o t h i o n a t e  

t o  t h e  C l"  c h a n n e l  s i t e  o f  t h e  m a m m a l i a n  GABA r e c e p t o r  

i n d i c a t e d  t h a t  w h e n  b o u n d  t o  t h e  3 H - m u s c i m o l  b i n d i n g  s i t e  o n  

t h e  GABA r e c e p t o r  AVMBia w a s  p r o b a b l y  a c t i n g  a s  a n  a g o n i s t  

( A b a l i s  e t  a l . . 1 9 8 ^ ) ) .
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1.3.1.3. Chloride ion conductance studies

T a n a k a  a n d  M a t s u m u r a  ( 1 9 8 5 )  s h o w e d  t h a t  AVMBi 

s i g n i f i c a n t l y  i n c r e a s e d  t h e  i n f l u x  o f  3 6 C l '  i n t o  

P .  a m e r i c a n a  l e g  m u s c l e  t i s s u e s  w h e n  c o m p a r e d  w i t h  c o n t r o l  

m u s c l e .  T h i s  e n h a n c e m e n t  o f  3 6 C l - i n f l u x  w a s  f o u n d  t o  b e  

c o n c e n t r a t i o n  d e p e n d e n t .  AVMBi ( 1 0  jiM) w a s  f o u n d  t o  b e  m o r e  

p o t e n t  t h a n  GABA i n  e n h a n c i n g  3 6 C l"  i n f l u x .  GABA i n  

c o m b i n a t i o n  w i t h  AVMBi c o u l d  n o t  c h a n g e  t h e  36 C l"  i n f l u x  

i n d u c e d  b y  AVMBi , w h i c h  s u g g e s t e d  a n  i d e n t i c a l  s i t e  o f  t h e i r  

a c t i o n .  M i l b e m y c i n ,  i n c r e a s e d  3 6 Cl" i n f l u x  t o  t h e  s a m e  

e x t e n t  a s  A V M B i .

P i c r o t o x i n i n  a n d  b i c u c u l l i n e  m e t h i o d i d e  (10/uM) b l o c k e d  

A V M B i - e n h a n c e d  36 Cl" i n f l u x  b y  50% a n d  20% r e s p e c t i v e l y .

When a l l  N a + , e x c e p t  f o r  s o d i u m  p h o s p h a t e ^  w e r e  r e p l a c e d  b y  

c h o l i n i u m  c a t i o n ,  i t  w a s  f o u n d  t h a t  t h e  A V M B i - e n h a n c e d  3 6 C l"  

i n f l u x  w a s  s l i g h t l y  l e s s  t h a n  t h a t  o b s e r v e d  i n  n o r m a l  s a l i n e  

( T a n a k a  a n d  M a t s u m u r a ,  1 9 8 5 ) .

W hen  A V M B i - t r e a t e d  m u s c l e s  w e r e  e x p o s e d  t o  K+ - f r e e  

s a l i n e  c o n t a i n i n g  36 C l " ,  t h e  A V M B i - i n d u c e d  36 C l"  i n f l u x  w a s  

s u p p r e s s e d  t o  60% o f  t h e  c o n t r o l  ( T a n a k a  a n d  M a t s u m u r a ,  

1 9 8 5 ) .  T h e  i n h i b i t i o n  o f  36 Cl" i n f l u x  i n t o  A V M B i - t r e a t e d  

m u s c l e  b a t h e d  i n  K+ f r e e  s a l i n e  w a s  e x p l a i n e d  b y  t h e  w o r k  o f  

F r i t z  e t  a l . ( 1 9 7 9 )  w h e r e  t h e  e f f l u x  o f  i n t r a c e l l u l a r  Cl"

i n c r e a s e d  s u f f i c i e n t l y ,  f o r  a  s h o r t  t i m e  i n  t h e  i n  K+ f r e e
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s a l i n e  t o  c a u s e  d e p o l a r i s a t i o n  t o  o c c u r .  T a n a k a  a n d  

M a t s u m u r a  ( 1 9 8 5 )  s u g g e s t e d  t h a t  AVMBi w a s  s e l e c t i v e l y  

i n c r e a s i n g  C l '  p e r m e a b i l i t y  a c r o s s  t h e  m u s c l e  m e m b r a n e ;  

AVMBi a c t i n g  e i t h e r  a s  a  p r e s y n a p t i c  i n h i b i t o r  b y  o p e n i n g  

C l '  c h a n n e l s  a t  t h e  GABA s y n a p s e  i n  s u c h  a  w a y  t h a t  t h e  

p r e s y n a p t i c  m e m b r a n e  i s  u n a b l e  t o  r e l e a s e  a n  e x c i t a t o r y  

t r a n s m i t t e r ,  o r  a s  a  p o s t s y n a p t i c  i n h i b i t o r  b y  o p e n i n g  t h e  

C l '  c h a n n e l  i n  t h e  p o s t s y n a p i c  r e g i o n .

D r e x l e r  a n d  S i e g h a r t  ( 1 9 8 4 ) ,  s u g g e s t e d  t h a t  i n  r a t  

b r a i n s  p i c r o t o x i n  c o u l d  i n t e r a c t  w i t h  i t s  b i n d i n g  s i t e s  i n  

t h e  G A B A - b e n z o d i a z e p i n e  r e c e p t o r  i o n o p h o r e  c o m p l e x  c a u s i n g  

c o n f o r m a t i o n a l  c h a n g e s  w h i c h  w o u l d  i n h i b i t  C l '  f l u x e s  a n d  

s t i m u l a t e  3 H-AVM b i n d i n g .  GABA a g o n i s t s  ( e g .  p e n t o b a r b i t a l )  

b y  b i n d i n g  t o  t h e i r  s i t e s  c o u l d  f a c i l i t a t e  Cl" f l u x e s  b u t  

p a r t l y  i n h i b i t  b i n d i n g  o f  3 H-AVM.

1 . 3 . 2 .  N on -G A B A  c h l o r i d e  c h a n n e l s

D u c e  a n d  S c o t t  ( 1 9 8 5 a )  s u g g e s t e d  AVM h a d  a  d u a l  a c t i o n  

i n  i n s e c t s .  U s i n g  t h e  l o c u s t  S c h i s t o c e r c a  g r e g a r i a  t h e y  

f o u n d  t h a t  t h e  m i c r o p e r f u s i o n  o f  DHAVMBi o n t o  t h e  GABA-  

s e n s i t i v e  e x t e n s o r  t i b i a e  m u s c l e  b u n d l e  3 3  i n d u c e d  a  

r e v e r s i b l e ,  d o s e - d e p e n d e n t  i n c r e a s e  i n  t h e  i n p u t  c o n d u c t a n c e  

w h i c h  w a s  a b o l i s h e d  i n  C l " - f r e e  s a l i n e .  I t  a l s o  p a r t l y  

b l o c k e d  G A B A - i n d u c e d  i n c r e a s e s  i n  i n p u t  c o n d u c t a n c e .
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T h e  r e v e r s i b l e  a c t i o n s  o f  DHAVMBi o n  l o c u s t  m u s c l e  h a v e

b e e n  r e p o r t e d  t o  i n v o l v e  t h e  GABA r e c e p t o r - C l - c o m p l e x ,  b u t  

t h e  f i n d i n g  t h a t  DHAVMBi a l s o  i n d u c e d  a n  i r r e v e r s i b l e  

i n c r e a s e  i n  C l"  p e r m e a b i l i t y  ( c o n d u c t a n c e )  s u g g e s t e d  a n o t h e r  

s i t e  o f  a c t i o n  i n d e p e n d e n t  o f  t h e  GABA r e c e p t o r - C l "  c h a n n e l  

c o m p l e x  i n  l o c u s t  m u s c l e  ( D u c e  a n d  S c o t t ,  1 9 8 5 a ) .

I b o t e n i c  a c i d  ( lpM t o  ImM) h a s  b e e n  f o u n d  t o  i n d u c e  

d o s e - d e p e n d e n t  i n c r e a s e s  i n  c o n d u c t a n c e  i n  b o t h  

G A B A - s e n s i t i v e  a n d  i n s e n s i t i v e  b u n d l e s  ( D u c e  a n d  S c o t t ,  

1 9 8 5 b ) .  C u l l - C a n d y  ( 1 9 7 6 )  a l s o  f o u n d  i b o t e n i c  a c i d  

s e l e c t i v e l y  i n c r e a s e d  t h e  p e r m e a b i l i t y  o f  l o c u s t  m u s c l e  

b u n d l e s  t o  C l"  b y  a c t i v a t i n g  e x t r a j u n c t i o n a l  g l u t a m a t e  H 

r e c e p t o r s .  C h a n g e s  i n  i n p u t  c o n d u c t a n c e  i n d u c e d  b y  i b o t e n i c  

a c i d  i n  G A B A - s e n s i t i v e  a n d  i n s e n s i t i v e  b u n d l e s  w e r e  r e d u c e d  

i n  a  d o s e  d e p e n d e n t  m a n n e r  b y  1 2 n M - 1 . 2 p M  a n d  0 . 6 - 1 . 2 p M  o f  

DHAVMBi r e s p e c t i v e l y ;  c o n c e n t r a t i o n s  o f  DHAVMBi i n  t h e  s a m e  

r a n g e  a s  t h o s e  f o u n d  c a u s i n g  i r r e v e r s i b l e  e f f e c t s  o n  

G A B A - i n s e n s i t i v e  a n d  s e n s i t i v e  m u s c l e  b u n d l e s  ( D u c e  a n d  

S c o t t , 1 9 8 5 b ) .

G l u t a m a t e  H r e c e p t o r s  w e r e  f o u n d  t o  b e  d e s e n s i t i s e d  b y  

i b o t e n i c  a c i d ,  a l t h o u g h  c h a r a c t e r i s t i c  i r r e v e r s i b l e  

i n c r e a s e s  i n  i n p u t  c o n d u c t a n c e  c o u l d  s t i l l  b e  i n d u c e d .  G i v e n  

t h a t  t h e  r e s p o n s e s  t o  DHAVMBi w e r e  i n d u c e d  d e s p i t e  

d e s e n s i t i s a t i o n  o f  t h e  H r e c e p t o r  b y  i b o t e n i c  a c i d ,  t h i s  

s u g g e s t e d  t h a t  t h e  a c t i o n  o f  DHAVMBi w a s  a t  t h e  C l ~  c h a n n e l
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o f  e x t r a j u n c t i o n a l  g l u t a m a t e  H r e c e p t o r - C l "  c h a n n e l  c o m p l e x ,  

( D u c e  a n d  S c o t t ,  1 9 8 5 b ;  S c o t t  a n d  D u c e ,  1 9 8 5 ) .  T h e  

i r r e v e r s i b l e  c h a n g e s  i n  i n p u t  c o n d u c t a n c e  c a u s e d  DHAVMBi 

w e r e  n o t  a f f e c t e d  b y  p e n i c i l l i n  G o r  b i c u c u l l i n e ,  b u t  

p i c r o t o x i n  a n d  z i n c  c h l o r i d e  r e d u c e d  DHAVMBi r e s p o n s e s .  I t  

w a s  c o n c l u d e d  t h a t  DHAVMBi h a s  a  n u m b e r  o f  s i t e s  o f  a c t i o n  

o n  l o c u s t  m u s c l e  t h a t  i n c l u d e  e f f e c t s  o n  t h e  g l u t a m a t e  H 

r e c e p t o r - C l "  c h a n n e l  c o m p l e x  a s  w e l l  a s  e f f e c t s  o n  t h e  GABA 

r e c e p t o r - C l "  c h a n n e l  ( S c o t t  a n d  D u c e ,  1 9 8 5 ) .

S c o t t  a n d  D u c e  ( 1 9 8 6 )  s u g g e s t e d  t h a t  t h e  DHAVMBi 

i n d u c e d  i r r e v e r s i b l e  i n c r e a s e  i n  c o n d u c t a n c e  i n v o l v e  a n  i o n  

c h a n n e l  w i t h  a  g r e a t e r  s e l e c t i v i t y  f o r  C l"  i n  S .  g r e g a r i a . 

H o w e v e r ,  D H A V M B i - i n d u c e d  c h a n g e s  i n  t h e  f i t e r i n g  p r o p e r t i e s  

o f  a  s i n g l e  t y p e  o f  C l"  c h a n n e l  a r e  n o t  r u l e d  o u t .  T h i s  i s  

c o n s i s t e n t  w i t h  DHAVMBi a c t i o n  n o t  b e i n g  d e p e n d e n t  u p o n  GABA 

s e n s i t i v i t y  o f  t h e  l o c u s t  m u s c l e  f i b r e s .

A p p l i c a t i o n  o f  DHAVMBi ( O . l - l . O j u M )  t o  c u l t u r e d  n e u r o n e s  

f r o m  P .  a m e r i c a n a  b r a i n  r e s u l t e d  i n  s l o w  c o n d u c t a n c e  

i n c r e a s e s  w h i c h  w e r e  a c c o m p a n i e d  b y  a  m e m b r a n e  t i m e  c o n s t a n t  

( L e e s  a n d  B e a d l e ,  1 9 8 6 ) .  H o w e v e r ,  t h e  c o n d u c t a n c e  r e s p o n s e  

t o  t h e  a p p l i c a t i o n  o f  DHAVMBi w a s  n o t  r e s t r i c t e d  t o  n e u r o n e s  

w h i c h  r e s p o n d e d  t o  GABA. D i r e c t  e f f e c t s  o f  DHAVMBi o n  m u s c l e  

f i b r e s  a n d  n e u r o n a l  m e m b r a n e s  w i t h  n o  i n h i b i t o r y  i n n e r v a t i o n  

i n d i c a t e d  t h a t  t h e  C l"  c h a n n e l s  w h i c h  w e r e  a c t i v a t e d  w e r e  

n o t  n e c e g j a . r i l y  b e  a s s o c i a t e d  w i t h  GABA r e c e p t o r  c o m p l e x e s
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( D u c e  a n d  S c o t t ,  1 9 8 5 ;  L e e s  a n d  B e a d l e ,  1 9 8 6 ) .

A d d i t i o n a l  e v i d e n c e  f o r  n o n - G A B A e r g i c  e f f e c t s  o f  AVM 

i n c l u d e s  s t u d i e s  b y  B o k i s h  a n d  W a l k e r  ( 1 9 8 6 )  a n d  Z u f a l l  e t  

a l .  ( 1 9 8 8 ) .  T h e  a p p l i c a t i o n  o f  AVMBi t o  i d e n t i f i e d  n e u r o n e s  

i n  t h e  s u b o e s o p h a g e a l  g a n g l i o n i c  m a s s  o f  t h e  s n a i l ,  H e l i x  

a s n e r s a  r e s u l t e d  i n  a n  i n c r e a s e  i n  C l ” c o n d u c t a n c e  ( i n d u c e d  

a n  o u t w a r d  c u r r e n t )  i n  c e r t a i n  n e u r o n e s .  T h i s  d i r e c t  e f f e c t  

o f  AVMBi o c c u r r e d  i r r e s p e c t i v e  o f  w h e t h e r  t h e  n e u r o n e s  w e r e  

s e n s i t i v e  t o  GABA o r  n o t  a n d  w a s  g e n e r a l l y  i r r e v e r s i b l e  a t  

c o n c e n t r a t i o n s  o f  O . O l - l . O y i M .  I t  w a s  c o n c l u d e d  t h a t  AVMBi 

c a n  i n t e r a c t  w i t h  C l ” c h a n n e l s  t o  i n d u c e  a n  o u t w a r d  c u r r e n t  

a n d  c a n  r e d u c e  C l " m e d i a t e d  r e s p o n s e s  a s s o c i a t e d  w i t h  GABA 

a n d  a c e t y l c h o l i n e  ( B o k i s c h  a n d  W a l k e r ,  1 9 8 6 ) .

R e c e n t l y ,  Z u f a l l  e t  a l . ( 1 9 8 8 ,  1 9 8 9 )  s h o w e d  t h a t  AVM

o p e n e d  m u l t i t r a n s m i t t e r - g a t e d  C l ” c h a n n e l s  i n  c r a y f i s h  

m u s c l e .  T h e  b u r s t i n g  b e h a v i o u r  o f  t h e s e  c h a n n e l s ,  w h i c h  w a s  

n o r m a l l y  s e e n  b y  a c t i v a t i o n  w i t h  g l u t a m a t e ,  a c e t y l c h o l i n e  o r  

GABA, w a s  s t r o n g l y  r e d u c e d  w i t h  AVM. T h e y  c o n c l u d e d  t h a t  

t h e r e  w a s  a n  i r r e v e r s i b l e  b i n d i n g  o f  AVM t o  t h e  C l"  c h a n n e l  

r e c e p t o r  c o m p l e x .
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1.4. The present study
1 . 4 . 1 .  T h e  e x p e r i m e n t a l  i n s e c t s

T h e  i n s e c t s  u s e d  i n  t h i s  s t u d y  w e r e  t h e  l a r v a l  i n s t a r s  

o f  t w o  n o c t u i d  m o t h s  ( L e p i d o p t e r a :  N o c t u i d a e ) -  t h e  E g y p t i a n  

C o t t o n  L e a f w o r m ,  S p o d o p t e r a  l i t t o r a l i s  ( B o i s d u v a l ) ,  f o r m e r l y  

c a l l e d  P r o d e n i a  l i t u r a  ( F . )  a n d  t h e  C o t t o n  B o l l w o r m  

H e l i o t h i s  a r m i g e r a  ( H i i b n e r )  [ n o w  r e f e r r e d  t o  b y  s o m e  a u t h o r s  

a s  H e l i c o v e r p a  a r m i g e r a  ( H u b n e r ) ] .  B o t h  c a n  b e  s e r i o u s  p e s t s  

o f  c o t t o n  ( G u b b i n s  a n d  C a m p i o n ,  1 9 8 2 ;  H o s n y  e t  a l .«  1 9 8 0 ;

V a n  D e n  B e r g  e t  a l . .  1 9 8 8 .

1 . 4 . 1 . 1 .  S p o d o p t e r a  l i t t o r a l i s

T h i s  i n s e c t  ( P l a t e  1 . 1 . )  i s  f o u n d  t h r o u g h o u t  m u c h  o f  

A f r i c a ,  t h e  M e d i t e r r a n e a n ,  M a d a g a s c a r  a n d  t h e  N e a r  E a s t .  I t  

i s  a  l e a f - e a t e r  b u t  c a n  b e h a v e  l i k e  a  c u t w o r m .  I t  i s  

p o l y p h a g o u s ,  i n  E g y p t ,  a t t a c k i n g  B e r s e e m  ( T r i f o l i u m  

a l e x a n d r o n u m  L . ) d u r i n g  t h e  w i n t e r ,  c o t t o n  i n  t h e  s u m m e r  a n d  

v e g e t a b l e s  i n  t h e  a u t u m n .  O t h e r  h o s t  p l a n t s  i n c l u d e  l u c e r n e ,  

p o t a t o e s ,  p e p p e r s ,  l e g u m e s ,  t o m a t o e s  a n d  o k r a  ( S a l a m a ,

1 9 8 3 ) .  I n  E g y p t  t h e r e  c a n  b e  s e v e n  o r  e i g h t  g e n e r a t i o n s  a  

y e a r  ( S a l a m a ,  1 9 8 3 ) .  I t  c a n  b e  r e a r e d  i n  t h e  l a b o r a t o r y  o n  

a n  a r t i f i c i a l  d i e t  ( A p p e n d i x  2 . 1 . ) .  C o n t r o l  p r a c t i c e s  

i n c l u d e  u s i n g  c h i l d r e n  t o  c o l l e c t  e g g  m a s s e s ,  r e g u l a t i o n  o f  

c r o p  p l a n t i n g  a n d  t h e  u s e  o f  i n s e c t i c i d e s  s u c h  a s  s y n t h e t i c  

p y r e t h r o i d s  a n d  m i x t u r e s  o f  o r g a n o p h o s p h a t e s  a n d  a c y l u r e a s
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s u c h  a s  c h l o r p y r i f o s  a n d  d i f l u b e n z u r o n  ( S a l a m a ,  1 9 8 3 ) .  

R e s i s t a n c e  t o  p y r e t h r o i d s  h a s  r e c e n t l y  b e e n  r e p o r t e d  t o  b e  

b e c o m i n g  a  p r o b l e m  i n  E g y p t .  ( E l  G u i n d y  e t  a l . .  1 9 8 2 ;  

S a w i c k i ,  1 9 8 9 ) .

1 . 4 . 1 . 2 .  H e l i o t h i s  ( H e l i c o v e r p a ) a r m i g e r a

T h i s  i n s e c t  ( P l a t e  1 . 2 . )  i s  f o u n d  t h r o u g h o u t  m u c h  o f  

A f r i c a ,  t h e  N e a r  E a s t ,  I n d i a ,  P a k i s t a n  a n d  m u c h  o f  A s i a .  I t  

i s  a  b o l l w o r m ,  b u r r o w i n g  i n t o  y o u n g  c o t t o n  b o l l s  a n d  d o i n g  

g r e a t  d a m a g e  t o  t h e  d e v e l o p i n g  c o t t o n  b o l l s .  I t  i s  

p o l y p h a g o u s ,  a l s o  a t t a c k i n g  l e g u m e s ,  l u c e r n e  a n d  m a n y  o t h e r  

c r o p s .  T h e r e  c a n  b e  s e v e r a l  g e n e r a t i o n s  e a c h  y e a r  ( V a n  D e n  

B e r g  e t  a l . .  1 9 8 8 ) .  L i k e  S .  l i t t o r a l i s  i t  c a n  b e  r e a r e d  i n  

t h e  l a b o r a t o r y  o n  a r t i f i c i a l  d i e t  ( s e e  A p p e n d i x  2 . 1 . ) .  

C o n t r o l  p r a c t i c e s  i n v o l v e  t h e  u s e  o f  s y n t h e t i c  p y r e t h r o i d  

a n d  o r g a n o p h o s p h a t e  i n s e c t i c i d e s  s u c h  a s  c h l o r p y r i f o s .  

R e s i s t a n c e  t o  p y r e t h r o i d s  a n d  o r g a n o p h o s p h a t e s  h a s  b e e n  

r e p o r t e d  i n  s e v e r a l  p a r t s  o f  t h e  w o r l d  ( G l e d h i l l ,  1 9 8 2 ;  

C o l l i n s , 1 9 8 6  ) .
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Plate 1.1 Sixth instar S. littoralis larva
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1.4.2. The aims of the project

T h e  AVM h a v e  beer? s h o w n  t o  h a v e  d i f f e r e n t i a l  t o x i c i t y  

t o  n o c t u i d  m o t h  s p e c i e s  ( s e c t i o n  1 . 2 . 2 . ) .  M o s t  o f  t h i s  w o r k  

h a s  b e e n  o n  New W o r l d  ( A m e r i c a n )  n o c t u i d  s p e c i e s  i n c l u d i n g  

H e l i o t h i s  z e a  a n d  S p o d o p t e r a  f r u g i p e r d a  ( B u l l ,  1 9 8 6 ;  D y b a s  

a n d  B a b u ,  1 9 8 8 )  a n d  a p a r t  f r o m  C o r b e t t  ( 1 9 8 7 )  a n d  C o r b e t t  

e t  a l . ' ( 1 9 8 9 )  l i t t l e  w o r k  h a s  b e e n  d o n e  o n  O l d  W o r l d

s p e c i e s .

T h e  a i m s  o f  t h e  p r e s e n t  p r o j e c t  w e r e  a s  f o l l o w s :

A )  To  c o n f i r m  a n d  e x p a n d  u p o n  r e p o r t s  o f  i n t e r -  a n d  i n t r a ­

s p e c i f i c  v a r i a t i o n s  i n  t h e  t o x i c i t y  o f  AVMBi t o  l a r v a l  

i n s t a r s  o f  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a .

B)  To i n v e s t i g a t e  a n d  d e t e r m i n e  t h e  f a c t o r s  i n v o l v e d  i n  t h e  

d i f f e r e n t i a l  t o x i c i t y  o f  AVMBi t o  t h e  a b o v e  n o c t u i d  m o t h  

s p e c i e s .

T h e  w o r k  c a n  b e  d i v i d e d  i n t o  t h r e e  m a i n  s e c t i o n s :

1 )  T o x i c o l o g y .  To d e t e r m i n e  t h e  l e v e l s  o f  d i f f e r e n t i a l

t o x i c i t y  u s i n g  t o p i c a l  a p p l i c a t i o n  o f  i n s e c t i c i d e s  a n d  t o  

i n v e s t i g a t e ,  u s i n g  s y n e r g i s t s  a n d  i n j e c t i o n  b i o a s s a y s ,  

t h e  i n v o l v e m e n t  o f  m e t a b o l i s m  a n d  p e n e t r a t i o n  

r e s p e c t i v e l y .
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2 )  M e t a b o l i s m .  R a d i o t r a c e r  s t u d i e s  w i t h  3 H-AVMBi a r e  u s e d  t o  

d e t e r m i n e  t h e  e x t e n t  o f  m e t a b o l i s m  i n  t h e  f i f t h  a n d  s i x t h  

i n s t a r s  o f  b o t h  s p e c i e s  a n d  t h e  l e v e l  o f  AVMBi i n  f a t  

b o d y  t i s s u e  a n d  v e n t r a l  n e r v e  c o r d  t i s s u e  i n  r e l a t i o n  t o  

s y m p t o m s  o f  p o i s o n i n g .

3 )  N e u r o p h y s i o l o g y .  U s i n g  i n  v i v o  r e c o r d i n g  m e t h o d s ,  t h e  

f r e q u e n c y  o f  n e r v e  i m p u l s e s  i n  t h e  v e n t r a l  n e r v e  c o r d  i s  

c o m p a r e d  i n  u n t r e a t e d  i n s e c t s  a n d  i n  i n s e c t s  t r e a t e d  

p r e v i o u s l y  w i t h  3 H - A V M B i , s h o w i n g  n o  o r  m a r k e d  s y m p t o m s  

o f  p a r a l y s i s .  I n  t h i s  s e c t i o n  t h e  l e v e l s  o f  

r a d i o a l a b e l l e d  AVMBi i n  t h e  v e n t r a l  n e r v e  c o r d  a r e  a l s o  

r e l a t e d  t o  n e r v o u s  a c t i v i t y  a n d  s y m p t o m s  o f  p o i s o n i n g .

Page 58



2. GENERAL MATERIALS AND METHODS

2 . 1 .  I n s e c t  c u l t u r e

A l l  t h e  i n s e c t s  w e r e  c u l t u r e d  a n d  t e s t e d  a t  2 6 ( £ l ) ° C  

u n d e r  a  1 6 : 8  L : D  c y c l e .

S p o d o p t e r a  l i t t o r a l i s  ( B o i s d u v a l )

F r e s h l y  l a i d  b a t c h e s  o f  S p o d o p t e r a  l i t t o r a l i s  e g g s  

( C a n a r y  I s l a n d  s t r a i n )  w e r e  o b t a i n e d  f r o m  ODNRI ( f o r m e r l y  

T D R I ) ,  P o r t o n ,  W i l t s h i r e .  T h e  e g g s  w e r e  s t e r i l i s e d  u s i n g  

0 . 2 %  ( w / v )  s o d i u m  h y p o c h l o r i t e  s o l u t i o n  f o r  3 0  m i n .  f o l l o w e d  

b y  4% ( w / v )  f o r m a l d e h y d e  f o r  3 0  m i n .  T h e y  w e r e  t h e n  p l a c e d  

i n  c o v e r e d  p l a s t i c  c o n t a i n e r s  ( 2 7 x 1 5 x 1 0 c m )  u n t i l  t h e y  

h a t c h e d ,  w h e r e u p o n  a r t i f i c i a l  d i e t  ( A p p e n d i x  2 . 1 . )  w a s  

p r o v i d e d  a s  a  f o o d  s o u r c e .  A t  t h e  s e c o n d  i n s t a r  s t a g e ,  t h e  

l a r v a e  w e r e  t r a n s f e r r e d  t o  w a x e d  p a p e r  c o n e s  ( 5 0 m l )  

c o n t a i n i n g  s o l i d i f i e d  a r t i f i c i a l  d i e t  ( 2 0 m l )  a n d  t h e  c o n e s  

c o v e r e d  w i t h  c l i n g f i l m .  T h e  c o n e s  w e r e  h e l d  ( i n  g r o u p s  o f  

3 0 )  i n  p l a s t i c  r a c k s  a n d  e n c l o s e d  i n  p l a s t i c  b a g s  t o  

m a i n t a i n  a  h i g h  l e v e l  o f  h u m i d i t y .  F i v e  t o  s e v e n  l a r v a e  w e r e  

p u t  i n  e a c h  w a x e d  p a p e r  c o n e .  T h e  l a r v a e  w e r e  n o t  t o u c h e d  

a g a i n  u n t i l  e i t h e r  t h e y  w e r e  n e e d e d  f o r  e x p e r i m e n t s  o r  a f t e r  

p u p a t i o n .  P u p a t i o n  o c c u r r e d  a b o u t  15 d a y s  a f t e r  h a t c h i n g .  On 

e m e r g e n c e ,  s o m e  1 4  d a y s  l a t e r ,  t h e  a d u l t s  w e r e  p l a c e d  i n  

p l a s t i c  c y l i n d e r  c a g e s  ( 3 0 c m  d i a .  x  5 0 c m  h i g h )  l i n e d  w i t h
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n a p p y  l i n e r s ( c e l l u l o s e  w a d d i n g )  o n t o  w h i c h  e g g s  c o u l d  b e  l a i d  

a f t e r  p a i r i n g .  T h e  a d u l t s  w e r e  p r o v i d e d  w i t h  a  h o n e y  

s o l u t i o n  w i t h  a d d e d  v i t a m i n s  a s  a  f o o d  s o u r c e  ( A p p e n d i x  

2 . 1 . ) .

H e l i o t h i s  a r m i g e r a  ( H u b n e r )

H e l i o t h i s  a r m i g e r a  e g g s  w e r e  o b t a i n e d  f r o m  t h e  

I n s t i t u t e  o f  V i r o l o g y ,  O x f o r d .  E g g s  w e r e  s t e r i l i s e d  w i t h  

0 . 2 %  ( w / v )  s o d i u m  h y p o c h l o r i t e  f o r  3 0  m i n .  a n d  t h e  l a r v a e  

t r e a t e d  a s  f o r  S .  l i t t o r a l i s  e x c e p t  t h a t  t h e  s e c o n d  i n s t a r  

l a r v a e  w e r e  p l a c e d  i n  i n d i v i d u a l  5cm  d i a .  p l a s t i c  P e t r i  

d i s h e s .  U p o n  p u p a t i o n ,  t h e  p u p a e  w e r e  s t e r i l i s e d  i n  4% ( w / v )  

f o r m a l d e h y d e  f o r  3 0  m i n .  T h e  a d u l t s  w e r e  p r o v i d e d  w i t h  

c o t t o n  n a p p y  l i n e r s  a n d  c o t t o n  p l a n t s  a s  o v i p o s i t i o n  s i t e s  

a n d  w i t h  a d u l t  d i e t  ( A p p e n d i x  2 . 1 . ) .

2 . 2 .  S e l e c t i o n  o f  l a r v a l  i n s t a r s

L a r v a l  i n s t a r s  w e r e  s e p a r a t e d  b y  m e a n s  o f  t h e i r  b o d y  

w e i g h t  a n d  h e a d  c a p s u l e  w i d t h .  S i n c e  b o d y  w e i g h t  b e t w e e n  

i n s t a r s  w a s  f o u n d  t o  o v e r l a p ,  o n l y  l a r v a e  o f  b o d y  w e i g h t s  

f a l l i n g  w i t h i n  t h e  r a n g e s  d e t a i l e d  i n  T a b l e  2 . 1 .  w e r e  u s e d  

i n  b i o a s s a y s .
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2.3. Chemicals

T e s t  s o l u t i o n s  o f  t e c h n i c a l  g r a d e  a v e r m e c t i n  B i a / B i b  

( 8 0 : 2 0 )  (91%  w / v )  ( a b a m e c t i n ,  A V M B i ) ,  m a l a t h i o n  ( 9 3 % w / v ) ,  

l a m b d a  c y h a l o t h r i n  ( 71% w / v )  ( K a r a t e ) ,  p i p e r o n y l  b u t o x i d e  

( P B ;  90% w / v )  a n d  S , S , S - t r i b u t y l  p h o s p h o r o t h i o a t e  ( D E F ;  99% 

w / v )  w e r e  p r e p a r e d  i n  e t h y l  m e t h y l  k e t o n e  (EMK) a n d  s t o r e d  

a t  - 2 0 ° C.  F o r  r a d i o c h e m i c a l  s t u d i e s ,  a n  e m u l s i f i a b l e  

c o n c e n t r a t e  ( E C )  f o r m u l a t i o n  o f  3 H-AVMBi ( M K 9 3 6 ;  1 . 8 %  v / v  

EC;  [ 5 —3 H ] ;  9 . 6 7 m C i ,  358M B q i n  2 . 5 m l )  w a s  p r e p a r e d  i n  

d i s t i l l e d  w a t e r .  F o r  n e u r o p h y s i o l o g i c a l  s t u d i e s ,  a q u e o u s  

s o l u t i o n s  o f  AVMBi ( MK9 3 6 ,  1 1 3 M ;  1 . 8 % w / v  EC)  w e r e  p r e p a r e d  

i n  d i s t i l l e d  w a t e r .

2 . 4 .  T o p i c a l  b i o a s s a y

One  p i  o f  t e s t  s o l u t i o n  ( u n c a l i b r a t e d ,  m a r k e d  v o l u m e )  

w a s  a p p l i e d  t o  t h e  m i d - d o r s a l  t h o r a c i c  r e g i o n  o f  e a c h  l a r v a  

u s i n g  a n  A r n o l d  m i c r o a p p l i c a t o r  f i t t e d  w i t h  a n  A g l a r

. g l a s s  s y r i n g e ,  t h e  n e e d l e  o f  w h i c h  w a s  b e n t  a t  a n  a n g l e  

o f  9 0 ° .  H o w e v e r ,  w i t h  s e c o n d  i n s t a r  l a r v a e  o n l y  0 . 5  p i  

( u n c a l i b r a t e d ,  m a r k e d  v o l u m e )  o f  t e s t  s o l u t i o n  w a s  a p p l i e d .  

T h e  l a r v a e  w e r e  a l l o w e d  t o  d r y  b e f o r e  b e i n g  p l a c e d  i n  

s u i t a b l e  c o n t a i n e r s .  W i t h  s e c o n d  a n d  t h i r d  i n s t a r s ,  1 0  

l a r v a e  w e r e  p l a c e d  i n  c o v e r e d  p l a s t i c  d i s h e s  ( 1 0 x 5 c m )  

c o n t a i n i n g  l a r v a l  d i e t .  F o u r t h ,  f i f t h  a n d  s i x t h  i n s t a r  

l a r v a e  ( o f  b o t h  s p e c i e s )  w e r e  p l a c e d  i n d i v i d u a l l y  i n t o
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s e c t i o n s  o f  D u f a y l i t e  I m p r e g n a t e d  K r a f t  P a p e r  H o n e y c o m b ,  

c o n t a i n i n g  d i e t  w i t h  a  p i e c e  o f  p l a s t i c  s h e e t i n g  p l a c e d  o n  

t o p  ( A p p e n d i x  2 . 1 .  ) •  M o r t a l i t y  w a s  a s s e s s e d  a f t e r  9 6  h ;  a n y  

l a r v a  t h a t  r e s p o n d e d  w h e n  p r o d d e d  w a s  r e c o r d e d  a s  a l i v e .

T a b l e  2 . 1 .

S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  l a r v a l  h e a d  c a p s u l e  a n d  b o d y  

w e i g h t  r a n g e

________________ X ( 95% C . L .  )_________________

S p e c i e s  I n s t a r  H e a d  C a p s u l e  (mm) W e i g h t ( m g )

S .  l i t t o r a l i s I I 0 . 3 4 ( 0 . 2 3 - 0 . 4 7 ) 1 . 6 ( 1 . 2 - 2 . 2 )

I I I 0 . 7 4 ( 0 . 6 6 - 1 . 0 0 ) 1 6 . 4 ( 1 2 . 3 - 2 0 . 4 )

I V 1 . 1 3 ( 1 . 0 4 - 1 . 2 3 ) 2 3 . 3 ( 1 8 . 9 - 2 9 . 9 )

V 1 . 7 4 ( 1 . 6 5 - 1 . 8 8 ) 1 8 7 . 5 ( 1 3 4 . 4 - 2 3 1 . 2 )

I V 2 . 4 5 ( 2 . 3 5 - 2 . 5 8 ) 8 6 3 . 0 ( 7 0 4 . 1 - 9 7 4 . 5 )

H.  a r m i g e r a V 1 . 0 6 ( 0 . 9 7 - 1 . 2 1 ) 1 0 3 . 0 ( 8 5 . 2 - 1 2 4 . 0 )

I V 1 . 6 4 ( 1 . 5 4 - 1 . 7 3 2 5 9 . 5 ( 1 9 2 . 1 - 3 2 2 . 8 )

n = 4 0
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2.5. Calibration of Arnold microapplicator and Aglar syringe

A s o l u t i o n  o f  1 4 C - h e x a d e c a n e  i n  EMK c o n t a i n i n g  5 7 7  dpm  

p e r  j i l  w a s  d i s p e n s e d  ( l j i l  a n d  0 . 5 p l )  w i t h  a n  A r n o l d  

m i c r o a p p l i c a t o r  o n t o  p i e c e s  o f  a l u m i n i u m  f o i l .  T h e s e  w e r e  

p l a c e d  i n  s c i n t i l l a t i o n  v i a l s  w i t h  1 0 m l  o f  C o c k t a i l  T 

s c i n t i l l a t i o n  f l u i d  (BDH L t d )  a n d  t h e  r a d i o a c t i v i t y  

d e t e r m i n e d  b y  u s i n g  a  B e c k m a n  L S - 2 5 0  l i q u i d  s c i n t i l l a t i o n  

c o u n t e r c a l i b r a t e d  a g a i n s t  1 4 C - h e x a d e c a n e . C o u n t i n g  w a s  f o r  

1 0 0  m i n u t e s  o r  u n t i l  a  2 s i g m a  e r r o r  o f  0 . 5 %  w a s  a c h i e v e d .  

F o r  i n j e c t i o n  e x p e r i m e n t s ,  l p l  o f  1 4 C - h e x a d e c a n e  w a s  

i n j e c t e d  i n t o  l a r v a e  a n d  t h e  s a m e  p r o c e d u r e  a s  a b o v e  w a s  

c a r r i e d  o u t  a f t e r  t h e  l a r v a e  h a d  b e e n  d i g e s t e d  u s i n g  1 m l  o f  

NCS t i s s u e  d i g e s t a n t  s o l u t i o n  a n d  k e p t  i n  t h e  d a r k  f o r  2 4 h  

t o  r e d u c e  c h e m i l u m i n e s c e n c e .  T h e  v o l u m e s  a c t u a l l y  d i s p e n s e d  

b y  t h e  a p p l i c a t i o n  e q u i p m e n t  a r e  g i v e n  i n  T a b l e  2 . 2 .  a n d  a l l  

s u b s e q u e n t  d o s e  c a l c u l a t i o n s  w e r e  a m m e n d e d  a c c o r d i n g l y .

T h e r e  w e r e  t e n  r e p l i c a t e s  f o r  e a c h  c a l i b r a t i o n  e x p e r i m e n t .
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Table 2.2.

C a l i b r a t i o n  o f  A r n o l d  M i c r o a p p l i c a t o r  a n d  A g l a r  G l a s s  

S y r i n g e

X ± - S E  v o l u m e  D e l i v e r e d  ( p i )

M a r k e d  v o l u m e  ( p i )  E t h y l  m e t h y l  k e t o n e  A q u e o u s

o f  S o l u t i o n __________________________________________________________________________

T o p i c a l  A p p l i c a t i o n

1.0 0 . 8 0 + 0 . 0 2 0 . 5 2 ± . 0 . 0 3

0 . 5 0 . 4 2 + 0 . 0 3

I n j e c t i o n

1 . 0  0 . 5 2 + 0 . 0 3

n = 1 0

2 . 6 .  A n a l y s i s  o f  b i o a s s a y  d a t a

P r o b i t  l o g  d o s e  r e g r e s s i o n  l i n e s  w e r e  f i t t e d  t o  

b i o a s s a y  d a t a  u s i n g  a  c o m p u t e r  p r o g r a m  b a s e d  o n  F i n n e y  

( 1 9 7 1 )  a n d  w r i t t e n  b y  S t a t i s t i c a l  R e s e a r c h  S e r v i c e ,  C a n a d a  

D e p a r t m e n t  o f  A g r i c u l t u r e  1 9 6 8  ( c a l l e d  S 1 0 3  P r o b i t  S i n g l e  

L i n e  A n d  P a r a l l e l  L i n e  A n a l y s i s ) .  T h e  LDso a n d  LD9 5 v a l u e s ,  

t h a t  i s  t h e  d o s e s  e x p e c t e d  t o  p r o d u c e  m o r t a l i t y  i n  50% a n d  

95% o f  t h e  p o p u l a t i o n  r e s p e c t i v e l y ,  w e r e  c a l c u l a t e d  t o g e t h e r
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w i t h  t h e i r  95% c o n f i d e n c e  l i m i t s .  T h e  s l o p e  £ S . E .  a n d  

c h i - s q u a r e  v a l u e s  w e r e  a l s o  o b t a i n e d  f o r  e a c h  s e t  o f  d a t a .  A 

v a l u e  o f  c h i - s q u a r e  m o r e  t h a n  t h e  t a b u l a t e d  v a l u e  i n d i c a t e d  

h e t e r o g e n e i t y  w h i l e  a  v a l u e  l e s s  t h a n  t h a t  t a b u l a t e d  

i n d i c a t e d  h o m o g e n e i t y .  I f  t h e  c h i - s q u a r e  v a l u e  i n d i c a t e d  

h e t e r o g e n e i t y  t h e n  t h e  d a t a  w a s  d i s c a r d e d .

D a t a  w a s  a l s o  t e s t e d  f o r  p a r a l l e l i s m .  I f  t h e y  a r e  

p a r a l l e l  t h e  v a l u e  o f  t h e  s l o p e  f o r  e a c h  o f  t h e  s i n g l e  l i n e s  

w i l l  n o t  b e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h e  j o i n t  a n a l y s i s  

e s t i m a t e d  v a l u e  ( P > 0 . 0 5 ) .  T h e  p o t e n c y  o f  e a c h  t e s t  s o l u t i o n  

r e l a t i v e  t o  a  p r e - i n d i c a t e d  s t a n d a r d  w e r e  d e d u c e d  t o g e t h e r  

w i t h  LD v a l u e s  a n d  95% c o n f i d e n c e  l i m i t s .  D u e  t o  t h e  

i n h e r e n t  v a r i a b i l i t y  o f  b i o a s s a y  d a t a  i n d i v i d u a l  LDso a n d  

LD9 5  v a l u e s  w e r e  c o m p a r e d  a t  t h e  5% s i g n i f i c a n c e  l e v e l  u s i n g  

95% c o n f i d e n c e  l i m i t s  f o r  e a c h  v a l u e .
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3. TOXICOLOGICAL STUDIES

3 . 1 .  I n t r o d u c t i o n

I n  t h i s  s e c t i o n ,  t h e  m a i n  a i m  w a s  t o  c o n f i r m  a n d  e x p a n d  

u p o n  e a r l i e r  r e p o r t s  o f  d i f f e r e n t i a l  t o x i c i t y  o f  AVMBi t o  

l a r v a e  o f  n o c t u i d  m o t h  s p e c i e s  ( C o r b e t t  e t  a l . .  1 9 8 5 ) .  T h e  

e f f e c t s  o f  p e n e t r a t i o n  a n d  m e t a b o l i s m  w e r e  e x a m i n e d  u s i n g  

i n j e c t i o n  b i o a s s a y s  a n d  s y n e r g i s t s  ( p i p e r o n y l  b u t o x i d e  ( P B )  

a n d  s , s , s - t r i b u t y l  p h o s p h o r o t h i o a t e  ( D E F ) )  r e s p e c t i v e l y .

3 . 2 .  M a t e r i a l s  a n d  m e t h o d s

F o r  a l l  o f  t h e  f o l l o w i n g  e x p e r i m e n t s  a b o u t  5 0  l a r v a e  

w e r e  u s e d  p e r  t r e a t m e n t  w i t h  t h e  e x c e p t i o n  o f  s e c t i o n s  

3 . 2 . 4 a .  a n d  3 . 2 . 8 .  ( s e e  b e l o w ) ,  e a c h  e x p e r i m e n t  w a s  

d u p l i c a t e d .  P r o v i d e d  t h e  i n d i v i d u a l  P r o b i t - l o g  d o s e  

r e g r e s s i o n  d a t a  w a s  h o m o g e n e o u s  a n d  p a r a l l e l ,  e a c h  r e p l i c a t e  

w a s  c o m b i n e d  f o r  j o i n t  P r o b i t  a n a l y s i s  ( s e e  A p p e n d i x  3 . 1 ) .

3 . 2 . 1 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi t o  s e c o n d .

t h i r d ,  f o u r t h ,  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  

S .  l i t t o r a l i s .

S e c o n d ,  t h i r d ,  f o u r t h ,  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  

S . l i t t o r a l i s  r e a r e d  o n  a r t i f i c i a l  d i e t  ( A p p e n d i x  2 . 1 . ) ,  

w e r e  t r e a t e d  t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  t h e  f o l l o w i n g
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concentrations of AVMBi :

I n s t a r  AVMBi ( fig ml~ 1 )

I I 3 5 , 1 8 6 , 3 9 4 ,  5 1 1 ,  1 8 7 1

I I I 1 8 6 , 3 9 4 , 5 1 1 ,  1 8 7 1 ,  2 2 8 5

I V 1 8 6 , 5 1 1 , 2 2 8 5 ,  4 5 7 1 ,  1 0 5 7 3

V 5 1 1 , 2 2 8 5 , 4 5 7 1 ,  4 6 9 7 ,  9 1 4 3 , 5 1 8 0 0

V I 3 5 , 1 8 6 , 3 9 4 ,  5 1 1 ,  1 8 7 1 ,  2 2 8 5 , 4 5 7 1

3 . 2 . 2 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi w i t h  PB t o  

t h i r d ,  f o u r t h ,  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  

S .  l i t t o r a l i s

A l l  t h e  l a r v a e  t e s t e d ,  w e r e  t r e a t e d  w i t h  l j u l  o f  

5 0 0 0 0  j ig PB m l - 1 , t o p i c a l l y  a p p l i e d  t o  t h e  d o r s a l ,  p o s t e r i o r  

a b d o m e n .  A f t e r  l h ,  S .  l i t t o r a l i s  l a r v a e  w e r e  t r e a t e d  

t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  

o f  A V M B i:

I n s t a r  AVMBi ( jug ml~ 1 )

I I I 3 5 , 1 8 6 , 3 9 4 ,  5 1 1 ,  1 8 7 1

IV 1 8 6 , 5 1 1 , 2 2 8 5 ,  4 5 7 1 ,  1 0 5 7 3

V 1 8 6 , 5 1 1 , 2 2 8 5 ,  4 5 7 1 ,  9 1 4 3

V I 3 5 , 1 8 6 , 3 9 4 ,  5 1 1 ,  2 2 8 5

Page 67



F i f t h  i n s t a r  l a r v a e  w e r e  a l s o  t r e a t e d  w i t h  l p l  o f  

5 0 0 0 u g  PB m l " 1 , t o p i c a l l y  a p p l i e d  a s  a b o v e .  A f t e r  l h ,  l a r v a e  

w e r e  t r e a t e d  t o p i c a l l y  w i t h  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  o f  

A V M B i : 6 1 3 ,  9 9 3 ,  1 5 8 7 ,  2 2 8 5  a n d  4 6 9 7  p g  m l " 1 .

3 . 2 . 3 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi w i t h  DEF t o  

f i f t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s

F i f t h  i n s t a r  l a r v a e  w e r e  t r e a t e d  t o p i c a l l y  o n  t h e  

d o r s a l  p o s t e r i o r  a b d o m e n  ( S e c t i o n  2 . 4 . )  w i t h  l p l  o f  1 0 0 0 0  jug 

DEF m l " 1 . A f t e r  l h ,  t h e  l a r v a e  w e r e  t r e a t e d  t o p i c a l l y  o n  

t h e  m i d - d o r s a l  t h o r a x  w i t h  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  o f  

AVMBi: 5 1 1 ,  2 2 8 5 ,  4 6 9 7 ,  1 0 5 7 3  a n d  5 1 8 0 0  p g  m l " 1 .

3 . 2 . 4 .  a )  I n . i e c t i o n  o f  AVMBi i n t o  f i f t h  a n d  s i x t h  i n s t a r

l a r v a e  o f  S .  l i t t o r a l i s  a n d  f i f t h  i n s t a r  H.  

a r m i g e r a .

b )  I n . i e c t i o n  o f  PB i n t o  f i f t h  i n s t a r  S .  l i t t o r a l i s  

f o l l o w e d  b y  t o p i c a l  a p p l i c a t i o n  o f  A V M B i .

L a r v a e  w e r e  i n j e c t e d  w i t h  l p l  ( m a r k e d ,  u n c a l i b r a t e d  

v o l u m e )  o f  t e s t  s o l u t i o n  u s i n g  a  s t r a i g h t  3 0  g a u g e  n e e d l e  

f i t t e d  t o  a  g l a s s  s y r i n g e  ( S e c t i o n  2 . 4 . ) .  T h e  f o l l o w i n g  

c o n c e n t r a t i o n s  o f  AVMBi w e r e  u s e d :
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S p e c i e s I n s t a r AVMBi ( p g m l " 1 )

S .  l i t t o r a l i s V 1 8 6 , 5 1 1 , 1 8 7 1 , 4 5 7 1

VI 1 8 6 , 3 9 4 , 5 1 1 , 2 2 8 5 ,  4 5 7 1

H.  a r m i g e r a V 6 6 3 , 9 9 3 , 1 5 8 7 , 2 2 8 5 ,  4 6 9 7

A m i n i m u m  o f  3 5  l a r v a e  w e r e  t r e a t e d  p e r  c o n c e n t r a t i o n .  

M o r t a l i t y  w a s  a s s e s s e d  a f t e r  9 6 h .

I n  a  s e p a r a t e  e x p e r i m e n t ,  l j u l  PB ( 5 0 0 0  jug m l " 1 ) w a s  

i n j e c t e d  i n t o  t h e  a b d o m i n a l  r e g i o n  o f  f i f t h  i n s t a r  S . 

l i t t o r a l i s  l a r v a e  l h  b e f o r e  t o p i c a l  a p p l i c a t i o n  o f  t h e  

f o l l o w i n g  c o n c e n t r a t i o n s  o f  AVMBi : 6 1 3 ,  9 9 3 ,  1 5 8 7 ,  2 2 8 5  a n d  

4 6 9 7  jug m l " 1 .

3 . 2 . 5 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  m a l a t h i o n  t o  f i f t h  

( ± P B )  a n d  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s

F i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  w e r e  

t r e a t e d  t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  t h e  f o l l o w i n g  

c o n c e n t r a t i o n s  o f  m a l a t h i o n :

I n s t a r  M a l a t h i o n  ( f i g  m l " 1 )

V 5 0 0 ,  1 0 0 0 ,  2 5 0 0 ,  5 0 0 0 ,  1 0 0 0 0

VI  1 0 0 ,  2 5 0 ,  5 0 0 ,  1 0 0 0 ,  2 5 0 0 ,  5 0 0 0
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F i f t h  i n s t a r  l a r v a e  w e r e  a l s o  t r e a t e d  w i t h  l y i l  PB 

( 5 0 0 0 0  f i g  m l " 1 ) l h  p r i o r  t o  t r e a t m e n t  w i t h  t h e  f o l l o w i n g  

c o n c e n t r a t i o n s  o f  m a l a t h i o n :  1 0 0 ,  2 5 0 ,  5 0 0 ,  1 0 0 0  a n d  2 5 0 0  f ig  

ml" 1

3 . 2 . 6 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  l a m b d a  c y h a l o t h r i n

( K a r a t e )  t o  f i f t h  (± .PB) a n d  s i x t h  i n s t a r  l a r v a e  o f  

S .  l i t t o r a l i s

F i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  w e r e  

t r e a t e d  t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  t h e  f o l l o w i n g  

c o n c e n t r a t i o n s  o f  l a m b d a  c y h a l o t h r i n :

I n s t a r  L a m b d a  c y h a l o t h r i n  ( f i g  m l " 1 )

V 1 , 1 0 , 1 5 , 2 5 , 5 0

VI 1 0 , , 1 5 , , 2 0 , 2 5 , 5 0 ,  1 0 0

F i f t h  i n s t a r  l a r v a e  w e r e  a l s o  t r e a t e d  t o p i c a l l y  w i t h  

l u l  PB ( 5 0 0 0 0  f ig m l - 1  ) l h  p r i o r  t o  t r e a t m e n t  w i t h  t h e  

f o l l o w i n g  c o n c e n t r a t i o n s  o f  l a m b d a  c y h a l o t h r i n :  0 . 5 ,  1 ,  1 0 ,  

1 5 ,  2 5  a n d  5 0  f ig m l " 1 .

3 . 2 . 7 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi t o  f i f t h  ( ±  P B ) 

a n d  s i x t h  i n s t a r  l a r v a e  o f  H.  a r m i g e r a

F i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  H.  a r m i g e r a  w e r e  

t r e a t e d  t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  t h e  f o l l o w i n g
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concentrations of AVMBi:

I n s t a r  AVMBi ( u g  m l ~ 1 )

V 1 8 6 ,  3 9 4 ,  5 1 1 ,  1 8 7 1 ,  2 2 8 5 ,  4 5 7 1

VI  3 5 ,  1 8 6 ,  5 1 1 ,  1 8 7 1 ,  4 5 7 1

F i f t h  i n s t a r  l a r v a e  w e r e  a l s o  t r e a t e d  t o p i c a l l y  w i t h  

l u l  PB ( 5 0 0 0 0  p g  m l - 1 ) ( S e c t i o n  2 . 4 . )  l h  p r i o r  t o  t r e a t m e n t  

w i t h  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  o f  AVMBi: 3 5 ,  3 9 4 ,  5 1 1 ,  

2 2 8 5  a n d  4 5 7 1  p g  m l - 1 .

3 . 2 . 8 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi t o  s i x t h  i n s t a r  

S .  l i t t o r a l i s  ( E g y p t i a n  f i e l d  s t r a i n :  F o ) .

T h i r t y  f i v e  s i x t h  i n s t a r  l a r v a e  w e r e  t r e a t e d  t o p i c a l l y  

( S e c t i o n  2 . 4 . )  f o r  e a c h  o f  t h e  f o l l o w i n g  c o n c e n t r a t i o n s  o f  

AVMBi: 3 5 ,  1 8 6 ,  5 1 1 ,  1 8 7 1  a n d  4 5 7 1  p g  m l - 1 .

Page 71



3.3. Results

3 . 3 . 1 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi t o  s e c o n d ,  

t o  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s

T h e  r e l a t i v e  LDs o a n d  LD9 5  v a l u e s  ( n g  mg - 1 ) o f  

t o p i c a l l y - a p p l i e d  AVMBi w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

( P > 0 . 0 5 )  b e t w e e n  t h e  s e c o n d  t o  t h i r d  l a r v a l  i n s t a r s  o f  S . 

l i t t o r a l i s . b u t  t h e r e  w a s  a  m a r k e d  d e c r e a s e  i n  t o x i c i t y  

a g a i n s t  t h e  f o u r t h  i n s t a r  a t  t h e  L D s 0 a n d  LD9 5 l e v e l s  ( 6 . 5  

a n d  4 6  f o l d  r e s p e c t i v e l y ) .  T h e  s l o p e  o f  t h e  P r o b i t - l o g  d o s e  

r e g r e s s i o n  l i n e  w a s  s i g n i f i c a n t l y  r e d u c e d  ( P < 0 . 0 5 ;  T a b l e

3 . 1 .  ) .

AVMBi s e e m e d  t o  s h o w  i n c r e a s e d  t o x i c i t y  a g a i n s t  f i f t h  

i n s t a r  S .  l i t t o r a l i s  a l t h o u g h  t h e  L D s 0 a n d  LD9 5  v a l u e s  w e r e  

n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P > 0 . 0 5 )  f r o m  t h e  f o u r t h  i n s t a r .  

H o w e v e r ,  AVMBi w a s  5 1 9  a n d  1 6 2 3 - f o l d  m o r e  t o x i c  a t  t h e  L D s 0 

a n d  LD9 5 l e v e l s  r e s p e c t i v e l y  a g a i n s t  t h e  s i x t h  c o m p a r e d  w i t h  

t h e  f i f t h  i n s t a r  ( P < 0 . 0 5 ;  T a b l e  3 . 1 . ) .

T h e  a b o v e  d i f f e r e n c e s  i n  t h e  r e l a t i v e  t o x i c i t y  o f  AVMBi 

w e r e  a l s o  s h o w n  w h e n  t h e  v a l u e s  f o r  AVMBi w e r e  c a l c u l a t e d  a s  

u g s  a . i .  p e r  i n s e c t ,  b u t  i n  t h i s  c a s e  t h e  f i f t h  i n s t a r  w a s  

t h e  l e a s t  s e n s i t i v e  i n s t a r  ( e s t i m a t e d  L D s 0 v a l u e s  w e r e  0 . 0 9 ,  

1 . 1 7 ,  1 0 . 6 ,  4 1 . 7  a n d  0 . 3 6  p g  a . i .  p e r  i n s e c t  f o r  t h e  s e c o n d ,  

t h i r d ,  f o u r t h ,  f i f t h  a n d  s i x t h  i n s t a r s  r e s p e c t i v e l y ) .
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Table 3.1.
Comparative toxicity of AVMBi applied topically to the dorsal
t h o r a x o f  S . l i t t o r a l i s  a n d  H. a r m i g e r a  l a r v a e  a n d e f f e c t  o f
s y n e r g i s t s . 1 •

n g m g " 1 b o d y w t  ( 95% C . L .  )

I n s t a r 9 6  h L D s o 9 6 h  L D 9 5 S l o p e t S . E . 2 •

S . l i t t o r a l i s
I I 5 6 . 3 ( 4 4 . 8 - 6 7 . 9 ) 4 1 0 ( 3 0 3 - 6 3 4 ) 1 . 9 1 + 0 . 2 0 a

I I I 7 1 . 7 ( 5 7 . 2 - 9 2 . 1 ) 9 9 5 ( 6 1 2 - 1 9 4 0 ) 1 . 4 4 ± 0 . 1 6 b
I I I + PB 1 7 . 5 ( 1 3 . 9 - 2 2 . 0 ) 2 4 3 ( 1 5 9 - 4 3 4 ) 1 . 4 4  + 0 . 1 6 b

I V 4 7 1 ( 2 9 4  - 1 0 0 2 ) 4 5 5 6 9 ( 1 0 5 0 5 - 5 3 3 8 0 9 ) 0 . 8 4 t 0 . 1 3 c
I V + PB 9 2 . 8 ( 7 1 . 6 - 1 2 0 ) 1 5 5 2 ( 8 8 6 - 3 6 4 7 ) 1 . 3 4 + 0 . 1 5 b

V 2 2 3 ( 1 3 6  - 3 9 2 ) 1 6 7 2 2 ( 6 8 5 0 - 5 4 5 5 9 ) 0 . 8 8 + 0 . 0 7 c
V + PB 2 7 . 7 ( 1 9 . 6 - 4 1 . 7 ) 2 0 7 4 ( 9 2 1 - 6 1 9 8 ) 0 . 8 8 ± 0 . 0 7 c
V + PB* 3 5 . 0 ( 2 1 . 0 - 6 2 . 6 ) 2 6 2 4 ( 1 0 6 3 - 8 6 6 8 ) 0 . 8 8 + 0 . 0 7 c
V + DEF 6 9 . 0 ( 4 7 . 6 - 1 0 4 ) 5 1 7 5 ( 2 3 8 3 - 1 4 5 8 3 ) 0 . 8 8 + 0 . 0 7 c
V + PB3 - 1 3 . 7 ( 1 0 . 0 - 2 4 . 8 ) 1 6 8 ( 6 4 . 2 - 1 6 8 8 ) 1 . 5 1 + 0 . 2 0 a b

VI 0 . 4 3 ( 0 . 3 1 - 0 . 5 6 ) 1 0 . 3 ( 6 . 5 - 1 9 . 1 ) 1 . 1 9 + 0 . 1 0 b c
VI + PB 0 . 3 4 ( 0 . 2 6 - 0 . 4 4 ) 8 . 2 ( 4 . 9 - 1 6 . 2 ) 1 . 1 9 + 0 . 1 0 b c
v i  :F i e l d 4 • 0 . 7 7 ( 0 . 3 6 - 1 . 9 1 ) 2 2 8 ( 3 2 . 2 - 3 6 0 6 9 ) 0 . 6 6  + 0 , 1 6 c

H. a r m i g e r a
V 1 2 . 1 ( 8 . 6 - 1 7 . 2 ) 6 3 2 ( 3 1 7 - 1 6 2 6 ) 0 . 9 6 + 0 . 0 8 c
V +PB 1 4 . 7 ( 9 . 5 - 1 8 . 3 ) 6 8 3 ( 3 3 8 - 1 7 9 6 ) 0 . 9 6 + 0 . 0 8 c
VI 1 5 . 8 ( 1 0 . 4 - 2 5 . 8 ) 8 2 5 ( 1 5 7 - 2 6 5 1 ) 0 . 9 6 + 0 . 0 8 c

A V M B i , p i p e r o n y l  b u t o x i d e  ( P B ;  5 0 0 0 0  a n d  5 0 0 0 *  p g  m l - 1 ) 
a n d  s , s , s - t r i b u t y l  p h o s p h o r o t h i o a t e  ( D E F ;  1 0 0 0 0  jug m l - 1 ) 
w e r e  t o p i c a l l y  a p p l i e d  i n  e t h y l  m e t h y l  k e t o n e .

2 - F o r  e a c h  s p e c i e s ,  v a l u e s  w i t h  a  com m on l e t t e r  a r e  n o t
s i g n i f i c a n t l y  d i f f e r e n t  ( P > 0 . 0 5 ) ;  s l o p e  f o r  j o i n t  p r o b i t  
a n a l y s i s  n o t  s i g n i f i c a n t l y  ( P > 0 . 0 5 )  d i f f e r e n t  f r o m  t h e  
s i n g l e  l i n e  s l o p e s  f o r  e a c h  t r e a t m e n t .

3 * PB ( 0 . 5 2  jul o f  5 0 0 0  jag m l - 1 ) i n j e c t e d  i n t o  t h e  a b d o m i n a l  
r e g i o n  o f  l a r v a e  1 h  b e f o r e  t o p i c a l  a p p l i c a t i o n  o f  
AVMBi .

4 * S .  l i t t o r a l i s  E g y p t i a n  f i e l d  s t r a i n ;  F o .
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3.3.2. Toxicity of topically-applied AVMBi with topically-
a p p l i e d  o r  i n j e c t e d  PB t o  t h i r d ,  f o u r t h ,  f i f t h  a n d  

s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s .

T h e  t o p i c a l  a p p l i c a t i o n  o f  PB a t  5 0 0 0 0  p g  m l - 1  

s i g n i f i c a n t l y  i n c r e a s e d  ( P < 0 . 0 5 )  t h e  r e l a t i v e  t o x i c i t y  o f  

AVMBi a t  t h e  LDs o a n d  LD9 5 l e v e l s  a g a i n s t  t h i r d  ( 4 - f o l d ) ,  

f o u r t h  ( 5  a n d  2 9 - f o l d )  a n d  f i f t h  ( 8 - f o l d )  i n s t a r  l a r v a e  

c o m p a r e d  w i t h  t o p i c a l  a p p l i c a t i o n  o f  AVMBi a l o n e  ( T a b l e

3 . 1 .  ) .  T o p i c a l  a p p l i c a t i o n  o f  PB a t  5 0 0 0  p g  m l  t o  f i f t h  

i n s t a r  l a r v a e  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  i n c r e a s e d  t h e  r e l a t i v e  

t o x i c i t y  o f  AVMBi a t  L D s 0 a n d  LD9 5 l e v e l s  a g a i n s t  f i f t h  

i n s t a r  S .  l i t t o r a l i s  b y  6 - f o l d  w h i l e  i n j e c t i o n  o f  PB a t  

5 0 0 0 0  j ig  m l - 1  i n t o  f i f t h  i n s t a r  S .  l i t t o r a l i s  i n c r e a s e d  t h e  

t o x i c i t y  o f  A V M B i , a g a i n s t  t h i s  i n s t a r  b y  1 6  a n d  9 9 - f o l d  a t  

t h e  L D s 0 a n d  LD9 5 l e v e l s  r e s p e c t i v e l y  ( P < 0 . 0 5 ;  T a b l e  3 . 1 . ) .

3 . 3 . 3 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi w i t h  DEF t o  

f i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e .

T o p i c a l  a p p l i c a t i o n  o f  DEF ( 1 0 0 0 0  p g  m l - 1 ) 

s i g n i f i c a n t l y  ( P < 0 . 0 5 )  i n c r e a s e d  t h e  t o x i c i t y  o f  AVMBi 

a g a i n s t  f i f t h  i n s t a r  l a r v a e  a t  t h e  L D s 0 l e v e l  ( 3 - f o l d )  b u t  

h a d  n o  s i g n i f i c a n t  ( P > 0 . 0 5 )  e f f e c t  a t  t h e  LD9 5  l e v e l  ( T a b l e

3 . 1 .  ) .
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3.3.4. In.iection of AVMBi into fifth and sixth instar
l a r v a e  o f  S .  l i t t o r a l i s

I n j e c t i o n  o f  AVMBi s i g n i f i c a n t l y  ( P < 0 . 0 5 )  r e d u c e d  t h e  

d i f f e r e n t i a l  t o x i c i t y  b e t w e e n  t h e  f i f t h  a n d  s i x t h  i n s t a r s  t o  

1 2 - f o l d  f o r  t h e  LDs o a n d  LD9 5  l e v e l s ,  ( T a b l e  3 . 3 . )  c o m p a r e d  

w i t h  5 1 9  a n d  1 6 2 3 - f o l d  r e s p e c t i v e l y  f o r  t o p i c a l  a p p l i c a t i o n  

( T a b l e  3 . 1 . ) .

I n  t h e s e  i n j e c t i o n  e x p e r i m e n t s  c o n t r o l  m o r t a l i t y  w a s  

1 6 - 1 8 % ,  w h i c h  w a s  h i g h e r  t h a n  i n  t h e  o t h e r  e x p e r i m e n t s  a n d  

w a s  a  r e f l e c t i o n  o f  t h e  d i f f i c u l t y  o f  t h e  i n j e c t i o n  m e t h o d .  

H i g h  c o n t r o l  m o r t a l i t y  p r e v e n t e d  t h i s  m e t h o d  b e i n g  u s e d  w i t h  

s e c o n d ,  t h i r d  o r  f o u r t h  i n s t a r  l a r v a e .

3 . 3 . 5 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  m a l a t h i o n  t o  f i f t h

( + P B )  a n d  s i x t h ( - P B )  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s .

T h e  r e l a t i v e  t o x i c i t y  o f  m a l a t h i o n  a t  t h e  L D s 0 l e v e l  

( n g  mg- 1 ) w a s  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  g r e a t e r  a g a i n s t  t h e  

s i x t h  c o m p a r e d  w i t h  f i f t h  i n s t a r  S .  l i t t o r a l i s  ( 4 - f o l d )  

w h i l e  m a l a t h i o n  w a s  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  m o r e  t o x i c  

a g a i n s t  f i f t h  b u t  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  l e s s  t o x i c  a g a i n s t  

s i x t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  c o m p a r e d  w i t h  AVMBi a t  

L D s 0 l e v e l s  ( T a b l e s  3 . 1 .  a n d  3 . 2 . ) .  PB h a d  n o  s i g n i f i c a n t  

( P > 0 . 0 5 )  e f f e c t  o n  t h e  t o x i c i t y  o f  m a l a t h i o n  a g a i n s t  f i f t h  

i n s t a r  S .  l i t t o r a l i s  ( T a b l e  3 . 2 . ) .
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Table 3.2.

T o x i c i t y  o f  m a l a t h i o n  a n d  l a m b d a - c y h a l a t h r i n  a p p l i e d  

t o p i c a l l y  t o  t h e  d o r s a l  t h o r a x  o f  S .  l i t t o r a l i s  l a r v a e  a n d  

e f f e c t  o f  P B . 1 •

I n s t a r

n g  m g " 1 b o d y  w t  

9 6 h  LD5 0

( 9 5 % C. L. ^  

9 6 h  LD9 5

S l o p e i S . E . 2

M a l a t h i o n

V 9 . 5 ( 7 . 7 - 1 1 . 6 ) 1 1 7 ( 7 3 . 4 - 2 3 4 ) 1 . 5 1 + 0 . 1 6 a

V + PB 7 . 0 ( 4 . 6 - 1 4 . 1 ) 6 0 5 ( 1 4 3 - 1 0 8 4 9 ) 0 . 8 5 + 0 . 1 5 b

VI 2 . 4 ( 1 . 6 -  4 . 0 ) 1 1 0 ( 3 4 . 7 - 1 0 2 1 ) 0 . 9 9 + 0 . 1 6 b

L a m b d a - c y h a l a t h r i n

V 0 . 0 5 ( 0 . 0 4 - 0 . 0 6 ) 0 . 2 8 ( 0 . 2 1 - 0 . 4 6 ) 2 . 2 7 + 0 . 3 1 a

V + PB 0 . 0 4 ( 0 . 0 3 - 0 . 0 5 ) 0 . 3 8 ( 0 . 2 7 - 0 . 5 8 ) 1 . 6 1 + 0 . 1 0 b

VI 0 . 0 2 ( 0 . 0 1 - 0 . 0 3 ) 0 . 1 7 ( 0 . 1 0 - 0 . 4 1 ) 1 . 5 9 + 0 . 2 3 b

A p p l i e d  i n  e t h y l  m e t h y l  k e t o n e ;  PB ( 5 0 0 0 0  \ i g  m l - 1 ) 

a p p l i e d  t o  v e n t r a l  t h o r a x .

2 t  F o r  e a c h  p e s t i c i d e ,  v a l u e s  w i t h  com mon l e t t e r  a r e  n o t  

s i g n i f i c a n t l y  ( P > 0 . 0 5 )  d i f f e r e n t .
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3.3.6. Toxicity of topically-applied lambda cyhalothrin
( K a r a t e )  t o  f i f t h ( J - P B )  a n d  s i x t h  i n s t a r  l a r v a e  o f  

S .  l i t t o r a l i s .

T h e  r e l a t i v e  t o x i c i t y  o f  l a m b d a  c y h a l o t h r i n  a t  t h e  LDs o 

l e v e l  ( n g  mg - 1 ) w a s  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  g r e a t e r  a g a i n s t  

f i f t h  c o m p a r e d  w i t h  s i x t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  

( 2 . 5 - f o l d ;  T a b l e  3 . 2 . ) .  C o m p a r e d  w i t h  t o p i c a l l y - a p p l i e d  

AVMBi a n d  m a l a t h i o n ,  l a m b d a  c y h a l o t h r i n  w a s  s i g n i f i c a n t l y  

( P < 0 . 0 5 )  m o r e  t o x i c  a g a i n s t  f i f t h  a n d  s i x t h  i n s t a r  

S .  l i t t o r a l i s  c o m p a r e d  w i t h  AVMBi a t  t h e  LDso l e v e l s  

( n g  m g ' 1 ) ( T a b l e s  3 . 1 .  a n d  3 . 2 . ) .  PB h a d  n o  s i g n i f i c a n t  

( P > 0 . 0 5 )  e f f e c t  o n  t h e  t o x i c i t y  o f  l a m b d a  c y h a l o t h r i n  

a g a i n s t  f i f t h  i n s t a r  l a r v a e  ( T a b l e  3 . 2 . ) .

3 . 3 . 7 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi t o  f i f t h ( ± P B )  

a n d  s i x t h  i n s t a r  a n d  o f  i n . i e c t e d  AVMBi t o  f i f t h  

i n s t a r  H.  a r m i g e r a  l a r v a e .

T h e  t o x i c i t y  ( LDso a n d  LD9 5 n g / m g )  o f  t o p i c a l l y - a p p l i e d  

AVMBi d i d  n o t  d i f f e r  s i g n i f i c a n t l y  ( P > 0 . 0 5 )  b e t w e e n  t h e  

f i f t h  a n d  s i x t h  i n s t a r s .  PB ( 5 0 0 0 0  } i g  m l - 1 ) h a d  n o  

s i g n i f i c a n t  ( P > 0 . 0 5 )  e f f e c t  o n  t h e  t o x i c i t y  o f  AVMBi a g a i n s t  

f i f t h  i n s t a r  H.  a r m i g e r a  ( T a b l e  3 . 1 . ) .

AVMBi w a s  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  l e s s  t o x i c  t o  f i f t h  

i n s t a r  S .  l i t t o r a l i s  c o m p a r e d  w i t h  f i f t h  i n s t a r  H.  a r m i g e r a .
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Table 3.3

T o x i c i t y  o f  i n j e c t e d  AVMBi a g a i n s t  S .  l i t t o r a l i s  a n d  

H .  a r m i g e r a  l a r v a e . 1 •

I n s t a r

n g  m g " 1 b o d y w t  ( 95% C . L . )

9 6 h  LD5 0 9 6 h  LD95 S l o n e + S . E .  2

S . l i t t o r a l i s

V 1 1 . 2  ( 7 . 0 - 2 0 . 5 ) 9 6 1  ( 2 9 1 - 7 2 4 0 ) 0 . 8 5 + 0 . 1 2 a

VI 0 . 9 5  ( 0 . 6 3 - 1 . 6 ) 8 1 . 7  ( 2 6 . 7 - 5 4 4 ) 0 . 8 5 + 0 . 1 2 a

H. a r m i g e r a

V 9 . 4  ( 7 . 3 - 1 3 . 0 ) 9 1 . 4  ( 4 4 . 3 - 4 4 5 ) 1 . 6 6 ± 0 . 3 2 b

A p p l i e d  i n  e t h y l  m e t h y l  k e t o n e .

2 • V a l u e s  w i t h  com m on l e t t e r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

( P ) 0 . 0 5 ) ;  s l o p e  f o r  j o i n t  p r o b i t  a n a l y s i s  n o t  

s i g n i f i c a n t l y  ( P > 0 . 0 5 )  d i f f e r e n t  f r o m  s i n g l e  l i n e  s l o p e s  

f o r  e a c h  t r e a t m e n t .
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b u t  w a s  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  m o r e  t o x i c  t o  s i x t h  i n s t a r  

S .  l i t t o r a l i s  c o m p a r e d  w i t h  s i x t h  i n s t a r  H.  a r m i g e r a  a t  t h e  

LDso a n d  LD9 5 l e v e l s  ( n g  mg- 1 ) ( T a b l e  3 , 1 . ) .

I n j e c t i o n  o f  AVMBi i n t o  f i f t h  i n s t a r  H.  a r m i g e r a  ( T a b l e

3 . 3 . )  h a d  n o  s i g n i f i c a n t  ( P > 0 . 0 5 )  e f f e c t  o n  t o x i c i t y  w h e n  

c o m p a r e d  w i t h  t o p i c a l  a p p l i c a t i o n  ( T a b l e  3 . 1 . ) .

3 . 3 . 8  T o x i c i t y  o f  t o p i c a l l y  a p p l i e d  AVMBi t o  E g y p t i a n  

f i e l d  s t r a i n  ( F o ) s i x t h  i n s t a r  S .  l i t t o r a l i s .

T h e  t o x i c i t y  o f  AVMBi t o  f i e l d  s t r a i n  S .  l i t t o r a l i s  

s i x t h  i n s t a r  l a r v a e  w a s  n o t  s i g n i f i c a n t l y  ( P > 0 . 0 5 )  d i f f e r e n t  

f r o m  t h e  d a t a  o b t a i n e d  w i t h  t h e  C a n a r y  I s l a n d  S t r a i n  o f  

S .  l i t t o r a l i s  r e a r e d  o n  a  h a r i c o t  b e a n  d i e t  ( T a b l e  3 . 1 . ) .
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3.4. Discussion

3 . 4 . 1 .  S y m p t o m s  o f  p o i s o n i n g  w i t h  AVMBi

L a r v a l  i n s t a r s  o f  H.  a r m i g e r a  a n d  S .  l i t t o r a l i s  s h o w e d  

s i g n s  o f  p a r a l y s i s  o f  t h e  a b d o m i n a l  l e g s  a n d  l a c k  o f  

m o v e m e n t  w i t h i n  o n e  a n d  t w o  d a y s  o f  A V M B i - t r e a t m e n t  

r e s p e c t i v e l y ;  d e a t h  o c c u r r i n g  u p  t o  f o u r  d a y s  p o s t ­

t r e a t m e n t .  S i m i l a r  s y m p t o m s  o f  p o i s o n i n g  b y  AVMBi i n  i n s e c t s  

w e r e  o b s e r v e d  b y  P u t t e r  e t  a l . ( 1 9 8 1 )  i n  l e p i d o p t e r a n  l a r v a e

a n d  B o t h a m  a n d  N i c h o l s o n  ( 1 9 8 5 )  i n  t h e  h o u s e f l y ,  M u s c a  

d o m e s t i c a . C o r b e t t  ( 1 9 8 7 )  o b s e r v e d  t h a t  S .  l i t t o r a l i s  l a r v a e  

s h o w e d  s i g n s  o f  p a r a l y s i s  w i t h i n  t w o  d a y s  o f  A V M B i - t r e a t m e n t  

w h i l e  a d u l t  m a l e  P .  a m e r i c a n a  r e s p o n d e d  w i t h i n  s i x  h o u r s  o f  

i n j e c t i o n  w i t h  A V M B i .

W r i g h t  ( 1 9 8 6 )  s t a t e d  t h a t  i t  i s  u n c e r t a i n  w h e t h e r  t h e  

r e l a t i v e  s p e e d  o f  k i l l  w i t h  AVM i s  d u e  t o  t h e i r  m o d e  o f  

a c t i o n ,  b e c a u s e  o f  t h e  l a c k  o f  h y p e r a c t i v e  s y m p t o m s  c o m p a r e d  

w i t h  o t h e r  c o m p o u n d s ,  o r  t o  a  r e l a t i v e l y  s l o w  a c c u m u l a t i o n  

o f  AVM a t  c r i t i c a l  t a r g e t  s i t e s .  T h e  f i r s t  s y m p t o m s  o f  AVM 

p o i s o n i n g ,  o c c u r r i n g  a  f e w  h o u r s  a f t e r  a p p l i c a t i o n ,  s u c h  a s  

p a r a l y s i s  o f  t h e  h i n d  l e g s  i n  l e p i d o p t e r o u s  l a r v a e  ( P u t t e r  

e t _ a l .  , 1 9 8 1 )  m a y  r e f l e c t  a n  i n i t i a l  a c t i o n  a t  r e l a t i v e l y  

e x p o s e d  p e r i p h e r a l  t a r g e t  s i t e s  ( W r i g h t ,  1 9 8 7 ) .

S o m e  A V M B i - t r e a t e d  l a r v a e  o f  S .  l i t t o r a l i s  a n d
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H. a r m i g e r a  l a r v a e  f a i l e d  t o  p u p a t e  p r o p e r l y ,  d e v e l o p i n g  

i n t o  l a r v a l - p u p a l  i n t e r m e d i a t e s .  T h i s  h a s  a l s o  b e e n  o b s e r v e d  

i n  H.  v i r e s c e n s , S .  f r u g j p e r d a  a n d  H . z e a  l a r v a e  ( B u l l ,

1 9 8 6 )  a n d  l a r v a l  V .  m a c u l i f r o n s  ( P a r r i s h  a n d  R o b e r t s ,  1 9 8 4 ) .  

T h e s e  i n t e r m e d i a t e s  m a y  h a v e  b e e n  p r o d u c e d  b y  p a r t i a l l y  

p a r a l y s e d  l a r v a e  b e i n g  u n a b l e  t o  c o m p l e t e l y  s h e d  t h e  l a s t  

l a r v a l  c u t i c l e .

J y o t h i  e t  a l . ( 1 9 8 6 )  f o u n d  t h a t  l a r v a e  o f  t h e  c a s t e r  

s e m i l o o p e r  A .  . i a n a t a  t r e a t e d  w i t h  AVMBi w e r e  t o t a l l y  o r  

p a r t l y  u n a b l e  t o  m o u l t  t h e i r  o l d  l a r v a l  e x u v i a e .  When t h e  

c u t i c l e  o f  a n  a p o l y s e d  l a r v a  w a s  r e m o v e d  t h e  n e w  c u t i c l e  w a s  

f o u n d  u n d e r n e a t h .  T h i s  s u g g e s t e d  AVMBi d o e s  n o t  a f f e c t  t h e  

p h y s i o l o g i c a l  p r o c e s s e s  i n v o l v e d  i n  m e t a m o r p h o s i s  b u t  c a u s e s  

p a r a l y s i s .

3 . 4 . 2 .  T o x i c i t y  o f  t o p i c a l l y - a p p l i e d  AVMBi t o  l a r v a l  

i n s t a r s  o f  S .  l i t t o r a l i s  a n d  H. a r m i g e r a .

T o p i c a l l y - a p p l i e d  AVMBi w a s  f o u n d  t o  b e  m a r k e d l y  m o r e  

t o x i c  t o  s i x t h  i n s t a r  S .  l i t t o r a l i s  t h a n  t o  e a r l i e r  i n s t a r s  

( T a b l e  3 . 1 . )  c o n f i r m i n g  a  p r e v i o u s  r e p o r t  ( C o r b i t t  e t  a l . .  

1 9 8 9 ) .  AVMBi d i d  n o t  d i f f e r  a p p r e c i a b l y  i n  a c t i v i t y  a g a i n s t  

f i f t h  a n d  s i x t h  i n s t a r  H.  a r m i g e r a  ( T a b l e  3 . 1 . ) .

T h e  g r e a t l y  i n c r e a s e d  t o x i c i t y  o f  AVMBi t o  s i x t h  i n s t a r  

S .  l i t t o r a l i s  i s  u n u s u a l ,  s i n c e  a s  m e n t i o n e d  e a r l i e r ,  t h e
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most common trend observed with insecticides is one of
d e c r e a s i n g  r e l a t i v e  t o x i c i t y  w i t h  i n c r e a s i n g  l a r v a l  w e i g h t  

a n d  i n s t a r  ( L u n d  e t _ a l . , 1 9 7 9 ;  A b r o ,  1 9 8 5  ; A i k i n s  a n d  

W r i g h t ,  1 9 8 5 ) .  E v e n  w h e r e  i n c r e a s i n g  s e n s i t i v i t y  t o  a n  

i n s e c t i c i d e  h a s  b e e n  r e p o r t e d ,  a s  i n  t h e  c a s e  o f  

d i f l u b e n z u r o n  a g a i n s t  l a r v a l  s t a g e s  o f  t h e  E a s t e r n  B u d w o r m ,  

C h o r i s t o n e u r a  f u m i f e r a n a  ( G r a n e t t  a n d  R e t n a k a r a n ,  1 9 7 7 ) ,  t h e  

c h a n g e s  i n  t o x i c i t y  a r e  r e l a t i v e l y  s m a l l .  T h e  i n c r e a s e d  

t o x i c i t y  o f  AVMBi t o  s i x t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  i n  

t h i s  s t u d y  w a s  a l s o  s h o w n  w h e n  t h e  LDso v a l u e s  f o r  AVMBi 

w e r e  c a l c u l a t e d  a s  p g  a . i .  p e r  i n s e c t .  S u c h  i n c r e a s i n g  

r e l a t i v e  t o x i c i t y  w i t h  i n c r e a s i n g  l a r v a l  w e i g h t  a n d  i n s t a r  

d i d  n o t  o c c u r  w i t h  t h e  c h e m i c a l l y  u n r e l a t e d  i n s e c t i c i d e s  

c y p e r m e t h r i n  ( C o r b e t t  e t  a l . .  1 9 8 9 )  n o r  w i t h  m a l a t h i o n  a n d  

l a m b d a - c y h a l o t h r i n  ( T a b l e  3 . 2 . )  a g a i n s t  f i f t h  a n d  s i x t h  

i n s t a r  S .  l i t t o r a l i s  n o r  w i t h  AVMBi a g a i n s t  f i f t h  a n d  s i x t h  

H. a r m i g e r a  i n  t h i s  s t u d y .

D i f f e r e n t i a l  t o x i c i t y  o f  i n s e c t i c i d e s  h a s  b e e n  r e l a t e d  

t o  a  n u m b e r  o f  f a c t o r s  s u c h  a s  e n h a n c e d  m e t a b o l i c  

d e g r a d a t i o n ,  a l t e r e d  t a r g e t  s i t e  a n d  r e d u c e d  p e n e t r a t i o n  

( O p p e n o o r t h  a n d  W e l l i n g ,  1 9 7 6 ) .  T h e  p o s s i b l e  r o l e  o f  

e n h a n c e d  m e t a b o l i c  d e g r a d a t i o n  i n  t h e  d i f f e r e n t i a l  t o x i c i t y  

o f  AVMBi t o  S .  l i t t o r a l i s  l a r v a e  w a s  e x a m i n e d  u s i n g  t h e  

s p e c i f i c  m e t a b o l i c  i n h i b i t o r s  PB ( C a s i d a ,  1 9 7 0 )  - a  

m i c r o s o m a l  o r  m i x e d  f u n c t i o n  o x i d a s e  (MFO) i n h i b i t o r ,  a n d  

DEF - a n  e s t e r a s e  i n h i b i t o r  ( H e m i n g w a y  a n d  G e o r g i o u ,  1 9 8 4 ) .
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S y n e r g i s m  o f  AVMBi w i t h  PB a g a i n s t  t h i r d  t o  f i f t h ,  

i n s t a r  S .  l i t t o r a l i s  b u t  t h e  a b s e n c e  o f  s y n e r g i s m  w i t h  s i x t h  

i n s t a r  S .  l i t t o r a l i s  a n d  f i f t h  i n s t a r  H.  a r m i g e r a . s u g g e s t s  

t h a t  o x i d a t i v e  m e c h a n i s m s  a r e  i n v o l v e d  i n  t h e  d i f f e r e n t i a l  

t o x i c i t y  o f  A V M B i . T h e s e  m e c h a n i s m s  s e e m  t o  b e  r e l a t i v e l y  

s e l e c t i v e  s i n c e  t h e r e  w a s  a  l a c k  o f  s y n e r g i s m  o f  m a l a t h i o n  

a n d  l a m b d a  c y h a l o t h r i n  b y  PB i n  t h e  f i f t h  i n s t a r  

S .  l i t t o r a l i s . C h a n g e s  i n  m i c r o s o m a l  a c t i v i t y  w i t h  a g e  h a v e  

a l s o  b e e n  c o r r e l a t e d  w i t h  t h e  d i f f e r e n t i a l  t o x i c i t y  o f  

v a r i o u s  i n s e c t i c i d e s  a g a i n s t  l a r v a e  o f  t h e  f a l l  a r m y w o r m ,  

S p o d o p t e r a  f r u g i p e r d a  ( Y u ,  1 9 8 3 ) .  T h e  l a c k  o f  e f f e c t  o f  PB 

w i t h  m a l a t h i o n  ( a n  o r g a n o p h o s p h a t e ) m ay  b e  d u e  t o  t h e  f a c t  

t h a t  O P s  n e e d  o x i d a t i o n  t o  c o n v e r t  t h e m  t o  t h e  a c t u a l  

t o x i c a n t  ( m a l a x o n )  a n d  t h e  i n i t i a l  a c t i o n  o f  PB o n  t o x i c i t y  

i s  t o  a n t a g o n i s e  ( D y t e  a n d  R o w l a n d s ,  1 9 6 7 ) ,  b u t  PB a l s o  

i n t e r f e r e s  w i t h  t h e  d e a l k y l a t i o n  a n d  w i t h  t h e  " l e a v i n g  

g r o u p "  s c i s s i o n  ( h y d r o l y t i c  a n d  o x i d a t i v e ) .  B o t h  t h e s e  

a c t i o n s  a r e  s y n e r g i s t i c  a n d  t h e  o v e r a l l  e f f e c t  o f  PB w i t h  

i n s e c t i c i d e s  n e e d i n g  o x i d a t i v e  a c t i v a t i o n  i s  a  b a l a n c e  o f  

s y n e r g i s m  a n d  a n t a g o n i s m ,  w h i c h  s o m e t i m e s  t e n d s  t o  b e  

a n t a g o n i s t i c  b u t  o f t e n  t e n d s  t o  n o  e f f e c t .  T h i s  may  e x p l a i n  

w h y PB h a d  n o  s y n e r g i s t i c  e f f e c t  w i t h  m a l a t h i o n .

T h e  e s t e r a s e  i n h i b i t o r  DEF a p p e a r e d  t o  h a v e  s o m e  

s y n e r g i s t i c  a c t i o n  o n  AVMBi a g a i n s t  f i f t h  i n s t a r  

S .  l i t t o r a l i s  a t  t h e  LDso l e v e l  a l t h o u g h  i t s  e f f e c t  w a s  

s i g n i f i c a n t l y  l e s s  c o m p a r e d  w i t h  t h e  a c t i o n  o f  i n j e c t e d  o r
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t o p i c a l l y  a p p l i e d  P B .  T h i s  s u g g e s t s  h y d r o l y t i c  m e c h a n i s m s  

m a y  a l s o  b e  i n v o l v e d  i n  t h e  d e g r a d a t i o n  o f  AVMBi i n  

S .  l i t t o r a l i s .

A n d e r s o n  e t  a l . ( 1 9 8 6 ) ,  u s i n g  t o p i c a l  a p p l i c a t i o n ,  

f o u n d  t h a t  PB p o t e n t i a t e d  t h e  t o x i c i t y  o f  AVMBi a g a i n s t  

t h i r d  i n s t a r  S .  e r i d a n i a  l a r v a e ;  p o t e n t i a t i o n  b e i n g  g r e a t e r  

w h e n  PB a n d  AVMBi w e r e  a p p l i e d  t o g e t h e r  t h a n  w h e n  PB w a s  

a p p l i e d  2 h  b e f o r e  A V M B i . T h e y  s u g g e s t e d  t h a t  t h e  

p o t e n t i a t i o n  b y  PB w a s  m a i n l y  d u e  t o  i m p r o v e d  c u t i c u l a r  

p e n e t r a t i o n  o f  A V M B i , s i n c e  s u b s t i t u t i o n  o f  a n  e m u l s i f i e d  

o i l  f o r  PB h a d  a  s i m i l a r  r e s u l t .  H o w e v e r ,  t h e i r  d a t a  f o r  PB 

a n d  e m u l s i f i e d  o i l  d i d  n o t  s h o w  p o t e n t i a t i o n  f o r  AVMBi 

a g a i n s t  t h i r d  i n s t a r  H.  v i r e s c e n s  l a r v a e  a n d  i t  w a s  

s u g g e s t e d  t h e  d i f f e r e n c e s  b e t w e e n  t h e  s p e c i e s  w e r e  d u e  t o  

r e d u c e d  c u t i c u l a r  p e n e t r a t i o n  i n  S .  e r i d a n i a  ( A n d e r s o n  e t  

a d . ,  1 9 8 6 ) .

H o w e v e r ,  w h i l e  i t  i s  p o s s i b l e  t h a t  PB m a y  e n h a n c e  

p e n e t r a t i o n  o f  AVMBi u n d e r  c e r t a i n  c o n d i t i o n s ,  a n d  t h e  r a t e  

o f  p e n e t r a t i o n  o f  AVMBi i s  i m p o r t a n t  i n  d e t e r m i n i n g  i t s  

d i f f e r e n t i a l  t o x i c i t y ,  d i f f e r e n t i a l  m e t a b o l i s m  o f  AVMBi a n d  

i n h i b i t i o n  o f  m i c r o s o m a l  o x i d a s e  a c t i v i t y  b y  PB c o u l d  b e  

i m p o r t a n t  i n  n o c t u i d s .  I n  v e r t e b r a t e s ,  m i c r o s o m a l  

d e t o x i f i c a t i o n  o f  AVM t o  t h e i r  C - 2 5 ,  m e t h y l  a l c o h o l  a n d  i t s  

m o n o s a c c h a r i d e  h a s  b e e n  r e p o r t e d  b y  M iw a  e t  a l . ,  1 9 8 3  a n d  

C h i u  e t  a l . .  1 9 8 4 .
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T h e r e  a r e  s e v e r a l  r e a s o n s  t o  r e j e c t  a  s i g n i f i c a n t  

a c t i o n  o f  PB o n  c u t i c u l a r  p e n e t r a t i o n  o f  A V M B i :

a )  When i n s e c t s  w e r e  t r e a t e d  t o p i c a l l y  w i t h  PB a n d  A V M B i , 

t h e s e  c o m p o u n d s  w e r e  a p p l i e d  a t  d i f f e r e n t  t i m e s  a n d  t o  

d i f f e r e n t  r e g i o n s  o f  t h e  b o d y ,  t h e r e b y  r e d u c i n g  t h e  

p o s s i b i l i t y  o f  a  d i r e c t  i n t e r a c t i o n .  P o t e n t i a t i o n  o f  AVMBi 

a l s o  o c c u r r e d  w h e n  t h e  d o s e  o f  t o p i c a l l y  a p p l i e d  PB w a s  

r e d u c e d  1 0 - f o l d ,  a n d  w h e n  t h i s  l o w e r  d o s e  ( 5 0 0 0  jig m l - 1 ) w a s  

i n j e c t e d  r a t h e r  t h a n  t o p i c a l l y  a p p l i e d .

b )  T o p i c a l l y  a p p l i e d  PB h a d  n o  s i g n i f i c a n t  e f f e c t  o n  t h e  

t o x i c i t y  o f  AVMBi a g a i n s t  s i x t h  i n s t a r  S .  l i t t o r a l i s  o r  

f i f t h  i n s t a r  H.  a r m i g e r a . o r  o n  t h e  t o x i c i t y  o f  

l a m d a - c y h a l o t h r i n  a n d  m a l a t h i o n  a g a i n s t  f i f t h  i n s t a r  S . 

l i t t o r a l i s . T a k e n  t o g e t h e r ,  t h e s e  r e s u l t s  a r e  d i f f i c u l t  t o  

r e c o n c i l e  w i t h  a  n o n - s p e c i f i c  a c t i o n  o n  p e s t i c i d e  

p e n e t r a t i o n .  F u r t h e r  s u p p o r t i v e  e v i d e n c e  f o r  t h e  s y n e r g i s t i c  

a c t i o n  o f  PB i s  d i s c u s s e d  i n  S e c t i o n  4 . 4 .

H o w e v e r  o x i d a t i v e  a n d  h y d r o l y t i c  d e g r a d a t i o n  a l o n e  

c a n n o t  a c c o u n t  f o r  t h e  o b s e r v e d  d i f f e r e n c e  i n  t o x i c i t y  o f  

AVMBi b e t w e e n  f i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  . T h e  

i n v o l v e m e n t  o f  a  p e n e t r a t i o n  f a c t o r  w a s  i m p l i e d  b y  t h e  

f i n d i n g  t h a t  i n j e c t i o n  b i o a s s a y s  w i t h  AVMBi i n c r e a s e d  i t s  

r e l a t i v e  t o x i c i t y  s i g n i f i c a n t l y  a t  t h e  LDso l e v e l ;  i n j e c t i o n  

o f  AVMBi r e s u l t i n g  i n  a n  2 0 - f o l d  i n c r e a s e  a n d  a  2 - f o l d  

d e c r e a s e  i n  t o x i c i t y  a g a i n s t  f i f t h  a n d  s i x t h  i n s t a r
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S .  l i t t o r a l i s  r e s p e c t i v e l y ,  w h e n  c o m p a r e d  w i t h  t o p i c a l

a p p l i c a t i o n .  W h e t h e r  t h e s e  i n t r a s p e c i f i c  d i f f e r e n c e s  c a n  b e  

r e l a t e d  t o  c h a n g e s  i n  c u t i c u l a r  c o m p o s i t i o n  i s  u n k n o w n  

( P a t i l  a n d  G u t h r i e ,  1 9 7 9 a , b ) .

T h e  m e c h a n i s m  b y  w h i c h  t h e  c u t i c l e  i n h i b i t s  t h e  

p e n e t r a t i o n  o f  i n s e c t i c i d e s  i s  n o t  f u l l y  u n d e r s t o o d ,  b u t  i t  

h a s  b e e n  r e l a t e d  t o  i n c r e a s e d  l i p i d  a n d  p r o t e i n  c o n t e n t  

( W e i s m a n n ,  1 9 5 7 ;  V i n s o n  a n d  L a w ,  1 9 7 1 ) ,  i n c r e a s e d  c u t i c u l a r  

t h i c k n e s s  ( W e i s s m a n n ,  1 9 4 7 )  a n d  t o  a l t e r e d  l i p i d  c o m p o s i t i o n  

( P a t i l  a n d  G u t h r i e ,  1 9 7 9 , a , b ) .  I t  i s  l i k e l y  t h a t  t h e  

i n c r e a s i n g  t o l e r a n c e  o f  t h e  i n s t a r s  t o  AVMBi u p  t o  t h e  f i f t h  

i n s t a r  S .  l i t t o r a l i s  w a s  a t  l e a s t  p a r t l y  d u e  t o  r e d u c e d  

c u t i c u l a r  p e n e t r a t i o n .  T h e  f a l l  i n  t o l e r a n c e  d u r i n g  t h e  

s i x t h  i n s t a r  m a y  i m p l y  a  r e d u c t i o n  i n  t h e  t h i c k n e s s  o f  t h e  

c u t i c l e  o r  a  c h a n g e  i n  i t s  c h e m i s t r y .

T h e  i n s e n s i t i v i t y  o f  f o u r t h  a n d  f i f t h  i n s t a r  

S .  l i t t o r a l i s  t o  AVMBi c o m p a r e d  w i t h  t h e  o t h e r  i n s t a r s  m ay  

a l s o  b e  p a r t l y  d u e  t o  i n c r e a s e d  s t o r a g e  o f  AVMBi i n  t h e  

f o r m e r .  C h a p m a n  ( 1 9 6 9 )  s h o w e d  t h a t  l a t e r  l e p i d o p t e r a n  

i n s t a r s  p o s s e s s  m o r e  a d i p o s e  t i s s u e  t h a n  e a r l i e r  i n s t a r s ,  

b u t  t h i s  d o e s  n o t  e x p l a i n  w h y  t h e  s i x t h  i n s t a r  w a s  s o  m u c h  

m o r e  s e n s i t i v e .
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3.4.3. Comparative toxicity

I n  t h e  p r e s e n t  s t u d y  AVMBi w a s  s i g n i f i c a n t l y  l e s s  t o x i c  

t o  f i f t h  i n s t a r  S .  l i t t o r a l i s  c o m p a r e d  w i t h  f i f t h  i n s t a r  H . 

a r m i g e r a . b u t  w a s  s i g n i f i c a n t l y  m o r e  t o x i c  t o  s i x t h  i n s t a r  

S .  l i t t o r a l i s  c o m p a r e d  w i t h  s i x t h  i n s t a r  H.  a r m i g e r a  a t  t h e  

LDso  a n d  LD9 5  l e v e l s .  PB h a d  n o  s i g n i f i c a n t  e f f e c t  o n  t h e  

t o x i c i t y  o f  AVMBi a g a i n s t  f i f t h  i n s t a r  H .  a r m i g e r a . T h e s e  

r e s u l t s  s u g g e s t  t h a t  a  p e n e t r a t i o n  f a c t o r  i s  n o t  i n v o l v e d  i n  

H .  a r m i g e r a  s i n c e  i n j e c t i o n  o f  AVMBi d i d  n o t  i n c r e a s e  i t s  

r e l a t i v e  t o x i c i t y  a g a i n s t  f i f t h  i n s t a r s  o f  t h i s  s p e c i e s .  I n  

a d d i t i o n  t h e  l a c k  o f  s y n e r g i s m  o f  AVMBi b y  PB s u g g e s t s  t h a t  

o x i d a t i v e  m e t a b o l i c  d e g r a d a t i o n  i s  n o t  a n  i m p o r t a n t  f a c t o r  

i n  d e t e r m i n i n g  t h e  t o x i c i t y  o f  t h i s  c o m p o u n d  i n  H.  a r m i g e r a . 

u n l i k e  t h e  r e s u l t s  i n  S .  l i t t o r a l i s .

T h e  a b o v e  i n t e r s p e c i f i c  d i f f e r e n c e s  s e e m  t o  i n v o l v e  

d i f f e r e n c e s  i n  m e t a b o l i c  d e g r a d a t i o n  o f  a n d  p e n e t r a t i o n  o f  

t h e  i n s e c t i c i d e  i n t o  t h e  l a r v a e .  I n t e r s p e c i f i c  d i f f e r e n c e s  

h a v e  b e e n  o b s e r v e d  s e v e r a l  t i m e s  p r e v i o u s l y  b e t w e e n  AVMBi 

a n d  n e w  w o r l d  n o c t u i d  m o t h  l a r v a e  ( W o l f e n b a r g e r , 1 9 8 5 ;  

A n d e r s o n  e t  a l . .  1 9 8 6 ;  B u l l ,  1 9 8 6 ;  S t r o n g  a n d  B r o w n ,  1 9 8 7 ) .  

B u l l ,  ( 1 9 8 6 )  f o r  e x a m p l e  f o u n d  d i f f e r e n t i a l  t o x i c i t y  o f  

AVMBi t o  t h i r d  a n d  l a s t  i n s t a r  l a r v a e  o f  H e l i o t h i s  

v i r e s c e n s ,  H e l i o t h i s  z e a  a n d  S p o d o p t e r a  f r u g i p e r d a . 

S h o r t - t e r m  m o r t a l i t y  e f f e c t s  a n d  d e l a y e d  d i s r u p t i o n  o f  

m e t a m o r p h o s i s  w e r e  m o s t  s e v e r e  i n  H.  v i r e s c e n s  a n d  l e a s t
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severe in S. frugioerda.

S t u d i e s  o n  t h e  f a t e  o f  t o p i c a l l y - a p p l i e d  3 H-AVMBia b y  

B u l l  ( 1 9 8 6 )  i n d i c a t e d  t h a t  s i m i l a r  c o n c e n t r a t i o n s  ( 1 . 1 - 3 . 5 %  

o f  a p p l i e d  d o s e )  w e r e  a b s o r b e d  b y  a l l  t h r e e  s p e c i e s  

e x a m i n e d .  O r a l l y - a d m i n i s t e r e d  3 H-AVMBia w a s  r e a d i l y  a b s o r b e d  

f r o m  t h e  m i d g u t ,  m e t a b o l i s e d  a n d  e x c r e t e d  a l o n g  w i t h  i t s  

m e t a b o l i t e s  b y  l a s t - s t a g e  l a r v a e ^  t h e  r a t e s  b e i n g  s l o w e s t  i n  

H. v i r e s c e n s . A t  4  a n d  8 h  a f t e r  a p p l i c a t i o n  o f  3 H-AVMBia t o  

l a s t  i n s t a r  l a r v a e ,  s i g n i f i c a n t l y  m o r e  r a d i o l a b e l l e d  

m a t e r i a l  w a s  r e c o v e r e d  f r o m  t h e  h e a d s  o f  H.  v i r e s c e n s  t h a n  

t h e  o t h e r  t w o  s p e c i e s .  B u l l  ( 1 9 8 6 )  c o n c l u d e d  t h e s e  

d i f f e r e n c e s  w e r e  n o t  s u f f i c i e n t  t o  e x p l a i n  t h e  s u b s t a n t i a l  

d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  t h i s  c o m p o u n d  a m o n g  t h e  

t e s t  s p e c i e s  a n d  s u g g e s t e d  n e u r o p h y s i o l o g i c a l  s t u d i e s  m i g h t  

s h o w  d i f f e r e n c e s  i n  t h e  a f f i n i t y  o f  t h e  AVMBi f o r ,  a n d  

i n t e r a c t i o n  w i t h  GABA r e c e p t o r s .  B u l l  ( 1 9 8 6 )  c o n s i d e r e d  t h e  

r a t e  o f  c u t i c u l a r  p e n e t r a t i o n  u n l i k e l y  t o  e x p l a i n  t h e  

t o l e r a n c e  s h o w n  b y  S .  f r u g i n e r d a . a n  e x p l a n a t i o n  f a v o u r e d  b y  

A n d e r s o n  e t  a l . ( 1 9 8 6 ) .  D i f f e r e n c e s  i n  p e n e t r a t i o n  a n d

m e t a b o l i s m  f o u n d  b e t w e e n  t h e  f i f t h  a n d  s i x t h  i n s t a r  S . 

l i t t o r a l i s  a n d  f i f t h  i n s t a r  H.  a r m i g e r a  l a r v a e  i n  t h e  

p r e s e n t  s t u d y  a l t h o u g h  i m p o r t a n t ,  a p p e a r  t o  b e  i n s u f f i c i e n t  

t o  a c c o u n t  f o r  a l l  t h e  i n t r a  a n d  i n t e r - s p e c i f i c  d i f f e r e n c e s  

f o u n d  i n  t h e  t o x i c i t y  o f  A V M B i . T h i s  i s  i n  a g r e e m e n t  w i t h  

t h e  f i n d i n g s  o f  B u l l  ( 1 9 8 6 ) .
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4 .  UPTAKE OF 3 H-AVMBi BY S .  LITTORALIS  AND H.  ARMIGERA.

4 . 1 .  I n t r o d u c t i o n

I n  t h i s  s e c t i o n ,  t h e  m a i n  a i m s  w e r e  t o  d e t e r m i n e  t h e  

a m o u n t  o f  3 H-AVMBi i n  t h e  v e n t r a l  n e r v e  c o r d  o f  r a n d o m l y -  

s e l e c t e d ,  p a r a l y s e d  a n d  n o n - p a r a l y s e d  i n s e c t s ,  a n d  i n  f a t  

b o d y  s a m p l e s  f r o m  p a r a l y s e d  a n d  n o n - p a r a l y s e d  i n s e c t s  

t r e a t e d  w i t h  s u f f i c i e n t  AVMBi t o  p r o d u c e  s y m p t o m s  o f  

p a r a l y s i s  i n  4 0 - 6 0 %  o f  t h e  i n s e c t s  i n  a  g i v e n  t i m e .  T h e  

e f f e c t s  o f  PB w e r e  a l s o  e x a m i n e d  o n  AVMBi i n  r a n d o m l y -  

s e l e c t e d  t r e a t e d  i n s e c t s .  T h e  d e g r e e  t o  w h i c h  AVMBi w a s  

m e t a b o l i s e d  w a s  a l s o  e x a m i n e d ;  t h e  p r o p o r t i o n  o f  

r a d i o a c t i v i t y  p r e s e n t  a s  t h e  p a r e n t  c o m p o u n d  o r  a s  

m e t a b o l i t e s  b e i n g  d e t e r m i n e d  b y  t h e  m e t h o d  o f  B u r g  e t  a l . 

( 1 9 7 9 ) .

4 . 2 .  M a t e r i a l s  a n d  m e t h o d s

4 . 2 . 1 .  T r e a t m e n t  o f  i n s e c t s

F i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  

l a r v a e  w e r e  t r e a t e d  t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  s u f f i c i e n t  

3 H-AVMBi ( E . C . )  t o  p r o d u c e  t o x i c  s y m p t o m s  ( p a r a l y s i s )  i n  

4 0 - 6 0 %  o f  t h e  p o p u l a t i o n .  T h e  c o n c e n t r a t i o n s  o f  3 H-AVMBi  

u s e d  w e r e  a s  f o l l o w s :
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S p e c i e s I n s t a r u g / m l j i g / i n s e c t d p m /m g

H.  a r m i g e r a V 3 0 0 0 3 . 0 9 1 0 0 4 2

V I 1 5 0 0 1 . 5 4 6 3 8 6 1

S .  l i t t o r a l i s V 4 5 0 0 4 . 5 1 3 7 0 4 1 0

V I 4 5 0 0 4 . 5 1 3 7 0 4 1 0

T h e  i n s e c t s  w e r e  l e f t  u n t i l  s y m p t o m s  o f  p o i s o n i n g  -  

t w i t c h i n g ,  p a r a l y s i s  o f  h i n d  l e g s  a n d  l a c k  o f  e a t i n g  w e r e  

s h o w n  b y  4 0 - 6 0 %  o f  t h e  i n s e c t s  ( a t  2 4  a n d  4 8  h f o r  H . 

a r m i g e r a  a n d  S .  l i t t o r a l i s  r e s p e c t i v e l y )  a n d  t h e n  d i s s e c t e d .  

T h e  v e n t r a l  n e r v e  c o r d  u p  t o  a n d  i n c l u d i n g  t h e  m e t a t h o r a c i c  

g a n g l i o n  w a s  r e m o v e d  t o g e t h e r  w i t h  s e p a r a t e  s a m p l e s  o f  f a t  

b o d y .  E a c h  b a t c h  o f  t i s s u e  ( f r o m  6 - 1 0  i n s e c t s )  w a s  p l a c e d  

i n t o  i n d i v i d u a l  p r e - c o u n t e d ,  p r e - w e i g h e d  g l a s s  s c i n t i l l a t i o n  

v i a l s  a n d  t h e  v i a l s  r e - w e i g h e d .  E a c h  t r e a t m e n t  w a s  

r e p l i c a t e d  f o u r  t i m e s .  To e a c h  v i a l  NCS t i s s u e  s o l u b i l i s e r  

( 0 . 4 m l ;  A m e r s h a m  I n t e r n a t i o n a l )  w a s  a d d e d  t o  d i g e s t  t h e  

t i s s u e  s a m p l e .  T h e  v i a l s  w e r e  s t o r e d  a t  3 0 ° C  f o r  4 8  h .  

C o c k t a i l  T s c i n t i l l a n t  ( 1 0 m l ;  BDH L t d )  w a s  t h e n  a d d e d  t o  

e a c h  v i a l  a n d  l e f t  i n  t h e  d a r k  f o r  4 8 h  t o  r e d u c e  s p o n t a n e o u s  

c h e m i l u m i n e s c e n t  r e a c t i o n s .  T h e  v i a l s  w e r e  c o u n t e d  i n  a  

B e c k m a n - 2 5 0  l i q u i d  s c i n t i l l a t i o n  c o u n t e r  f o r  5 0  m i n u t e s  o r  

u n t i l  a  2 s i g m a  e r r o r  v a l u e  o f  0 . 2 %  w a s  o b t a i n e d .  

D i s i n t e g r a t i o n s  p e r  m i n u t e  ( ^ p m )  w e r e  c a l c u l a t e d  u s i n g  a  

s t a n d a r d  q u e n c h  c u r v e  f o r  3 H i n  C o c k t a i l  T a n d  t h e  sipm
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v a l u e s  c o n v e r t e d  i n t o  pM ( 1 0 - 1 2 M) e q u i v a l e n t s  o f  3 H-AVMBi  

p e r  mg w e t  w e i g h t  t i s s u e .  C o n t r o l  t i s s u e s  w e r e  t a k e n  f r o m  

u n t r e a t e d  a d u l t s  a n d  s u b j e c t e d  t o  t h e  s a m e  d i g e s t i o n  a n d  

c o u n t i n g  p r o c e d u r e s .

4 . 2 . 2 .  I s o l a t i o n  o f  r a d i o a c t i v i t y  f r o m  S .  l i t t o r a l i s  a n d  

H. a r m i g e r a  t i s s u e s

F i f t h  a n d  s i x t h  i n s t a r  S . l i t t o r a l i s  a n d  H.  a r m i g e r a  

l a r v a e  w e r e  t r e a t e d  w i t h  3 H-AVMBi a s  i n  S e c t i o n  4 . 2 . 1 . ,  l e f t  

f o r  4 8  a n d  2 4  h  r e s p e c t i v e l y  a n d  t h e n  d i s s e c t e d .  T i s s u e  

s a m p l e s  w e r e  t a k e n  a s  i n  S e c t i o n  4 . 2 . 1 .  T h i s  e x p e r i m e n t  w a s  

r e p e a t e d  ( f o r  n e r v e - c o r d  s a m p l e s  o n l y )  w i t h  r a n d o m l y -  

s e l e c t e d  f i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  w h i c h  h a d  b e e n  

t r e a t e d  w i t h  l u l  PB ( 5 0 0 0  p p m )  a p p l i e d  t o p i c a l l y  t o  t h e  

d o r s a l  p o s t e r i o r  a b d o m e n  ( S e c t i o n  2 . 4 . ) .  A f t e r  l h  t h e  l a r v a e  

w e r e  t r e a t e d  w i t h  3 H-AVMBi a s  i n  S e c t i o n  4 . 2 . 1 .

T h r e e  m a i n  s e t s  o f  d a t a  w e r e  o b t a i n e d :

a )  N e r v e - c o r d  s a m p l e s  f r o m  r a n d o m l y  s e l e c t e d  l a r v a e .

b )  N e r v e - c o r d  s a m p l e s  f r o m  p a r a l y s e d  a n d  n o n - p a r a l y s e d  

l a r v a e .

c )  F a t  b o d y  s a m p l e s  f r o m  p a r a l y s e d  a n d  n o n - p a r a l y s e d  l a r v a e .
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4.2.2.1. Extraction of 3H-AVMBi.

3 H-AVMBi w a s  e x t r a c t e d  f r o m  n e r v e  a n d  f a t  b o d y  s a m p l e s  

u s i n g  t h e  m e t h o d  o f  B u r g  e t  a l . ( 1 9 7 9 ) .  Know n w e i g h t s  o f

t i s s u e  w e r e  s h a k e n  f o r  5 m i n .  i n  a n  a c e t o n e : h y d r o c h l o r i c  

a c i d  ( 1 M)  s o l u t i o n  ( 1 0 m l ) .  F i v e  m l  o f  c h l o r o f o r m  w a s  t h e n  

a d d e d  t o  e a c h  s a m p l e  w h i c h  w a s  s h a k e n  f o r  a  f u r t h e r  5 m i n .  

T h e  s a m p l e s  w e r e  t h e n  c e n t r i f u g e d  a t  1 5 0 0 g  a n d  t h e  p e l l e t  

d i s c a r d e d .  Two m l  o f  d i s t i l l e d  w a t e r  w a s  a d d e d  t o  t h e  

s u p e r n a t e n t  a n d  t h e  a b o v e  e x t r a c t i o n  p r o c e d u r e s  r e p e a t e d .

T h e  u p p e r  a q u e o u s  l a y e r  w a s  t h e n  p i p e t t e d  o f f  a n d  i t s  v o l u m e  

d e t e r m i n e d  b y  w e i g h i n g  a n d  t h r e e  2 0 0 p l  a l i q u o t s  p e r  s a m p l e  

w e r e  t a k e n  f o r  s c i n t i l l a t i o n  c o u n t i n g  ( S e c t i o n  4 . 2 . 1 . ) .  T h e  

l o w e r ,  c h l o r o f o r m  l a y e r  w a s  t h e n  e v a p o r a t e d  t o  d r y n e s s  u n d e r  

n i t r o g e n  a n d  t h e  r e s i d u e  t a k e n  u p  i n  1 m l  o f  c h l o r o f o r m .

T h r e e  s e p a r a t e  5 0 p l  a l i q u o t s  w e r e  c o u n t e d  p e r  s a m p l e  

( S e c t i o n  4 . 2 . 1 .  ) .

T h e  e x t r a c t i o n  e f f i c i e n c y  o f  t h e  a b o v e  p r o c e d u r e  w a s  

a s s e s s e d  u s i n g  t h e  f o l l o w i n g  i n t e r n a l  s t a n d a r d s :

1 )  O n e  u l  o f  3 H-AVMBi ( 1 2 8 9 4 6 3  d p m )  w a s  a d d e d  t o  a  k n o w n  

w e i g h t  o f  t i s s u e  i n  a  v i a l .  T h e  t i s s u e  w a s  t h e n  a l l o w e d  t o  

d r y  b e f o r e  e x t r a c t i o n  p r o c e d u r e s  w e r e  c a r r i e d  o u t  ( S e c t i o n

4 . 2 . 1 . )  a n d  t h e  p e r c e n t a g e  r e c o v e r y  d e t e r m i n e d  ( n = 4 )

2 )  U n t r e a t e d  i n s e c t s  w e r e  d i s s e c t e d  a n d  n e r v e  s a m p l e s  t a k e n ,
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e x t r a c t i o n  p r o c e d u r e s  w e r e  c a r r i e d  o u t  a s  p r e v i o u s l y  

d e s c r i b e d  ( S e c t i o n  4 . 2 . 1 . )  ( n = 4 ) .

3 )  O ne  p i  o f  3 H-AVMBi ( 1 2 8 9 4 6 3  d p m )  w a s  a d d e d  t o  a n  e m p t y  

v i a l  ( n = 4 ) ,  e x t r a c t i o n  p r o c e d u r e s  c a r r i e d  o u t  a s  a b o v e  

( S e c t i o n  4 . 2 . 1 . )  a n d  t h e  p e r c e n t a g e  r e c o v e r y  d e t e r m i n e d .

4 . 2 . 2 . 2 .  T h i n  l a y e r  c h r o m a t o g r a p h y  (T L C )  o f  3 H - A V M B i .

A l i q u o t s  ( 5 0 p l )  o f  t h e  c h l o r o f o r m  l a y e r  f r o m  t h e  t i s s u e  

a n d  c o n t r o l  e x t r a c t s ,  a n d  f r o m  t h e  i n t e r n a l  s t a n d a r d  

( S e c t i o n  4 . 2 . 2 . 1 . )  t o g e t h e r  w i t h  5 0 p l  o f  u n l a b e l l e d  AVMBi 

( 2 2 8 5 p p m )  w e r e  s p o t t e d  s e p a r a t e l y  o n t o  s i l i c a  g e l  ( 0 . 2 m m )  

a l u m i n i u m - b a c k e d  TLC p l a t e s  ( M e r c k ) .  T h e s e  p l a t e s  h a d  b e e n  

p r e - h e a t e d  a t  1 0 0 ° C f o r  2 4 h  a n d  s c o r e d  i n t o  s e c t i o n s  u s i n g  a  

s c a l p e l  t o  p r e v e n t  c r o s s - c o n t a m i n a t i o n .  A m i x t u r e  o f  

c h l o r o f o r m :  m e t h a n o l :  d i c h l o r o m e t h a n e  a n d  e t h y l - a c e t a t e  

( 9 : 1 : 2 : 9 )  w a s  u s e d  a s  t h e  s o l v e n t  p h a s e  ( B u r g  e t  a l . .  1 9 7 9 ) .  

F o l l o w i n g  c h r o m a t o g r a p h y ,  t h e  u n l a b e l l e d  s t a n d a r d s  w e r e  

s p r a y e d  w i t h  1% ( w / v )  c e r i c  s u l p h a t e  ( c e r i u m  I V  s u l p h a t e )  i n  

10% ( v / v )  s u l p h u r i c  a c i d  a n d  h e a t e d  t o  1 0 0 ° C t o  v i s u a l i s e  

A VM Bi . T h e  s i l i c a  i n  t h e  a r e a  c o r r e s p o n d i n g  t o  t h e  AVMBi 

p o s i t i o n  ( r e f e r r e d  t o  a s  b a n d  3 )  w a s  p u t  i n t o  p r e - c o u n t e d  

s c i n t i l l a t i o n  v i a l s  c o n t a i n i n g  1 0 m l  o f  C o c k t a i l  T 

s c i n t i l l a n t  a n d  c o u n t e d .  T h e  s i l i c a  b a n d s  b e l o w  a n d  a b o v e  

b a n d  3 w e r e  s c r a p e d  i n t o  s e p a r a t e  v i a l s  a n d  c o u n t e d .
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4.2.2.3. TLC of chloroform extracts from ventral nerve cord
a n d  f a t  b o d y  t i s s u e s .

V i s u a l i s a t i o n  o f  u n l a b e l l e d  AVMBi ( 2 p g ) o n  a  TLC p l a t e  

r e v e a l e d  t h a t  AVMBi w a s  l o c a t e d  i n  a  b a n d  w i t h  a  R f  v a l u e  o f  

0 . 3 8 + 0 . 0 2 ,  ( n = 1 0 ) .  TLC o f  t h e  3 H-AVMBi s t o c k  s o l u t i o n  ( 1 . 8 %  

E . C .  f o r m u l a t i o n )  r e v e a l e d  t h a t  9 2 . 9 %  o f  t h e  a c t i v i t y  w a s  

l o c a t e d  i n  t h i s  b a n d  ( R f  = 0 . 3 8 ) ,  w h i c h  w a s  t h e  t h i r d  b a n d  

o n  t h e  TLC p l a t e  ( T a b l e  4 . 2 . )  a n d  t h a t  t h e r e  w a s  a  l o s s  o f  

o n l y  3 . 4 %  a c t i v i t y  b y  TLC c o m p a r e d  w i t h  d i r e c t  m e a s u r e m e n t  

o f  r a d i o a c t i v i t y  ( T a b l e  4 . 1 . ) .

I n t e r n a l  s t a n d a r d s  ( T a b l e  4 . 1 . )  r e v e a l e d  t h a t  t h e r e  w a s  

r e l a t i v e l y  l i t t l e  l o s s  o f  r a d i o a c t i v i t y  d u r i n g  t h e  

e x t r a c t i o n  a n d  s e p a r a t i o n  p r o c e d u r e s  ( o n l y  8 . 6 % ) .  T h e  % 

a c t i v i t y  i n  t h i s  b a n d  o n  t h e  TLC p l a t e s  w a s  u s e d  t o  e s t i m a t e  

t h e  d p m /m g  d u e  t o  AVMBi i n  t h e  c h l o r o f o r m  s a m p l e  ( T a b l e s  

4 . 4 . ,  4 . 7 . ,  4 . 1 0 . ) .  R a d i o a c t i v i t y  i n  t h e  a q u e o u s  s a m p l e s  w a s  

t a k e n  t o  b e  p o l a r  m e t a b o l i t e s  a n d  n o t  A V M B i .
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Table 4.1.

s t a n d a r d ( 3 H-AVMBi ) t o  n e r v e  c o r d e x t r a c t s  o f V i n s t a r

S .  l i t t o r a l i s  l a r v a e  o r  a f t e r  d i r e c t  a d d i t i o n t c > v i a l  ( n = 4 ) .

T r e a t m e n t . E x t r a c t  X Dpm/mg X Dpm %Dpm/mg X D p m / m g 1 X D pm/m g

( T i s s u e ) I n i t i a l R e c o v e r e d  O f  I n i t i a l M e t a b . AVMBi

(%) R e c o v e r e d i%) ( % )

N e r v e 2 • T o t a l 1 3 6 9 6 0 1 2 5 1 2 8 9 1 . 4

c o r d C h l o r o f o r m 1 2 4 7 4 5 ( 9 9 . 7 ) 8 8 9 4 1 1 5 8 5 1

A q u e o u s 3 8 3 ( 0 . 3 ) 3 8 3 -

9 2 7 7 1 1 5 8 5 1

( 7 . 4 ) ( 9 2 . 6 )

D i r e c t 3 • T o t a l 1 3 6 9 6 0 1 2 9 7 4 3 9 4 . 7

i n t o C h l o r o f o r m 1 2 9 2 6 7 ( 9 9 . 6 ) 9 5 7 9 1 1 9 6 8 8

v i a l A q u e o u s 4 7 6 ( 0 . 4 ) 4 7 6 -

1 0 0 5 5 1 1 9 6 8 8

( 7 . 8 ) ( 9 2 . 2 )

l t  C a l c u l a t e d  f r o m  TLC v a l u e s  ( T a b l e  4 . 2 )

2 * 4 . 5  j ig  AVMBi a d d e d  t o  k n o w n  w e i g h t  o f  t i s s u e  i n  v i a l .

T i s s u e  a l l o w e d  t o  d r y  p r i o r  t o  e x t r a c t i o n .

3 * 4 . 5  p g  AVMBi a d d e d  d i r e c t l y  t o  v i a l  a n d  e x t r a c t i o n

p r o c e d u r e  c a r r i e d  o u t  a s  b e f o r e .

O r i g i n a l  d a t a  g i v e n  i n  A p p e n d i x  4 . 1 .
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Table 4.2.
A m o u n t s  of_ 3 H-AVMBi d e t e r m i n e d  b y  TLC f o l l o w i n g  t o p i c a l

a p p l i c a t i o n  o f  i n t e r n a l  s t a n d a r d  t o  n e r v e  c o r d s  o f  V i n s t a r

S .  l i t t o r a l i s ( n = 4 ) . 1

X t o t a l  Dpm X Dpm i n X Dpm i n B a n d  3 Dpm a s

r e c o v e r e d c h l o r o f o r m b a n d  3 o f % o f  s o l v e n t

s a m p l e c h l o r o f o r m s a m p l e

( b a n d s  1 - 7 ) s a m p l e

1 2 5 1 2 8 1 2 4 7 4 5 1 1 5 8 5 1 9 2 . 9

1 4 . 5 u g  AVMBi a d d e d  t o  k n o w n w e i g h t  o f t i s s u e  i n  v i a l .

T i s s u e  a l l o w e d  t o  d r y  p r i o r  t o  e x t r a c t i o n .  

O r i g i n a l  d a t a  g i v e n  i n  A p p e n d i x  4 . 2 *
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4.2.3. Toxicity of topically-applied AVMBi (E.C.) to
l a r v a e  o f  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a .

F i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  a n d  

H.  a r m i g e r a  w e r e  t r e a t e d  t o p i c a l l y  ( S e c t i o n  2 . 4 . )  w i t h  t h e  

f o l l o w i n g  c o n c e n t r a t i o n s  o f  AVMBi ( E . C .  f o r m u l a t i o n ) :

S p e c i e s I n s t a r p g / m l

H .  a r m i g e r a V 3 0 0 0

V I 1 5 0 0

S .  l i t t o r a l i s V 4 5 0 0

VI 4 5 0 0

4 . 2 . 4 .  R a d i o a c t i v i t y  r e c o v e r e d  f r o m  g u t  m e m b r a n e  a n d  g u t  

l u m e n  o f  S .  l i t t o r a l i s  a n d  H .  a r m i g e r a  f o l l o w i n g  

t o p i c a l  a p p l i c a t i o n  o f  3 H - A V M B i .

L a r v a e  (V  a n d  VI i n s t a r s )  o f  b o t h  s p e c i e s  w e r e  t r e a t e d  

w i t h  t h e  s a m e  d o s e s  o f  3 H-AVMBi a n d  f o r  t h e  s a m e  l e n g t h  o f  

t i m e  a s  u s e d  i n  S e c t i o n  4 . 2 . 3 .  I n s e c t s  s h o w i n g  a )  p a r a l y s i s  

a n d  b )  n o  s i g n s  o f  p a r a l y s i s  w e r e  s e l e c t e d  a n d  d i s s e c t e d .

T h e  g u t  w a s  r e m o v e d  a n d  t h e  c o n t e n t s  s q u e e z e d  a n d  w a s h e d  o u t  

w i t h  d i s t i l l e d  w a t e r  i n t o  e m p t y  s c i n t i l l a t i o n  v i a l s .  T h e  g u t  

m e m b r a n e s  w e r e  p l a c e d  i n  s e p a r a t e  v i a l s .  E a c h  s a m p l e  w a s  

d i g e s t e d  a n d  c o u n t e d  a s  i n  S e c t i o n  4 . 2 . 1 .
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4.2.5. Calculation of the concentration of AVMBi in tissue
s a m p l e s  ( a s  p m o l e s / m g  w e t  w e i g h t )

I t  w a s  p o s s i b l e ,  k n o w i n g  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  

o r i g i n a l  c o m p o u n d  ( m C i / m l ) ,  t h e  d o s e  a p p l i e d ,  t h e  h a l f  l i f e  

o f  t r i t i u m  a n d  t h e  m o l e c u l a r  w e i g h t  o f  AVMBi t o  c a l c u l a t e  

t h e  p m o l e s  o f  AVMBi p r e s e n t  i n  t h e  t i s s u e s  a n a l y s e d .  An  

e x a m p l e  o f  s u c h  a  c a l c u l a t i o n  i s  s h o w n  i n  A p p e n d i x  4 . 1 6 .  I t  

w a s  n o t  p o s s i b l e  t o  i d e n t i f y  t h e  m e t a b o l i t e s  a n d  s t a n d a r d s  

a r e  n o t  a v a i l a b l e ,  s o  i t  w a s  i m p o s s i b l e  t o  d e t e r m i n e  t h e  

c o n c e n t r a t i o n s  o f  t h e s e  s u b s t a n c e s .  M e t a b o l i t e s  h a v e  b e e n  

e x p r e s s e d  i n  t e r m s  o f  t h e  r a d i o a c t i v i t y  ( d p m / m g )  a n d  a s  a  

p r o p o r t i o n  o f  t h e  t o t a l  r a d i o a c t i v i t y  p r e s e n t  ( s e e  T a b l e s  

4 . 5 . ,  4 . 6 .  a n d  4 . 8 . ) .  T h e  c o n c e n t r a t i o n s  o f  AVMBi ( a s  

p m o l e s / m g  w e t  w e i g h t )  a r e  g i v e n  i n  T a b l e s  4 . 4 . ,  4 . 7 .  a n d

4 . 9 .

4 . 2 . 6 .  U p t a k e  a n d  p e n e t r a t i o n  o f  3 H-AVMBi i n t o

S .  l i t t o r a l i s  V a n d  V I  i n s t a r  l a r v a e  o v e r  2 4 h

3 H-AVMBi ( 7 2 6 6 2 2  dpm; E . C . )  w a s  a d m i n i s t e r e d  t o p i c a l l y  

( S e c t i o n  2 . 4 . )  t o  t h e  t h o r a x  o f  S .  l i t t o r a l i s  V a n d  V I  i n s t a r  

l a r v a e .  A t  0 ,  1 ,  3 ,  6 a n d  2 4  h a f t e r  t r e a t m e n t ,  t h e  i n s e c t s  

w e r e  r i n s e d  w i t h  5 m l  o f  a  s o l v e n t  m i x t u r e  c o n t a i n i n g  

c h l o r o f o r m ,  m e t h a n o l ,  d i c h l o r o m e t h a n e  a n d  e t h y l  a c e t a t e  

( 9 : 1 : 2 : 9 )  i n  a  s c i n t i l l a t i o n  v i a l  ( t h i s  m i x t u r e  h a d  g i v e n
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t h e  b e s t  w a s h - o f f  r e s u l t s  i n  p r e l i m i n a r y  e x p e r i m e n t s  u s i n g  

v a r i o u s  s o l v e n t  s y s t e m s  a n d  w a s  t h e  s a m e  a s  u s e d  i n  S e c t i o n

4 . 2 . 2 . 2 . ) .  T h e  v i a l s  w e r e  s h a k e n  v i g o r o u s l y  f o r  5 m i n  a n d  

t h e  l a r v a e  r e m o v e d .  F i v e  l a r v a e  w e r e  u s e d  a t  e a c h  t i m e  

i n t e r v a l .

A s a m p l e  o f  h a e m o l y m p h  ( 3 0  a n d  5 0  u l  f r o m  V a n d  V I  

i n s t a r s  r e s p e c t i v e l y )  w a s  t a k e n  f r o m  t h e  b a s e  o f  a  s e v e r e d  

p r o l e g  u s i n g  a  Drum m ond  m i c r o c a p .  T h e  l a r v a e  w e r e  d i s s e c t e d  

a n d  f a t  b o d y  s a m p l e s  w e r e  r e m o v e d  a n d  w e i g h e d .  A l l  s a m p l e s  

w e r e  d i g e s t e d  a n d  c o u n t e d  a s  i n  S e c t i o n  4 . 3 . 1 .

F o r  e a c h  w a s h - o f f  s a m p l e ,  a n  i n t e r n a l  s t a n d a r d  

( 3 H - h e x a d e c a n e ) w a s  a d d e d  a f t e r  t h e  f i r s t  c o u n t  t o  

c o m p e n s a t e  f o r  s u b s t a n t i a l  q u e n c h i n g  b y  t h e  s o l v e n t  m i x t u r e .
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4.3. Results

4 . 3 . 1 .  T r e a t m e n t  o f  i n s e c t s

T h e  d o s e s  u s e d  i n  t h e  e x p e r i m e n t s  w e r e  s u f f i c i e n t  t o  

e n s u r e  c a .  4 0 - 6 0 %  o f  t h e  t r e a t e d  l a r v a e  s h o w e d  s y m p t o m s  o f  

p o i s o n i n g  ( T a b l e  4 . 3 . ) ,  i n c l u d i n g  p a r a l y s i s  o f  t h e  h i n d  

l e g s ,  l e t h a r g y ,  l a c k  o f  f e e d i n g ,  t w i t c h i n g  a n d  p r o d u c t i o n  o f  

s t r i n g s  o f  f a e c a l  p e l l e t s  a t  t h e  t i m e  r e q u i r e d .  On t h e  b a s i s  

o f  t h e s e  r e s u l t s ,  t h e  l a r v a e  w e r e  d i s s e c t e d  2 4  a n d  4 8  h  

a f t e r  a p p l i c a t i o n  o f  AVMBi i n  H.  a r m i g e r a  a n d  S .  l i t t o r a l i s  

r e s p e c t i v e l y .

4 . 3 . 2 .  P r o p o r t i o n  o f  r a d i o a c t i v i t y  p r e s e n t  a s  AVMBi a n d  i t s  

m e t a b o l i t e s  i n  t i s s u e  s a m p l e s .

U s i n g  t h e  v a l u e s  f o r  t h e  % AVMBi f r o m  t h e  TLC p l a t e s  

a n d  k n o w i n g  t h e  a m o u n t  o f  r a d i o a c t i v i t y  i n  t h e  a q u e o u s  

s a m p l e s  ( m e t a b o l i t e s  o n l y ) ,  t h e  p r o p o r t i o n  o f  t h e  t o t a l  

r a d i o a c t i v i t y  w h i c h  w a s  m e t a b o l i t e  o r  AVMBi ( T a b l e s  4 . 5 . ,

4 . 6 .  a n d  4 . 8 . )  w a s  c a l c u l a t e d .

T h e  l e v e l  o f  t o t a l  r a d i o a c t i v i t y  p r e s e n t  i n  v e n t r a l  

n e r v e  c o r d  t i s s u e  f r o m  r a n d o m l y  s e l e c t e d  f i f t h  a n d  s i x t h  

i n s t a r  l a r v a e  i s  g i v e n  i n  T a b l e  4 . 4 .  F i f t h  i n s t a r
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Table 4.3.
T h e  r e s p o n s e  o f  V a n d  V I  i n s t a r  l a r v a e  o f  S . l i t t o r a l i s  a n d  

H. a r m i g e r a  2 4 - 9 6  h  a f t e r  t o p i c a l  a p p l i c a t i o n  o f  AVMBi 

( E . C . ) .

% P a r a l v s e d ( P )  a n d  % D e a d ( D ) _________

S p e c i e s /  2 4 h  4 8 h  7 2 h  9 6 h

i n s t a r D o s e 1 P D P D P D P D

S p o d o n t e r a

V 4 . 5 2 0 5 4 2 5 4 8 1 2 5 2 15

VI 4 . 5 2 2 2 4 4 1 0 4 6 2 5 2 0 6 7

H e l i o t h i s

V

oCO 4 2 0 5 0 13 7 8 1 8 73 2 7

V I 1 . 5 5 2 0 6 7 3 8 3 1 2 6 8 3 2

1 Dose of AVMBi used given as jug in 1 pi (uncalibrated 
volume) per insect (Section 2.5.)*
No c o n t r o l  m o r t a l i t y  w a s  r e c o r d e d  i n  a n y  t r e a t m e n t .

N = 6 0 .
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Table 4.4.
R a d i o a c t i v i t y  i n  r a n d o m l y - s e l e c t e d  S .  l i t t o r a l i s  a n d  

H .  a r m i g e r a  n e r v e  c o r d s  a t  4 8  a n d  2 4  h r e s p e c t i v e l y  a f t e r  

t o p i c a l  a p p l i c a t i o n  o f  3 H-AVMBi ( n = 4 ) .

X i  SE

I n s t a r D o s e T i m e ( h ) T o t a l  D p m /m g 1 p M AVMBi / ma2

S p o d o p t e r a

V 4 . 5 4 8 3 2 8 . 9 ± 3 9 . 0  a 0 , 5  9 ± . 0 . 0  7

V+PB 4 . 5 4 8 2 9 7 . 9 ± 2 0 . 4  a 0 . 7 6 ± 0 . 0 5

VI 4 . 5 4 8 1 0 9 . 4 ± 1 3 . 5  b 0 . 3 0 + 0 . 0 4

V I  + PB 4 . 5 4 8 1 4 8 . 8 + 1 9 . 1  b 0 . 3 9 + 0 . 0 5

H e l i o t h i s

V 3 . 0 2 4 1 1 2 9 . 4 ± 3 6 1 . 0  c 2 . 9 3 ± 0 . 9 4

V I 1 . 5 2 4 3 5 3 . 0 ± 4 8 . 0  a 0 . 8 3 + 0 . 1 1

1 V a l u e s s h a r i n g a  com m on l e t t e r  n o t  s i g n i f i c a n t l y

d i f f e r e n t  a t  P > 0 . 0 5  l e v e l  ( M a n n - W h i t n e y T e s t ) .  T o t a l  dpm

i s  a l l t h e  r a d i o a c t i v i t y  e x t r a c t e d  f r o m t i s s u e  s a m p l e s

i n c l u d i n g  a q u e o u s  a n d  c h l o r o f o r m  e x t r a c t s .

C a l c u l a t e d  u s i n g  d a t a  i n  T a b l e s  4 . 5 .  a n d  A p p e n d i x  4 . 4 .  

D a t a  g i v e n  i n  A p p e n d i x  4 . 6 .
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Table 4.5.
P r o p o r t i o n  o f  AVMBi a n d  i t s  m e t a b o l i t e s  e x t r a c t e d  f r o m  

r a n d o m l y - s e l e c t e d  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  n e r v e  c o r d  

s a m p l e s  a t  4 8  a n d  2 4  h  r e s p e c t i v e l y  a f t e r  t o p i c a l  

a p p l i c a t i o n  o f  3 H-AVMBi ( n = 4 ) .

Instar/

dose1

X Dpm/mgiS.E. X%±S .E- 4

AVMBi2 Metabolites3 AVMBi Metabolites

Spodoptera

V 4.5 189.4 ± 2 8 .3 189.6 ± 2 5 .0 49.7+2.0 a 50.3+2.0

V+PB 4.5 199.6 ± 7 .5 80.7 ± 8 .4 71.4+1.6 be 28.6+1.6

VI 4.5 116.3 ± 4 .7 35.1+5.1 77.0 ± 2 .9 b 23.0+2.9

VI+PB 4.5 149.4+12.4 56.6 ± 1 0 .9 72.9 ± 3 .6 be 27.1 ± 3 .6

Heliothis

V 3.0 1256.1+335. 7 487.5 ± 1 0 8 .1 71.3+1.0 be 28.7+1.0

VI 1.5 209.5 ± 3 2 .5 109.4 ± 7 .4 64.8+2.5 c 35.2+2.5

1 S e e  T a b l e  4 . 3 .

2 C a l c u l a t e d  f r o m  c h l o r o f o r m  s a m p l e  v a l u e s  i n  A p p e n d i x  4 . 4 .

3 A s s u m e s  a l l  r a d i o a c t i v i t y  i n  a q u e o u s  s a m p l e  i s  f r o m  

m e t a b o l i t e s ,  a l o n g  w i t h  b a n d s  1 - 2  a n d  4 - 7  o f  TLC p l a t e .

4 S . E .  c a l c u l a t e d  f o l l o w i n g  A r c  S i n e  T r a n s f o r m a t i o n  o f  % 

d a t a .  V a l u e s  s h a r i n g  a  c o m m o n  l e t t e r  n o t  s i g n i f i c a n t l y  

d i f f e r e n t  ( P > 0 . 0 5 )  ( M a n n - W h i t n e y  T e s t ) .

Data given in Appendix 4.5.
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H.  a r m i g e r a  l a r v a e  h a d  s i g n i f i c a n t l y  m o r e  ( P < 0 . 0 5 )  

r a d i o a c t i v i t y  i n  t h e  v e n t r a l  n e r v e  c o r d  t h a n  i n  t h e  o t h e r  

s p e c i e s / i n s t a r s , a l t h o u g h  t h e y  w e r e  o n l y  t r e a t e d  w i t h  3 .  Ojig 

AVMBi p e r  i n s e c t  c o m p a r e d  w i t h  4 . 5(ag p e r  i n s e c t  f o r  

S .  l i t t o r a l i s  f i f t h  a n d  s i x t h  i n s t a r .

T h e r e  w a s  s i g n i f i c a n t l y  l e s s  ( P < 0 . 0 5 )  t o t a l  

r a d i o a c t i v i t y  p r e s e n t  a s  AVMBi i n  n e r v e  c o r d s  f r o m  

r a n d o m l y - s e l e c t e d  f i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  ( 4 9 . 7 % )  

t h a n  f r o m  s i x t h  i n s t a r  S .  l i t t o r a l i s  ( 7 7 . 0 % ) ,  f i f t h  ( 7 1 . 3 % )  

a n d  s i x t h  i n s t a r  ( 6 4 . 8 % )  H.  a r m i g e r a  l a r v a e  ( T a b l e  4 . 5 . ) .  

S i x t h  i n s t a r  H.  a r m i g e r a  l a r v a e  a l s o  h a d  a  s i g n i f i c a n t l y  

( P < 0 . 0 5 )  l o w e r  l e v e l  o f  r a d i o a c t i v i t y  a s  AVMBi t h a n  i n  s i x t h  

i n s t a r  S .  l i t t o r a l i s .

T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  ( P > 0 . 0 5 )  i n  t h e  

p r o p o r t i o n  o f  t o t a l  r a d i o a c t i v i t y  i n  n e r v e  c o r d s  p r e s e n t  a s  

AVMBi b e t w e e n  l a r v a e  w h i c h  w e r e  p a r a l y s e d  o r  n o n - p a r a l y s e d  

i n  e i t h e r  s p e c i e s  o r  i n s t a r  e x c e p t  f o r  s i x t h  i n s t a r  H . 

a r m i g e r a  l a r v a e  w h e r e  t h e r e  w a s  a  s i g n i f i c a n t  r e d u c t i o n  

( P < 0 . 0 5 ,  T a b l e  4 . 6 . ) .  F i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  h a d  

a  s i g n i f i c a n t l y  l o w e r  p r o p o r t i o n  ( P < 0 . 0 5 )  o f  t h e  t o t a l  

r a d i o a c t i v i t y  a s  AVMBi ( b o t h  i n  p a r a l y s e d  a n d  n o n - p a r a l y s e d  

l a r v a e )  t h a n  i n  t h e  o t h e r  s p e c i e s  a n d  i n s t a r s ,  ( T a b l e  4 . 6 . ) .

When v e n t r a l  n e r v e  c o r d  a n d  t i s s u e s  f r o m  3 H - A V M B i-
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Table 4.6.
P r o p o r t i o n  o f  AVMBi a n d  m e t a b o l i t e s  e x t r a c t e d  f r o m  

S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  n e r v e  c o r d  s a m p l e s  f r o m  

p a r a l y s e d  ( P )  a n d  n o n - p a r a l y s e d  ( N P )  l a r v a e  a t  4 8  a n d  2 4 h  

r e s p e c t i v e l y  a f t e r  t o p i c a l  a p p l i c a t i o n  o f  3 H-AVMBi ( n = 4 ) .

I n s t a r / S y m p t o m s  _______ X D p m / m g l S E _______  __________ X%1SE5

/Dose/TimeJ h)1 AVMBi2 Metabolite3 AVMBi4 metabolite6

Spodoptera

V NP 4.5 48 131.7 ± 9 .1 137.116.9 49.O i l .0ns 51.0 + 1. la

P 4.5 48 171.2+6.0 159.81:6.1 51.710.6 48.310.6a

VI NP 4.5 48 95.415.2 41.014.2 70.I l l .8ns 29.9 i l .8bc

P 4.5 48 110.4+3.3 38.512.1 74.111.1 25.9+1.lb

Heliothis

V NP 3.0 24 1246.7155.3 426.3139.6 72.9 l l .4ns 27.111.4b

P 3.0 24 1141.7119.5 391.1121.5 74.4+1.4 25.611.4b

VI NP 1.5 24 228.4+4.4 100.612.5 69.4±0.5* 30.6 l 0 .5c

P 1.5 24 216.3 Jr 7.0 114.313.5 65.4 ± 0 .8 34.610.8d

1 S e e  T a b l e  4 . 3 .

2 C a l c u l a t e d  f r o m  v a l u e s  o b t a i n e d  i n  A p p e n d i c e s  4 . 7 *  a n d  4 . 8 .

3 A s s u m e s  a l l  r a d i o a c t i v i t y  i n  a q u e o u s  s a m p l e  i s  f r o m  

m e t a b o l i t e s  t o g e t h e r  w i t h  b a n d s  1 - 2  a n d  4 - 7  o f  TLC p l a t e .

4 S i g n i f i c a n c e  o f  d i f f e r e n c e  b e t w e e n  P a n d  NP s a m p l e s :

P < 0 . 0 5  ( * )  , P > 0 . 0 5  ( n s )  ( M a n n - W h i t n e y  t e s t ) .

5 SE c a l c u l a t e d  f o l l o w i n g  A r c  S i n e  T r a n s f o r m a t i o n  o f  % d a t a .

6 V a l u e s  s h a r i n g  a  co m m on l e t t e r  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

( P > 0 . 0 5  l e v e l )  ( M a n n - W h i t n e y  T e s t ) .
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Table 4.7.
R a d i o a c t i v i t y  i n  S .  l i t t o r a l i s  a n d  H .  a r m i g e r a  n e r v e  c o r d  

s a m p l e s  f r o m  p a r a l y s e d  a n d  n o n - p a r a l v s e d  l a r v a e  a t  4 8  a n d  2 4  

h  r e s p e c t i v e l y  f o l l o w i n g  t o p i c a l  a p p l i c a t i o n  w i t h  3 H-AVMBi  

( n = 4 ) .

X ± S . E . 3

I n s t a r  S y m p t o m s D o s e 1 T i m e ( h )  T o t a l  D o m / m e 2 p M AVMBi / m e 4

S p o d o p t e r a

V NP 4 . 5 4 8 1 6 6 . 7 1 2 2 . 2  * 0 . 3 0 + 0 . 0 4  *

P 4 . 5 4 8 4 9 5 . 2 1 1 1 1 . 9 0 . 9 7 ± 0 . 2 2

VI NP 4 . 5 4 8 1 0 7 . 4 1 8 . 3  * 0 . 2 8 + 0 . 0 2  *

P 4 . 5 4 8 2 4 2 . 5 1 2 8 . 8 0 . 6 8 ± 0 . 0 8

H e l i o t h i s

V NP 3 . 0 2 4 3 1 7 . 7 1 4 3 . 2  * 0 . 8 8 ± 0 . 1 1  *

P 3 . 0 2 4 1 5 8 5 . 6 + 2 3 8 . 0 4 . 4 5 ± 0 . 6 4

VI NP 1 . 5 2 4 2 7 2 . 7 + 2 4 . 7  n s 0 . 7 2 ± 0 . 0 6  n s

P 1 . 5 2 4 6 3 0 . 0 1 1 4 6 . 0 1 . 5 7 1 0 . 3 5

1 S e e  T a b l e  4 . 3 .

2 T o t a l  dpm i s  a l l  r a d i o a c t i v i t y  i n  a q u e o u s  a n d  c h l o r o f o r m  

s a m p l e s  e x t r a c t e d  f r o m  t i s s u e  s a m p l e s .

3 D i f f e r e n c e  b e t w e e n  n o n - p a r a l y s e d  ( N P )  a n d  p a r a l y s e d  ( P )  

s a m p l e s :  P < 0 . 0 5  ( * ) ,  P > 0 . 0 5 ( N S )  ( M a n n - W h i t n e y  t e s t ) .

4 C a l c u l a t e d  u s i n g  v a l u e s  o b t a i n e d  f r o m  TLC e x t r a c t i o n  i n  

T a b l e  4 . 6 .  a n d  A p p e n d i c e s  4 . 8 .  a n d  4 . 9 .

Original data given in Appendix 4.10.
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t r e a t e d  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  s h o w i n g  e i t h e r  

s y m p t o m s  o r  n o - s y m p t o m s  o f  p o i s o n i n g  w e r e  c o m p a r e d ,  i t  w a s  

f o u n d  t h a t  l a r v a e  s h o w i n g  s i g n s  o f  p o i s o n i n g  ( p a r a l y s i s )  h a d  

s i g n i f i c a n t l y  ( P < 0 . 0 5 )  g r e a t e r  l e v e l s  o f  r a d i o a c t i v i t y  i n  

n e r v e - c o r d  s a m p l e s  f r o m  f i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  

a n d  f i f t h  i n s t a r  H .  a r m i g e r a . H o w e v e r  t h e r e  w a s  n o  

s i g n i f i c a n t  ( P > 0 . 0 5 )  d i f f e r e n c e  b e t w e e n  p a r a l y s e d  a n d  

n o n - p a r a l y s e d  s i x t h  i n s t a r  H .  a r m i g e r a  l a r v a e  ( T a b l e  4 . 7 .  ) .

T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  ( P > 0 . 0 5 )  i n  t h e  

p r o p o r t i o n  o f  r a d i o a c t i v i t y  w h i c h  w a s  AVMBi i n  f a t  b o d y  

t i s s u e s  f r o m  p a r a l y s e d  a n d  n o n - p a r a l y s e d  l a r v a e  f r o m  f i f t h  

a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s . H o w e v e r ,  t h e r e  w e r e  

s i g n i f i c a n t  d i f f e r e n c e s  ( P < 0 . 0 5 )  w i t h  f i f t h  a n d  s i x t h  i n s t a r  

H. a r m i g e r a  l a r v a e  ( T a b l e  4 . 8 . ) .  T h e  f a t  b o d y  s a m p l e s  

c o n s i s t e n t l y  c o n t a i n e d  p r o p o r t i o n a l l y  m o r e  AVMBi t h a n  t h e  

e q u i v a l e n t  v e n t r a l  n e r v e  c o r d  s a m p l e s  ( T a b l e s  4 . 6 .  a n d

4 . 8 . ) .

When f a t  b o d y  s a m p l e s  w e r e  c o m p a r e d ,  s i g n i f i c a n t l y  

g r e a t e r  ( P < 0 . 0 5 )  l e v e l s  o f  r a d i o a c t i v i t y  w e r e  a l s o  f o u n d  i n  

s a m p l e s  f r o m  i n s e c t s  s h o w i n g  s y m p t o m s  o f  p a r a l y s i s  o f  b o t h  

s p e c i e s  a n d  b o t h  i n s t a r s  e x c e p t  f o r  f i f t h  i n s t a r  

S .  l i t t o r a l i s  l a r v a e  w h e r e  P > 0 . 0 5  ( T a b l e  4 . 9 . ) .
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Table 4.8.
P r o p o r t i o n  o f  AVMBi a n d  i t s  m e t a b o l i t e s  e x t r a c t e d  f r o m  S . 

l i t t o r a l i s  a n d  H.  a r m i g e r a  f a t  b o d y  s a m p l e s  f r o m  p a r a l y s e d  

a n d  n o n - p a r a l v s e d  l a r v a e  a t  4 8  a n d  2 4 h  r e s p e c t i v e l y  a f t e r  

t o p i c a l  a p p l i c a t i o n  o f  3 H-AVMBi ( n = 3 ) .

I n s t a r / S y m p t o m s  X D p m / m g l S E _______  _________X%1SE5___________

D o s e / T i m e d i ) 1________AVMBi 2 M e t a b o l i t e 3______ AVMBi 4 M e t a b o l i t e 6

S p o d o p t e r a

V NP 4 . 5 4 8 2 3 0 . 7 * 2 0 . 7 5 7 . 3 * 1 2 . 2 8 0 . 6 * 1 . 9 * 1 9 . 4 + 1 . 9 b

P 4 . 5 4 8 2 4 3 . 3 * 1 3 . 4 8 0 . 3 t 5 . 9 7 5 . 2 + 1 . 2 2 4 . 8 ± 1 . 2 a

VI NP 4 . 5 4 8 4 3 . 8 1 2 . 5 1 5 . 3 * 1 . 7 7 5 . 1 + 1 . I n s 2 4 . 9 * 1 . l a

P 4 . 5 4 8 9 4 . 4 * 6 . 3 2 7 . 7 1 2 . 9 7 7 . 3 + 0 . 8 2 2 . 7 i 0 . 8 a b

H e l i o t h i s

V NP 3 . 0 2 4 3 0 0 . 2 * 9 . 8 8 9 . 6 1 6 . 2 7 7 . 0 * 0 . 9 * 2 3 . 0 * 0 . 9 a b

P 3 . 0 2 4 1 7 1 5 . 6 1 2 0 . 1 4 1 1 . 3 1 2 5 . 7 8 2 . 8 + 1 . 4 1 7 . 2 * 1 . 4 c

VI NP 1 . 5 2 4 1 1 0 . 5 * 1 . 2 3 0 . 7 1 0 . 3 7 8 . 3 * 0 . 1 * 2 1 . 7 * 0 . l b

P 1 . 5 2 4 4 2 4 . 6 1 1 . 0 8 8 . 2 1 1 . 9 8 2 . 8 * 0 . 3 1 7 . 2 * 0 . 3 c

1 S e e  T a b l e  4 . 3 .

2 C a l c u l a t e d  u s i n g  d a t a  f r o m  A p p e n d i c e s  4 . 1 1 .  a n d  4 . 1 2 .

3 A s s u m e s  a l l  r a d i o a c t i v i t y  i n  a q u e o u s  s a m p l e  i s  f r o m  

m e t a b o l i t e s  t o g e t h e r  w i t h  b a n d s  1 - 2  a n d  4 - 7  o f  TLC p l a t e .

4 S i g n i f i c a n c e  o f  d i f f e r e n c e  b e t w e e n  P a n d  NP s a m p l e s :

P < 0 . 0 5  ( * ) ,  P > 0 . 0 5  ( n s )  ( M a n n - W h i t n e y  t e s t ) .

5 SE c a l c u l a t e d  f o l l o w i n g  A r c  S i n e  T r a n s f o r m a t i o n  o f  % d a t a .

6 V a l u e s  s h a r i n g  a  co m m on l e t t e r  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

( P > 0 . 0 5  l e v e l )  ( M a n n - W h i t n e y  T e s t ) .
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Table 4,9,
R a d i o a c t i v i t y  i n  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  f a t  b o d y  

s a m p l e s  f r o m  p a r a l y s e d  a n d  n o n - p a r a l y s e d  l a r v a e  a t  4 8  a n d  

2 4 h  r e s p e c t i v e l y  f o l l o w i n g  t o p i c a l  a p p l i c a t i o n  w i t h  3 H-AVMBi  

( n = 4 ) .

X + S . E . 3___________

I n s t a r  S y m p t o m s  D o s e 1 T i m e ( h )  T o t a l  D p m /m g 2 p M AVMBi / mg4

S p o d o p t e r a

V NP 4 . 5 4 8 2 4 8 ± 8 5 . 0 n s 0 . 7 2 + 0 . 2 5 n s

P 4 . 5 4 8 4 6 6 + 6 6 . 3 1 . 2 7 + 0 . 1 8

VI NP 4 . 5 4 8 6 7 ± 9 . 0 * 0 . 1 8 + 0 . 0 2 *

P 4 . 5 4 8 1 3 3 + 1 1 . 9 0 . 3 7 + 0 . 0 3

H e l i o t h i s

V NP 3 . 0 2 4 4 0 1 + 2 5 . 3 * 1 . 1 1 + 0 . 0 7 *

P 3 . 0 2 4 2 3 7 0 1 2 5 8 . 0 7 . 0 8 + 0 . 7 7

VI NP 1 . 5 2 4 1 6 9 + 3 2 . 9 * 0 . 4 8 + 0 . 0 9 *

P 1 . 5 2 4 5 2 0 + 4 0 . 1 1 . 5 5 + 0 . 1 2

1 S e e  T a b l e  4 . 3 .

2 T o t a l  dpm i s  a l l  t h e  r a d i o a c t i v i t y  e x t r a c t e d  f r o m  t i s s u e  

s a m p l e s  i n c l u d i n g  a q u e o u s  a n d  c h l o r o f o r m  e x t r a c t s .

3 D i f f e r e n c e  b e t w e e n  n o n - p a r a l y s e d  ( NP )  a n d  p a r a l y s e d  ( P )  

s a m p l e s :  P < 0 . 0 5  ( * ) ,  P > 0 . 0 5  ( n s )  ( M a n n - W h i t n e y  t e s t ) .

4 C a l c u l a t e d  u s i n g  v a l u e s  o b t a i n e d  f o l l o w i n g  TLC e x t r a c t i o n  

i n  A p p e n d i c e s  4 . 1 2 .  a n d  4 . 1 3 .

Original data given in Appendix 4.14.
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4.3.3. The effect of nineronyl butoxide (PB)

T h e  a p p l i c a t i o n  o f  PB l h  b e f o r e  AVMBi t o  f i f t h  a n d  

s i x t h  i n s t a r  S .  l i t t o r a l i s . f r o m  r a n d o m l y  s e l e c t e d  n e r v e  

c o r d s ,  d i d  n o t  s i g n i f i c a n t l y  i n c r e a s e  ( P > 0 . 0 5 )  t h e  t o t a l  

a m o u n t  o f  r a d i o a c t i v i t y  ( d p m / m g )  r e c o v e r e d  f r o m  f i f t h  o r  

s i x t h  i n s t a r  l a r v a e ,  ( T a b l e  4 . 4 . ) .  T h e  a p p l i c a t i o n  o f  PB 

s i g n i f i c a n t l y  i n c r e a s e d  ( P < 0 . 0 5 )  t h e  p r o p o r t i o n  o f  t h e  t o t a l  

r a d i o a c t i v i t y  w h i c h  w a s  AVMBi i n  f i f t h  i n s t a r  S .  l i t t o r a l i s  

l a r v a e  f r o m  4 9 . 7 %  t o  7 1 . 4 % ,  b u t  c a u s e d  a  s i g n i f i c a n t  

( P < 0 . 0 5 )  d e c r e a s e  i n  t h e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  a s  

AVMBi i n  s i x t h  i n s t a r  l a r v a e ,  ( 7 2 . 9 %  c o m p a r e d  w i t h  7 7 . 0 % )

( T a b l e  4 . 5 .  ) .

4 . 3 . 4 .  R a d i o a c t i v i t y  r e c o v e r e d  f r o m  g u t  m e m b r a n e  a n d  g u t

l u m e n  c o n t e n t s  f r o m  A V M B i - t r e a t e d  S .  l i t t o r a l i s  a n d  

H. a r m i g e r a  l a r v a e .

S i g n i f i c a n t l y  m o r e  r a d i o a c t i v i t y  w a s  r e c o v e r e d  f r o m  t h e  

g u t  m e m b r a n e s  o f  l a r v a e  s h o w i n g  s i g n s  o f  p a r a l y s i s  t h a n  

f r o m  l a r v a e  n o t  s h o w i n g  s i g n s  o f  p a r a l y s i s ,  i n  S .  l i t t o r a l i s  

f i f t h  ( P < 0 . 0 1 )  a n d  s i x t h  ( P < 0 . 0 5 )  i n s t a r  a n d  H .  a r m i g e r a  

f i f t h  ( P < 0 . 0 1 )  i n s t a r  l a r v a e  ( T a b l e  4 . 1 0 . ) .  I n  H.  a r m i g e r a  

s i x t h  i n s t a r  l a r v a e ,  t h e  d i f f e r e n c e  i n  r a d i o a c t i v i t y  b e t w e e n  

p a r a l y s e d  a n d  n o n - p a r a l y s e d  i n s e c t s  w a s  n o t  s i g n i f i c a n t  

( P > 0 . 0 5 ) .  T h e  d i f f e r e n c e s  w e r e  m o s t  m a r k e d  i n  H.  a r m i g e r a  

f i f t h  i n s t a r  l a r v a e .
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Table 4.10.

S .  l i t t o r a l i s  a n d  H. a r m i g e r a 4 8  a n d  2 4  h  r e s p e c t i v e l y

f o l l o w i n g t o p i c a l  a p p l i c a t i o n w i t h 3 H-AVMBi ( n= 1 0 ) .

X D p m / m g ± S . E . 2

I n s t a r / G u t m e m b r a n e G u t l u m e n

D o s e 1 P a r a l y s e d N o n  P a r a l y s e d P a r a l y s e d N o n  P a r a l y s e d

S p o d o p t e r a

V 4 . 5 1 2 0 + 2 1 . 1 4 6 + 6 . 6 * * 5 1 0 + 5 9 . 8 2 7 2 + 3 6 . 2 * *

V I  4 . 5 6 1 ± 6 . 3 3 9 ± 4 . 8 * 1 5 3 + 1 6 . 2 8 6 ± 8 . 9 * *

H e l i o t h i s

V 3 . 0 1 3 4 * 1 5 . 5 3 9 + 2 . 3 * * 1 3 6 8 + 1 7 4 2 5 9 ± 2 0 . 2 * *

V I  1 . 5 1 7 + 3 . 2 1 6 ± 1 . 1 n s 5 9 + 6 . 6 5 6 1 6 . 6 n s

1 S e e  T a b l e  4 . 3 .

2 S i g n i f i c a n c e  o f  d i f f e r e n c e  b e t w e e n  p a r a l y s e d  a n d  

n o n - p a r a l y s e d  s a m p l e s :  P < 0 . 0 5  ( * ) ,  P < 0 . 0 1  ( * * ) ,  P > 0 . 0 5  

( n s )  ( 2  s a m p l e  n o n - r e l a t e d  t - t e s t ) .

O r i g i n a l  d a t a  g i v e n  i n  A p p e n d i x  4 . 1 5 .
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S i g n i f i c a n t l y  m o r e  ( P C 0 . 0 1 )  r a d i o a c t i v i t y  w a s  r e c o v e r e d  

f r o m  t h e  g u t  l u m e n  o f  p a r a l y s e d  l a r v a e  t h a n  l a r v a e  s h o w i n g  

n o  s i g n s  o f  p a r a l y s i s ,  ( S .  l i t t o r a l i s  f i f t h  a n d  s i x t h  a n d  

H. a r m i g e r a  f i f t h  i n s t a r  l a r v a e ) ,  b u t  w i t h  H« a r m i f i e r a  s i x t h  

i n s t a r  l a r v a e ,  t h e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t  ( P > 0 . 0 5 )  

( T a b l e  4 . 1 0 ) .

4 . 3 . 5 .  U p t a k e  a n d  p e n e t r a t i o n  o f  3 H-AVMBi i n t o  S .  l i t t o r a l i s  

V a n d  V I  i n s t a r  l a r v a e  o v e r  2 4 h .

T h e  m e a n  dpm r e c o v e r e d  a t  t i m e  O . l h  w a s  2 4 . 6 %  a n d  3 2 . 6 %  

o f  t h e  a p p l i e d  d o s e  f o r  S .  l i t t o r a l i s  f i f t h  a n d  s i x t h  i n s t a r  

l a r v a e  r e s p e c t i v e l y .  T h e  d i f f e r e n c e s  i n  t h e  dpm r e c o v e r e d  

f r o m  b o t h  i n s t a r s  w e r e  n o t  s i g n i f i c a n t  ( P > 0 . 0 5 ;  M a n n - W h i t n e y  

t e s t )  a t  a n y  o f  t h e  t i m e s  t e s t e d .  O v e r  t h e  2 4 h ,  t h e r e  w a s  a  

s i g n i f i c a n t  r e d u c t i o n  ( P < 0 . 0 5 )  i n  t h e  dpm w a s h e d  o f f  

( r e c o v e r e d )  w i t h  b o t h  i n s t a r s .  T h e  d a t a  i s  s h o w n  i n  F i g u r e

4 . 1 .  T h e  o r i g i n a l  d a t a  i s  g i v e n  i n  A p p e n d i x  4 . 1 7 .

T h e  dpm r e c o v e r e d  f r o m  h a e m o l y m p h  s a m p l e s  ( a t  t h e  

s a m e  t i m e s  a s  i n  t h e  w a s h - o f f  e x p e r i m e n t )  w e r e  s i g n i f i c a n t l y  

d i f f e r e n t  ( P < 0 . 0 5 ;  M a n n - W h i t n e y  T e s t )  a t  T= 3 a n d  6 h  b u t  

w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P > 0 . 0 5 )  a t  T= 0 . 1 ,  1 a n d  

2 4 h  a f t e r  a p p l i c a t i o n  o f  3 H - A V M B i .  T h e  d a t a  i s  s h o w n  i n  

F i g u r e  4 . 2 .  T h e  o r i g i n a l  d a t a  i s  g i v e n  i n  A p p e n d i x  4 . 1 8 .

T h e  dpm r e c o v e r e d  f r o m  f a t  b o d y  s a m p l e s  ( a t  t h e  s a m e
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t i m e s  a s  i n  t h e  w a s h - o f f  e x p e r i m e n t )  w e r e  s i g n i f i c a n t l y  

d i f f e r e n t  ( P < 0 . 0 5 ;  M a n n - W h i t n e y  T e s t )  o n l y  a t  T= 3 h  b u t  

w e r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( P > 0 . 0 5 )  a t  T= 0 , 1 ,  1 ,  6 

a n d  2 4  h  a f t e r  a p p l i c a t i o n  o f  3 H - A V M B i . T h e  d a t a  i s  s h o w n  i n  

F i g u r e  4 . 3 .  T h e  o r i g i n a l  d a t a  i s  g i v e n  i n  A p p e n d i x  4 . 1 9 .
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Figure 4.1. W ash-off samples from S. littoralis V and VI
instar larvae over 24 h after treatment
with 1 pi (uncalibrated volum e) o f *H-Abamectin

Time (h) after treatment with 3H-Abamectin 

n = 5
Insects treated with 1 pi (uncalibrated volume) 
of 3H-Abamectin (726622 Dpm)
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Figure 4.2.
Haemolvmph samples from S. littoralis V  and VI
instar larvae over 24 h treated with 1 ul
(uncalibrated volume) o f 3H-Abamectin

n = 5
Insects treated with 1 pi (uncalibrated volume) 
of 3H-Abamectin (726622 Dpm)
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Figure 4.3. Fat body samples from S. littoralis
larvae over 24 h treated with *H-Abamectin

n = 5
Insects treated with 1 pi (uncalibrated volume) 
of 3H-Abamectin ( 726622 Dpm)
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4.4. Discussion

I n  t h e  p r e s e n t  s t u d y ,  t o p i c a l  a p p l i c a t i o n  o f  3 H-AVMBi  

o n t o  f i f t h  a n d  s i x t h  i n s t a r s  o f  S .  l i t t o r a l i s  a n d  

H. a r m i g e r a  r e s u l t e d  i n  t h e  u p t a k e  o f  r a d i o a c t i v i t y  b y  a l l  

t h e  t i s s u e s  i n v e s t i g a t e d  i n c l u d i n g  t h e  v e n t r a l  n e r v e  c o r d  

a n d  f a t  b o d y .

I t  w a s  f o u n d  t h a t  p a r a l y s e d  S .  l i t t o r a l i s  o f  b o t h  

i n s t a r s  a n d  f i f t h  b u t  n o t  s i x t h  i n s t a r  H.  a r m i g e r a  h a d  

s i g n i f i c a n t l y  g r e a t e r  l e v e l s  o f  t o t a l  r a d i o a c t i v i t y  ( a n d  

A V M B i) c o m p a r e d  w i t h  t r e a t e d  n o n - p a r a l y s e d  i n s e c t s  o r  

u n a f f e c t e d  i n s e c t s ,  p o i n t i n g  t o  a  r e l a t i o n s h i p  b e t w e e n  t h e  

l e v e l  o f  r a d i o a c t i v i t y  a n d  t h e  s t a g e  o f  p a r a l y s i s  r e a c h e d .  

T h e  a p p a r e n t l y  d i f f e r e n t  r e s u l t  f o r  s i x t h  i n s t a r  H .  a r m i g e r a  

m ay h a v e  b e e n  d u e  t o  t h e  s m a l l  n u m b e r  o f  r e p l i c a t e s  [ n = 4 ] .

T h e  d a t a  f o r  f i f t h  a n d  s i x t h  S .  l i t t o r a l i s  a n d  f i f t h  

i n s t a r  H.  a r m i g e r a  s h o w  t h a t  r a d i o a c t i v i t y  c a n  a c c u m u l a t e  i n  

t h e  n e r v e  c o r d  ( a  p o s s i b l e  m a j o r  s i t e  o f  a c t i o n )  d u r i n g  t h e  

n o r m a l  t i m e  c o u r s e  o f  p o i s o n i n g ,  a l t h o u g h  t h e r e  w a s  n o  

s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p r o p o r t i o n  o f  t o t a l  

r a d i o a c t i v i t y  a s  AVMBi b e t w e e n  p a r a l y s e d  a n d  n o n - p a r a l y s e d  

i n s e c t s  e x c e p t  f o r  H.  a r m i g e r a  s i x t h  i n s t a r  l a r v a e .

When t h e  r a d i o t r a c e r  e x p e r i m e n t  w a s  r e p e a t e d  i n  

c o n j u n c t i o n  w i t h  t o p i c a l  a p p l i c a t i o n  o f  P B ,  t h e r e  w a s  a
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s i g n i f i c a n t  i n c r e a s e  i n  t h e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  

p r e s e n t  a s  AVMBi ( r a t h e r  t h a n  t o t a l  r a d i o a c t i v i t y )  i n  t h e  

n e r v e  c o r d  o f  f i f t h  b u t  n o t  s i x t h  i n s t a r  S .  l i t t o r a l i s  

l a r v a e .  T h i s  s u p p o r t s  t h e  b i o a s s a y  r e s u l t s  d i s c u s s e d  i n  

S e c t i o n  3 ,  w h e r e  t o p i c a l l y - a p p l i e d  PB h a d  n o  s i g n i f i c a n t  

e f f e c t  o n  t h e  t o x i c i t y  o f  AVMBi a g a i n s t  s i x t h  i n s t a r  S . 

l i t t o r a l i s  o r  f i f t h  i n s t a r  H.  a r m i g e r a  b u t  d i d  i n c r e a s e  t h e  

t o x i c i t y  o f  AVMBi a g a i n s t  f i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e .  

T a k e n  t o g e t h e r ,  t h e s e  e x p e r i m e n t s  s u g g e s t  t h a t  s e l e c t i v e  

o x i d a t i v e  m e c h a n i s m s  c o n t r i b u t e  t o w a r d s  t h e  d i f f e r e n t i a l  

t o x i c i t y  o f  A V M B i .

A n d e r s o n  e t  a l . ( 1 9 8 6 )  f o u n d  t h a t  t o p i c a l l y - a p p l i e d  PB

p o t e n t i a t e d  t h e  t o x i c i t y  o f  AVMBi a g a i n s t  t h i r d  i n s t a r  

S .  e r i d a n i a  l a r v a e  a n d  t h e s e  a u t h o r s  s u g g e s t e d  t h a t  t h i s  

p o t e n t i a t i o n  w a s  d u e  p r i m a r i l y  t o  i m p r o v e d  c u t i c u l a r  

p e n e t r a t i o n  b y  AVMBi ( s e e  S e c t i o n  3 ) .  H o w e v e r ,  w h i l e  

p e n e t r a t i o n  m a y  b e  a n  i m p o r t a n t  f a c t o r  d e t e r m i n i n g  t h e  

d i f f e r e n t i a l  t o x i c i t y  o f  AVMBi a n d  PB m ay  i m p r o v e  

p e n e t r a t i o n  o f  AVMBi u n d e r  c e r t a i n  c i r c u m s t a n c e s ,  t h e  

p r e s e n t  w o r k  a n d  t h e  e a r l i e r  t o x i c o l o g y  e x p e r i m e n t s  ( S e c t i o n

3 )  s u p p o r t  t h e  i d e a  t h a t  d i f f e r e n t i a l  m e t a b o l i s m  o f  AVMBi i s  

a l s o  i m p o r t a n t  i n  n o c t u i d  m o t h  l a r v a e  a n d  t h a t  PB a p p e a r s  t o  

p o t e n t i a t e  AVMBi b y  i n h i b i t i o n  o f  m i c r o s o m a l  o x i d a s e  ( m i x e d  

f u n c t i o n  o x i d a s e )  a c t i v i t y .  C e r t a i n l y ,  m i c r o s o m a l  

d e t o x i f i c a t i o n  o f  AVM t o  t h e i r  C - 2 5 ,  m e t h y l  a l c o h o l s  a n d  

m o n o s a c c h a r i d e s  h a s  b e e n  r e p o r t e d  i n  v e r t e b r a t e s  b y  M iw a  et .
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a l . ( 1 9 8 3 )  a n d  C h i u  e t  a l . ( 1 9 8 4 ) .

M o r e  r e c e n t l y ,  S c o t t  ( 1 9 8 9 )  h a s  r e p o r t e d  

c r o s s - r e s i s t a n c e  t o  AVMBi i n  t w o  p y r e t h r o i d  r e s i s t a n t  

s t r a i n s  o f  t h e  h o u s e f l y  ( M u s c a  d o m e s t i c a ) .  C r o s s - r e s i s t a n c e  

i n  a  l a b o r a t o r y - s e l e c t e d  s t r a i n  w a s  f o u n d  t o  b e  p o l y g e n i c ,  

a s s o c i a t e d  w i t h  g e n e s  o n  c h r o m o s o m e s  2 a n d  3 a n d  c o u l d  b e  

p a r t i a l l y  s u p p r e s s e d  b y  P B .  B a s e d  o n  g e n e t i c  a n d  

t o x i c o l o g i c a l  d a t a ,  t h e  m e c h a n i s m s  a s s o c i a t e d  w i t h  

p y r e t h r o i d - i n d u c e d  c r o s s - r e s i s t a n c e  t o  AVMBi a p p e a r e d  t o  b e  

m i c r o s o m a l  o x i d a s e - m e d i a t e d  m e t a b o l i s m  a n d  d e c r e a s e d  

p e n e t r a t i o n  ( S c o t t ,  1 9 8 9 ) .  A b r o  e t  a l . ( 1 9 8 8 )  h a v e  r e p o r t e d  

t h a t  PB h a s  a  s y n e r g i s t i c  e f f e c t  ( t w o - f o l d )  w i t h  AVMBi o n  a  

f i e l d  s t r a i n  o f  P .  x v l o s t e l l a  a n d  s u g g e s t e d  t h a t  t h i s  m a y  

r e f l e c t  a n  a c t i v a t e d  m i c r o s o m a l  o x i d a s e  d e t o x i f i c a t i o n  

s y s t e m .  T h e y  a l s o  s u g g e s t e d  t h a t  l o w  l e v e l  c r o s s - r e s i s t a n c e  

t o  AVMBi w a s  p r e s e n t  i n  t h i s  f i e l d  s t r a i n  ( A b r o  e t  a l . ,  

1 9 8 8 )  .

T h e  i n v o l v e m e n t  o f  m i c r o s o m a l  o x i d a s e s  m a y  h a v e  

i m p o r t a n t  i m p l i c a t i o n s  f o r  r e s i s t a n c e  t o  o t h e r  AVM i n  t h e  

f u t u r e .  R e s i s t a n c e  t o  DHAVMBi h a s  b e e n  f o u n d  i n  a  s p e c i e s  o f  

s h e e p  b o t  f l y ,  o n  s h e e p  t r e a t e d  r e g u l a r l y  w i t h  t h i s  c o m p o u n d  

( J .  S c h a e f f e r  a n d  M. T u r n e r ,  p e r s o n a l  c o m m u n i c a t i o n ) .

T h e  a p p a r e n t  s e l e c t i v i t y  o f  m i c r o s o m a l  o x i d a s e  a c t i v i t y  

ma y b e  r e l a t e d  t o  a g e  a n d  d e v e l o p m e n t .  F o r  e x a m p l e ,
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Yu ( 1 9 8 3 )  c o r r e l a t e d  c h a n g e s  i n  m i c r o s o m a l  o x i d a s e  a c t i v i t y  

w i t h  a g e  w i t h  t h e  d i f f e r e n t i a l  t o x i c i t y  o f  v a r i o u s  

i n s e c t i c i d e s  a g a i n s t  l a r v a e  o f  t h e  f a l l  a r m y w o r m ,

S .  f r u g j p e r d a . W h i l e  o r g a n o p h o s p h a t e  r e s i s t a n c e  i n  a  s t r a i n  

o f  S .  l i t t o r a l i s  w a s  s h o w n  b y  D i t t r i c h  e t  a l . ( 1 9 8 0 )  t o  b e

d u e  m a i n l y  t o  a  v e r y  e f f i c i e n t  m i c r o s o m a l  o x i d a t i o n  s y s t e m .  

J l / d s u d a s o n  e t  a l . ( 1 9 8 8 )  s h o w e d  t h a t  t h e  c y t o c h r o m e  

P - 4 5 0 - d e p e n d e n t  m i c r o s o m a l  o x i d a s e  s y s t e m s  w e r e  p r e s e n t  a t  

h i g h e r  l e v e l s  i n  t h e  a b d o m i n a l  m i c r o s o m e s  o f  f e e d i n g - s t a g e  

l a r v a e  t h a n  f r o m  p r e p u p a e  o f  t h e  M e x i c a n  B e a n  B e e t l e ,  

E n i l a c h n a  v a r i v e s t i s . P i m p r i k a r  a n d  G e o r g i o u  ( 1 9 7 9  a n d  1 9 8 2 )  

a l s o  s h o w e d  r e s i s t a n c e  t o  d i f l u b e n z u r o n  i n  h o u s e f l y  l a r v a e  

w a s  d u e  m a i n l y  t o  e f f i c i e n t  o x i d a t i o n  b y  m i c r o s o m a l  

o x i d a s e s .

F r o m  t h e  p r e s e n t  s t u d y ,  i t  w o u l d  s e e m  p o s s i b l e  t h a t  

m i c r o s o m a l  o x i d a s e s  w a re  m o s t  a c t i v e  i n  t h e  f o u r t h  a n d  f i f t h  

i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  b u t  a r e  r e d u c e d  o r  t u r n e d  o f f  

i n  t h e  s i x t h  i n s t a r  j u s t  p r i o r  t o  p u p a t i o n .  T h i s  m a y  a c c o u n t  

f o r  t h e  a p p a r e n t  l a c k  o f  a c t i v i t y  i n  t h e  l a s t  i n s t a r .  I n  

f i f t h  i n s t a r  H.  a r m i g e r a  l a r v a e ,  m i c r o s o m a l  o x i d a s e s  a p p e a r  

t o  b e  l e s s  a c t i v e  t h a n  i n  f i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  

( s e e  T a b l e  3 . 1 . ) .

I n  m i c e ,  L i n d b e r g  a n d  N e g i s h i  ( 1 9 8 9 )  h a v e  r e c e n t l y  

s h o w n  t h a t  a  s i n g l e  a m i n o  a c i d  m u t a t i o n  i s  s u f f i c i e n t  t o  

r e v e r s e  t h e  s u b s t r a t e  s p e c i f i c i t y  o f  c y t o c h r o m e  P - 4 5 0 .
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S u b t l e  c h a n g e s  i n  t h e  s u b s t r a t e  s p e c i f i c i t y  o f  c y t o c h r o m e  

P - 4 5 0  m a y  t h u s  e x i s t  b e t w e e n  t h e  t w o  n o c t u i d  s p e c i e s  a n d  

i n s t a r s  s t u d i e d  a n d  t h e s e  c o u l d  h e l p  t o  a c c o u n t  f o r  t h e  

a p p a r e n t  d i f f e r e n c e s  i n  m i c r o s o m a l  o x i d a s e s  s u g g e s t e d  b y  t h e  

c u r r e n t  s t u d i e s  u s i n g  P B .

T h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  p r o p o r t i o n  

o f  r a d i o a c t i v i t y  p r e s e n t  a s  AVMBi i n  f a t  b o d y  s a m p l e s  f r o m  

p a r a l y s e d  a n d  n o n - p a r a l y s e d  l a r v a e .  T h i s ,  t o g e t h e r  w i t h  t h e  

f a c t  t h a t  t h e  t o t a l  a m o u n t  o f  r a d i o a c t i v i t y  p r e s e n t  a s  AVMBi 

w a s  p r o p o r t i o n a l l y  m o r e  t h a n  i n  t h e  e q u i v a l e n t  n e r v e  c o r d  

s a m p l e s ,  s u g g e s t e d  t h a t  m e t a b o l i s m  o c c u r r e d  t o  a  l e s s e r  

e x t e n t  i n  t h e  f a t  b o d y  t h a n  i n  t h e  n e r v e  c o r d .

T h e  f a t  b o d y  i n  i n s e c t s  m a y  a c t  t h e r e f o r e  a s  a  s t o r a g e  

o r g a n  f o r  A V M B i , a s  h a s  b e e n  s h o w n  f o r  o t h e r  i n s e c t i c i d e s  

( O p p e n o o r t h  a n d  W e l l i n g ,  1 9 7 6 ) ,  l e a d i n g  t o  r e d u c e d  

b i o a v a i l a b i l i t y  a n d  r e d u c e d  m e t a b o l i s m  b y  m i c r o s o m a l  

o x i d a s e s .  N a k a t s u g a w a  a n d  M o r e l l i  ( 1 9 7 6 )  a n d  W i l k i n s o n  a n d  

B r a t t s t e n  ( 1 9 7 2 )  h a v e  s t a t e d  t h a t  m i c r o s o m a l  o x i d a s e s  a r e  

l o c a l i z e d  m a i n l y  i n  t h o s e  t i s s u e s  t h a t  r e p r e s e n t  t h e  m a j o r  

" p o r t a l s "  o f  e n t r y  o f  f o r e i g n  c o m p o u n d s  i n t o  t h e  i n s e c t ,  f o r  

e x a m p l e ,  t h e  g u t  l u m e n .  D i f f e r e n c e s  i n  t i s s u e  s e n s i t i v i t y  

a n d  i n  t h e  a c t i v i t y  o f  t i s s u e s  i n  h y d r o l y s i n g  

t r a n s - p e r m e t h r i n  w e r e  f o u n d  b y  Dowd a n d  S p a r k s  ( 1 9 8 7 ) ,  a n d  

h y d r o l y s i s  o f  d i f f e r e n t  p y r e t h r o i d s  b y  t h e  s a m e  t i s s u e s  h a s  

b e e n  r e p o r t e d  t o  v a r y  w i t h i n  a  g i v e n  i n s e c t  s p e c i e s
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( A b d e l - A a l  a n d  S o d e r l u n d ,  1 9 8 0 ) .  T h e s e  s t u d i e s  o f  

d i f f e r e n t i a l  t i s s u e  s e n s i t i v i t y  a n d  t h e  a c t i v i t y  o f  

m i c r o s o m a l  o x i d a s e s  s u g g e s t  t h a t  t h e r e  m a y  b e  l i t t l e  o r  n o  

m e t a b o l i s m  o f  AVMBi i n  f a t  b o d y  c o m p a r e d  w i t h  t h e  n e r v e  

c o r d .

T h e  r a d i o a c t i v i t y  r e c o v e r e d  f r o m  t h e  g u t  m e m b r a n e  a n d  

g u t  l u m e n  w a s  s i g n i f i c a n t l y  g r e a t e r  i n  p a r a l y s e d  c o m p a r e d  

w i t h  n o n - p a r a l y s e d  l a r v a e  i n  a l l  b u t  s i x t h  i n s t a r  

H. a r m i g e r a . w h i l e  m o r e  AVMBi w a s  r e c o v e r e d  f r o m  t h e  g u t  o f  

f i f t h  t h a n  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  ( T a b l e

4 . 1 0 . ) .  I n  b o t h  s e t s  o f  c o m p a r i s o n s  t h i s  c o u l d  i n d i c a t e  

e x c r e t i o n  i s  a  f a c t o r  i n  t h e  d i f f e r e n t i a l  t o x i c i t y  o f  A V M B i . 

H o w e v e r ,  v e r y  l i t t l e  r a d i o a c t i v i t y  w a s  f o u n d  i n  t h e  f a e c e s  

( l e s s  t h a n  5% o f  t h e  t o t a l  r a d i o a c t i v i t y  a p p l i e d ,  d a t a  n o t  

s h o w n )  a n d  t h i s  w a s  c o n s i d e r e d  n e g l i g i b l e  d u r i n g  t h e  c o u r s e  

o f  t h e s e  e x p e r i m e n t s .  O v e r  a  l o n g e r  p e r i o d ,  e x c r e t i o n  ma y b e  

m o r e  i m p o r t a n t ,  b u t  a  m a j o r i t y  o f  t h e  t r e a t e d  i n s e c t s  w e r e  

a l r e a d y  s h o w i n g  s y m p t o m s  o f  p o i s o n i n g  b y  t h e  e n d  o f  t h e  

e x p e r i m e n t s .  O n c e  i n  t h e  g u t  l u m e n ,  AVMBi may  n o t  b e  a s  

e f f e c t i v e  e v e n  i f  i t  i s  n o t  r a p i d l y  r e m o v e d  f r o m  t h e  i n s e c t .

B u l l  ( 1 9 8 6 )  s t a t e d  t h a t  3 H-AVMBi w a s  r e a d i l y  a b s o r b e d  

f r o m  t h e  m i d g u t ,  m e t a b o l i s e d  a n d  e x c r e t e d  t o g e t h e r  w i t h  i t s  

m e t a b o l i t e s  f r o m  t h r e e  s p e c i e s  o f  n o c t u i d  m o t h  l a r v a e .  

H o w e v e r ,  t h e  m a g n i t u d e  o f  t h e  o b s e r v e d  d i f f e r e n c e s  i n  t h e  

p o s t - t r e a t m e n t  f a t e  o f  AVMBi w a s  n o t  t h o u g h t  s u f f i c i e n t  t o
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e x p l a i n  t h e  s u b s t a n t i a l  d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  t h e  

c o m p o u n d  a m o n g  t h e  t e s t  s p e c i e s  ( B u l l ,  1 9 8 6 ) .  T h i s  i s  i n  

a g r e e m e n t  w i t h  t h e  r e s u l t s  f o u n d  i n  t h e  p r e s e n t  s t u d y ,  

a l t h o u g h  B u l l  ( 1 9 8 6 )  f e d  h i s  i n s e c t s  o n  t h e  AVMBi w h e r e a s  i n  

t h e  p r e s e n t  s t u d y  AVMBi w a s  a p p l i e d  t o p i c a l l y .

T h e  w a s h - o f f  e x p e r i m e n t s  s h o w e d  t h a t  d e s p i t e  t h e  u s e  o f  

a  n u m b e r  o f  d i f f e r e n t  s o l v e n t  m i x t u r e s ,  a  m a x i m u m  o f  33% o f  

t h e  a p p l i e d  d o s e  w a s  r e c o v e r e d .  T h i s  m i g h t  h a v e  b e e n  

e x p e c t e d ,  a s  t h e  e x t r e m e  h y d r o p h o b i c i t y  o f  AVM h a s  b e e n  

n o t e d  b y  P o n g  a n d  Wang ( 1 9 8 0 ) ,  a l t h o u g h  o v e r  t h e  c o u r s e  o f  

t h e  p r e s e n t  e x p e r i m e n t s  t h e  a m o u n t  w a s h e d  o f f  b o t h  s p e c i e s  

d i d  d e c r e a s e  a n d  t h e  a m o u n t s  r e c o v e r e d  f r o m  b o t h  f a t  b o d y  

a n d  h a e m o l y m p h  s a m p l e s  d i d  i n c r e a s e  ( s e e  F i g u r e s  4 . 1 . ,  4 . 2 .  

a n d  4 . 3 . ) .  T h a t  t h e r e  w e r e  n o  s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e  

a m o u n t s  w a s h e d  o f f  b e t w e e n  t h e  t w o  i n s t a r s  o f  S .  l i t t o r a l i s  

t e s t e d  w a s  u n e x p e c t e d ,  s i n c e  a s  d e s c r i b e d  i n  S e c t i o n  3 ( s e e  

T a b l e  3 . 3 . ) ,  i n j e c t i o n  h a d  a  m u c h  g r e a t e r  e f f e c t  o n  f i f t h  

t h a n  s i x t h  i n s t a r  S .  l i t t o r a l i s . s u g g e s t i n g  p e n e t r a t i o n  w a s  

a n  i m p o r t a n t  f a c t o r .  S i x t h  i n s t a r  l a r v a e  d i d  h a v e  

s i g n i f i c a n t l y  m o r e  r a d i o a c t i v i t y  i n  t h e  h a e m o l y m p h  a t  3 a n d  

6 h  a f t e r  a p p l i c a t i o n ,  a l t h o u g h  b y  t h e  e n d  o f  t h e  e x p e r i m e n t  

( 2 4  h )  t h e s e  d i f f e r e n c e s  w e r e  n o t  s i g n i f i c a n t .  W i t h  t h e  f a t  

b o d y  s a m p l e s ,  t h e r e  w a s  o n l y  a  s i g n i f i c a n t  d i f f e r e n c e  3 h  

a f t e r  a p p l i c a t i o n .

T h e  a b o v e  w a s h - o f f  e x p e r i m e n t  r e s u l t s  s u g g e s t  t h a t
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p e n e t r a t i o n  a n d  m e t a b o l i s m  a l o n e  c a n n o t  a c c o u n t  f o r  t h e  

o b s e r v e d  d i f f e r e n c e s  a n d  d i f f e r e n c e s  i n  t h e  s e n s i t i v i t y  o f  

t h e  v e n t r a l  n e r v e  c o r d  t o  AVMBi b e t w e e n  t h e  t w o  i n s t a r s  ma y  

a l s o  b e  i n v o l v e d .  H o w e v e r ,  t h e  p r o p o r t i o n  o f  i n s e c t s  s h o w i n g  

s y m p t o m s  o f  p a r a l y s i s  w a s  s m a l l  u p  t o  2 4  h  ( T a b l e  4 . 3 . ) .  I t  

w a s  b e t w e e n  2 4  a n d  4 8  h  a f t e r  a p p l i c a t i o n  t h a t  t h e  s y m p t o m s  

o f  p o i s o n i n g  w e r e  o b s e r v e d  i n  a  l a r g e  p r o p o r t i o n  o f  t h e  

t r e a t e d  i n s e c t s  a n d  d i f f e r e n c e s  i n  t h e  f a t  b o d y  s a m p l e s  w e r e  

m o s t  p r o n o u n c e d  a f t e r  4 8  h  ( T a b l e  4 . 9 . ) .

D u e  t o  t h e  c o m p l e x i t y  o f  t h e  AVM m o l e c u l e ,  v e r y  f e w  o f  

t h e  m a n y  t r a n s f o r m a t i o n  p r o d u c t s  o b s e r v e d  i n  s t u d i e s  w i t h  

r a t  a n d  s t e e r  l i v e r  m i c r o s o m a l  p r e p a r a t i o n s  ( M i w a  e t  a l . ,  

1 9 8 2 ) ,  o r  w i t h  n o c t u i d  m o t h  l a r v a e  ( B u l l  e t  a l . .  1 9 8 4 ) ,  h a v e  

s o  f a r  b e e n  i d e n t i f i e d  ( B u l l ,  1 9 8 6 ) .  I n  t h e  p r e s e n t  w o r k ,  

t h e r e  a p p e a r e d  t o  b e  a t  l e a s t  s e v e n  d i f f e r e n t  m e t a b o l i t e s  i n  

t h e  c h l o r o f o r m  p h a s e  f o l l o w i n g  s e p a r a t i o n  b y  TLC a n d  t h e r e  

w e r e  p r e s u m a b l y  o t h e r ,  m o r e  p o l a r  m e t a b o l i t e s  i n  t h e  a q u e o u s  

s a m p l e s .  L i k e  B u l l ’ s  ( 1 9 8 6 )  d a t a ,  t h e  d a t a  i n  t h e  p r e s e n t  

s t u d y  w a s  s i m p l i f i e d  t o  g i v e  t h e  p r o p o r t i o n  o f  t h e  t o t a l  

r a d i o a c t i v i t y  p r e s e n t  a s  t h e  p a r e n t  c o m p o u n d  ( A V M B i ) a n d  a s  

t o t a l  m e t a b o l i t e s  ( b o t h  p o l a r  a n d  n o n  p o l a r ) .
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5. ELECTROPHYSIOLOGY

5 . 1 .  I n t r o d u c t i o n

T h e  a i m  o f  t h e s e  . i n  v i v o  e x p e r i m e n t s  w a s  t o  s e e  i f  

t h e r e  w e r e  d i f f e r e n c e s  i n  t h e  r e s p o n s e s  o f  a n d  s e n s i t i v i t y  

o f  t h e  CNS t o  t o p i c a l l y - a p p l i e d  A V M B i . T h e  u s e  o f  a  c o m p u t e r  

t o  l o g  a n d  a n a l y s e  d a t a  m a d e  i t  p o s s i b l e  t o  s u m m a r i s e  t h e  

r e s u l t s  o f  l o n g  e x p e r i m e n t s  a n d  f a c i l i t a t e  t h e  a n a l y s i s  o f  

t r e n d s  i n  t h e  d a t a .

5 . 2 .  M a t e r i a l s  a n d  M e t h o d s

T h e  r e c o r d i n g  a n d  d a t a  a n a l y s i s  s y s t e m  u s e d  w a s  b a s e d  

o n  o n e  u s e d  a t  P o r t s m o u t h  P o l y t e c h n i c  (M.  B r o d e r i c k ,

R.  C r i c h t o n ,  L .  L e a k e  a n d  M. F o r d ,  p e r s o n a l  c o m m u n i c a t i o n ) .  

I t  c o n s i s t e d  o f  a  c o m p u t e r - b a s e d  d a t a l o g g i n g  s y s t e m  

d e v e l o p e d  f o r  u s e  o n  a n  A c o r n  BBC s e r i e s  m i c r o c o m p u t e r  

( C r i c h t o n  e t  a l ♦.  1 9 8 8 )  a n d  a n  e l e c t r o p h y s i o l o g i c a l  s y s t e m  

c o n s i s t i n g  o f  p r e a m p l i f i e r  a n d  f i l t e r ,  a  d u a l  b e a m  s t o r a g e  

o s c i l l o s c o p e  a n d  s t e r e o  c a s s e t t e  d e c k .  T h e  s y s t e m  u s e d  a  

S p i k e  C a p t u r e  P r o g r a m m e ,  c o p y r i g h t  R.  C r i c h t o n ,  1 9 8 8  a n d  RC 

D a t a l o g g e r  m a d e  b y  R.  C r i c h t o n .

5 . 2 . 1 .  T h e  r e c o r d i n g  s y s t e m

T h e  i n s e c t s  ( f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f
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S. littoralis and H. armigera) were anaesthetized with
c a r b o n  d i o x i d e ,  t h e n  a t t a c h e d  w i t h  L o c t i t e  S u p e r g l u e  3 t o  a  

b l o c k  o f  S y l g a r d  s i l i c o n e  r u b b e r  ( B . D . H .  L t d . ) 25mm l o n g  X 

6mm w i d e  X 4mm d e e p .

T h e  t w o  e l e c t r o d e s  u s e d  w e r e  b o t h  s t a i n l e s s - s t e e l  

h e a d l e s s  e n t o m o l o g y  p i n s  (A 1  s i z e ,  W a t k i n s  a n d  D o n c a s t e r  

L t d . ) w h i c h  w e r e  d i p p e d  i n  1M o r t h o p h o s p h o r i c  a c i d  f o r  o n e  

m i n . , w a s h e d  i n  d i s t i l l e d  w a t e r  a n d  d r i e d ,  t h e n  s o l d e r e d  

o n t o  t h e  s c r e e n e d  l e a d s  u s e d .  T h e  e l e c t r o d e s  w i t h  m i n i a t u r e  

c o a x i a l  l e a d s  w e r e  e a c h  h e l d  b y  c r o c o d i l e  c l i p s  o n  r e t o r t  

s t a n d s  i n  a  F a r a d a y  c a g e  m a d e  o f  a n g l e - i r o n  a n d  c o p p e r  g a u z e  

o n  a n  i s o l a t e d  s l a t e  b a s e .  T h e  e l e c t r i c a l  e q u i p m e n t  w a s  h e l d  

o n  a  r a c k  a d j a c e n t  t o  t h e  F a r a d a y  c a g e .  T h e  s i g n a l s  w e r e  

p a s s e d  f r o m  t h e  e l e c t r o d e s  t o  a  CFP p r e a m p l i f i e r  8 1 2 1  w i t h  a  

l o w  f r e q u e n c y  c u t  a t  2 0 0 H z  a n d  a  h i g h  f r e q u e n c y  c u t  a t  lK H z  

a n d  a  g a i n  s e t t i n g  ( AC)  o f  X 1 0 0 0 .  T h e  p r e a m p l i f i e r  w a s  

c o n n e c t e d  t o  a n  AC s i n g l e - e n d e d  ( S E )  f i l t e r  ( A 1 0 3  d e s i g n  b y  

I s l e w o r t h  E l e c t r o n i c s  L t d . )  s e t  a t  l o w  f r e q u e n c y  c u t  a t  

2 0 0 H z  a n d  h i g h  f r e q u e n c y  c u t  a t  l K H z  w i t h  a  f i x e d  g a i n  o f

3 . 5 .  T h e  o u t p u t  l e a d  w a s  t e r m i n a t e d  i n  a  BNC p l u g  w h i c h  

i n t e r f a c e d  w i t h  a  T e k t r o n i x  2 2 2 0  60MHz d i g i t a l  s t o r a g e  

o s c i l l o s c o p e  ( v i a  a  T - p i e c e )  t o  a l l o w  o b s e r v a t i o n  o f  t h e  

s i g n a l .  T h e  s i g n a l  w a s  t h e n  p a s s e d  t o  a  T e c h n i c s  R S - T 8 0 R  

s t e r e o  c a s s e t t e  d e c k  a n d  r e c o r d e d  o n t o  S o n y  H F - S 9 0  t y p e  1 

( N o r m a l )  p o s i t i o n  c r y s t a l  gamma c a s s e t t e  t a p e s .  T h e  i n p u t  

l e v e l  c o n t r o l s  o n  t h e  c a s s e t t e  d e c k  w e r e  f i x e d  a t  t h e i r
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maxima and the noise-reduction switches were turned off. The
e q u i p m e n t  i s  s h o w n  i n  a  b l o c k  d i a g r a m  ( A p p e n d i x  5 . 4 . ) .

A l l  t h e  e l e c t r i c a l  e q u i p m e n t  w a s  r u n  o f f  a  p o w e r  s u p p l y  

f r o m  a n  i s o l a t i n g  t r a n s f o r m e r  t o  r e d u c e  e x t r a n e o u s  

e l e c t r i c a l  s i g n a l s .

5 . 2 . 2 .  T h e  e x p e r i m e n t a l  s e t - u p .

I n  t h e  f i r s t  e x p e r i m e n t ,  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  

o f  b o t h  s p e c i e s  w e r e  p r e t r e a t e d  w i t h  3 H-AVMBi ( S .  l i t t o r a l i s  

f i f t h  a n d  s i x t h  i n s t a r s ,  4 . 5  jug a . i .  p e r  i n s e c t ;  H .  a r m i g e r a  

f i f t h  i n s t a r ,  1 . 5  jug a . i .  p e r  i n s e c t ;  H.  a r m i g e r a  s i x t h  

i n s t a r ,  3 . 0  jug a . i .  p e r  i n s e c t ) .  A t  2 4  a n d  4 8  h  a f t e r  

t r e a t m e n t ,  p a r a l y s e d  a n d  n o n - p a r a l y s e d  i n s e c t s  w e r e  

s e l e c t e d .  F o r  H.  a r m i g e r a . i n s e c t s  w e r e  u s e d  a f t e r  2 4  h  o n l y  

a n d  s e p a r a t e d  b y  s y m p t o m s  d i s p l a y e d  a s  a b o v e .

T h e  t w o  e l e c t r o d e s  w e r e  p l a c e d  c e n t r a l l y ,  a l o n g  t h e  

l o n g i t u d i n a l  a x i s  (2mm a p a r t )  m i d w a y  b e t w e e n  t h e  s e c o n d  a n d  

t h i r d  p o s t e r i o r  p r o l e g s  ( t h r o u g h  t h e  u n d e r s i d e  o f  t h e  

S y l g a r d  s i l i c o n e  r u b b e r  b l o c k ) .  I n  t h e  f i r s t  e x p e r i m e n t ,  f o r  

e a c h  s p e c i e s  a n d  i n s t a r ,  r e c o r d i n g s  w e r e  m a d e  f r o m  t h e  

f o l l o w i n g :

10  u n t r e a t e d  i n s e c t s

10  t r e a t e d -  n o n - p a r a l y s e d  i n s e c t s

10  t r e a t e d -  p a r a l y s e d  i n s e c t s
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E a c h  i n s e c t  w a s  l e f t  f o r  3 0  m i n .  a f t e r  b e i n g  p r e p a r e d  t h e n  

r e c o r d i n g s  w e r e  m a d e  f o r  5 m i n .  A f t e r  e a c h  r e c o r d i n g  t h e  

i n s e c t s  w e r e  d i s s e c t e d  t o  c h e c k  t h e  e l e c t r o d e s  w e r e  b o t h  

p o s i t i o n e d  o n  o r  w i t h i n  0 . 5 m m  o f  t h e  CNS.  I f  e i t h e r  o f  t h e  

e l e c t r o d e s  w e r e  n o t  c o r r e c t l y  p o s i t i o n e d  t h e n  t h e  r e c o r d i n g  

w a s  d i s c a r d e d .

F o r  3 H - A V M B i - t r e a t e d  i n s e c t s ,  t h e  n e r v e  c o r d s  w e r e  t h e n  

r e m o v e d  a n d  p a i r s  o f  n e r v e  c o r d s  p l a c e d  i n  p r e w e i g h e d  

s c i n t i l l a t i o n  v i a l s  a n d  t h e  l e v e l  o f  r a d i o a c t i v i t y  

d e t e r m i n e d  a s  i n  S e c t i o n  4 . 1 .  W h e r e  p o s s i b l e ,  n e r v e  c o r d s  

f r o m  i n s e c t s  w h i c h  g a v e  s i m i l a r  a c t i o n  p o t e n t i a l  f r e q u e n c i e s  

w e r e  p a i r e d  t o g e t h e r .

T h e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  p r e s e n t  a s  AVMBi w a s  

e s t i m a t e d  f o r  S .  l i t t o r a l i s  2 4  h  s a m p l e s  a s  i n  S e c t i o n  4 . 1 .  

T h e  d a t a  i n  S e c t i o n  4 . 2 .  f o r  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  

w a s  a l s o  u s e d  t o  c a l c u l a t e  t h e  a m o u n t  o f  AVMBi p r e s e n t  i n  

t h e  n e r v e  c o r d s ,  ( s e e  T a b l e  5 . 1 . ) .

I n  t h e  s e c o n d  e x p e r i m e n t ,  i n s e c t s  ( S .  l i t t o r a l i s  f i f t h  

a n d  s i x t h  i n s t a r  l a r v a e )  w e r e  s e t  u p  a s  a b o v e  a n d  r e c o r d i n g s  

t a k e n  f r o m  e a c h  i n s e c t  a f t e r  3 0  m i n .  T h e  1 jul ( m a r k e d ,  

u n c a l i b r a t e d  v o l u m e )  o f  4 5 0 0 p p m  AVMBi ( E . C .  f o r m u l a t i o n )  w a s  

t h e n  a p p l i e d  ( S e c t i o n  2 . 4 . )  t o  e a c h  i n s e c t  i n  s i t u ,  a n d  

r e c o r d i n g s  ( 5  m i n . )  m a d e  a f t e r  1 ,  2 ,  4 ,  8 ,  1 2  a n d  2 4  h .
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T h r e e  i n s e c t s  w i t h  i m p l a n t e d  e l e c t r o d e s  w e r e  t e s t e d  

c o n c u r r e n t l y  w i t h  r e c o r d i n g s  s t a g g e r e d  f o r  e a c h  r e c o r d i n g  

t i m e .  T h e  i n s e c t  p r e p a r a t i o n  i t s e l f  w a s  n o t  t o u c h e d  a f t e r  

t h e  s t a r t  o f  t h e  r e c o r d i n g .  T h e  c o n t r o l  i n s e c t s  w e r e  

p r e p a r e d  a s  a b o v e  b u t  n o  AVMBi w a s  a p p l i e d .

5 . 2 . 3 .  D a t a  a n a l y s i s

T h e  d a t a  f r o m  t h e  c a s s e t t e  t a p e s  w a s  p l a y e d  i n t o  a  RC 

d a t a l o g g e r  l i n k e d  t o  t h e  m i c r o c o m p u t e r  r u n n i n g  a  S p i k e  

C a p t u r e  p r o g r a m m e .  T h i s  p r o g r a m m e  c o n s i d e r e d  t i m e  a s  a  

s e r i e s  o f  d i s c r e t e  i n t e r v a l s  ( b i n s ) ;  i n  t h e s e  e x p e r i m e n t s ,  

t h e  b i n s  w e r e  s e t  a t  0 . 5  s e c .  d u r a t i o n .  T h e  n u m b e r  o f  a c t i o n  

p o t e n t i a l s  ( A P s )  w h i c h  e x c e e d e d  a  u s e r  d e f i n e d  t h r e s h o l d  

v o l t a g e  ( t h i s  w a s  s e t  s u f f i c i e n t l y  a b o v e  t h e  b a c k g r o u n d  

n o i s e  l e v e l  s o  t h a t  t h e  b a c k g r o u n d  n o i s e  a n d  b a s e l i n e  d i d  

n o t  c r o s s  t h e  t h r e s h o l d )  i n  e a c h  b i n  w e r e  c o u n t e d  a n d  t h e  

a m p l i t u d e s ,  r i s e  a n d  f a l l  t i m e s  o f  A P s  w e r e  s u m m e d  w i t h i n  

e a c h  b i n .  T h e  v a r i a t i o n  i n  b a c k g r o u n d  n o i s e  w a s  n o t  

c o n s i d e r e d  t o  b e  a n  i m p o r t a n t  f a c t o r  i n  d e t e r m i n i n g  AP 

f r e q u e n c y .  T h e  t o t a l  e q u i p m e n t  g a i n  w a s  c a l c u l a t e d  b y  

m u l t i p l y i n g  t h e  g a i n s  o f  t h e  i n d i v i d u a l  p i e c e s  o f  e q u i p m e n t :

p r e a m p l i f i e r  = 9 3 3  

f i l t e r  = 3 . 5

c a s s e t t e  d e c k =  5 . 6 4  

T h i s  g a v e  a  t o t a l  g a i n  o f  1 8 4 0 0 .
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F r o m  t h e  a b o v e  d a t a ,  t h e  p r o g r a m m e  c a l c u l a t e d  t h e  

a v e r a g e  a m p l i t u d e s  f o r  A P s  i n  e a c h  b i n .  T h e  r i s e  a n d  f a l l  

t i m e s  w e r e  n o t  u s e d  a s  t h e s e  a r e  m o r e  r e l e v a n t  f o r  

i n t r a c e l l u l a r  t h a n  e x t r a c e l l u l a r  r e c o r d i n g s .  T h e  d a t a  w a s  

r e c o r d e d  o n t o  5 . 2 5  i n c h  f l o p p y  d i s k s .  T h i s  d a t a  c o u l d  t h e n  

b e  t a b u l a t e d ,  p l o t t e d  o r  m a d e  i n t o  d a t a  f i l e s  f o r  

s t a t i s t i c a l  a n a l y s i s .  F r o m  e a c h  r e c o r d i n g ,  t h e  m e a n  A . P .  

f r e q u e n c y  f r o m  1 2 0  x  0 . 5 s e c .  b i n s  w a s  c a l c u l a t e d  a n d  

e x p r e s s e d  a s  A . P . s  s e c " 1 ( H z ) .  T h e  a m p l i t u d e  d a t a  f r o m  t h e  

s e c o n d  e x p e r i m e n t  w a s  e x p r e s s e d  a s  r e l a t i v e  v a l u e s ,  t h e  m e a n  

v a l u e s  a t  e a c h  m e a s u r i n g  t i m e  e x p r e s s e d  a s  a  p r o p o r t i o n  o f  

t h e  o r i g i n a l  T = 0  h  v a l u e ,  ( s i n c e  t h e r e  w e r e  i n i t i a l  

u n c e r t a i n t i e s  o v e r  t h e  a c t u a l  v a l u e s  o b t a i n e d  d u e  t o  

p r o b l e m s  w i t h  c a l i b r a t i o n  o f  t h e  d a t a l o g g e r  a n d  w i t h  t h e  

s t a g e  g a i n ) .
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5.3. Results

T h e  a c t i o n  p o t e n t i a l  ( A P )  o r  s p i k e  f r e q u e n c i e s  f r o m  

A V M B i - t r e a t e d  i n s e c t s  w h i c h  w e r e  n o t  s h o w i n g  s i g n s  o f  

p a r a l y s i s  w e r e  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  l e s s  c o m p a r e d  w i t h  

u n t r e a t e d  i n s e c t s  f o r  b o t h  i n s t a r s  o f  H .  a r m i g e r a  2 4  h  a n d  

b o t h  i n s t a r s  o f  S .  l i t t o r a l i s  2 4  a n d  4 8  h  a f t e r  t r e a t m e n t  

( T a b l e  5 . 1 . ) .  T h e r e  w e r e  a l s o  s i g n i f i c a n t l y  l e s s  ( P < 0 . 0 5 )

A P s  r e c o r d e d  f r o m  A V M B i - t r e a t e d  i n s e c t s  w h i c h  w e r e  s h o w i n g  

s i g n s  o f  p a r a l y s i s  c o m p a r e d  w i t h  t r e a t e d  i n s e c t s  w h i c h  w e r e  

n o t  s h o w i n g  s i g n s  o f  p a r a l y s i s  f o r  b o t h  i n s t a r s  o f  

H. a r m i g e r a  2 4  h  a n d  b o t h  i n s t a r s  o f  S .  l i t t o r a l i s  2 4  a n d  

4 8  h a f t e r  t r e a t m e n t  ( T a b l e  5 . 1 . ) .

T h e  l e v e l s  o f  r a d i o a c t i v i t y  r e c o v e r e d  ( a s  A V M B i ) i n  t h e  

v e n t r a l  n e r v e  c o r d s  f r o m  w h i c h  r e c o r d i n g s  w e r e  m a d e  a r e  

g i v e n  i n  T a b l e  5 . 1 . ,  u s i n g  d a t a  f r o m  T a b l e  5 . 2 .  a n d  A p p e n d i x

5 . 1 .  I n  e a c h  c a s e ,  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  m o r e  AVMBi w a s  

r e c o v e r e d  f r o m  i n s e c t s  s h o w i n g  s y m p t o m s  o f  p a r a l y s i s  

c o m p a r e d  w i t h  i n s e c t s  n o t  s h o w i n g  s y m p t o m s  o f  p a r a l y s i s .  T h e  

v a l u e s  f o r  t h e  p r o p o r t i o n  o f  r a d i o a c t i v i t y  p r e s e n t  a s  AVMBi 

o b t a i n e d  ( T a b l e  5 . 2 . ) ,  a g r e e d  w e l l  w i t h  t h e  v a l u e s  o b t a i n e d  

i n  a n  e a r l i e r  e x p e r i m e n t  ( T a b l e  4 . 7 . ) .

T h e r e  w e r e  s i g n i f i c a n t  ( P C 0 . 0 0 1 )  c o r r e l a t i o n s  b e t w e e n  

t h e  l e v e l s  o f  r a d i o a c t i v i t y  ( a s  l o g  Dpm) r e c o v e r e d  f r o m
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Table 5.1.
A c t i o n  p o t e n t i a l  ( A P )  f r e q u e n c y  ( H z )  f r o m  u n t r e a t e d  a n d  

A V M B i - t r e a t e d  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  l a r v a e  a n d  t h e  

c o n c e n t r a t i o n  o f  AVMBi r e c o v e r e d  f r o m  v e n t r a l  n e r v e  c o r d s  o f  

t r e a t e d  l a r v a e  a f t e r  t o p i c a l  a p p l i c a t i o n  o f  3 H-AVMBi ( n = 1 0 ) .

X + S . E .  Hz a n d  ( p M AVMBi / mg n e r v e  c o r d ) 2 , 3 

S p e c i e s /  T i m e 1 T r e a t e d - 1 T r e a t e d - 1

I n s t a r  ( h ) U n t r e a t e d n o n - p a r a l v s e d p a r a l y s e d

H e l i o t h i s  V 2 4 3 5 . 5 + 4 . 4 1 2 . 3 + 2 . 6 ( 1 . 0 3 ) 2 . 7 + 0 . 4 ( 4 . 7 6 )

VI 2 4 4 9 . 8 + 4 . 3 2 9 . 0 + 2 . 2 ( 0 . 7 3 )  1 1 . 1 + 1 . 6 ( 2 . 2 4 )

S p o d o p t e r a  V 2 4 3 2 . 0 + 2 . 5 1 1 . 8 ± 2 . 2 ( 0 . 3 4 ) 2 . 2  + 0 . 7 ( 0 . 8 6 )

V 4 8 3 2 . 0 + 2 . 5 7 . 2 ± 0 . 8 ( 0 . 3 4 ) 1 . 7 + 0 . 5 ( 0 . 9 2 )

VI 2 4 3 9 . 5 + 3 . 3 1 4 . 8 + 1 . 8 ( 0 . 3 2 ) 4 . 0 + 0 . 8 ( 0 . 6 2 )

VI 4 8 3 9 . 5 ± 3 . 3 1 5 . 5 + 1 . 0 ( 0 . 3 6 ) 8 . 8 + 1 . 0 ( 0 . 6 6 )

1 I n s e c t s  t r e a t e d w i t h  4 . 5 p g ( S .  l i t t o r a l i s  V a n d  VI

i n s t a r s ) ,  3 • Ojug ( H .  a r m i g e r a  V I )  a n d 1 . 5jug 3 H-AVMBi

( H.  a r m i g e r a  V ) .  T i m e  = h  a f t e r  a p p l i c a t i o n  o f  

3 H-AVMBi .

2 M ea n  pM AV M Bi/m g  n e r v e  c o r d  c a l c u l a t e d  f r o m  A p p e n d i x  5 . 1 .

3 I n  e a c h  c a s e ,  t h e  d i f f e r e n c e s  i n  A . P .  f r e q u e n c i e s  b e t w e e n  

u n t r e a t e d  a n d  t r e a t e d - n o n - p a r a l y s e d  a n d  b e t w e e n  t r e a t e d -  

n o n - p a r a l y s e d  a n d  t r e a t e d - p a r a l y s e d  i n s e c t s  w e r e  

s i g n i f i c a n t  ( P < 0 . 0 5 )  ( t - t e s t ) .
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Table 5.2.
P r o p o r t i o n  o f  r a d i o a c t i v i t y  a s  AVMBi i n  c h l o r o f o r m  e x t r a c t s

a n d  a s  AVMBi i n  t o t a l  s a m p l e  e x t r a c t e d f r o m  p a r a l y s e d  a n d

n o n - p a r a l y s e d  n e r v e c o r d  s a m p l e s  f r o m  S . l i t t o r a l i s  a n d

H.  a r m i g e r a l a r v a e ( S e e  T a b l e  5 . 1 . )  n = 4 •

S p e c i e s / s y m p t o m s 1 %AVMBi i n  c h l o r o f o r m %AVMBi i n  t o t a l

i n s t a r / h e x t r a c t + S . E . 2 s a m p l e + S . E . 2

H e l i o t h i s

V 2 4 NP 8 2 . 1 ± 0 . 2 7 4 . 4 + 1 . 4

P 8 1 . 6 ± 0 . 7 7 2 . 9 + 1 . 4

VI  2 4 NP 8 3 . 2 + 1 . 2 6 5 . 4 + 0 . 8

P 8 2 . 8 + 0 . 3 6 9 . 4 + 0 . 5

S p o d o p t e r a

V 2 4 NP 8 5 . 0 + 0 . 8 5 6 . 2 + 0 . 8

P 8 4 . 3 + 0 . 6 5 5 . 1 + 0 . 9

V 4 8 NP 7 4 . 4 + 1 . 8 5 1 . 7 + 0 . 6

P 7 1 . 6 + 2 . 1 4 9 . 7 + 0 . 6

VI  2 4 NP 8 3 . 9 + 1 . 1 7 5 . 2 + 0 . 9

P 8 1 . 7 + 0 . 8 7 4 . 6 + 0 . 8

V I  4 8 NP 8 3 . 4 + 0 . 2 7 4 . 1 + 1 . 1

P 8 0 . 7 + 0 . 6 7 0 . 1 + 1 . 8

NP = n o n - p a r a l y s e d , P = p a r a l y s e d .

S . E .  c a l c u l a t e d  f o l l o w i n g  a r c s i n e  t r a n s f o r m a t i o n .

D a t a  u s e d  i n  T a b l e  5 . 1 .  ( i n c l u d e s  s o m e  d a t a  f r o m  T a b l e

4 . 4 .  a n d  A p p e n d i x  4 . 5 . ) .
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Figure 5.1. Radioactivity in ventral nerve cord and
action potential frequency in H. armigera
larvae 24 h after application o f 3H-abamectin

V instar correlation coefficient (r) = -0.814 
Equation of line: Y = -16.395X + 54.342
VI instar correlation coefficient (r) = -0.908 
Equation of line: Y = -29.886X + 98.341
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Figure 5.2. Radioactivity in ventral nerve cord and
action potential frequency in S. littoralis
larvae 24 h after application o f jH-abamectin

V instar correlation coefficient (r) = -0.887 
Equation of line: Y = -26.213X + 68.894
VI instar correlation coefficient (r) = -0.940 
Equation of line: Y = -39.330X + 94.148
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Figure 5.3. Radioactivity in ventral nerve cord and
action potential frequency in S. littoralis
larvae 48 h after application o f3H-abamectin

V instar correlation coefficient (r) = -0.973 
Equation of line: Y = -12.025X + 33.487
VI instar correlation coefficient (r) = -0.920 
Equation of line: Y = -24.333X + 65.779
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Table 5,3.
S u m m a ry  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  b e t w e e n  

r a d i o a c t i v i t y  e x t r a c t e d  f r o m  v e n t r a l  n e r v e  c o r d s  a n d  t h e  

a c t i o n  p o t e n t i a l  f r e q u e n c i e s  f r o m  c o r r e s p o n d i n g  l a r v a e  

f o l l o w i n g  t o p i c a l  a p p l i c a t i o n  o f  3 H - a b a m e c t i n  a n d  t h e i r  

l e v e l  o f  s i g n i f i c a n c e .

S a m p l e

C o r r e l a t i o n  

C o e f  f  i c i e n t  ( r )

N u m b e r  o f  p a i r s  

o f  d a t a  p o i n t s 1

L e v e l  o f  

s i g n i f i c a n c e

H e l i o t h i s 2 4 h

V - 0 . 8 1 4 10 P < 0 . 0 0 1

VI - 0 . 9 0 8 10 P < 0 . 0 0 1

S p o d o p t e r a 2 4 h

V - 0 . 8 8 7 10 P < 0 . 0 0 1

VI - 0 . 9 4 0 10 P C 0 . 0 0 1

S p o d o p t e r a 4 8 h

V - 0 . 9 7 3 10 P < 0 . 0 0 1

VI - 0 . 9 2 0 10 P < 0 . 0 0 1

1 E a c h  X a n d  Y v a l u e  u s e d  w a s  t h e  m e a n  o f  2 s a m p l e s .  

T h i s  d a t a  i s  g i v e n  i n  F i g u r e s  5 . 1 . ,  5 . 2 .  a n d  5 . 3 .
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t h e  n e r v e  c o r d  a n d  t h e  A . P .  f r e q u e n c y  f o r  f i f t h  a n d  s i x t h  

i n s t a r  H.  a r m i g e r a  l a r v a e  2 4  h  a f t e r  t r e a t m e n t  w i t h  3 H-AVMBi  

( F i g u r e  5 . 1 . )  a n d  f o r  f i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  

l a r v a e  b o t h  2 4  a n d  4 8  h  a f t e r  t r e a t m e n t  w i t h  3 H-AVMBi  

( F i g u r e s  5 . 2 .  a n d  5 . 3 .  r e s p e c t i v e l y ) .  T h e  c o r r e l a t i o n  

c o e f f i c i e n t s  r a n g e d  f r o m  r =  - 0 . 8 1 4  f o r  f i f t h  i n s t a r  H . 

a r m i g e r a  l a r v a e  t o  r =  - 0 . 9 7 3  f o r  f i f t h  i n s t a r  

S .  l i t t o r a l i s  l a r v a e  ( 4 8  h ) ,  ( s e e  T a b l e  5 . 3 . ) .

T h e  a c t i o n  p o t e n t i a l  f r e q u e n c i e s  ( H z )  o v e r  a  2 4  h  

p e r i o d  f o r  A V M B i - t r e a t e d  a n d  u n t r e a t e d  f i f t h  a n d  s i x t h  

i n s t a r  S .  l i t t o r a l i s  l a r v a e  a r e  s h o w n  i n  F i g u r e  5 . 4 .  

C o m p a r i n g  t h e  AP f r e q u e n c y  a t  a  g i v e n  r e c o r d i n g  t i m e  w i t h  

t h a t  o b t a i n e d  a t  t i m e  T= 0 h ,  t h e r e  w e r e  n o  s i g n i f i c a n t  

d i f f e r e n c e s  ( P > 0 . 0 5 ;  M a n n - W h i t n e y  T e s t )  f o r  b o t h  f i f t h  a n d  

s i x t h  i n s t a r  c o n t r o l  l a r v a e  e x c e p t  a t  2 4  h ,  w h e n  P < 0 . 0 5 .

W i t h  A V M B i - t r e a t e d  f i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  t h e r e  

w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  ( P > 0 . 0 5 )  u n t i l  T= 8 h ,  w h e n  

( P < 0 . 0 5 ) .  W i t h  A V M B i - t r e a t e d  s i x t h  i n s t a r  S .  l i t t o r a l i s  

l a r v a e  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  ( P > 0 , 0 5 )  u n t i l  

T= 2 h ,  w h e n  P < 0 . 0 5 ,  ( d a t a  g i v e n  i n  A p p e n d i x  5 . 3 . ) .

T h e  a m p l i t u d e s  o f  t h e  A P s  a l s o  t o  d e c r e a s e d  w i t h  t i m e  

i n  A V M B i - t r e a t e d  f i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  

( s e e  P l a t e s  5 . 1 .  a n d  5 . 2 . ) .  I n  t h e  t r e a t e d  i n s e c t s  ( t o p  

t r a c e s ) ,  t h e  a m p l i t u d e s  w e r e  g r e a t l y  r e d u c e d  w h e n  c o m p a r e d  

w i t h  t h e  c o n t r o l  t r a c e s  ( b o t t o m  t r a c e s ) .  T h e  s a m e  t r e n d  w a s
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Figure 5*4. A ction potential freq u e n cy  (X  Hz t  S . E . )

from abamectin-treated (ltil uncalibrated 
volume of 4500 ug/mD and untreated fifth 
and sixth instar S. littoralis larvae over 24 h.

n
•  V instar control 10
A V instar abamectin-treated 11 
■ VI instar control 10
$ VI instar abamectin-treated 12

Data given in Appendix 5.3.
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Figure 5,5. Action potential (A .P .) amplitudes 
as a proportion of the mean original 
(T= 0 h) values against time.

* At T= 0 h, mean original values = 1.00 for each set of data, 
n = 10, except for S. littoralis VI instar where n = 8 

■ V instar control 
+ V instar AVMBr treated 
♦ VI instar fcontroi 
4 VI instar AVMB,-treated
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s h o w n  w h e n  t h e  a m p l i t u d e s  w e r e  e x p r e s s e d  a s  a  p r o p o r t i o n  o f  

t h e  o r i g i n a l  ( T =  0 h )  v a l u e s  a n d  p l o t t e d  a g a i n s t  t i m e  

( F i g u r e  5 . 5 . ) .  A l t h o u g h  t h e  c o n t r o l  i n s e c t  a m p l i t u d e s  w e r e  

s i g n i f i c a n t l y  ( P < 0 . 0 5 )  r e d u c e d  o v e r  2 4 h ,  t h e  A V M B i - t r e a t e d  

i n s e c t  a m p l i t u d e s  w e r e  a l s o  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  r e d u c e d ,  

b u t  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  m o r e  s o  t h a n  i n  t h e  c o n t r o l  

i n s e c t s  a t  a l l  r e c o r d i n g  t i m e s .  T h e  r e d u c t i o n  i n  a m p l i t u d e s  

w a s  s i g n i f i c a n t l y  ( P < 0 . 0 5 )  g r e a t e r  i n  s i x t h  t h a n  i n  f i f t h  

i n s t a r  A V M B i - t r e a t e d  l a r v a e  a t  T= 1 2  a n d  2 4  h .
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Plate 5.1. Fifth instar S. littoralis larvae A.P.s from
c o n t r o l  ( l o w e r  t r a c e )  a n d  A V M B l - t r e a t e d  ( u p p e r  

t r a c e  2 4  h  a f t e r  a p p l i c a t i o n  o f  AVMBi t o  l a r v a e *

P l a t e  5 . 2 .  S i x t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  A . P . s  f r o m

c o n t r o l  ( l o w e r  t r a c e )  a n d  A V M B l - t r e a t e d  ( u p p e r  

t r a c e  2 4  h a f t e r  a p p l i c a t i o n  o f  AVMBi t o  l a r v a e .

S c a l e  V e r t i c a l -  b a r =  l u V .  H o r i z o n t a l -  b a r =  1ms
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5.4. Discussion

C o m p a r a t i v e l y  l i t t l e  w o r k  h a s  s t i l l  b e e n  p u b l i s h e d  o n  

t h e  e f f e c t s  o f  AVM o n  t h e  i n s e c t  c o m p a r e d  w i t h  t h e  

v e r t e b r a t e  n e r v o u s  s y s t e m  ( S e c t i o n  1 . 3 . ) .  

E l e c t r o p h y s i o l o g i c a l  e x p e r i m e n t s  w h i c h  l i n k  AVM w i t h  C l"  

c h a n n e l  c o n d u c t a n c e  h a v e  m o s t l y  u s e d  A V M - s e n s i t i v e  o r g a n i s m s  

s u c h  a s  c r u s t a c e a n s  a n d  i n s e c t s ,  b u t  a s  m e n t i o n e d  i n  S e c t i o n  

1 . 3 . ,  m o s t  o f  t h e  l i g a n d  b i n d i n g  s t u d i e s  h a v e  u s e d  m a m m a l i a n  

b r a i n  m e m b r a n e s  a n d  c a n n o t  n e c e s s a r i l y  b e  r e l a t e d  t o  t h e  

m o d e  o f  a c t i o n  a g a i n s t  i n v e r t e b r a t e  t a r g e t  s p e c i e s  d u e  t o  

p h a r m a c o l o g i c a l  d i f f e r e n c e s  b e t w e e n  p h y l a  ( W r i g h t ,  1 9 8 6 ;  

W a n n,  1 9 8 7 ) .

I n  t h e  p r e s e n t ,  i n  v i v o  e x p e r i m e n t s  o n  f i f t h  a n d  s i x t h  

i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  t r e a t e d  

t o p i c a l l y  w i t h  3 H - A V M B i , t h e  l e v e l  o f  s p o n t a n e o u s  a c t i v i t y  

w i t h i n  t h e  v e n t r a l  n e r v e  c o r d  d e c r e a s e d  s i g n i f i c a n t l y  i n  

e a c h  i n s t a r  a n d  s p e c i e s  c o m p a r e d  w i t h  c o n t r o l  i n s e c t s .  

T r e a t e d - p a r a l y s e d  l a r v a e  o f  e a c h  s p e c i e s  a n d  i n s t a r  t e s t e d  

a l s o  h a d  s i g n i f i c a n t l y  l o w e r  s p o n t a n e o u s  a c t i v i t y  t h a n  

t r e a t e d  l a r v a e  n o t  s h o w i n g  s i g n s  o f  p a r a l y s i s  ( T a b l e  5 . 1 . ) .

A s  i n  S e c t i o n  4 . 3 . ,  t r e a t e d - p a r a l y s e d  l a r v a e  w e r e  f o u n d  

t o  p o s s e s s  s i g n i f i c a n t l y  g r e a t e r  a m o u n t s  o f  t o t a l  

r a d i o a c t i v i t y  ( a n d  3 H -A V M B i)  i n  t h e i r  v e n t r a l  n e r v e  c o r d s  

c o m p a r e d  w i t h  t r e a t e d  n o n - p a r a l y s e d  l a r v a e .  T h i s  s u g g e s t s
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t h a t  t h e r e  i s  a n  i n v e r s e  r e l a t i o n s h i p  b e t w e e n  t h e  l e v e l  o f  

t o t a l  r a d i o a c t i v i t y  w i t h i n  t h e  n e r v e  c o r d  a n d  s p o n t a n e o u s  

n e u r a l  a c t i v i t y  ( F i g u r e s  5 . 1 . ,  5 . 2 . ,  5 . 3 . ) .  T h i s  w o r k  a g r e e s  

w i t h  t h e  f i n d i n g s  o f  C o r b e t t  ( 1 9 8 7 )  who f o u n d  a n  i n v e r s e  

r e l a t i o n s h i p  b e t w e e n  t h e  l e v e l  o f  3 H-AVMBi ( p l u s  a n y  t o x i c  

m e t a b o l i t e s )  w i t h i n  t h e  v e n t r a l  n e r v e  c o r d  a n d  t h e  l e v e l  o f  

s p o n t a n e o u s  n e u r a l  a c t i v i t y  i n  t h e  A m e r i c a n  c o c k r o a c h ,  P . 

a m e r i c a n a .

T h e  a m o u n t  o f  3 H-AVMBi u s e d  i n  t h e  p r e s e n t  e x p e r i m e n t s  

w a s  s u f f i c i e n t  t o  p r o d u c e  s y m p t o m s  o f  p o i s o n i n g  i n  4 0 - 6 0 %  o f  

t h e  t r e a t e d  i n s e c t s  2 4 - 4 8  h a f t e r  t o p i c a l  a p p l i c a t i o n .  I t  

w a s  n o t i c e a b l e  t h a t  f i f t h  i n s t a r  H.  a r m i g e r a  l a r v a e  t r e a t e d  

t o p i c a l l y  w i t h  1 . 5  p g  AVMBi p e r  i n s e c t  h a d  3 a n d  5 . 5 - f o l d  a s  

m u c h  AVMBi i n  t h e  v e n t r a l  n e r v e  c o r d s  o f  t r e a t e d - n o n -  

p a r a l y s e d  a n d  t r e a t e d - p a r a l y s e d  i n s e c t s  r e s p e c t i v e l y  

c o m p a r e d  w i t h  e q u i v a l e n t  f i f t h  i n s t a r  S .  l i t t o r a l i s  l a r v a e  

t r e a t e d  w i t h  4 . 5  p g  AVMBi p e r  i n s e c t .  H o w e v e r ,  t h e s e  d o s e s  

a l l  h a d  s i m i l a r  e f f e c t s  o n  t h e  l a r v a e ,  a s  c a n  b e  s e e n  f r o m  

t h e  d e c r e a s e  i n  a c t i o n  p o t e n t i a l  f r e q u e n c i e s  ( T a b l e  5 . 1 . ) .  

T h e s e  o b s e r v a t i o n s  w o u l d  i n i t i a l l y  s e e m  t o  i n d i c a t e  t h a t  t h e  

H. a r m i g e r a  CNS i s  l e s s  s e n s i t i v e  t o  A V M B i , c o m p a r e d  w i t h  

t h a t  o f  S .  l i t t o r a l i s  b u t  w h i l e  t h i s  i s  c o m p a t i b l e  w i t h  t h e  

i n i t i a l  s y m p t o m s  o f  p o i s o n i n g  o b s e r v e d ,  i t  d o e s  n o t  a g r e e  

w i t h  t h e  f i n a l  m o r t a l i t y  d a t a  ( T a b l e  3 . 1 . ) .
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M a t s u m u r a  ( 1 9 8 5 )  p r o p o s e d  t h a t  a l t h o u g h  t h e r e  w e r e  n o  

d e t a i l e d  s t u d i e s  o n  t h e  r e l a t i v e  i m p o r t a n c e  o f  p e n e t r a t i o n  

t h r o u g h  t h e  i n s e c t  c u t i c l e  v e r s u s  t h e  n e r v e  s u r r o u n d i n g s ,  

s o m e  p r e d i c t i o n s  m a y  b e  m a d e  b a s e d  u p o n  t h e  k n o w n  

p h a r m a c o l o g i c a l  b e h a v i o u r  o f  i n s e c t i c i d e s .  F o r  e x a m p l e ,  

M a t s u m u r a  a n d  H a y a s h i  ( 1 9 6 9 )  s h o w e d  t h a t  t h e  c u t i c l e  a n d  

i n t e r s e g m e n t a l  m e m b r a n e s  w e r e  n o t  t h e  o n l y  p o s s i b l e  b a r r i e r s  

t o  i n s e c t i c i d e s  r e a c h i n g  t h e  t a r g e t  s i t e  i n  r e s i s t a n t  a n d  

s u s c e p t i b l e  G e r m a n  c o c k r o a c h e s  ( B l a t t e l l a  g e r m a n i c a ) . I n  a  

c o m p a r i s o n  o f  t h e  a m o u n t  o f  d i e l d r i n  t a k e n  u p  b y  t h e  n e r v e  

c o r d  o f  o v e r  a n  i d e n t i c a l  t r e a t m e n t  p e r i o d  t h e y  s h o w e d  t h a t  

s u s c e p t i b l e  i n s e c t s  a c c u m u l a t e d  m o r e  d i e l d r i n  t h a n  t h e i r  

r e s i s t a n t  c o u n t e r p a r t s .  T h i s  d i f f e r e n c e  e x i s t e d  e v e n  a t  t h e  

s a m e  s t a g e  o f  p o i s o n i n g  a s  m e a s u r e d  b y  t h e  LTso  t i m e  b u t  n o  

i n t e r - s t r a i n  d i f f e r e n c e s  w e r e  f o u n d  i n  t h e  r a t e  o f  c u t i c u l a r  

p e n e t r a t i o n  o f  t h e  p e s t i c i d e .

T h e r e  a r e  a  n u m b e r  o f  f a c t o r s  ( e g .  e q u i l i b r i u m  t h r o u g h  

p a r t i t i o n )  w o r k i n g  i n  t h e  i n s e c t  t o  r e d u c e  t h e  b o d y  b u r d e n  

i n  a  r e l a t i v e l y  l o n g  t i m e  s p a n  s o  t h a t  t h e  i n i t i a l  s u r g e  i n  

t h e  i n s e c t i c i d e  l e v e l  i n  t h e  CNS f o l l o w i n g  a c u t e  e x p o s u r e  

c o u l d  b e  p a r t i a l l y  a v o i d e d  ( M a t s u m u r a ,  1 9 8 5 ) .  T h e  r a t e  o f  

a c c u m u l a t i o n  o f  t o x i c a n t s  i n  t h e  n e r v o u s  s y s t e m  c o u l d  b e  

r e d u c e d  i n  a  n u m b e r  o f  w a y s ,  i n c l u d i n g  r e d u c e d  p e n e t r a t i o n  

t h r o u g h  t h e  n e r v e  s h e a t h ,  r e d u c e d  b i n d i n g  p r o p e r t i e s  a t  t h e  

t a r g e t  s i t e  a n d  c h a n g e s  i n  p a r t i t i o n i n g  b e h a v i o u r  o f  t h e
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t o x i c a n t  b e c a u s e  o f  a n  i n c r e a s e  i n  t h e  a f f i n i t y  o f  o t h e r  

t i s s u e s ,  s u c h  a s  f a t  b o d y  a n d  h a e m o l y m p h  ( M a t s u m u r a ,  1 9 8 5 ) .  

T h u s ,  i t  i s  p o s s i b l e  t h a t  d i f f e r e n c e s  i n  t h e  n e r v e  s h e a t h  

a n d  o t h e r  s t r u c t u r e s  a r o u n d  t h e  v e n t r a l  n e r v e  c o r d  c o u l d  

a f f e c t  t h e  a m o u n t  o f  3 H-AVMBi e n t e r i n g  t h e  n e r v e  c o r d  a n d  

t h i s  m a y  h e l p  t o  e x p l a i n  t h e  d i f f e r e n c e s  i n  t h e  a m o u n t s  o f  

AVMBi r e c o v e r e d  f r o m  t h e  n e r v e  c o r d s  o f  H .  a r m i g e r a  a n d  

S .  l i t t o r a l i s .

T h e  f a c t  t h a t  t h e  o n s e t  o f  p o i s o n i n g  i n  b o t h  s p e c i e s  

w a s  f i r s t  n o t i c e a b l e  a s  p a r a l y s i s  o f  t h e  h i n d  l e g s ,  t h e  

p r o d u c t i o n  o f  s t r i n g s  o f  f a e c a l  p e l l e t s  ( s u g g e s t i n g  a  

p r o b l e m  w i t h  p o s t e r i o r  m u s c u l a t u r e ) ,  a n d  a  g e n e r a l  l e t h a r g y  

( S e c t i o n  4 . 2 . 1 . )  c o u l d  i m p l y  a n  a c t i o n  o n  t h e  m u s c u l a t u r e ,  

e i t h e r  d i r e c t l y  o r  v i a  t h e  n e u r o m u s c u l a r  j u n c t i o n .  P u t t e r  e t .  

a l . ( 1 9 8 1 )  a n d  B o t h a m  a n d  N i c h o l s o n  ( 1 9 8 5 )  h a v e  a l s o  

r e p o r t e d  t h a t  AVMBi h a s  a  p a r a l y s i n g  e f f e c t  o n  i n s e c t  

a p p e n d a g e s .

T a n a k a  a n d  M a t s u m u r a  ( 1 9 8 5 )  f o u n d  AVMBi c a u s e d  t h e  

c o x a l  l e g  m u s c l e s  o f  P .  a m e r i c a n a  t o  f a i l  t o  r e s p o n d  t o  

s t i m u l i  w i t h i n  3 0  m i n .  o f  a p p l i c a t i o n ,  b u t  d i d  n o t  a f f e c t  

t h e  m a g n i t u d e  o f  c o n t r a c t i o n s  a n d  t h e y  s u g g e s t e d  t h a t  AVMBi 

b l o c k e d  t h e  t r a n s m i s s i o n  o f  s t i m u l i  p a s s i n g  f r o m  t h e  CNS t o  

t h e  m u s c l e  b y  o p e n i n g  Cl"  c h a n n e l s  i n  t h e  p o s t s y n a p t i c  

m u s c l e  m e m b r a n e ,  l e a d i n g  t o  h y p e r p o l a r i s a t i o n  o f  t h e  

p o s t s y n a p t i c  r e g i o n .  F r i t z  e t  a l . ( 1 9 7 9 ) ,  K a s s  e t  a l . ( 1 9 8 0 )
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and Mellin et al. (1983) have also suggested that the action
o f  AVMBi w a s  o n  p o s t s y n a p t i c  C l"  c h a n n e l s  ( S e e  S e c t i o n

1 . 3 . 1 . 1 . ) .

I n  H.  z e a , A g e e  ( 1 9 8 5 )  f o u n d  t h a t  m o t h s  t r e a t e d  w i t h  

AVMBi a n d  s h o w i n g  s y m p t o m s  o f  p o i s o n i n g  s u c h  a s  

u n c o o r d i n a t e d  l e g  a n d / o r  w i n g  m o v e m e n t  a n d  b l i n d n e s s  s t i l l  

g e n e r a t e d  A . P . s  i n  t h e  C N S . A . P . s  ( m o t o r  s p i k e s )  w e r e  a l s o  

d e t e c t e d  i n  t h e  g a n g l i a  o f  t o r p i d  m o t h s .  T h e s e  f i n d i n g s  a n d  

t h e  p r e s e n t  r e s u l t s  ( c o m p a r i n g  s y m p t o m s  w i t h  A . P .  f r e q u e n c y )  

a r e  c o m p a t i b l e  w i t h  t h e  c o n c l u s i o n  t h a t  AVMBi i s  f u n c t i o n i n g  

a s  a n  i m p u l s e  b l o c k i n g  a g e n t  a t  t h e  n e u r o m u s c u l a r  j u n c t i o n  

F r i t z  e t  a l . ( 1 9 7 9 )  a l t h o u g h  a  d i r e c t  a c t i o n  a t  t h e  a x o n  o r  

s y n a p s e  c a n n o t  b e  d i s c o u n t e d .

When t h e  A . P .  f r e q u e n c y  w a s  e x a m i n e d  o v e r  2 4  h ( F i g u r e

5 . 4 . )  t h e r e  w a s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  

c o n t r o l  a n d  A V M B i - t r e a t e d  i n s e c t s  ( S .  l i t t o r a l i s ) u n t i l  8 h  

( f i f t h  i n s t a r )  o r  2 h  ( s i x t h  i n s t a r ) .  T h u s ,  AVMBi a p p e a r e d  

t o  r e d u c e  t h e  A . P .  f r e q u e n c y  s i g n i f i c a n t l y  f a s t e r  i n  s i x t h  

i n s t a r  t h a n  i n  t h e  f i f t h  i n s t a r  ( s e e  T a b l e  3 . 1 . )  o f  

S .  l i t t o r a l i s . H o w e v e r ,  s i n c e  s i g n s  o f  p o i s o n i n g  w e r e  o n l y  

r e a d i l y  n o t i c e a b l e  i n  b o t h  i n s t a r s  a f t e r  1 2 - 2 4  h i n  t h e s e  

i n i t i a l  s t a g e s  o f  p o i s o n i n g  i t  w a s  n o t  p o s s i b l e  t o  r e l a t e  

A . P .  f r e q u e n c y  w i t h  s y m p t o m s .

A n o t h e r  e f f e c t  o f  AVMBi w a s  a  r e d u c t i o n  i n  t h e

Page 147



amplitudes of the A.P.s. This can be seen in Table 5.5. and
P l a t e s  5 . 1 .  a n d  5 . 2 .  A l t h o u g h  t h e  m e a n  c o n t r o l  a m p l i t u d e s  

f o r  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  a l s o  

d e c r e a s e d ,  t h i s  w a s  a t  a  m u c h  s l o w e r  r a t e  ( 7 4  a n d  77% o f  

t h e i r  o r i g i n a l  v a l u e s  r e s p e c t i v e l y  a f t e r  2 4  h )  c o m p a r e d  w i t h  

A V M B i - t r e a t e d  l a r v a e ,  w h e r e  m e a n  a m p l i t u d e s  d e c l i n e d  t o  2 9  

a n d  19% o f  t h e i r  o r i g i n a l  ( T  = Oh)  v a l u e s  f o r  f i f t h  a n d  

s i x t h  i n s t a r  l a r v a e  r e s p e c t i v e l y .  T h e  r e d u c t i o n  i n  a m p l i t u d e  

w a s  s i g n i f i c a n t l y  g r e a t e r  i n  s i x t h  t h a n  i n  f i f t h  i n s t a r  S . 

l i t t o r a l i s  l a r v a e  a f t e r  1 2  a n d  2 4  h .  H o w e v e r ,  i n t e r p r e t a t i o n  

o f  t h e  a m p l i t u d e  d a t a  c a n  b e  d i f f i c u l t  a n d  r e l a t i v e  v a l u e s  

f o r  a m p l i t u d e s  w e r e  u s e d  ( t h e  m e a n  v a l u e s  a t  e a c h  m e a s u r i n g  

t i m e  b e i n g  e x p r e s s e d  a s  a  p r o p o r t i o n  o f  t h e  o r i g i n a l  T = Oh 

v a l u e ) .

A m p l i t u d e s  m ay  b e  a f f e c t e d  b y  e x t r a n e o u s  f a c t o r s ,  

i n c l u d i n g  p o s i t i o n i n g  o f  t h e  e l e c t r o d e s  i n  r e l a t i o n  t o  t h e  

v e n t r a l  n e r v e  c o r d  ( t h e  f u r t h e r  a w a y  f r o m  t h e  n e r v e  c o r d  t h e  

e l e c t r o d e s  a r e  p l a c e d ,  t h e  s m a l l e r  t h e  a m p l i t u d e s  o b t a i n e d  

[ d a t a  n o t  g i v e n ] )  a n d  m o v e m e n t  o f  t h e  i n s e c t  w h i l e  

r e c o r d i n g .  I t  i s  a l s o  p o s s i b l e  t h a t  AVMBi i n  o p e n i n g  C l - 

c h a n n e l s  m a y  a l t e r  t h e  i o n  b a l a n c e  a c r o s s  n e r v e  m e m b r a n e s ,  

t h u s  a f f e c t i n g  t h e  a m p l i t u d e s  o f  t h e  A . P . s .  H o w e v e r ,  t h e  

d a t a  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  c a n n o t  s u b s t a n t i a t e  t h i s .

O t h e r  a u t h o r s  h a v e  n o t e d  r e d u c t i o n s  i n  a m p l i t u d e s  o f  

A . P . s  b u t  a g a i n  h a v e  e x p r e s s e d  c a u t i o n  i n  a n a l y s i n g  t h e
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r e a s o n s  b e h i n d  t h i s  e f f e c t .  T h u s ,  P i c k e n s  e t  a l . ( 1 9 8 8 )  

f o u n d  t h a t  f e e d i n g  AVMBi t o  S .  f r u g i n e r d a  r e s u l t e d  i n  

s m a l l e r  e l e c t r o r e t i n o g r a m s  a t  a l l  w a v e l e n g t h s  o f  l i g h t .  

W h i l e  F r i t z  e t  a l . ( 1 9 7 9 ) ,  w o r k i n g  o n  t h e  l o b s t e r  

n e u r o m u s c u l a r  j u n c t i o n ,  f o u n d  AVMBia i r r e v e r s i b l y  

" e l i m i n a t e d "  b o t h  i n h i b i t o r y  p o s t  s y n a p t i c  ( I P S P )  a n d  

e x c i t a t o r y  p o s t  s y n a p t i c  ( E P S P )  p o t e n t i a l s ;  t h e  a m p l i t u d e s  

o f  e v o k e d  b u t  n o t  r e s t i n g  p o t e n t i a l s  b e i n g  g r e a t l y  r e d u c e d .  

T h e  l a t t e r  a u t h o r s  s u g g e s t e d  AVMBia a c t s  t o  i n c r e a s e  

m e m b r a n e  p e r m e a b i l i t y  t o  t h o s e  i o n s  w h o s e  e q u i l i b r i u m  

p o t e n t i a l s  a r e  c l o s e  t o  t h e  r e s t i n g  p o t e n t i a l ,  s u c h  a s  Cl"  

a n d  K+ .

A s  m e n t i o n e d  e a r l i e r ,  w h i l e  i t  i s  p o s s i b l e  t o  c o r r e l a t e  

t h e  a m o u n t s  o f  AVMBi i n  t h e  v e n t r a l  n e r v e  c o r d  w i t h  s y m p t o m s  

o f  p o i s o n i n g ,  i t  i s  m o r e  d i f f i c u l t  t o  r e l a t e  t h i s  t o  t h e  

m o r t a l i t y  d a t a .  C o r b e t t  ( 1 9 8 7 )  f o u n d  t h a t  l e s s  r a d i o a c t i v i t y  

( a n d  A V M B i ) w a s  f o u n d  i n  t h e  n e r v e  c o r d s  o f  p a r a l y s e d  

P .  a m e r i c a n a  a f t e r  9 6  h  c o m p a r e d  w i t h  2 4  h  a n d  s u g g e s t e d  

AVMBi c a u s e d  a  t o x i c  l e s i o n  w h i c h  r e m a i n e d  w h e n  t h e  l e v e l  o f  

AVMBi d e c l i n e d .

T h e  s a m e  p r o b l e m  a l s o  a p p l i e s  t o  c o r r e l a t i n g  

e l e c t r o p h y s i o l o g i c a l  o b s e r v a t i o n s  w i t h  t o x i c i t y  d a t a .  F o r  

w h i l e  A . P .  f r e q u e n c i e s  a n d  a m p l i t u d e s  w e r e  s i g n i f i c a n t l y  

r e d u c e d  i n  A V M B i - t r e a t e d  i n s e c t s  w i t h i n  a  f e w  h ,  s y m p t o m s  o f  

p o i s o n i n g  w e r e  a s  d i s c u s s e d  e a r l i e r  o n l y  r e a d i l y  n o t i c e a b l e
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a f t e r  1 2 - 2 4  h  w i t h  m o r t a l i t y  o c c u r r i n g  2 - 4  d a y s  a f t e r  

t r e a t m e n t .  T h u s ,  a l t h o u g h  A . P . s  d e c l i n e d  t o  a  v e r y  l o w  l e v e l  

w i t h i n  2 4  h  i n  a l l  c a s e s ,  t h e y  w e r e  n o t  t o t a l l y  e x t i n g u i s h e d  

f o r  s e v e r a l  d a y s  ( d a t a  o b t a i n e d  a t  2 4  a n d  4 8  h  o n l y ) .  

B r o d e r i c k  a n d  L e a k e  ( 1 9 8 9 )  h a v e  s u g g e s t e d  d e a t h  t o  b e  w h e n  

a l l  a c t i v i t y  i n  t h e  i n s e c t  n e r v o u s  s y s t e m  h a s  c e a s e d ,  w h i c h  

s e e m s  s e n s i b l e .  H o w e v e r ,  i n  a  b i o a s s a y  t h i s  i s  n o t  p r a c t i c a l  

a n d  i f  t h e  i n s e c t  d o e s  n o t  r e s p o n d  t o  m e c h a n i c a l  s t i m u l a t i o n  

( a s  u s e d  i n  S e c t i o n  3J i t  c a n  i n  p r a c t i c e  b e  c o n s i d e r e d  d e a d  

s i n c e  o n c e  p a r a l y s e d  i n s e c t s  d o  n o t  r e c o v e r  f r o m  AVM 

t r e a t m e n t s  ( W r i g h t ,  1 9 8 6 ) .

I n  c o n c l u s i o n ,  t h e  i n  v i v o  s y s t e m  u s e d  i n  t h e  p r e s e n t  

s t u d y  w a s  s u i t a b l e  f o r  l o n g - t e r m  s t u d i e s  o n  w h i c h  

s i m u l t a n e o u s  o b s e r v a t i o n s  c a n  b e  m a d e  o f  b o t h  t o x i c o l o g i c a l  

a n d  n e u r o p h y s i c a l  e f f e c t s  ( B r o d e r i c k  a n d  L e a k e ,  1 9 8 9 ) .  T h e  

m a i n  d i s a d v a n t a g e  i s  t h a t  t h e r e  i s  n o  w a y  o f  i d e n t i f y i n g  

e x a c t l y  w h a t  i s  b e i n g  r e c o r d e d .  T h e  s i g n a l s  o b t a i n e d  a r e  a  

m i x t u r e  o f  s i n g l e  a n d  c o m p o u n d ,  a s c e n d i n g  a n d  d e s c e n d i n g  

A . P . s  w h i c h  c o u l d  b e  c e n t r a l  a n d / o r  p e r i p h e r a l  i n  o r i g i n .  

S i g n a l s  f r o m  i n d i v i d u a l  n e u r o n e s  c a n n o t  a t  p r e s e n t  b e  

i d e n t i f i e d .  I n t r a c e l l u l a r  r e c o r d i n g s  m i g h t  o v e r c o m e  t h i s  

p r o b l e m  a n d  e n a b l e  t h e  o r d e r  i n  w h i c h  s i g n a l s  a r e  a f f e c t e d  

t o  b e  d e t e r m i n e d .
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6. GENERAL DISCUSSION AND CONCLUSIONS

T h e  p r e s e n t  w o r k  h a s  c o n f i r m e d  a n  e a r l i e r  r e p o r t  

( C o r b e t t ,  1 9 8 7  a n d  C o r b e t t  e t  a l . .  1 9 8 9 )  t h a t  a b a m e c t i n  

( A V M B i ) s h o w s  m a r k e d  d i f f e r e n t i a l  t o x i c i t y  b e t w e e n  l a r v a l  

i n s t a r s  o f  t h e  n o c t u i d  m o t h ,  S .  l i t t o r a l i s . T h e  g r e a t l y  

i n c r e a s e d  t o x i c i t y  o f  AVMBi t o  t h e  s i x t h  i n s t a r  l a r v a e  

c o m p a r e d  w i t h  e a r l i e r  i n s t a r s  i s  u n u s u a l  a s  t h e  m o s t  co m m o n  

t r e n d  o b s e r v e d  w i t h  i n s e c t i c i d e s  i s  o n e  o f  d e c r e a s i n g  

r e l a t i v e  t o x i c i t y  w i t h  i n c r e a s i n g  l a r v a l  w e i g h t  a n d  i n s t a r  

( A i k i n s  a n d  W r i g h t ,  1 9 8 5 ) .  S u c h  c h a n g e s  d i d  n o t  o c c u r  w h e n  

S .  l i t t o r a l i s  w a s  t r e a t e d  w i t h  t h e  c h e m i c a l l y  u n r e l a t e d  

i n s e c t i c i d e s ,  m a l a t h i o n  a n d  l a m b d a - c y h a l o t h r i n  n o r  w i t h  

AVMBi a g a i n s t  f i f t h  a n d  s i x t h  i n s t a r  H.  a r m i g e r a . T h i s  

s u g g e s t s  t h a t  a  r e l a t i v e l y  s e l e c t i v e  m e c h a n i s m  i s  i n v o l v e d  

i n  d e t e r m i n i n g  t h e  t o x i c i t y  o f  AVMBi a g a i n s t  t h e  f o r m e r  

s p e c i e s  a n d  e v i d e n c e  p r e s e n t e d  i n  t h e  f i r s t  p a r t  o f  t h i s  

w o r k  s u g g e s t s  a  m e t a b o l i c  r o l e  i n  d i f f e r e n t i a l  t o x i c i t y ,  

p o s s i b l y  i n v o l v i n g  b o t h  o x i d a t i v e  (MFO) a n d  h y d r o l y t i c  

e n z y m e s .

R e c e n t l y ,  S c o t t  ( 1 9 8 9 )  h a s  s u g g e s t e d  r e s i s t a n c e  t o  

AVMBi i n  a  l a b o r a t o r y - s e l e c t e d  M. d o m e s t i c a  w a s  d u e  t o  

M F O - m e d i a t e d  m e t a b o l i s m  a n d  t o  d e c r e a s e d  p e n e t r a t i o n .  MFOs 

h a v e  b e e n  s h o w n  t o  b e  a c t i v e  a g a i n s t  a  n u m b e r  o f  d i f f e r e n t  

i n s e c t i c i d e  g r o u p s  i n  m a n y  i n s e c t  s p e c i e s  ( e g .  J e d s u d a s u n  e t  

a l . , 1 9 8 8 ;  P i m p r i k a r  a n d  G e o r g i o u ,  1 9 7 9 ,  1 9 8 2 ) .  I t  i s
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p o s s i b l e  t h a t  t h e s e  e n z y m e s  a r e  a c t i v e  i n  f o u r t h  a n d  f i f t h

i n s t a r  l a r v a e  o f  S .  l i t t o r a l i s  b u t  a r e  r e d u c e d  o r  t u r n e d  

o f f  i n  t h e  s i x t h  i n s t a r ,  a n d  a r e  a l s o  l e s s  a c t i v e  i n  f i f t h  

i n s t a r  H.  a r m i g e r a . A l t e r n a t i v e l y ,  MFO’ s  w i t h  d i f f e r e n t  

s u b s t r a t e  s p e c i f i c i t i e s  m a y  b e  e x p r e s s e d  i n  t h e  s i x t h  

i n s t a r .  D i f f e r e n c e s  i n  t i s s u e  s e n s i t i v i t y  a n d  a c t i v i t y  o f  

m i c o s o m a l  o x i d a s e s  h a s  b e e n  s h o w n  w i t h i n  a  g i v e n  i n s e c t  

s p e c i e s  ( W i l k i n s o n  a n d  B r a t t s t e n ,  1 9 7 2 ;  A b d e l - A a l  a n d  

S o d e r l u n d ,  1 9 8 0 ;  Dowd a n d  S p a r k s ,  1 9 8 7 ) .

T h e  i n v o l v e m e n t  o f  a  p e n e t r a t i o n  f a c t o r  i n  t h e  

d i f f e r e n t i a l  t o x i c i t y  o f  AVMBi a g a i n s t  S .  l i t t o r a l i s  l a r v a e  

w a s  i m p l i e d  b y  a  c o m p a r i s o n  o f  i n j e c t i o n  a n d  t o p i c a l  

b i o a s s a y s .  H o w e v e r ,  w h i l e  r e d u c e d  p e n e t r a t i o n  o f  AVMBi i n  

f i f t h  c o m p a r e d  w i t h  s i x t h  i n s t a r  l a r v a e  m a y  b e  i m p o r t a n t ,  

n o t h i n g  i s  k n o w n  o f  s t r u c t u r a l  d i f f e r e n c e s  i n  t h e  c u t i c l e  o r  

i n t e r s e g m e n t a l  m e m b r a n e s  b e t w e e n  t h e s e  t w o  i n s t a r s .  T h e  

m e c h a n i s m s  b y  w h i c h  t h e  c u t i c l e  i n h i b i t s  t h e  p e n e t r a t i o n  o f  

i n s e c t i c i d e s  a r e  n o t  f u l l y  u n d e r s t o o d ,  a l t h o u g h  t h i s  h a s  

b e e n  r e l a t e d  t o  i n c r e a s e d  l i p i d  a n d  p r o t e i n  c o n t e n t  

( W e i s m a n n ,  1 9 5 7 ;  V i n s o n  a n d  L a w ,  1 9 7 1 ) ,  a l t e r e d  l i p i d  

c o m p o s i t i o n  ( P a t i l  a n d  G u t h r i e ,  1 9 7 9 a ,  b )  a n d  i n c r e a s e d  

c u t i c u l a r  t h i c k n e s s  ( W e i s m a n n ,  1 9 4 7 ) .  D i f f e r e n c e s  i n  

t o l e r a n c e  t o  a n  i n s e c t i c i d e  h a v e  a l s o  b e e n  r e l a t e d  t o  

c h a n g e s  i n  t h e  c u t i c l e  ( B u s v i n e ,  1 9 7 1 ) .

T h e  w a s h - o f f  e x p e r i m e n t s  c l e a r l y  i l l u s t r a t e d  t h e
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l i p o p h i l i c i t y  o f  t h e  AVM m o l e c u l e ,  w h i c h  a p p e a r e d  t o  r a p i d l y  

p a r t i t i o n  i n t o  t h e  c u t i c u l a r  w a x  l a y e r s .  T h e s e  e x p e r i m e n t s  

a l s o  s h o w e d ,  r a t h e r  s u r p r i s i n g l y ,  t h a t  a l t h o u g h  t h e  

r a d i o a c t i v i t y  w a s h e d - o f f  d e c r e a s e d  a n d  r a d i o a c t i v i t y  i n  t h e  

h a e m o l y m p h  a n d  f a t  b o d y  i n c r e a s e d  w i t h  t i m e  i n  b o t h  f i f t h  

a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s . a f t e r  2 4  h  t h e  d i f f e r e n c e s  

b e t w e e n  t h e  t w o  i n s t a r s  w e r e  n o t  s i g n i f i c a n t .

T h e  i n j e c t i o n  b i o a s s a y s  a n d  w a s h - o f f  e x p e r i m e n t s  b o t h  

h a d  d i s a d v a n t a g e s .  W i t h  t h e  i n j e c t i o n  m e t h o d  ( S e c t i o n

3 . 2 . 4 . )  i t  w a s  d i f f i c u l t  t o  e n s u r e  t h e  i n s e c t i c i d e  w a s  

i n j e c t e d  i n  t h e  s a m e  p l a c e  a n d  t o  t h e  s a m e  d e p t h  e a c h  t i m e .  

T h e r e  w a s  a l s o  s o m e  l o s s  o f  h a e m o l y m p h  ( a n d  AVMBi ? )  i n  s o m e  

i n j e c t e d  l a r v a e .  I n  t h e  w a s h - o f f  e x p e r i m e n t s ,  w h i l e  t h e  

s o l v e n t  m i x t u r e  w a s h e d  o f f  s o m e  r a d i o a c t i v i t y  a n d  m o r e  w a s  

r e c o v e r e d  f r o m  t h e  t i s s u e  s a m p l e s ,  a n  u n k n o w n  q u a n t i t y  w a s  l e f t  

u n e x t r a c t e c f  . f r o m  t h e  c u t i c u l a r  l a y e r s .  G e r o l t  ( 1 9 7 2  ) 

e m p h a s i s e d  t h a t  r i n s i n g  h o u s e f l i e s ,  M. d o m e s t i c a  w i t h  

m e t h a n o l  o n l y  r e m o v e d  p a r t  o f  a n  o x i m e c a r b a m a t e  ( t h a t  h a d  

b e e n  t o p i c a l l y - a p p l i e d  t o  t h e  h o u s e f l i e s )  p r e s e n t  i n  t h e  

b o d y  w a l l .  T h e  a d d i t i o n  o f  a n  i n t e r n a l  s t a n d a r d  t o  t h e  

w a s h - o f f  s a m p l e s  a f t e r  t h e  f i r s t  c o u n t  t o  c o m p e n s a t e  f o r  

s u b s t a n t i a l  q u e n c h i n g  b y  t h e  s o l v e n t s  u s e d  a l s o  p r o b a b l y  l e d  

t o  s o m e  l o s s  o f  a c c u r a c y  i n  t h e  p r e s e n t  s t u d y .

AVMBi m a y  b e  s t o r e d  p r e f e r e n t i a l l y  i n  t h e  f a t  b o d y  o f  

S . l i t t o r a l i s  a n d  H.  a r m i g e r a  l a r v a e ,  s i n c e  t h e  % o f  t o t a l
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r a d i o a c t i v i t y  a s  AVMBi w a s  g r e a t e r  i n  f a t  b o d y  s a m p l e s  t h a n  

i n  e q u i v a l e n t  n e r v e  c o r d  s a m p l e s ,  a l t h o u g h  t h i s  c o u l d  

r e f l e c t  d i f f e r e n c e s  i n  m e t a b o l i s m  a s  w e l l  a s  i n  p a r t i t i o n  

c o e f f i c i e n t s .  S t o r a g e  w i t h i n  t h e  f a t  b o d y  h a s  b e e n  

d e m o n s t r a t e d  f o r  a  w i d e  r a n g e  o f  i n s e c t i c i d e s  ( M e t c a l f ,

1 9 5 5 ;  O p p e n o o r t h  a n d  W e l l i n g ,  1 9 7 6 ) .  C h a p m a n  ( 1 9 6 9 )  s h o w e d  

t h a t  l a t e r  i n s t a r s  o f  l e p i d o p t e r a n  l a r v a e  p o s s e s s e d  m o r e  

a d i p o s e  t i s s u e  t h a n  i n  e a r l i e r  i n s t a r s .  T h u s ,  t h e  r e l a t i v e  

i n s e n s i t i v i t y  o f  t h e  f o u r t h  a n d  f i f t h  i n s t a r s  o f  

S .  l i t t o r a l i s  t o  AVMBi c o m p a r e d  w i t h  t h e  t h i r d  i n s t a r  c o u l d  

b e  p a r t l y  d u e  t o  i n c r e a s e d  s t o r a g e  o f  AVMBi i n  t h e  f o r m e r .  

H o w e v e r ,  t h i s  c a n n o t  e x p l a i n  w h y  t h e  s i x t h  i n s t a r  o f  

S .  l i t t o r a l i s  w a s  m o r e  s e n s i t i v e  t o  AVMBi t h a n  t h e  e a r l i e r  

i n s t a r s .

P a r a l y s e d  f i f t h  a n d  s i x t h  i n s t a r  l a r v a e  o f  

S .  l i t t o r a l i s  a n d  o f  f i f t h  i n s t a r  H.  a r m i g e r a  h a d  

s i g n i f i c a n t l y  m o r e  r a d i o a c t i v i t y  i n  t h e  g u t  m e m b r a n e  a n d  g u t  

l u m e n  t h a n  n o n - p a r a l y s e d  l a r v a e  w h i c h  c o u l d  i n d i c a t e  t h a t  

e x c r e t i o n  i s  a n  i m p o r t a n t  f a c t o r .  A l t h o u g h  e x c r e t i o n  o f  

l i p o p h i l i c  p e s t i c i d e s  i n  t h e i r  u n c h a n g e d  f o r m  i s  n o t  

g e n e r a l l y  f o u n d  i n  i n s e c t s  ( P e r r y  a n d  A g o s i n ,  1 9 7 4 ) .  I n  

f a c t ,  v e r y  l i t t l e  r a d i o a c t i v i t y  w a s  f o u n d  i n  t h e  f a e c e s  

d u r i n g  t h e  c o u r s e  o f  t h e s e  e x p e r i m e n t s .  L i k e  B u l l  ( 1 9 8 6 ) ,  

t h e  m a g n i t u d e  o f  o b s e r v e d  d i f f e r e n c e s  i n  t h e  p o s t - t r e a t m e n t  

f a t e  o f  AVMBi w a s  n o t  t h o u g h t  s u f f i c i e n t  t o  e x p l a i n  t h e  

d i f f e r e n c e s  i n  s u s c e p t i b i l i t y  t o  AVMBi a m o n g  t h e  t e s t
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s p e c i e s .  P e r r y  a n d  A g o s i n  ( 1 9 7 4 )  s t a t e  t h a t  2 f - c h l o r d a n e  

p e n e t r a t e s  t h e  h o u s e f l y  c u t i c l e  r e a d i l y  a n d  a c c u m u l a t e s  

u n c h a n g e d  i n  t i s s u e s  t o  f a i r l y  h i g h  l e v e l s  w i t h i n  2 4  h o f  

t o p i c a l  a p p l i c a t i o n .

T h e  r a d i o t r a c e r  e x p e r i m e n t s  s h o w e d  t h a t  r a d i o a c t i v i t y  

( a n d  A V M B i) c a n  a c c u m u l a t e  i n  t h e  n e r v e  c o r d  ( a  p o t e n t i a l l y  

m a j o r  s i t e  o f  a c t i o n )  d u r i n g  t h e  n o r m a l  t i m e  c o u r s e  o f  

p o i s o n i n g .  P a r a l y s e d  f i f t h  a n d  s i x t h  i n s t a r  S .  l i t t o r a l i s  

a n d  f i f t h  i n s t a r  H.  a r m i g e r a  l a r v a e  a l s o  h a d  s i g n i f i c a n t l y  

g r e a t e r  l e v e l s  o f  t o t a l  r a d i o a c t i v i t y  a n d  AVMBi c o m p a r e d  

w i t h  t r e a t e d  n o n - p a r a l y s e d  i n s e c t s .  T h i s  s u g g e s t s  a  

r e l a t i o n s h i p  b e t w e e n  t h e  l e v e l  o f  r a d i o a c t i v i t y  w i t h i n  t h e  

CNS a n d  t h e  s t a g e  o f  p a r a l y s i s  r e a c h e d .

I n  a d d i t i o n ,  n e u r o p h y s i o l o g i c a l  s t u d i e s  o n  t h e  a c t i o n  

o f  AVMBi o n  s p o n t a n e o u s  n e u r a l  a c t i v i t i e s  w i t h i n  t h e  v e n t r a l  

n e r v e  c o r d  o f  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a  s h o w e d  t h a t  

a c t i v i t y  w a s  r e l a t e d  t o  t h e  d e g r e e  o f  p a r a l y s i s  e x h i b i t e d  b y  

t h e  i n s e c t  a n d  t o  t h e  l e v e l  o f  r a d i o a c t i v i t y  t a k e n  u p  b y  t h e  

v e n t r a l  n e r v e  c o r d .  T h i s  a g r e e s  w i t h  t h e  f i n d i n g s  o f  C o r b e t t  

( 1 9 8 7 ) ,  w h o  f o u n d  t h a t  i n  i n  v i v o  p r e p a r a t i o n s  o f  

P .  a m e r i c a n a  i n j e c t e d  w i t h  AVMBi t h e  l e v e l  o f  s p o n t a n e o u s  

a c t i v i t y  w i t h i n  t h e  CNS w a s  p r o g r e s s i v e l y  r e d u c e d  i n  

p a r t i a l l y  a n d  f u l l y  p a r a l y s e d  c o c k r o a c h e s .

C o n s i d e r i n g  t h e  d o s e s  o f  3 H-AVMBi u s e d  a n d  t h e i r
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effects on the neural activity of S. littoralis and
H . a r m i g e r a . i t  w o u l d  s e e m  t h a t  t h e  H.  a r m i g e r a  CNS i s  l e s s  

s e n s i t i v e  t o  AVMBi w h e n  c o m p a r e d  w i t h  S .  l i t t o r a l i s .

H o w e v e r ,  w h i l e  t h i s  d o e s  a g r e e  w i t h  t h e  i n i t i a l  s y m p t o m s  o f  

p o i s o n i n g  o b s e r v e d ,  i t  d o e s  n o t  r e l a t e  a s  w e l l  t o  t h e  f i n a l  

m o r t a l i t y  d a t a .  F o r  w h i l e  i t  i s  p o s s i b l e  t o  c o r r e l a t e  t h e  

a m o u n t s  o f  AVMBi i n  t h e  v e n t r a l  n e r v e  c o r d  a n d  A . P .  

f r e q u e n c y  w i t h  s y m p t o m s  o f  p o i s o n i n g ,  i t  i s  m o r e  d i f f i c u l t  

t o  r e l a t e  t h e  a m o u n t s  o f  AVMBi i n  t h e  v e n t r a l  n e r v e  c o r d  t o  

t h e  m o r t a l i t y  d a t a .  T h e  s a m e  p r o b l e m  a p p l i e s  t o  c o r r e l a t i n g  

e l e c t r o p h y s i o l o g i c a l  w i t h  t o x i c o l o g i c a l  d a t a ,  f o r  w h i l e  A . P .  

f r e q u e n c y  a n d  a m p l i t u d e  w e r e  r e d u c e d  w i t h i n  a  f e w  h  o f  

t r e a t m e n t ,  s y m p t o m s  o f  p o i s o n i n g  w e r e  o n l y  n o t i c e a b l e  a f t e r  

1 2 - 2 4  h a n d  m o r t a l i t y  o c c u r r i n g  2 - 4  d a y s  a f t e r  t r e a t m e n t .

T h u s ,  f u r t h e r  w o r k  i s  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  

t a r g e t  s i t e  i n s e n s i t i v i t y  ( i n  a d d i t i o n  t o  t h e  r a t e  o f  

m e t a b o l i s m  a n d  p o s s i b l y  p e n e t r a t i o n )  c o n t r i b u t e  t o  

d i f f e r e n t i a l  t o x i c i t y  o f  AVMBi i n  n o c t u i d  l a r v a e .  O f  

i n t e r e s t  i s  t h e  w o r k  o f  A r g e n t i n e  a n d  C l a r k  ( 1 9 9 0 )  w h o  

g e n e r a t e d  t w o  A V M B i - r e s i s t a n t  s t r a i n s  o f  t h e  C o l o r a d o  p o t a t o  

b e e t l e  ( L e o t i n o t a r s a  d e c e m l i n e a t a ) t h r o u g h  t h e  u s e  o f  t h e  

m u t a g e n ,  e t h y l  m e t h a n e s u l f o n a t e , a n d  i n t e n s i v e  s e l e c t i o n  

w i t h  AVMBi i n  a  f i e l d  s t r a i n .  B o t h  r e s i s t a n c e  f a c t o r s  w e r e  

d e t e r m i n e d  t o  b e  a u t o s o m a l  a n d  i n c o m p l e t e l y  r e c e s s i v e  v i a  

r e c i p r o c a l  F i  c r o s s e s  t o  t h e  s u s c e p t i b l e  l a b o r a t o r y  s t r a i n .  

I t  w a s  s u g g e s t e d  t h a t  t a r g e t - s i t e  i n s e n s i t i v i t y  m a y  b e
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i n v o l v e d  a s  a  r e s i s t a n c e  m e c h a n i s m .

T h e  d i f f i c u l t y  i n  r e l a t i n g  s y m p t o m s  a n d  e n d - p o i n t  

m o r t a l i t i e s  w i t h  t h e  v a r i o u s  p a r a m e t e r s  i n v e s t i g a t e d  i n  t h e  

p r e s e n t  s t u d y  c o u l d  b e  c o n s i d e r e d  p a r t l y  a n a l o g o u s  t o  t h e  

p r o b l e m s  e n c o u n t e r e d  w i t h  p y r e t h r i n s / p y r e t h r o i d s  i n  r e l a t i n g  

k n o c k d o w n  w i t h  d e a t h  o f  t h e  i n s e c t .  T h e s e  i n s e c t i c i d e s  a r e  

w e l l  k n o w n  f o r  t h e i r  r a p i d  k n o c k d o w n  a c t i o n  a n d  m a n y  

p y r e t h r o i d s  h a v e  b e e n  s h o w n  t o  c a u s e  r e p e t i t i v e  f i r i n g  i n  

t h e  n e r v o u s  s y s t e m  ( H a s s a l l ,  1 9 8 3 ) .  H o w e v e r ,  t h i s  a c t i o n  

d o e s  n o t  n e c e s s a r i l y  r e l a t e  t o  t h e i r  l e t h a l  t o x i c i t y  a n d  t h e  

a m o u n t  n e e d e d  t o  k i l l  t h e  i n s e c t  i s  u s u a l l y  m u c h  g r e a t e r  

t h a n  t h a t  f o r  k n o c k d o w n  ( M a t s u m u r a ,  1 9 8 5 ) .  T h e  n e g a t i v e  

c o r r e l a t i o n  b e t w e e n  t e m p e r a t u r e  a n d  p y r e t h r o i d  e f f i c a c y  i s  

a l s o  n o t  n e c e s s a r i l y  c o n s i s t e n t  w i t h  i n c r e a s e d  f r e q u e n c y  o f  

r e p e t i t i v e  d i s c h a r g e s  b e i n g  a  d i r e c t  c a u s e  o f  d e a t h  

( H a s s a l l ,  1 9 8 3 ) .  I n  a p p a r e n t  c o n t r a s t  w i t h  AVM, i n s e c t s  

i n t o x i c a t e d  w i t h  p y r e t h r o i d s  g e n e r a l l y  r e c o v e r  f r o m  

k n o c k d o w n  b e c a u s e  o f  t h e  f u n c t i o n i n g  o f  b i o t r a n s f o r m a t i o n  

s y s t e m s  ( F o r d  a n d  P e r t ,  1 9 7 4 ;  N i s h i m u r a  e t  a l . .  1 9 8 2  a n d  

N i s h i m u r a  e t  a l . .  1 9 8 8 ) .

T h e  f i r s t  s y m p t o m s  o f  p o i s o n i n g  w i t h  AVM, s u c h  a s  

p a r a l y s i s  o f  t h e  h i n d  l e g s  o f  i n s e c t s  w o u l d  s u g g e s t  a n  

a c t i o n  o n  t h e  m u s c u l a t u r e ,  e i t h e r  d i r e c t l y  o r  v i a  t h e  

n e u r o m u s c u l a r  j u n c t i o n  o r  o n  t h e  n e r v e  c o r d  i t s e l f .  V a r i o u s  

a u t h o r s  i n c l u d i n g  F r i t z  e t  a l . ( 1 9 7 9 ) ,  K a s s  e t  a l . ( 1 9 8 0 )
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a n d  T a n a k a  a n d  M a t s u m u r a  ( 1 9 8 5 )  h a v e  s u g g e s t e d  t h a t  t h e  

a c t i o n  o f  AVMBi i s  o n  p o s t s y n a p t i c  Cl" c h a n n e l s .  W h i l e  D u c e  

a n d  S c o t t  ( 1 9 8 5  a ,  b )  r e p o r t e d  t h a t  DHAVMBia h a d  a n  a c t i o n  

o n  e x t r a j u n c t i o n a l  g l u t a m a t e  H r e c e p t o r  C l"  c h a n n e l s  p r e s e n t  

i n  t h e  t i b i a e  m u s c l e  b u n d l e s  o f  t h e  l o c u s t  S .  g r e g a r i a . t h u s  

p o i n t i n g  t o  AVMBi a l s o  h a v i n g  a  n o n - s y n a p t i c  a c t i o n .

H o w e v e r ,  t h e  r o l e  o f  e x t r a j u n c t i o n a l  r e c e p t o r / i o n  c h a n n e l s  

i n  i n s e c t s  i s  s t i l l  u n c l e a r  a n d  t h e  r e l a t i v e  i m p o r t a n c e  o f  

s y n a p t i c  a n d  n o n - s y n a p t i c  t a r g e t  s i t e s  f o r  AVM r e m a i n s  

u n c e r t a i n  ( S e c t i o n  1 . 3 . 2 . ) .

T h e  i n  v i v o  e l e c t r o p h y s i o l o g i c a l  s y s t e m  u s e d  i n  t h e  

p r e s e n t  s t u d y  p r o v e d  t o  b e  s u i t a b l e  f o r  l o n g - t e r m  s t u d i e s  

w h e r e  s i m u l t a n e o u s  o b s e r v a t i o n s  c o u l d  b e  m a d e  o f  b o t h  

t o x i c o l o g i c a l  a n d  n e u r o p h y s i o l o g i c a l  e f f e c t s .  H o w e v e r ,  i t s  

m a j o r  d i s a d v a n t a g e  w a s  t h a t  t h e r e  w a s  n o  w a y  o f  i d e n t i f y i n g  

e x a c t l y  w h a t  w a s  b e i n g  r e c o r d e d ;  t h e  s i g n a l s  o b t a i n e d  b e i n g  

a  m i x t u r e  o f  a s c e n d i n g  a n d  d e s c e n d i n g ,  s i n g l e  a n d  c o m p o u n d  

A . P . s  w h i c h  c o u l d  b e  c e n t r a l  a n d / o r  p e r i p h e r a l  i n  o r i g i n .  

T h u s ,  i t  w a s  n o t  p o s s i b l e  i n  t h i s  s t u d y  t o  d e t e r m i n e  w h e t h e r  

t h e  e f f e c t s  o f  AVM o n  t h e  v e n t r a l  n e r v e  c o r d  w e r e  c e n t r a l  

a n d / o r  p e r i p h e r a l  i n  n a t u r e .

R a t h e r  m o r e  c o n v i n c i n g  e v i d e n c e  f o r  a  c e n t r a l  a c t i o n  o f  

AVM o n  i n s e c t s  i n  v i v o  w a s  r e p o r t e d  b y  C o r b e t t  ( 1 9 8 7 )  w h o  

f o u n d  t h a t  t h e  v o l t a g e  r e q u i r e d  t o  e v o k e  c o m p o u n d  A . P . s  i n  

t h e  v e n t r a l  n e r v e  c o r d  w h e n  a n  e l e c t r i c a l  s t i m u l u s  w a s
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a p p l i e d  t o  t h e  c e r c u s  o f  P .  a m e r i c a n a  p r o g r e s s i v e l y -  

i n c r e a s e d  w i t h  s y m p t o m s  o f  p o i s o n i n g .  W i t h  t h e  i n s e c t  

s p e c i e s  u s e d  i n  t h e  c u r r e n t  s t u d y ,  a  p r e p a r a t i o n  t o  w h i c h  a n  

e l e c t r i c a l  s t i m u l u s  c a n  b e  r e p r o d u c e a b l y  a p p l i e d  h a s  y e t  t o  

b e  d e v e l o p e d .

T h e  p r e s e n t  i n  v i v o  s t u d i e s  n e e d  t o  b e  f o l l o w e d  b y  

i n t r a c e l l u l a r  m e t h o d s ,  s u c h  a s  p a t c h  c l a m p  ( s i n g l e  i o n  

c h a n n e l )  r e c o r d i n g s ,  i d e a l l y  w i t h  c o n c u r r e n t  b i n d i n g  s t u d i e s  

o n  m e m b r a n e  r e c e p t o r s .  S u c h  s t u d i e s  m i g h t  e n a b l e  d i f f e r e n t  

e f f e c t s  w i t h i n  t h e  p e r i p h e r a l  a n d  CNS t o  b e  i s o l a t e d  a n d  t o  

a s c e r t a i n  i n  w h i c h  o r d e r  t h e s e  o c c u r .

Page 159



REFERENCES
A b a l i s ,  I . M .  a n d  E l d e f r a w i ,  A . T .  ( 1 9 8 6 ) .  3 H - M u s c i r a o l  b i n d i n g  

t o  a  p u t a t i v e  GABA r e c e p t o r  i n  h o n e y  b e e  b r a i n  a n d  i t s  
i n t e r a c t i o n  w i t h  a v e r m e c t i n  B i a .  P e s t i c .  B i o c h e m .  
P h y s i o l . 2 5 :  2 7 9 - 2 8 7 .

A b d e l - A a l ,  Y . A . I .  a n d  S o d e r l u n d ,  D . M.  ( 1 9 8 0 ) .  P y r e t h r o i d  
h y d r o l y s i n g  e s t e r a s e s  i n  s o u t h e r n  a r m y w o r m  l a r v a e :  
T i s s u e  d i s t r i b u t i o n ,  k i n e t i c  p r o p e r t i e s  a n d  s e l e c t i v e  
i n h i b i t i o n .  P e s t i c .  B i o c h e m .  P h y s i o l .  1 4 :  2 8 2 - 2 8 9 .

A b r o ,  G . H .  ( 1 9 8 5 ) .  V a r i e t a l  r e s i s t a n c e  a n d  i n s e c t i c i d e  
e f f i c a c y  a g a i n s t  t h e  d i a m o n d b a c k  m o t h ,  P l u t e l l a  
x y l o s t e l l a  L .  P h . D .  t h e s i s ,  U n i v e r s i t y  o f  L o n d o n .
1 5 9  p p .

A b r o ,  G . H . , D y b a s , R . A . , G r e e n , A . S t . J . a n d  W r i g h t ,  D . J .
( 1 9 8 8 ) .  T o x i c i t y  o f  A v e r m e c t i n  Bi  a g a i n s t  a  s u s c e p t i b l e  
l a b o r a t o r y  s t r a i n  a n d  a n  i n s e c t i c i d e - r e s i s t a n t  s t r a i n  
o f  P l u t e l l a  x y l o s t e l l a  ( L e p i d o p t e r a : P l u t e l l i d a e ) .
J .  E c o n .  E n t o m o l . 8 1 ( 6 ) :  1 5 7 5 - 1 5 8 0 .

A g e e ,  H . R .  ( 1 9 8 5 ) .  N e u r o b i o l o g y  o f  t h e  b o l l w o r m  m o t h :
e f f e c t s  o f  a b a m e c t i n  o n  n e u r a l  a c t i v i t y  a n d  o n  s e n s o r y  
s y s t e m s .  J .  A g r i c .  E n t o m o l . 2 ( 4 ) :  3 2 5 - 3 3 6 .

A i k i n s ,  J . A .  a n d  W r i g h t ,  D . J .  ( 1 9 8 5 ) .  T o x i c i t y  o f  DDT a n d  
M a l a t h i o n  t o  v a r i o u s  l a r v a l  s t a g e s  o f  M a m e s t r a  
b r a s s i c a e  L .  P e s t i c .  S c i .  1 6 :  7 3 - 8 0 .

A n a n t a p h r u t i , M . ,  K i n o ,  H . ,  T e r a d a ,  M . , I s h i i ,  A . I . ,  S a n o ,
M. ( 1 9 8 2 ) .  S t u d i e s  o n  c h e m o t h e r a p y  o f  p a r a s i t i c  
h e l m i n t h s  ( X I I I ) .  E f f i c a c y  o f  i v e r m e c t i n  o n  t h e  
c i r c u l a t i n g  m i c r o f i l i a  a n d  e m b r y o n i c  d e v e l o p m e n t  i n  t h e  
f e m a l e  w o r m  o f  D i r o f i l a r i a  i m m i t i s . J a p a n e s e  J o u r n a l  o f  
P a r a s i t o l o g y  3 1 :  5 1 7 - 5 2 9 .

A n d e r s o n ,  T . E . ,  B a b u ,  J . R . ,  D y b a s ,  R . A .  a n d  M e h t a ,  H.
( 1 9 8 6 ) .  A v e r m e c t i n  Bi  : I n g e s t i o n  a n d  c o n t a c t  t o x i c i t y  
a g a i n s t  S p o d o p t e r a  e r i d a n i a  a n d  H e l i o t h i s  v i r e s c e n s  
( L e p i d o p t e r a :  N o c t u i d a e )  a n d  p o t e n t i a t i o n  b y  o i l  a n d  
p i p e r o n y l  b u t o x i d e .  J .  E c o n .  E n t o m o l .  7 9 :  1 9 7 - 2 0 1 .

A r g e n t i n e ,  J . A .  a n d  C l a r k ,  J . M .  ( 1 9 9 0 ) .  S e l e c t i o n  f o r  
a b a m e c t i n  r e s i s t a n c e  i n  C o l a r a d o  p o t a t o  b e e t l e  
( C o l e o p t e r a :  C h r y s o m e l i d a e ) .  P e s t i c .  S c i .  2 8 :  1 7 - 2 4 .

B e a c h ,  R . M.  a n d  T o d d ,  J . W .  ( 1 9 8 5 ) .  T o x i c i t y  o f  a v e r m e c t i n  t o  
l a r v a  a n d  a d u l t  s o y b e a n  l o o p e r  ( L e p i d o p t e r a :  N o c t u i d a e )  
a n d  a d u l t  f e r t i l i t y  a n d  f e c u n d i t y .  J .  E c o n .  E n t o m o l .
7 8 :  1 1 2 5 - 1 1 2 8 .

Page 160



B o k i s h ,  A . J .  a n d  W a l k e r ,  R . J .  ( 1 9 8 6 )  T h e  a c t i o n  o f
a v e r m e c t i n  (MK 9 3 6 )  o n  i d e n t i f i e d  c e n t r a l  n e u r o n e s  f r o m  
H e l i x  a n d  i n t e r a c t i o n s  w i t h  a c e t y l c h o l i n e  a n d  
g a m m a - a m i n o b u t y r i c  a c i d  (GABA) r e s p o n s e s .  C o m p .
B i o c h e m .  P h y s i o l .  8 4 C ^ l ) :  1 1 9 - 1 2 5 .

B o t h a m ,  R . P .  a n d  N i c o l s o n ,  R . A .  ( 1 9 8 5 ) .  B i o c h e m i c a l  a n d
u l t r a s t r u c t u r a l  s t u d i e s  o n  a v e r m e c t i n  i n  t h e  i n s e c t  : 
e v i d e n c e  f o r  c e n t r a l  a n d  p e r i p h e r a l  s i t e s  o f  a c t i o n .
I n :  N e u r o t o x  * 8 5 * .  2 n d  I n t e r n a t i o n a l  S y m p o s i u m  o n  
I n s e c t  N e u r o b i o l o g y  a n d  P e s t i c i d e  A c t i o n .  B a t h .
31  M a r c h - 4  A p r i l ,  ( a b s t r a c t ) .

B o w e r y ,  N . G . ,  H i l l ,  D . R . , H u d s o n ,  A . L . ,  D o b l e ,  A . ,
M i d d l e m a s s ,  D . N . ,  S h a w ,  J .  a n d  T u r n b u l l ,  M. ( 1 9 8 0 ) .  
( - ) B a c l o f e n  d e c r e a s e s  n e u r o t r a n s m i t t e r  r e l e a s e  i n  t h e  
m a m m a l i a n  CNS b y  a n  a c t i o n  a t  a  n o v e l  GABA r e c e p t o r .  
N a t u r e  ( L o n d . )  2 8 3 :  9 2 - 9 4 .

B r a t t s t e n ,  L . B .  ( 1 9 7 9 a ) .  B i o c h e m i c a l  d e f e n c e  m e c h a n i s m s  i n  
h e r b i v o r e s  a g a i n s t  p l a n t  a l l e l o c h e m i c a l s . I n :  
H e r b i v o r e s :  T h e i r  i n t e r a c t i o n s  w i t h  s e c o n d a r y  p l a n t  
m e t a b o l i t e s  ( e d .  R o s e n t h a l ,  G . A .  a n d  J a n s e n ,  D . H . )  
p 1 9 9 - 2 7 0 ,  A c a d e m i c  P r e s s ,  Ne w Y o r k .

B r a t t s t e n ,  L . B .  ( 1 9 7 9 b ) .  E c o l o g i c a l  s i g n i f i c a n c e  o f
m i x e d - f u n c t i o n  o x i d a t i o n s .  D r u g  M e t a b .  R e v .  1 0 :  3 5 - 5 2 .

B r o d e r i c k ,  M . P .  a n d  L e a k e ,  L . D .  ( 1 9 8 9 ) .  W h a t  i s  d e a t h ?  
B r i t i s h  C r o p  P r o t e c t i o n  C o u n c i l  M o n o g r a p h  N o .  4 3  
P r o g r e s s  a n d  P r o s p e c t s  i n  I n s e c t  C o n t r o l .  R e a d i n g ,  
S e p t e m b e r  1 9 8 9 ,  p 2 7 3  ( A b s t r a c t ) .

B u l l ,  D . L . ,  I v i e ,  G . W . ,  M a c C o n n e l l ,  J . G . ,  G r u g e r ,  V . F . ,  Ku,  
C . C . ,  A r i s o n ,  B . H . ,  S t e v e n s o n ,  J . M .  a n d  V a n d e n H e u v a l , 
W . J . A .  ( 1 9 8 4 ) .  F a t e  o f  a v e r m e c t i n  B i a  i n  s o i l  a n d  
p l a n t s .  J .  A g r i c ,  F o o d  C h e m .  3 2 :  9 4 - 1 0 2 .

B u l l ,  D . L .  ( 1 9 8 6 ) .  T o x i c i t y  a n d  p h a r m a c o d y n a m i c s  o f
a v e r m e c t i n  i n  t h e  T o b a c c o  b u d w o r m ,  C o r n  e a r w o r m  a n d  
F a l l  a r m y w o r m  ( N o c t u i d a e ) .  J .  A g r i c .  F o o d  C h em .  3 4 :  
7 4 - 7 8 .

B u r g ,  R . W . , M i l l e r ,  B . M . ,  B a k e r ,  E . E . ,  B i r n b a u m ,  J . ,  C u r r i e ,  
J . A . ,  H a r t m a n ,  R . , K o n g ,  Y - L . , M o n a g h a n ,  R . L . ,  O l s e n ,
G . , P u t t e r ,  I . ,  T u n a c , J . P . ,  W a l l i c k ,  H . ,  S t a p l e y ,
E . O . , O i w a ,  R.  a n d  O m u r a ,  S .  ( 1 9 7 9 ) .  A v e r m e c t i n s ,  n e w  
f a m i l y  o f  p o t e n t  a n t i h e l m i n t i c  a g e n t s :  p r o d u c i n g  
o r g a n i s m  a n d  f e r m e n t a t i o n .  A n t i m i c r o b .  A g e n t s  
C h e m o t h e r . 1 5 :  3 6 1 - 3 6 7 .

B u s v i n e ,  J . R .  ( 1 9 7 1 ) .  I n :  A c r i t i c a l  r e v i e w  o f  t h e  
t e c h n i q u e s  f o r  t e s t i n g  i n s e c t i c i d e s  ( 2 n d  e d n . ) 
C o m m o n w e a l t h  A g r i c u l t u r a l  B u r e a u x ,  L o n d o n .

Page 161



C a m p b e l l ,  W. C.  ( 1 9 8 1 ) .  An i n t r o d u c t i o n  t o  t h e  a v e r m e c t i n s .
N .  Z .  v e t .  J .  2 9 :  1 7 4 - 1 7 8 .

C a m p b e l l ,  W . C . , F i s h e r ,  M . H . , S t a p l e y ,  E . O . ,
A l b e r s - S c h o n b u r g , G. a n d  J a c o b ,  T . A .  ( 1 9 8 3 ) .
I v e r m e c t i n :  A p o t e n t  n e w  a n t i p a r a s i t i c  a g e n t .  S c i e n c e  
2 2 1 :  8 2 3 - 8 2 8 .

C h a p m a n ,  R . F .  ( 1 9 6 9 ) .  T h e  I n s e c t s :  S t r u c t u r e  a n d  F u n c t i o n .  
H o d d e r  a n d  S t o u g h t o n ,  L o n d o n .  5 6 5 p p .

C h i u ,  S . H . L . ,  S e s t o k a s ,  E . , T a u b ,  R . , S m i t h ,  J . L . ,  A r i s o n ,
B . , L u ,  A . Y . H .  ( 1 9 8 4 ) .  T h e  m e t a b o l i s m  o f  a v e r m e c t i n -  
H2 B i a a n d  - H 2 B i b  b y  p i g  l i v e r  m i c r o s o m e s .  D r u g  M e t a b .  
d i s p o s . 1 2 ( 4 ) :  4 6 4 - 4 6 9 .

C o c h r a n ,  D . G .  ( 1 9 8 5 ) .  M o r t a l i t y  a n d  r e p r o d u c t i v e  e f f e c t s  o f  
AVMBi f e d  t o  G e r m a n  c o c k r o a c h e s .  E n t o m o l .  Ex p . Ap p I  .
3 7 :  8 3 - 8 8 .

C o l l i n s ,  M. D .  ( 1 9 8 6 ) .  P y r e t h r o i d  r e s i s t a n c e  i n  t h e  c o t t o n  
b o l l w o r m ,  H e l i o t h i s  a r m i g e r a : a  c a s e  s t u d y  f o r  
T h i a l a n d .  1 9 8 6  B r i t i s h  C r o p  P r o t e c t i o n  C o n f e r e n c e .  
B r i g h t o n , p  5 8 3 - 5 9 0 .

C o r b i t t ,  T . S . ,  W r i g h t ,  D . J .  a n d  G r e e n ,  A . S t . J .  ( 1 9 8 5 ) .  T h e  
T o x i c i t y  o f  a b a m e c t i n  ( M K - 9 3 6 )  o n  c a b b a g e  t o  f i r s t  a n d  
t h i r d  i n s t a r s  o f  S p o d o p t e r a  l i t t o r a l i s  ( B o i s d ) .  M e d e d . 
F a c . L a n d b o u w .  R i . i k .  G e n t .  5 0 :  6 3 9 - 6 4 2 .

C o r b i t t ,  T . S .  ( 1 9 8 7 ) .  T h e  t o x i c i t y  a n d  m o d e  o f  a c t i o n  o f
a v e r m e c t i n  B i  a g a i n s t  i n s e c t s .  P h . D .  t h e s i s ,  U n i v e r s i t y  
o f  L o n d o n  1 4 8 p p .

C o r b i t t ,  T . S . ,  G r e e n ,  A . S t . J .  a n d  W r i g h t ,  D . J .  ( 1 9 8 9 ) .
R e l a t i v e  p o t e n c y  o f  a b a m e c t i n  a g a i n s t  l a r v a l  s t a g e s  o f  
S p o d o p t e r a  l i t t o r a l i s  ( B o i s d . ) ,  H e l i o t h i s  a r m i g e r a  
( H u b n . ) a n d  H e l i o t h i s  v i r e s c e n s  ( F . )  ( L e p i d o p t e r a : 
N o c t u i d a e ) .  C r o p  P r o t e c t i o n  8 :  1 2 7 - 1 3 2 .

C r i c h t o n ,  R . , G r e e n w o o d ,  R . , F o r d ,  M. G.  a n d  S a l t , D .  ( 1 9 8 8 ) .  
T h e  u s e  o f  m i c r o c o m p u t e r  b a s e d  d a t a  l o g g i n g  a n d  
a n a l y s i s  s y s t e m s  i n  n e u r o t o x i c o l o g i c a l  s t u d i e s  o f  
p e s t i c i d e  a c t i o n .  I n :  N e u r o t o x  8 8  M o l e c u l a r  B a s i s  o f  
D r u g  a n d  P e s t i c i d e  A c t i o n . 1 0 - 1 5  A p r i l ,  N o t t i n g h a m .  
p 2 1 6 - 2 1 8  ( a b s t r a c t ) .

C u l l - C a n d y ,  S . G .  ( 1 9 7 6 ) .  Two t y p e s  o f  e x t r a j u n c t i o n a l  
L - g l u t a m a t e  r e c e p t o r s  i n  l o c u s t  m u s c l e  f i b r e s .  J ♦ 
P h y s i o l .  2 5 5  ( 2 ) :  4 4 9 - 4 6 4 .

D a v e n p o r t ,  A . P .  a n d  W r i g h t ,  D . J .  ( 1 9 8 7 ) .  E f f e c t  o f  t h e
f o r m a m i d i n e  i n s e c t i c i d e  c h o r d i m e f o r m  o n  f e e d i n g  a n d

Page 162



r e p r o d u c t i o n  i n  t h e  N o c t u i d  m o t h ,  S p o d o p t e r a  l i t t o r a l i s  
( B o i s d u v a l ) .  C r o p  P r o t e c t i o n  6 ( 1 ) :  3 - 6 .

D i s t e l m a n s ,  W. , D ’ H a e s e l e e r ,  F .  a n d  M o r t e l m a n s ,  J .  ( 1 9 8 3 ) .  
E f f i c a c y  o f  s y s t e m i c  a d m i n i s t r a t i o n  o f  i v e r m e c t i n  
a g a i n s t  t s e t s e  f l i e s .  A n n l s .  S o c . B e i g e .  M e d .  T r o p .  6 3 :  
1 1 9 - 1 2 5 .

D i t t r i c h ,  V .  L e u t k e m e i e r ,  N .  a n d  V o s s ,  G.  ( 1 9 8 0 ) .
O P - r e s i s t a n c e  i n  S p o d o p t e r a  l i t t o r a l i s : I n h e r i t a n c e ,  
l a r v a l  a n d  i m a g i n a l  e x p r e s s i o n ,  a n d  c o n s e q u e n c e s  f o r  
c o n t r o l .  J .  E c o n .  E n t o m o l .  7 3 :  3 5 6 - 3 5 9 .

D o w d ,  P . F .  a n d  S p a r k s ,  T . C .  ( 1 9 8 7 ) .  C o m p a r i s o n s  o f  m i d g u t ,  
f a t  b o d y ,  a n d  c u t i c u l a r  e n z y m e s  f r o m  P s e u d o p l u s i a  
i n c l u d e n s  ( W a l k e r )  a n d  H e l i o t h i s  v i r e s c e n s  ( F . )  
r e s p o n s i b l e  f o r  t h e  h y d r o l y s i s  o f  p e r m e t h r i n  a n d  
f e n v a l e r a t e .  P e s t i c .  B i o c h e m .  P h y s i o l .  2 7 :  3 0 9 - 3 1 7 .

D r e x l e r ,  G.  a n d  S i e g h a r t ,  W. ( 1 9 8 4 ) .  P r o p e r t i e s  o f  a  h i g h  
a f f i n i t y  b i n d i n g  s i t e  f o r  3 H - A V M B i a . E u r o p e a n  J o u r n a l  
o f  P h a r m a c o l o g y  9 9 :  2 6 9 - 2 7 7 .

D u c e ,  I . R .  a n d  S c o t t ,  R . H .  ( 1 9 8 5 a ) .  A c t i o n  o f
d i h y d r o a v e r m e c t i n  B i a  o n  i n s e c t  m u s c l e .  B r . J .
P h a r m a c o l . 8 5 :  3 9 5 - 4 0 1 .

D u c e ,  I . R .  a n d  S c o t t ,  R . H .  ( 1 9 8 5 b ) .  I n t e r a c t i o n s  o f
a v e r m e c t i n ,  GABA a n d  i b o t i n i c  a c i d  o n  i m p u t  c o n d u c t a n c e  
o f  l o c u s t  ( S c h i s t o c e r c a  g r e g a r i a ) m u s c l e .  I n :  N e u r o t o x  
* 8 5 * 1  2 n d  I n t e r n a t i o n a l  S y m p o s i u m .  On I n s e c t  

N e u r o b i o l o g y  a n d  P e s t i c i d e  A c t i o n .  B a t h . 3 1  M a r c h - 4  
A p r i l ,  1 9 8 5  ( a b s t r a c t ) .

D y b a s , R . A .  a n d  G r e e n ,  A . S t . J .  ( 1 9 8 4 ) .  A v e r m e c t i n s :  T h e i r  
c h e m i s t r y  a n d  p e s t i c i d a l  a c t i v i t i e s .  I n :  P r o c e e d i n g s  
1 9 8 4  B r i t i s h  C r o p  P r o t e c t i o n  C o n f e r e n c e .  B r i g h t o n .
1 9 8 4 ,  3 :  9 4 7 - 9 5 3 .

D y b a s ,  R . A .  a n d  B a b u ,  J . R .  ( 1 9 8 8 ) .
4 , ,- d e o x y - 4 M- m e t h y l a m i n o - 4 M- e p i a v e r m e c t i n  Bi  
h y d r o c h l o r i d e  ( M K - 2 4 3 ) :  A n o v e l  a v e r m e c t i n  i n s e c t i c i d e  
f o r  c r o p  p r o t e c t i o n .  I n :  P r o c e e d i n g s  B r i g h t o n  C r o p  
P r o t e c t i o n  C o n f e r e n c e - P e s t s  a n d  D i s e a s e s  - 1 9 8 8 ,  1 :  
5 7 - 6 4 .

D y b a s ,  R . A . , H i l t o n ,  N . J . ,  B a b u ,  J . R . ,  P r e i s e r ,  F . A .  a n d
D o l c e ,  G . J .  ( 1 9 8 9 ) .  N o v e l  s e c o n d - g e n e r a t i o n  a v e r m e c t i n  
i n s e c t i c i d e s  a n d  m i t i c i d e s  f o r  c r o p  p r o t e c t i o n .  I n :  
N o v e l  M i c r o b i a l  P r o d u c t s  f o r  M e d i c i n e  a n d  A g r i c u l t u r e  
( P a p .  I n t .  C o n f .  B i o t e c h n i c a l . M i c r o b .  P r o d . ) . 1 s t  
1 9 8 8 ,  ( e d .  D e m a i n ,  A . L . ,  S o m k u t i ,  G . A . ,  H u n t e r - C e v e r a , 
J . C . ,  R o s s m o o r e ,  H . W . )  p 2 0 3 - 2 1 2  E l s e v i e r ,  A m s t e r d a m .

Page 163



D y t e ,  C . E .  a n d  R o w l a n d s ,  D . G .  ( 1 9 6 7 ) .  S o m e  a s p e c t s  o f  t h e
s p e c i f i c i t y  o f  i n s e c t i c i d e  s y n e r g i s t s .  P r o c e e d i n g s  4 t h  
B r i t i s h  I n s e c t i c i d e  a n d  F u n g i c i d e  C o n f e r e n c e . 1 :  
3 4 4 - 3 5 4 .

E l - G u i n d y ,  M . A . , M a r d i ,  S . M . ,  K e d d i s ,  M . E . ,  I s s a ,  Y . H .  a n d
A b d e l - S a t t a r , M. M.  ( 1 9 8 2 ) .  D e v e l o p m e n t  o f  r e s i s t a n c e  t o  
p y r e t h r o i d s  i n  f i e l d  p o p u l a t i o n s  o f  t h e  E g y p t i a n  c o t t o n  
l e a f w o r m  S p o d o p t e r a  l i t t o r a l i s  ( B o i s d . ) .  I n t e r n a t i o n a l  
P e s t  C o n t r o l . 1 2 4 :  6 - 1 7 .

F i n n e y ,  D . J .  ( 1 9 7 1 ) .  P r o b i t  A n a l y s i s . C a m b r i d g e  U n i v e r s i t y  
P r e s s ,  C a m b r i d g e .

F i s h e r ,  M. H.  ( 1 9 8 4 ) .  T h e  a v e r m e c t i n s .  I n :  T h e  R o y a l  S o c i e t y  
o f  C h e m i s t r y .  P r o c e e d i n g s  o f  s y m p o s i a  o f  t h e  R o y a l  
S o c i e t y  o f  C h e m i s t r y  a n d  P e s t i c i d e s  G r o u p  o f  t h e  
S o c i e t y  o f  C h e m i c a l  I n d u s t r y .  C a m b r i d g e  2 5 - 2 7  S e p t .  
S p e c i a l  p u b l i c a t i o n  n u m b e r  5 3  - R e c e n t  A d v a n c e s  i n  t h e  
C h e m i s t r y  o f  I n s e c t  C o n t r o l .  5 3 - 7 2 .

F i s h e r ,  M. H.  a n d  M r o z i k ,  H.  ( 1 9 8 4 ) .  T h e  a v e r m e c t i n  f a m i l y  o f  
m a c r o l i d e - l i k e  a n t i b i o t i c s .  I n :  M a c r o l i d e  A n t i b i o t i c s  
( e d .  O m u r a ,  S * ) ,  p 5 5 3 - 6 0 6 ,  A c a d e m i c  P r e s s ,  New Y o r k .

F o r d ,  M. G.  a n d  P e r t ,  D . R .  ( 1 9 7 4 ) .  T i m e - d o s e - r e s p o n s e
r e l a t i o n s h i p s  o f  p y r e t h r o i d  i n s e c t i c i d e s  w i t h  s p e c i a l  
r e f e r e n c e  t o  k n o c k d o w n .  P e s t i c .  S c i .  5 :  6 3 5 - 6 4 1 .

F r i t z ,  L . C . ,  W a n g ,  C . C .  a n d  G o r i o ,  A .  ( 1 9 7 9 ) .  A v e r m e c t i n  B i a  
i r r e v e r s i b l y  b l o c k s  p o s t s y n a p t i c  p o t e n t i a l s  a t  t h e  
l o b s t e r  n e u r o m u s c u l a r  j u n c t i o n  b y  r e d u c i n g  m u s c l e  
m e m b r a n e  r e s i s t a n c e .  P r o c .  N a t l .  A c a d .  S c i .  U SA.  7 6 :  
2 0 6 2 - 2 0 6 6 .

G e r o l t ,  P h .  ( 1 9 7 2 ) .  Mode  o f  e n t r y  o f  o x i m e  c a r b a m a t e s  i n t o  
i n s e c t s .  P e s t i c .  S c i .  3 :  4 3 - 5 5 .

G l a n c e y ,  M . B . ,  L o f g r e n ,  C . S .  a n d  W i l l i a m s ,  D . F .  ( 1 9 8 2 ) .
A V M B i a : E f f e c t s  o n  t h e  o v a r i e s  o f  r e d  i m p o r t e d  f i r e  a n t  
q u e e n s  ( H y m e n o p t e r a ;  F o r m i c i d a e ) .  J .  M e d .  E n t o m o l . 1 9 :  
7 4 3 - 7 4 7 .

G l e d h i l l ,  J . A .  ( 1 9 8 2 ) .  P r o g r e s s  a n d  p r o b l e m s  i n  H e l i o t h i s
m a n a g e m e n t  i n  t r o p i c a l  S o u t h e r n  A f r i c a .  I n :  P r o c e e d i n g s  
o f  t h e  I n t e r n a t i o n a l  w o r k s h o p  o n  H e l i o t h i s  M a n a g e m e n t . 
I R C I S A T ,  P a t a n c h e r u ,  I n d i a ,  1 5 - 2 0  N o v e m b e r  1 9 8 1 ,  
p 3 7 5 - 3 8 4 .

G r a f t o n - C a r d w e l l , E . E .  a n d  H o y ,  M. A .  ( 1 9 8 3 ) .  C o m p a r a t i v e  
t o x i c i t y  o f  a v e r m e c t i n  Bi  t o  t h e  p r e d a t o r  M e t a s e i l u s  
o c c i d e n t a l i s  ( N e s b i t t )  ( A c a r i ;  P h y t o s e i i d a e ) a n d  t h e  
s p i d e r  m i t e s ,  T e t r a n y c h u s  u r t i c a e  ( K o c h )  a n d  P a n o n v c h u s  
u l m i  ( K o c h )  ( A c a r i ;  T e t r a n y c h i d a e ) .  J .  E c o n .  E n t o m o l .

Page 164



76: 1216-1220.
G r a n e t t ,  J .  a n d  R e t n a k a r a n ,  A .  ( 1 9 7 7 ) .  S t a d i a l

s u s c e p t i b i l i t y  o f  e a s t e r n  S p r u c e  B u d w o r m ,  C h o r i s t o n e u r a  
f u m i f e r a n a  ( L e p i d o p t e r a : T o r t r i c i d a e ) ,  t o  t h e  i n s e c t  
g r o w t h  r e g u l a t o r  D i m i l i n .  C a n .  E n t o m o l .  1 0 6 :  8 9 3 - 8 9 4 .

G u b b i n s ,  K . E .  a n d  C a m p i o n ,  D . G .  ( 1 9 8 2 ) .  E c o n o m i c  a s p e c t s  o f  
p h e r e m o n e  t r a p p i n g  t e c h n i q u e s  f o r  t h e  c o n t r o l  o f  
E g y p t i a n  C o t t o n  L e a f w o r m .  O u t l o o k  o n  A g r i c u l t u r e .
1 1 ( 2 ) :  6 2 - 6 8 .

H a s s a l l ,  K . A .  ( 1 9 8 3 ) .  T h e  c h e m i s t r y  o f  o e s t i c i d e s - t h e i r
m e t a b o l i s m ,  m o d e  o f  a c t i o n  a n d  u s e s  i n  c r o n  p r o t e c t i o n . 
M a c m i l l a n  P r e s s  L t d .  L o n d o n ,  3 7 2 p p .

H e m m i n g w a y ,  J .  a n d  G e o r g i o u ,  G . P .  ( 1 9 8 4 ) .  D i f f e r e n t i a l  
s u p p r e s s i o n  o f  o r g a n o p h o s p h a t e  r e s i s t a n c e  i n  C u l e x  
q u i n o u e f a s c i a t u s  b y  t h e  s y n e r g i s t s  I B P ,  DEF a n d  T P P .  
P e s t i c .  B i o c h e m .  P h y s i o l .  2 1 :  1 - 9 .

H o l d e n - D y e ,  L . ,  H e w i t t ,  G . M . , W a n n ,  K . T . ,  K r o g s g a a r d - L a r s e n , 
P .  a n d  W a l k e r ,  R . J .  ( 1 9 8 8 ) .  S t u d i e s  i n v o l v i n g  
a v e r m e c t i n  a n d  t h e  4 - a m i n o b u t y r i c  a c i d  (GABA) r e c e p t o r  
o f  A s c a r i s  s u u m  m u s c l e .  P e s t i c  S c i .  2 4 ( 3 ) :  2 3 1 - 2 4 6 .

H o s n y ,  M. M.  ( 1 9 8 0 ) .  T h e  c o n t r o l  o f  c o t t o n  p e s t s  i n  E g y p t .  
O u t l o o k  o n  A g r i c u l t u r e . 1 0 ( 4 ) :  2 0 4 - 2 0 5 .

H o y ,  M. A .  a n d  C o n l e y ,  J .  ( 1 9 8 7 ) .  S e l e c t i o n  f o r  A b a m e c t i n  
R e s i s t a n c e  i n  T e t r a n y c h u s  u r t i c a e  a n d  T .  p a c i f u s  
( A c a r i :  T e t r a n y c h i d a e ) .  J .  E c o n .  E n t o m o l .  8 0 ( 1 ) :  
2 2 1 - 2 2 5 .

H u e ,  B . , a n d  C a l l e c ,  J . J .  ( 1 9 8 3 ) .  P r e s y n a p t i c  i n h i b i t i o n  i n  
t h e  c e r e a l - a f f e r e n t  g i a n t - i n t e r n e u r o n e  s y n a p s e s  o f  t h e  
c o c k r o a c h ,  P e r i o l a n a t a  a m e r i c a n a  L .  J .  I n s e c t  P h y s i o l .  
2 9 :  7 4 1 - 7 4 8 .

J a m e s ,  P . S . ,  P i c t o n ,  J .  a n d  R i e k ,  R . K .  ( 1 9 8 0 ) .  i n s e c t i c i d a l  
a c t i v i t y  o f  t h e  a v e r m e c t i n s .  V e t .  R e c . 1 0 6 :  5 9 .

J o h n s o n ,  C . D .  a n d  S t r e t t o n ,  A . O . W .  ( 1 9 8 0 ) .  N e u r a l  c o n t r o l  o f  
l o c o m o t i o n  i n  A s c a r i s : A n a l o g y ,  e l e c t r o p h y s i o l o g y  a n d  
b i o c h e m i s t r y .  I n :  B . M.  Z u c k e r m a n ,  E d .  N e m a t o d e s  a s  
B i o l o g i c a l  M o d e l s , v o l . 1 ,  New Y o r k ,  A c a d e m i c  P r e s s ,
P 1 5 9 - 1 9 5 .

Johnston, G.A.R., Krogsgaard-Larsen, P„, Stephenson, A. and 
Twitchia, B. (1976). Inhibition of the uptake of GABA 
and related amino acids in brain slices by the optical 
isomers of nipecotic acid. J..N..e u. roc he; m ._ -c.6. 1029 1032.

Judsudason, P., Levi, P.E., Weiden, M. and Roe, R.M. (1988). 
Developmental changes in the microsomal monooxygenase 
system and the in vivo metabolism of aldrin in larvae 
of the Mexican Bean Beetle (Coleoptera: Coccinel1idae).
J . _Eco. n...,.Ent.omo.1. 81(6): 1598-1605.

p a g e  1 6 5



J y o t h i ,  K . N . ;  P r a s u n a ,  A . L . ,  O s m a n i ,  Z.  a n d  K a i s e r  J a m i l  
( 1 9 8 6 ) .  M o u l t  i n h i b i t o r y  a c t i v i t y  o f  L - 6 7 6 -  a n  
a v e r m e c t i n  o n  c a s t o r  s e m i l o o p e r ,  A c h a e a  . i a n a t a  L.  
( L e p i d o p t e r a  W o c t u i d a e ) .  I n t e r n a t i o n a l  P e s t  C o n t r o l . 
28^6) :  1 4 4 - 1 4 5 .

K a s s ,  I . S . ,  W a n g ,  C . C . ,  W a l r o n d ,  J . P .  a n d  S t r e t t o n ,  A . O . W .
( 1 9 8 0 ) .  A V M B i , a  p a r a l y s i n g  a n t i h e l m i n t i c  t h a t  a f f e c t s  
i n t e r n e u r o n s  a n d  i n h i b i t o r y  m o t o r n e u r o n s  i n  A s c a r i s .  
P r o c .  N a t l .  A c a d .  S c i .  U . S . A .  7 7 :  6 2 1 1 - 6 2 1 5 .

K a s s ,  I . S . ,  S t r e t t o n ,  A . O . W .  a n d  W a n g ,  C . C .  ( 1 9 8 4 ) .  T h e  
e f f e c t s  o f  a v e r m e c t i n  a n d  d r u g s  r e l a t e d  t o  
a c e t y l c h o l i n e  a n d  4 - a m i n o b u t y r i c  a c i d  o n  
n e u r o t r a n s m i s s i o n  i n  A s c a r i s  s u u m .  M o l e c .  B i o c h e m .  
P a r a s i t . 1 3 :  2 1 3 - 2 2 5 .

L a n g l e y ,  P . A .  a n d  R o e ,  J . M .  ( 1 9 8 4 ) .  I v e r m e c t i n  a s  a  p o s s i b l e  
c o n t r o l  a g e n t  f o r  t h e  T s e t s e  f l y ,  G l o s s i n a  m o r s i t a n s . 
E n t o m o l .  Ex p . Ap p I .  3 6 :  1 3 7 - 1 4 3 .

L e e s ,  G.  a n d  B e a d l e ,  D . J .  ( 1 9 8 6 ) .  D i h y d r o a v e r m e c t i n  Bi  : 
a c t i o n s  o n  c u l t u r e d  n e u r o n e s  f r o m  t h e  i n s e c t  c e n t r a l  
n e r v o u s  s y s t e m .  B r a i n  R e s .  3 6 6 :  3 6 9 - 3 7 2 .

L i n d b e r g ,  R . L . P .  a n d  N e g i s h i ,  M. ( 1 9 8 9 ) .  A l t e r a t i o n  o f  m o u s e  
c y t o c h r o m e  P - 4 5 0 c o h  s u b s t r a t e  s p e c i f i c i t y  b y  m u t a t i o n  
o f  a  s i n g l e  a m i n o - a c i d  r e s i d u e .  N a t u r e  3 3 9 :  6 3 2 - 6 3 4 .

L o f g r e n ,  C . S .  a n d  W i l l i a m s ,  D . F .  ( 1 9 8 2 ) .  AVMBia : H i g h l y
p o t e n t  i n h i b i t o r  o f  r e p r o d u c t i o n  b y  q u e e n s  o f  t h e  r e d  
i m p o r t e d  f i r e  a n t .  J .  E c o n .  E n t o m o l .  7 5 :  7 9 8 - 8 0 3 .

L um m is  S . C . R .  a n d  S a t t e l l e ,  D . B .  ( 1 9 8 5 ) .  B i n d i n g  s i t e s  f o r  
4 - a m i n o b u t y r i c  a c i d  a n d  b e n z o d i a z e p i n e s  i n  t h e  c e n t r a l  
n e r v o u s  s y s t e m  o f  i n s e c t s .  I n :  N e u r o t o x  * 8 5 * ,  2 n d  
I n t e r n a t i o n a l  S y m p o s i u m  o f  I n s e c t  N e u r o b i o l o g y  a n d  
P e s t i c i d e  A c t i o n .  B a t h . 3 1  M a r c h - 4  A p r i l ,  1 9 8 5  
( A b s t r a c t ) .

L u n d ,  A . E . ,  H o l l i n g s w o r t h ,  R . M.  a n d  S h a n k l a n d ,  D . L .  ( 1 9 7 9 ) .  
C h l o r d i f o r m :  p l a n t  p r o t e c t i o n  b y  a  s u b l e t h a l ,  
n o n c h o l e r g i c  a c t i o n  o n  t h e  c e n t r a l  n e r v o u s  s y s t e m .  
P e s t i c  B i o c h e m .  P h y s i o l .  1 1 :  1 1 7 - 1 2 8 .

M a r t i n ,  R . J .  ( 1 9 8 7 ) .  T h e C ^ - a m i n o b u t y r i c  a c i d  r e c e p t o r  o f
A s c a r i s  a s  a  t a r g e t  f o r  a n t i h e l m i n t i c s . B i o c h e m .  S o c .  
T r a n s . 1 5 :  6 1 - 6 5 .

M a t s u m u r a ,  F .  ( e d ) ( 1 9 8 5 ) .  I n  T o x i c o l o g y  o f  i n s e c t i c i d e s .
2 n d  e d i t i o n .  P l e n u m  P r e s s ,  New Y o r k  a n d  L o n d o n .  5 9 8 p p .

M a t s u m u r a  a n d  H a y a s h i  ( 1 9 6 9 ) .  R e s i d u e  R e v .  2 5 : 2 5 6  q u o t e d  i n  
T o x i c o l o g y  o f  i n s e c t i c i d e s . 2 n d  e d i t i o n  ( M a t s u m u r a ,  F .
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e d i t o r ,  1 9 8 5 ) .  P l e n u m  P r e s s ,  Ne w Y o r k  a n d  L o n d o n .
5 9 8 p p .

M e l l i n ,  T . N . ,  B u s c h ,  R . D .  a n d  W a n g ,  C . C .  ( 1 9 8 3 ) .
P o s t s y n a p t i c  i n h i b i t i o n  o f  i n v e r t e b r a t e  n e u r o m u s c u l a r  
t r a n s m i s s i o n  b y  a v e r m e c t i n  B i a .  N e u r o p h a r m a c o l o g y . 2 2 :  
8 9 - 9 6 .

M i s l e r ,  S .  a n d  H u r l b u r t ,  W . P .  ( 1 9 7 9 ) .  A c t i o n  o f  b l a c k  w i d o w  
s p i d e r  v e n o m  o n  q u a n t i z e d  r e l e a s e  o f  a c e t y l c h o l i n e  a t  
t h e  f r o g  n e u r o m u s c u l a r  j u n c t i o n :  D e p e n d e n c e  u p o n  
e x t e r n a l  Mg+ . P r o c .  N a t l .  A c a d .  S c i .  U S A .  7 6 :  9 9 1 - 9 9 5 .

M i w a ,  G . T . , W a l s h ,  J . S . ,  V a n d e n H e u v e l , W . J . A . ,  A r i s o n ,  B . , 
S e s t o k a s ,  E . , B u h s ,  R . , R o s e g a y ,  A . ,  A v e r m i t i l i s ,  S . ,  
L u ,  A . Y . H . ,  W a l s h ,  M . A . R . , W a l k e r ,  R . W . , T a u b ,  R .  a n d  
J a c o b ,  T . A .  ( 1 9 8 3 ) .  T h e  m e t a b o l i s m  o f  a v e r m e c t i n s  B i a ,  
H2 B i a a n d  H2 B i b  b y  l i v e r  m i c r o s o m e s .  D r u g  M e t a b o l i s m  
a n d  D i s p o s i t i o n .  1 0 ( 3 ) :  2 6 8 - 2 7 4 .

N a k a t s u g a w a ,  T .  a n d  M o r e l l i ,  M. A .  ( 1 9 7 6 ) .  M i c r o s o m a l  
o x i d a t i o n  a n d  i n s e c t i c i d e  m e t a b o l i s m .  I n :  I n s e c t  
B i o c h e m i s t r y  a n d  P h y s i o l o g y  ( e d .  W i l k i n s o n ,  C . F . )  
6 4 - 1 0 4 ,  P l e n u m  P r e s s ,  Ne w Y o r k .  7 8 6  p p .

N i s h i m u r a ,  K . , K i t a h a b a ,  T . , I k e m o t o ,  Y .  a n d  F u j i t a ,  T .  
( 1 9 8 8 ) .  Q u a n t i t a t i v e  s t r u c t u r e - a c t i v i t y  s t u d i e s  o f  
p y r e t h r o i d s .  1 4 .  P h y s i o c h e m i c a l  s t r u c t u r a l  e f f e c t s  o f  
t e t r a m e t h r i n  a n d  i t s  r e l a t e d  c o m p o u n d s  o n  k n o c k d o w n  
a c t i v i t y  a g a i n s t  h o u s e  f l i e s .  P e s t i c  B i o c h e m .  P h y s i o l .  
3 1 :  1 5 5 - 1 6 5 .

N i s h i m u r a ,  K . , O k a j i m a ,  N .  F u j i t a ,  T .  a n d  N a k a j i m i ,  M.
( 1 9 8 2 ) .  Q u a n t i t a t i v e  s t r u c t u r e - a c t i v i t y  s t u d i e s  o f  
s u b s t i t u t e d  b e n z y l  c h r y s a n t h e m a t e s . 4 .  P h y s i o c h e m i c a l  
p r o p e r t i e s  a n d  t h e  r a t e  o f  p r o g r e s s  o f  k n o c k d o w n  
s y m p t o m s  i n d u c e d  i n  h o u s e f l i e s .  P e s t i c .  B i o c h e m .  
P h y s i o l .  1 8 :  3 4 1 - 3 5 0 .

O n i s h i ,  J . C .  a n d  M i l l e r ,  T . W.  ( 1 9 8 5 ) .  T h e  e f f e c t  o f
a v e r m e c t i n  Bi  o n  f u n g i .  J .  A n t i b i o t .  3 8 :  1 5 6 8 - 1 5 7 3 .

O p p e n o r t h ,  D . A .  a n d  W e l l i n g ,  W. ( 1 9 7 6 ) .  B i o c h e m i s t r y  a n d
P h y s i o l o g y  o f  R e s i s t a n c e .  I n :  I n s e c t  B i o c h e m i s t r y  a n d  
P h y s i o l o g y  ( e d .  W i l k i n s o n ,  C . F . )  5 0 7 - 5 5 1 ,  P l e n u m  P r e s s ,  
Ne w Y o r k .  7 6 8 p p .

O s t l i n d ,  D . A . , C i f e l l i ,  S . ,  a n d  L a n g ,  R.  ( 1 9 7 9 ) .
I n s e c t i c i d a l  a c t i v i t y  o f  t h e  a n t i - p a r a s i t i c  
a v e r m e c t i n s .  V e t .  R e c . 1 0 5 :  1 6 8 .

P a r r i s h ,  M. D .  a n d  R o b e r t s ,  R . B .  ( 1 9 8 4 ) .  T o x i c i t y  o f  
a v e r m e c t i n  Bi  t o  l a r v a l  y e l l o w j a c k e t s , V e s p u l a  
m a c u l i f r o n s  ( H y m e n o p t e r a : V e s p i d a e ) .  J .  E c o n .  E n t o m o l .
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77: 769-772.
P a t i l ,  V . L .  a n d  G u t h r i e ,  F . E .  ( 1 9 7 9 a ) .  E f f e c t  o f  a n o m a l o u s  

c u t i c u l a r  p h o s p h o l i p i d s  o n  p e n e t r a t i o n  o f  i n s e c t i c i d e s  
i n  s u s c e p t i b l e  a n d  r e s i s t a n t  h o u s e f l i e s .  P e s t i c . 
B i o c h e m .  P h y s i o l .  1 1 :  1 3 - 1 9 .

P a t i l ,  V . L .  a n d  G u t h r i e ,  F . E .  ( 1 9 7 9 b ) .  C u t i c u l a r  l i p i d s  o f  
t w o  r e s i s t a n t  a n d  a  s u s c e p t i b l e  s t r a i n  o f  h o u s e f l i e s .  
P e s t i c .  S c i .  1 0 :  3 9 9 - 4 0 6 .

P a u l ,  S . M . ,  S k o l n i e k ,  P .  a n d  Z a t z ,  M. ( 1 9 8 0 ) .  AVMBia : An  
i r r e v e r s i b l e  a c t i v a t o r  o f  t h e  G A B A - b e n z o d i a z e p i n e -  
c h l o r i d e - i o n o p h o r e  r e c e p t o r  c o m p l e x .  B i o c h e m .  B i o p h v s .  
R e s .  Com. 9 6 :  6 3 2 - 6 3 8 .

P e l a g ,  B . A .  ( 1 9 8 7 ) .  E f f e c t  o f  a v e r m e c t i n  Bi  o n  t h e
d e v e l o p m e n t  a n d  f e c u n d i t y  o f  t h e  C a l i f o r n i a  r e d  s c a l e ,  
A o n i d i e l l a  a u r a n t i i  a n d  o n  t w o  o f  i t s  n a t u r a l  e n e m i e s :  
C h i l o c o r u s  b i p u s t u l a t u s  a n d  A p h y t i s  h o l o x a n t h u s . 
P h y t o p a r a s i t i c a  1 5 ( 2 ) :  1 1 5 - 1 2 3 .

P e r r y ,  A . S .  a n d  A g o s i n ,  M. ( 1 9 7 4 )  T h e  p h y s i o l o g y  o f
i n s e c t i d e  r e s i s t a n c e  b y  i n s e c t s .  I n  P h y s i o l o g y  o f  
I n s e c t a  6 .  R o c k s t e i n ,  M. ( E d i t o r ) .  A c a d e m i c  P r e s s ,  New  
Y o r k  a n d  L o n d o n .  5 4 8 p p .

P i c k e n s ,  L . G . , R e d f e r n ,  R . E .  a n d  H a y e s ,  D . K .  ( 1 9 8 8 ) .
N a r c o t i c  c o m p o u n d s  a f f e c t  e l e c t r o r e t i n o g r a m s  o f  s o m e  
a d u l t  m o t h s .  B u l l e t i n  o f  t h e  E n t o m o l o g i c a l  S o c i e t y  o f  
A m e r i c a . 3 ( 2 ) :  7 0 - 7 1 .

P i e n k o w s k i ,  R . L .  a n d  M e h r i n g ,  P . R .  ( 1 9 8 3 ) .  I n f l u e n c e  o f  
a v e r m e c t i n  Bi  a n d  c a r b o f u r a n  o n  f e e d i n g  b y  a l f a l f a  
w e e v i l  l a r v a e  ( C o l e o p t e r a :  C u r c u l i o n i d a e ) .  J .  E c o n .  
E n t o m o l . 7 6 :  1 1 6 7 - 1 1 6 9 .

P i m p r i k a r ,  G . D .  a n d  G e o r g i o u ,  G . P .  ( 1 9 7 9 ) .  M e c h a n i s m s  o f  
r e s i s t a n c e  t o  d i f l u b e n z u r o n  i n  t h e  h o u s e f l y  M u s c a  
d o m e s t i c a  ( L . ) .  P e s t i c .  B i o c h e m .  P h y s i o l .  1 2 :  1 0 - 2 2 .

P i m p r i k a r ,  G . D .  a n d  G e o r g i o u ,  G . P .  ( 1 9 8 2 ) .  E f f e c t  o f  s e s e m e x  
o n  t h e  i n  v i v o  m e t a b o l i s m  o f  d i f l u b e n z u r o n  i n  l a r v a e  o f  
s u s c e p t i b l e  a n d  r e s i s t a n t  s t r a i n s  o f  t h e  h o u s e f l y ,
M u s c a  d o m e s t i c a  L . .  A g r i c .  F o o d  C h em .  3 0 :  6 1 5 - 6 1 8 .

P o n g ,  S . - S . ,  W a n g ,  C . - C .  a n d  F r i t z ,  L . C .  ( 1 9 8 0 ) .  S t u d i e s  o n  
t h e  m e c h a n i s m  o f  A V M B i a : s t i m u l a t i o n  o f  r e l e a s e  o f  GABA 
f r o m  b r a i n  s y n a p t o s o m e s . J .  N e u r o c h e m .  3 4 :  3 5 1 - 3 5 8 .

P o n g ,  S . - S .  a n d  W a n g ,  C . - C .  ( 1 9 8 0 ) .  T h e  s p e c i f i c i t y  o f  h i g h  
a f f i n i t y  b i n d i n g  o f  AVMBia t o  m a m m a l i a n  b r a i n .  
N e u r o p h a r m a c o l o g y . 1 9 :  3 1 1 - 3 1 7 .
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P o n g ,  S . - S .  a n d  W a n g ,  C . - C .  ( 1 9 8 2 ) .  A v e r m e c t i n  B i a
m o d u l a t i o n  o f  g a m m a - a m i n o b u t y r i c  a c i d  r e c e p t o r s  i n  r a t  
b r a i n  m e m b r a n e s .  J o u r n a l  o f  N e u r o c h e m i s t r y  3 8 ( 2 ) :  
3 7 5 - 3 7 9 .

P o n g ,  S . - S . ,  D e h a v e n ,  R.  a n d  W a n g ,  C . - C .  ( 1 9 8 1 ) .  S t i m u l a t i o n  
o f  b e n z o d i a z e p i n e  b i n d i n g  t o  r a t  b r a i n  m e m b r a n e s  a n d  
s o l u b i l i z e d  r e c e p t o r  c o m p l e x  b y  AVMBia a n d  GABA.  
B i o c h e m .  B i o p h v s .  A c t a .  6 4 6 :  1 4 3 - 1 5 0 .

P o n g ,  S . - S . ,  D e h a v e n ,  R .  a n d  W a n g ,  C . - C .  ( 1 9 8 2 ) .  A
c o m p a r a t i v e  s t u d y  o f  a v e r m e c t i n  B i a  a n d  o t h e r  
m o d u l a t o r s  o f  t h e  G A B A - r e c e p t o r - c h l o r i d e  i o n  c h a n n e l  
c o m p l e x .  J .  N e u r o s c i .  2 :  9 6 6 - 9 7 1 .

P u t t e r ,  I . ,  M a c C o n n e l l ,  J . G . ,  P r e i s e r ,  F . A . , H a i d r i , A . A . , 
R i s t i c h ,  S . A .  a n d  D y b a s , R . A .  ( 1 9 8 1 ) .  A v e r m e c t i n s :
N o v e l  i n s e c t i c i d e s ,  a c a r i c i d e s  a n d  n e m a t i c i d e s  f r o m  a  
s o i l  m i c r o o r g a n i s m .  E x p e r i e n t i a .  3 7 :  9 6 3 - 9 6 4 .

R e e d ,  D . K . ,  T r o m l e y ,  N . J .  a n d  R e e d ,  G . L .  ( 1 9 8 5 ) .  A c t i v i t y  o f  
a v e r m e c t i n  Bi  a g a i n s t  C o d l i n g  M o t h  ( L e p i d o p t e r a : 
O l e t h r e u t i d a e ) .  J .  E c o n .  E n t o m o l .  7 8 ( 5 ) :  1 0 6 7 - 1 0 7 1 .

R o u s h ,  R . T .  a n d  W r i g h t ,  J . E .  ( 1 9 8 6 ) .  A b a m e c t i n :  T o x i c i t y  t o  
H o u s e  F l i e s  ( D i p t e r a :  M u s c i d a e )  r e s i s t a n t  t o  s y n t h e t i c  
o r g a n i c  i n s e c t i c i d e s .  J .  E c o n .  E n t o m o l .  7 9 :  5 6 2 - 5 6 4 .

S a l a m a ,  H . S .  ( 1 9 8 3 ) .  C o t t o n  p e s t  m a n a g e m e n t  i n  E g y p t .  C r o p  
P r o t e c t i o n . 2 ( 2 ) :  1 8 3 - 1 9 1 .

S a n o ,  M . , T r e a d a ,  M . , I s h i i ,  A . I .  a n d  K i n o ,  H.  ( 1 9 8 1 )
E f f e c t s  o f  A v e r m e c t i n  B i a  o n  t h e  m o t i l i t y  o f  v a r i o u s  
p a r a s i t i c  h e l m i n t h s .  E x p e r i e n t i a  3 7 :  8 4 4 - 8 4 6 .

S a s s e r ,  J . N . ,  K i r k p a t r i c k ,  T . L .  a n d  D y b a s ,  R . A .  ( 1 9 8 2 ) .  
E f f i c a c y  o f  a v e r m e c t i n s  f o r  r o o t - k n o t  c o n t r o l  o n  
t o b a c c o .  P l a n t  P i s .  6 6 :  6 9 1 - 6 9 3 .

S a w i c k i ,  R . M.  ( 1 9 8 9 ) .  C u r r e n t  i n s e c t i c i d e  m a n a g e m e n t
p r a c t i c e s  i n  c o t t o n  a r o u n d  t h e  w o r l d  -  s h o r t - t e r m  
s u c c e s s e s  o r  t e m p l a t e s  f o r  t h e  f u t u r e ?  P e s t i c .  S c i . 
2 6 ( 4 ) :  4 0 1 - 4 1 1 .

S c h a e f f e r ,  J . M . ,  H a i n e s ,  H. W.  a n d  T u r n e r ,  M . J .  ( 1 9 8 8 ) .  
A v e r m e c t i n  b i n d i n g  i n  C a e n o r h a b d i t i s  e l e g a n s : A 
t w o - s t a t e  m o d e l  f o r  t h e  a v e r m e c t i n  b i n d i n g  s i t e .  I n :  
N e u r o t o x  8 8  M o l e c u l a r  B a s i s  o f  D r u g  a n d  P e s t i c i d e  
A c t i o n . 1 0 - 1 5  A p r i l ,  N o t t i n g h a m .  p l 0 7 - 1 0 8  ( a b s t r a c t ) .

S c h u s t e r ,  D.  a n d  E v e r e t t ,  P . H .  ( 1 9 8 3 ) .  R e s p o n s e  o f  L i r i o m y z a  
t r i f o l i i  ( D i p t e r a  : A g r o m y z i d a e )  t o  i n s e c t i c i d e s  o n  
t o m a t o .  J .  E c o n .  E n t o m o l .  7 6 :  1 1 7 0 - 1 1 7 4 .
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S c o t t ,  J . G .  ( 1 9 8 9 ) .  C r o s s  r e s i s t a n c e  t o  t h e  b i o l o g i c a l  
i n s e c t i c i d e  a b a m e c t i n  i n  p y r e t h r o i d - r e s i s t a n t  
h o u s e f l i e s .  P e s t i c .  B i o c h e m .  P h y s i o l .  3 4 :  2 7 - 3 1 .

S c o t t ,  R . H .  a n d  D u c e ,  I . R .  ( 1 9 8 5 ) .  E f f e c t s  o f
d i h y d r o a v e r m e c t i n  B i a  o n  l o c u s t  ( S c h i s t o c e r c a  g r e g a r i a ) 
m u s c l e s  m a y  i n v o l v e  s e v e r a l  s i t e s  o f  a c t i o n .  P e s t i c . 
S c i .  1 6 :  5 9 9 - 6 0 4 .

S c o t t ,  R . H .  a n d  D u c e ,  I . R .  ( 1 9 8 6 ) .  A n i o n  s e l e c t i v i t y  o f  GABA 
a n d  DHAVM i n d u c e d  c o n d u c t a n c e  c h a n g e s  o n  l o c u s t  m u s c l e .  
N e u r o s c i .  L e t t .  6 8 :  1 9 7 - 2 0 1 .

S p r a d b e r y ,  J . P . ,  T o z e r ,  R . S . ,  D r e w e t t ,  N .  a n d  L i n d s e y ,  M . J .  
( 1 9 8 5 ) .  T h e  e f f i c a c y  o f  i v e r m e c t i n  a g a i n s t  l a r v a e  o f  
t h e  s c r e w - w o r m  f l y  ( C h r y s o m a  b e s s i a n a ) .  A u s t .  v e t .  J .  
6 2 :  3 1 1 - 3 1 4 .

S t a n d f a s t ,  H . A . ,  M u l l e r ,  M . J .  a n d  W i l s o n ,  D . D .  ( 1 9 8 4 ) .  
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Appendix 1.1.
A c o m p a r i s o n  o f  d o s e s  o f  AVMBi c a u s i n g  m o r t a l i t y  i n  
H . v i r e s c e n s ,  H.  z e a ,  S .  e r i d a n i a ,  S .  f r u g i p e r d a ,  H.  
a r m i g e r a  a n d  S .  l i t t o r a l i s  4 8 .  7 2  a n d  9 6  h  a f t e r  t r e a t m e n t *

S p e c i e s

H.  z e a b 
H .  z e a c 
S .  e r i d a n i a d 
S .  f r u g j p e r d a c 
S .  l i t t o r a l i s  
S .  l i t t o r a l i s  
S .  f r u g i p e r d a 0 
H. v i r e s c e n s c 
H. z e a c
S .  l i t t o r a l i s ( 
H. a r m i g e r a  ( I  
H. v i r e s c e n s  ( 
S .  l i t t o r a l i s f 
H. a r m i g e r a  ( I

M e t h o d  o f 4 8  h 4 8  h 7 2  h 9 6  h
a p p l i c a t i o n L D s o L D 9 5 L D s 0 L D s 0

;a T o p i c a l 0 . 0 1 5 0 . 1 5 8 _ _
a T o p i c a l 0 . 0 0 2 4 1 0 . 1 7 2 1 - -
b T o p i c a l 0 . 0 1 5 - - 0 . 0 0 5 3
;c T o p i c a l - - - 0 . 0 3 2
d T o p i c a l - - 0 . 0 1 - 0 . 0 2 2 -

T o p i c a l 0 . 4 3 - - 0 . 3 1
T o p i c a l - - - 0 . 0 2 6
T o p i c a l  
T o p i c a l  

Ve T o p i c a l  
V I e T o p i c a l  

O r a l  
O r a l  
O r a l  

I ) e O r a l  
) e O r a l
I )  e O r a l  
I I I ) e O r a l
I I )  e O r a l

3 . 8 1 - 5 . 4 5 2
>1 0 . 0  
> 7 . 2  

0 . 1 2 7  
>1 0 . 0  
0 . 5 0 1  

1 5 . 0 3 8  
1 . 2 3 *  
0 . 1 5 *  

0 . 0 3 3 *  
1 0 . 9 6 *  

1 . 2 9 *

A l l  d o s e s  a r e  i n  p g / i n s e c t  e x c e p t  f o r  t h o s e  m a r k e d  * w h i c h  
a r e  g i v e n  a s  u g  a . i . / m l .

1 AVMBi a s  e m u l s i f i a b l e  c o n c e n t r a t e
2 D o s e s  c a l c u l a t e d  o n  b a s i s  o f  l a r v a l  w e i g h t s

T h i s  a p p e n d i x  m o d i f i e d  f r o m  S t r o n g  a n d  B r o w n  ( 1 9 8 7 ) ,  
i n c l u d i n g  d a t a  f r o m :  a W r i g h t  e t  a l . ( 1 9 8 5 ) ;  b
W o l f e n b a r g e r  e t  a l . ( 1 9 8 5 ) ;  ° B u l l  ( 1 9 8 6 ) ;  d A n d e r s o n  
e t  a l . ( 1 9 8 6 ) ;  e C o r b e t t  e t  a l . ( 1 9 8 9 ) .
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APPENDIX 2 . 1
A r t i f i c i a l  d i e t  f o r  S .  l i t t o r a l i s  a n d  H.  a r m i g e r a

L a r v a l  d i e t
a )  H a r i c o t  b e a n  s e e d  ( f i n e l y  g r o u n d )  d r i e d  w t .  1 0 0 0 . Og
b )  A s c o r b i c  a c i d  1 5 . 7 g
c )  M e t h y l - 4 - h y d r o x y b e n z o a t e  1 0 . Og
d )  S o r b i c  a c i d  5 . Og
e )  T e t r a c y c l i n e  0 . 7 5 g
f )  L i n s e e d  o i l  4 0 . 0 m l
g )  V i t a m i n  s t o c k  s o l u t i o n  ( s e e  b e l o w )  3 3 . 0 m l
h )  W a t e r  1 6 7 0 . 0 m l
i )  Y e a s t  1 6 0 . Og
j )  A g a r  5 8 . Og
k )  W a t e r  ( f o r  y e a s t  a n d  a g a r )  2 4 0 0 . 0 m l

A d u l t  d i e t
S u c r o s e  5 0 . Og
M e t h y l - 4 - h y d r o x y b e n z o a t e  l . O g
V i t a m i n  s t o c k  s o l u t i o n  ( s e e  b e l o w )  1 0 . 0 m l
W a t e r  5 0 0 . 0 m l

V i t a m i n  s t o c k  s o l u t i o n  ( k e p t  a t  5 ° C )
N i c o t i n i c  a c i d  1 . 5 2 6 g
C a l c i u m  p a n t o t h e n a t e  1 . 5 2 6 g
R i b o f l a v i n  0 . 7 6 4 g
A n e u r i n e  h y d r o c h l o r i d e  0 . 3 8 2 g
P y r i d o x i n e  h y d r o c h l o r i d e  0 . 3 8 2 g
F o l i c  a c i d  0 . 3 8 2 g
D - b i o t i n  0 . 3 0 6 g
C y a n o c o b a l a m i n e  0 . 0 0 3 g
W a t e r  5 0 0 . 0 m l

P r e p a r a t i o n  o f  l a r v a l  d i e t

H a r i c o t  b e a n  s e e d s  ( a )  w e r e  s o a k e d  o v e r n i g h t  i n  w a t e r ,  
t h e n  f i n e l y  g r o u n d .  W a t e r  ( h )  w a s  a d d e d  t o  i n g r e d i e n t s  ( a - g ) 
a n d  s t i r r e d .  T h e  w a t e r  ( k )  f o r  t h e  y e a s t / a g a r  w a s  b r o u g h t  t o  
b o i l i n g ,  a g a r  a n d  y e a s t  w e r e  t h e n  a d d e d  w h i l e  s t i r r i n g  a n d  
c o m b i n e d  w i t h  i n g r e d i a n t s  ( a - h ) .  T h e  m i x t u r e  w a s  b r o u g h t  t o  
t h e  b o i l ,  a l l o w e d  t o  c o o l  s l i g h t l y  a n d  p o u r e d  e i t h e r  i n t o  
w a x e d  p a p e r  c o n e s  o r  i n t o  a  p l a s t i c  t r a y  a n d  a l l o w e d  t o  s e t .  
D i e t  w a s  s t o r e d  a t  5 C . F o r  b i o a s s a y s ,  l i q u i d  d i e t  w a s  
p o u r e d  i n t o  p l a s t i c  t r a y s  l i n e d  w i t h  a l u m i n i u m  f o i l  a n d  a  
D u f a y l i t e  i m p r e g n a t e d  p a p e r  h o n e y c o m b  w a s  p r e s s e d  o n t o  t h e  
t r a y s  s o  t h a t  t h e  d i e t  w a s  i n  t h e  b o t t o m  o f  e a c h  i n d i v i d u a l  
p i e c e  o f  h o n e y c o m b .

P r e p a r a t i o n  o f  a d u l t  d i e t

T h e  i n g r e d i e n t s  w e r e  a d d e d  t o  a  5 0 0 m l  f l a s k  a n d  m i x e d .  
T h e  d i e t  w a s  p u t  i n t o  p l a s t i c  p o t s  c o n t a i n i n g  c o t t o n w o o l .
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APPENDIX 3.1.1.
Toxicity of topically applied AVMBi to larval instars of 
Spodoptera littoralis reared on artificial diet.

Instar Concentration (ug ml“1 ) n Number Respc
Second 0

1
100 9

35 100 14
186 100 53
394 100 71
511 100 83

1871 100 96
Mean weight of larvae =1.52 rag

Third 0 98 8
186 99 16
394 99 24
511 100 37

1871 94 50
2285 99 71

Mean weight of larvae =15.701 rag
Fourth 0 104 3

186 97 9
511 98 15

2285 105 28
4571 104 35
10573 109 56

Mean weight of larvae =22.42 mg

Fifth 0 163 23
511 85 11

2285 129 28
4571 88 24
4697 45 14
9143 85 29

51800 100 61
Mean weight of larvae =188 mg

Sixth 0 84 10
35 44 8

186 49 16
394 102 55
511 100 64

1871 50 42
2285 90 72
4571 40 37

Mean weight of larvae =804 mg
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APPENDIX 3.1,2.
Toxicity of topically applied AVMBi with PB (50000 jug ml-1) 
topically applied 1 h before, to larval instars of 
Spodoptera littoralis.

Instar Concentration(ue ml”1 ) n Number Responding
Third 0 80 6

35 94 8
186 89 42
394 92 51
511 87 54

1871
Mean weight of

88
larvae=16.7 mg

72

Fourth 0 101 9
186 100 17
511 93 20

2285 95 45
4571 95 62

10573
Mean weight of

94
larvae=24.5 mg

76

Fifth 0 103 0
186 104 9
511 96 16

2285 100 30
4571 103 41

Fifth

9143
Mean weight of 
(5000 pg ml"1 )

106
larvae=224.4 mg

57

0 50 3
613 50 10
993 50 14

1587 50 16
2285 50 18
4697

Mean weight of
50

larvae=l70mg
24

Sixth 0 100 8
35 95 16

186 96 44
394 85 50
511 89 58

2285
Mean weight of

99
larvae=798 mg

80
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APPENDIX 3.1*3,
Toxicity of topically-applied AVMBi with DEF to V instar 
S. littoralis.

Instar
Concentration 

(yg ml"1 )
n Number responding

Fifth +DEF 0 102 11
511 104 23

2285 102 31
4697 106 40
10573 102 50
51800 100 68

Mean weight of larvae =200mg

APPENDIX 3.1.4.
Toxicity of AVMBi following in.iection into V and VI instar
S. littoralis and V instar H. armigera larvae and toxicity
of AVMBi topically -applied following in.iection of 1 ul 5000
|ig ml"1 PB into V instar S. littoralis.
Instar Concentration! yig ml"1 ) n Number responding
S. littoralis
Fifth 0 78 12

186 87 24
511 86 36

1871 87 44
4571 95 56

Mean weight of larvae = 147mg
Sixth 0 95 13

186 95 24
394 74 31
511 95 43

2285 90 48
4571 75 53

Mean weight of larvae = 953mg
H. armieera
Fifth 0 40 3

663 50 10
997 50 19

1587 50 23
2285 50 29
4697 50 35

Mean weight of lafVae = 122mg
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Fifth instar S. littoralis injection l}il PB
0 40 2

613 50 9
993 50 12

1587 50 15
2285 50 21
4697 50 30

Mean weight of larvae = 210mg 
APPENDIX 3.1.5.
Toxicity of topically-applied malathion to V(±.)PB and VI 
(-)PB instar S. littoralis.
Treatment Instar Concentration n Number responding
(+/ - P B ) (ug ml-1 )

Fifth 0 80 5
500 100 16

1000 100 34
2500 100 54
5000 98 65

10000 93 76
Mean weight of larvae =223mg

Fifth 0 102 7
100 100 17
250 100 31
500 95 36

1000 98 44
2500 98 55

Mean weight of larvae =210mg
Sixth 0 85 12

100 51 11
250 101 27
500 50 17

1000 100 41
2500 99 57
5000 84 54

Mean weight of larvae =947mg
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APPENDIX 3.1.6.
Toxicity of topically-applied lambda cyhalothrin (Karate) to 
V(±)PB and VI(-)PB instar S. littoralis.
Treatment Instar Concentration n Number Responding
(+/-PB) (jug mg- 1 )

+PB Fifth 0 104 10
1 99 11

10 100 48
15 50 31
25 100 81
50 105 97

Mean weight of larvae =177mg
-PB Fifth 0 104 3

0.5 53 3
1 102 14

10 100 47
15 54 36
25 108 88
50 113 105

Mean weight of larvae =182mg
-PB Sixth 0 97 12

10 102 42
15 50 27
20 48 28
25 97 59
50 98 81

100 50 43
Mean weight of larvae =926mg

APPENDIX 3. 1.7.
Toxicity of topicallv-apol ied AVMBi to V(± )PB and
VI(- )PB instar H. armigera.

Treatment Instar Concentration n Number Responding
(+/-PB) (ug ml"1 )

+ PB Fifth 0 100 3
186 46 8
394 50 12
511 100 33

1871 100 50
2287 25 14
4571 100 68

Mean weight of larvae=115mg
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-PB FifthFifth 0 95 8
35 96 13

394 95 30
511 95 43

2285 95 55
4571 97 72

Mean weight of larvae=91,. 9 mg
Sixth 0 73 5

35 46 7
186 97 16
511 75 18

1871 97 34
4571 96 50

Mean weight of larvae=248.3mg

APPENDIX 3.1.8.
Toxicity of topically-applied AVMBi to VI instar
S littoralis larvae (Egyptian f ield strain Fo )
Concentration (yig ml"1 ) n Number Respond

0 40 3
35 37 10

186 35 12
511 35 18

1871 35 21
4571 35 26

Mean weight of larvae=812mg
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Appendix 4.1.

Level of radioactivity recovered from internal 
standard-treated nerve cord extract of fifth instar
S. littoralis larvae and after direct addition of internal
standard to vial.

Treatment Total Dpm Chloroform Dpm Aqueous Dpm
(tissue) recovered recovered recovered
Nerve cord1 125462 125049 413

125926 125506 420
124901 124514 387
124223 123911 312

Mean Dpm 125128 124745 383
Direct into 130456 129941 515
vial2 129274 129024 250

129542 129327 215
129700 128776 924

Mean Dpm 129743 129267 476
1 4.5 tig AVMBi added to known weight of tissue in vial. 

Tissue allowed to dry prior to extraction.
2 4.5 pg AVMBi added directly to vial and extraction 

procedure carried out as before (see Section 4.2.2.1.). 
This data used in Table 4.1.

Appendix 4.2.

Level of 3H-AVMBi determined by TLC method from internal 
standard-treated nerve extract of fifth instar 
S. littoralis.1

Total Dpm 
recovered

Chloroform Dpm 
recovered

Dpm in band 3 of 
chloroform sample

Band 3 as % of 
solvent sample

125462 125049 116439 93.11
125926 125506 116306 92.67
124901 124514 115702 92.92
124223 123911 114957 92.77

X 125128 124745 115851 92.87
1 4.5 jug AVMBj added to known weight of tissue in vial. 

Tissue allowed to dry prior to extraction.
This data used in Table 4.2.
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Appendix 4.3.
Proportion of radioactivity as abamectin following TLC of
chloroform extracts from randomly-selected nerve cord
samples.

% AVMBi
Species/instar 1

Replicate 
2 3 4 Mean

Spodoptera V 76.4 74.8 68.7 75.0 73.7
V+PB 84.6 80.0 87.6 81.7 83.5
VI 86.5 83.5 85.5 85.7 85.3
VI+PB 86.8 82.5 88.4 77.5 83.8Heliothis V 85.5 79.5 84.4 85.5 83.7
VI 78.1 84.0 82.6 83.3 82.0

% Metabolites 
Species/instar

1
Replicate 
2 3 4

Mean

Spodoptera V 23.6 25.2 31.3 25.0 26.3
V+PB 15.4 20.0 12.4 18.3 16.5
VI 13.5 16.5 14.5 14.3 14.7
VI+PB 13.2 17.5 11.4 22.5 16.2Heliothis V 14.5 20.5 15.6 14.5 16.3
VI 21.9 16.0 17.4 16.7 18.0

Data used in Appendix 4.4.
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Appendix 4.4.

Proportion of radioactivity as AVMBi following TLC of 
chloroform extracts of randomly-selected nerve cord samples 
from S. littoralis and H. armigera, at 48 and 24h 
respectively after application of 3H-AVMBi (n=4).

X%lS . E . 3
Instar Dose1 Time (h) AVMBi 2 Metabolite;
Spodoptera
V 4.5 48 73.73±1.7 26.2711.7
V+PB3 4.5 48 83.48±1.7 16.52+1.7
VI 4.5 48 85.3010.6 14.7010.6
VI+PB 4.5 48 83.80+2.4 16.20±2.4
Heliothis 
V 3.0 24 83.73+1.4 16.27±1.4
VI 1.5 24 82.00+1.4 18.00+1.4
1 See Table 4.3.
2 These figures were used to calculate AVMBi in 

chloroform samples in Table 4.5.
3 Standard error calculated following Arc Sine 

Transformation of % data. Original data given in Appendix
4.3.
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Appendix 4.5.
Proportion of AVMBi and metabolites extracted from randomly
-selected S . littoralis and H. armigera, nerve cord samples
48 and 24 h respectively after application of 3H-AVMBi •

Species/ Metabolite replicates1
instar 1 2 3 4 Mean

Spodoptera V Dpm 130.3 220.6 167.7 239.8 189.6
% 53.8 '53.1 45.2 49.2 50.3

V+PB Dpm 94.1 86.2 56.0 86.5 80.7
% 30.5 30.4 23.8 29.5 28.6

VI Dpm 41.4 42.0 37.0 20.1 35.1
% 24.2 27.6 25.3 14.7 23.0

VI + PB Dpm 38.3 48.3 51.7 88.2 56.6
% 18.0 26.0 29.8 34.8 27.1

Heliothis V Dpm 429.0 807.6 350.5 362.7 487.5
% 34.6 26.5 28.8 24.8 28.7

VI Dpm 90.6 125.2 105.6 116.1 109.4
% 42.3 30.8 32.4 35.3 35.2

Species/ AVMBi replicates
instar 1 2 3 4 Mean
Spodoptera V Dpm 112.2 194.5 203.1 247.8 189.4

% 46.2 46.9 54.8 50.8 49.7
V+PB Dpm 214.4 197.4 179.7 206.9 199.6

% 69.5 69.6 76.2 70.5 71.4
VI Dpm 129.4 110.2 109.1 116.6 116.3

% 75.8 72.4 74.7 85.3 77.0
VI + PB Dpm 174.8 137.2 121.6 166.1 149.9

o/
so 82.0 74.0 70.2 65.2 72.9

Heliothis V Dpm 811.9 2245.4 865.5 1101.4 1256.1
% 65.4 73.5 71.2 75.2 71.3

VI Dpm 123.4 281.2 221.0 212.4 209.5
% 57.7 69.2 67.6 64.7 64.8

1 Assumes all radioactivity ini aqueous sampl e is from
metabolites, not AVMBi.
Calculated from chloroform sample using data obtained in 
Appendices 4.3. and 4.4.
PB = Piperonyl Butoxide 
Data used in Table 4.5.
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Appendix 4.6
Radioactivity in randomly-selected S. littoralis and 
H. armigera nerve cords 48 and 24 h respectively after 
topical application of 3H-AVMBi.

Dpm/mg____
Replicates

Species/instar 1 2 3 4 Mean
Spodoptera V 436.3 321.4 249.9 307.8 328.9

V+PB 342.1 298.6 307.4 243.6 297.9
VI 104.6 77.4 142.9 112.7 109.4
VI+PB 141.6 192.1 160.5 100.8 148.8Heliothis V 1847.6 522.6 492.9 1654.3 1129.4
VI 470.6 326.4 240.7 374.6 353.0

Data used in Table 4.5



Appendix 4.7.

Proportion of radioactivity as AVMBi following TLC of

Mean

chloroform extracts of nerve cords from paralysed and
non-paralvsed larvae.
% AVMBi
Species/instar Symptoms 1

Replicates
2 3

Spodoptera V Non-paralysed 71.6 68.0 75.1 71.6
Paralysed 71.0 77.0 75.1 74.4

VI Non-paralysed 79.6 81.6 80.8 80.7
Paralysed 83.4 83.1 83.7 83.4

Heliothis V Non-paralysed 80.3 82.4 82.1 81.6
Paralysed 82.0 81.8 82.5 82.1

VI Non-paralysed 82.9 82.1 83.4 82.8
Paralysed 83.3 81.1 85.2 83.2

% Metabolites 
Species/instar Symptoms 1

Replicates 
2 3 Mean

Spodoptera V Non-paralysed 28.4 24.9 32.0 28.4
Paralysed 29.0 23.0 24.9 25.6

VI Non-paralysed 20.4 18.4 19.1 19.3
Paralysed 16.6 16.3 16.9 16.6

Heliothis V Non-paralysed 19.7 17.6 17.9 18.4
Paralysed 18.0 18.2 17.5 17.9

VI Non-paralysed 17.1 17.9 16.6 17.2
Paralysed 16.7 18.9 14.8 16.8

Data used in Table 4.6.
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Appendix 4.8.

The proportion of radioactivity as AVMBi following TLC of
chloroform extracts from S. littoralis and H. armigera nerve
cord samples from paralysed and non-paralysed larvae, at 48
and 24 h respectively after application of 3H-AVMBi. (n=3)

X%± SE4
Instar Symptoms1 Dose2 Time(h) AVMBi3 Metabolites

Spodoptera
V NP 4.5 48 71.6+2.1 28.4+2.1

P 4.5 48 74.4+1.8 25.6+1.8
VI NP 4.5 48 80.7+0.6 19.3±0.6

P 4.5 48 83.4±0.2 16.6+0.2
Heliothis
V NP 3.0 24 81.6+0.7 18.4+0.7

P 3.0 24 82.1±0.2 17.9+0.2
VI NP 1.5 24 82.8±0.3 17.2+0.3

P 1.5 24 83.2+1.2 16.8+1.2
1 NP = non-paralysed P = paralysed
2 See Table 4.3.
3 These figures used to calculate AVMBi values in

chloroform samples in Table 4.6.
S.E. calculated following Arc Sine Transformation of data 
Original data given in Appendix 4.7.

Page 187



Appendix 4.9.
Proportion of AVMBi and metabolites extracted from nerve
cord samples from paralysed .and non- paralysed larvae 48 and
24 h respectively after application of 3H-AVMBi.
Species/ Metabolite replicates 1
instar Symptoms 1 2 3 4 Mean
Spodoptera V

N Dpm 142.9 130.6 121.7 153.2 137.1
% 48.2 52.2 51.6 52.4 51.1

P Dpm 173.6 147.4 166.3 151.9 159.8
% 48.2 48.3 49.9 46.7 48.3

Spodoptera VI
N Dpm 46.3 36.4 49.6 31.7 41.0

% 32.9 25.8 32.8 28.1 29.9
P Dpm 36.4 39.9 43.6 34.2 38.5

% 24.6 25.1 29.1 24.6 25.8
Heliothis V

N Dpm 501.4 472.6 323.6 407.6 426.3
% 28.6 29.8 24.8 26.2 27.3

P Dpm 374.6 452.9 396.2 352.7 394.1
% 24.4 29.2 26.1 22.9 25.7

Heliothis VI
N Dpm 94.6 99.8 101.3 106.9 100.7

% 30.3 30.5 29.8 31.7 30.6
P Dpm 122.1 111.3 117.4 106.2 114.3

% 34.0 35.0 35.9 33.4 34.6
Species/ Symptoms AVMBi replicates1 Mean
instar 1 2 3 4
Spodoptera V

N Dpm 153.6 119.6 114.3 139.1 131.7
% 51.8 47.8 48.4 47.6 48.9

P Dpm 186.4 157.8 167.2 173.4 171.2
% 51.8 51.7 50.1 53.3 51.7

Spodoptera VI
N Dpm 94.3 104.6 101.5 81.1 95.4

% 67.1 74.2 67.2 71.9 70.1
P Dpm 111.4 119.2 106.1 104.9 110.4

% 75.4 74.9 70.9 75.4 74.2
Heliothis V

N Dpm 1250.7 1111.4 982.7 1146.7 1122.9
% 71.4 70.2 75.2 73.8 72.7

P Dpm 1159.6 1099.4 1121.0 1186.9 1141.7
% 75.6 70.8 73.9 77.1 74.4

Heliothis VI
N Dpm 217.6 227.0 239.1 230.4 228.5

% 69.7 69.5 70.2 68.3 69.4
P Dpm 237.1 206.8 209.7 211.4 216.3

% 66.0 65.0 64.1 66.6 65.4
1 Assumes all radioactivity in aqueous sample is metabolite.
2 Calculated from chloroform sample using Table 4.6.

Data used in Table 4.7.
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Appendix 4.10.
Radioactivity in randomly-selected S. littoralis and 
H. armigera nerve cords 48 and 24 h respectively after 
topical application of 3H-AVMBi.

Dpm/mg
Species/ Replicates
instar Symptoms 1 2 3 4 Mean
Spodoptera

V non-paralysed 207.4 104.2 185.2 170.1 166.7
paralysed 622.4 229.1 728.6 400.5 495.2

VI non-paralysed 93.8 121.8 92.2 121.9 107.4
paralysed 254.2 168.1 239.4 308.1 242.5

Heliothis
V non-paralysed 224.5 308.2 433.8 304.4 317.7

paralysed 2188.3 1272.3 1737.9 1143.7 1585.6
VI non-paralysed 329.0 220.6 297.3 244.0 272.7

paralysed 1062.4 551.6 455.2 450.2 630.0
Data used in Table 4.7.
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Appendix 4.11.
Proportion of radioactivity as AVMBi following TLC of
chloroform extract of fat bodv f rom paralysed and
non-paralysed larvae.

% AVMBi
Species/
instar Symptoms 1

Replicates
2 3 Mean

Spodoptera V non-paralysed 85.2 87.9 90.4 87.9
paralysed 86.5 87.2 87.3 87.0

VI non-paralysed 82.3 84.1 85.3 83.9
paralysed 85.9 87.4 88.3 87.2

Heliothis V non-paralysed 84.2 85.7 86.6 85.5
paralysed 87.2 88.9 90.0 88.7

VI non-paralysed 85.7 85.9 86.7 86.1
paralysed 84.9 87.3 85.8 86.0

% Metabolites
Species/ Replicates
instar Symptoms 1 2 3 Mean
Spodoptera V non-paralysed 14.7 12.1 9.6 12.1

paralysed 13.5 12.8 12.7 13.0
VI non-paralysed 17.7 15.9 14.7 16.1

paralysed 14.1 12.6 11.7 12.8
Heliothis V non-paralysed 15.8 14.3 13.4 14.5

paralysed 12.8 11.1 10.0 11.3
VI non-paralysed 14.3 14.1 13.3 13.9

paralysed 15.1 12.7 14.2 14.0
Data used in Table 4.8.
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Appendix 4.12.

The proportion of radioactivity as AVMBi following TLC of 
chloroform extracts of fat body samples from paralysed (P) 
and non-paralysed (NP) S. littoralis and H. armigera, 48 and 
24h respectively after topical application of 3H-AVMBi (n=3).

__________ X%+S.E.3____________
Instar Symptoms Dose1 Time(h)____ AVMBi 2__________ Metabolites
Spodoptera
V NP 4.5 48

P 4.5 48
VI NP 4.5 48
Heliothis

P 4.5 48
V NP 3.0 24

P 3.0 24
VI NP 1.5 24

P 1.5 24

87.9+1.5 12.1+1.5
87.0+0.2 13.0±0.2
83.9+0.9 16.1±0.9
87.2+0.7 12.8+0.7
85.5+0.7 14.5+0.7
88.7+0.8 11.3+0.8
86.1+0.3 13.9±0.3
86.0+0.7 14.0±0.7

1 See Table 4.3.
2 These figures used to calculate AVMBi values in 

chloroform samples in Table 4.8.
3 S.E. calculated following Arc Sine Transformation of % 

data. Original data given in Appendix 4.11.
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Appendix 4.13.
Proportion of AVMBi and metabolites extracted from fat body
samples of paralysed and non-paralysed larvae 48 and 24 h
respectively after application of 3H-AVMBi.
Species/ Metabolite Replicates
instar Symptoms 1 2 3 Mean
Spodoptera V

non-paralysed Dpm 36.2 78.4 57.3 57.3
% 15.9 22.5 19.9 19.4

paralysed Dpm 90.5 80.3 70.1 80.3
% 27.2 23.1 24.1 24.8

Spodoptera VI
non-paralysed Dpm 12.6 18.3 15.0 15.3

% 22.8 26.5 25.5 24.9
paralysed Dpm 22.0 30.4 30.7 27.7

% 21.3 22.7 23.9 22.6
Heliothis V

non-paralysed Dpm 78.6 90.2 100.0 89.6
% 21.8 22.3 24.7 22.9

paralysed Dpm 366.7 411.3 455.9 411.3
% 18.0 19.1 14.4 17.2

Heliothis VI
non-paralysed Dpm 30.2 31.0 30.9 30.7

% 21.9 21.7 21.8 21.8
paralysed Dpm 85.2 91.7 87.7 88.2

% 16.7 17.7 17.2 17.2
Species/ AVMBi Replicates
instar Symptoms 1 2 3 Mean
Spodoptera V

non-paralysed Dpm 191.4 269.9 230.7 230.7
% 84.1 77.5 80.1 80.6

paralysed Dpm 242.6 266.9 220.4 243.3
% 72.8 76.9 75.9 75.2

Spodoptera VI
non-paralysed Dpm 42.7 50.8 43.9 45.8

% 77.2 73.5 74.5 75.1
paralysed Dpm 82.2 103.5 97.5 94.4

% 78.7 77.3 76.1 77.4
Heliothis V

non-paralysed Dpm 281.6 314.7 304.3 300.2
% 78.2 77.7 75.3 77.1

paralysed Dpm 1675.6 1739.0 1732.2 1715.6
% 82.0 80.9 85.6 82.8

Heliothis VI
non-paralysed Dpm 108.1 112.0 111.4 110.5

% 78.1 78.3 78.2 78.2
paralysed Dpm 425.2 426.0 422.6 424.6

% 83.3 82.3 82.8 82.8
Assumes all radioactivity in aqueous sample is 
metabolites.
Calculated from chloroform sample using Appendices 4.11. 
and 4.12. Data used in Table 4.9.
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Appendix 4.14.

Radioactivity in randomly-selected S, littoralis and H. 
armigera fat body 48 and 24 h respectively after topical 
application of 3H-AVMBi.

_______________ Dpm/mg
Species/ Replicates
instar Symptoms 1 2 3 4 Mean
Spodoptera

V non-paralysed 497.2 118.9 167.6 207.7 247.9
paralysed 542.0 273.1 562.1 487.5 466.2

VI non-paralysed 43.5 87.1 69.4 68.3 67.1
paralysed 98.9 135.7 152.7 145.4 133.2

Heliothis
V non-paralysed 337.7 459.6 413.7 392.9 401.0

paralysed 2737.9 2888.8 1902.5 1951.9 2370.3
VI non-paralysed 72.2 183.0 210.6 210.1 169.0

paralysed 631.1 452.1 472.8 524.7 520.2
Data used in Table 4.9.
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Appendix 4.15
Radioactivity recovered from gut membrane and gut lumen of
S. littoralis and H. armigera 48 and 24 h respectively
following topical application with 3H-AVMBi.

Gut Membrane
Replicates (Dpm/mg)

Sample 1 2 3 4 5 6 7 8 9 10
Spodoptera

V P 48 35 107 221 191 66 75 109 141 203
V NP 47 74 25 64 18 70 22 60 32 46
VI P 65 26 77 57 82 36 81 44 59 79
VI NP 29 40 71 32 25 30 44 60 34 29

Heliothis
V P 129 212 70 82 151 140 86 200 105 165
V NP 49 29 32 39 41 30 47 36 48 40
VI P 18 39 9 9 8 30 12 15 17 12
VI NP 21 15 15 19 12 21 18 17 14 12

Gut lumen
Replicates____ ( Dpm/mg )

Sample 1 2 3 4 5 6 7 8 9 10
Spodoptera 

V P 303 325 437 818 669 747 393 531 578 299
V NP 439 253 233 313 124 152 438 374 176 219
VI P 241 85 99 172 17 208 136 153 174 90
VI NP 85 134 67 96 47 48 120 90 79 98

Heliothis 
V P 1003 2139 2055 551 1829 774 1536 1217 936 1646
V NP 391 197 204 209 296 287 244 287 304 184
VI P 84 47 85 26 55 34 73 59 44 78
VI NP 41 44 66 94 34 36 80 40 73 56

Data used in Table 4.10.
P = Paralysed larvae NP = Non-paralysed larvae.
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Appendix 4,16.
Calculation of AVMBi concentration (pMoles/mg).
In this example, data from a S. littoralis fifth instar 
non-paralysed nerve cord has been used.
Original concentration (radioactivity) = 9.37 mCi in 2.5ml

= 3.748 mCi in 1ml
Original concentration = 1.8% E.C. formulation

= 18000 ppm
Concentration of AVMBi used = 4500 ppm (pg/ml)

= 4.5 jug/jul
So 4.5 pg = 9.37xl0-4 mCi 
But 1 mCi = 2.22xl09 Dpm 
So 4.5 pg = 2080140 Dpm/ml

Activity = 70% of original (calculated from half life of 
tritium [12.26 yrs])*

So activity (4.5 pg) = 2080140x0.7
= 1456098 Dpm/ml

Therefore 1.0 pg = 323577 Dpm/pg
Taking S. littoralis V N.P. nerve cord sample

= 167 Dpm/mg 
= 167000 Dpm/g

To convert to ug = 167000
323577

= 0.516 pg/g
1 Mole AVMBi = 820.2g/l (assuming an 80:20 mixture
AVMBia:AVMBib and molecular wt. of AVMBia = 823 [Mellin et
al., 1983]).
1 uMole = 820.2 pg/1
1 uMole = 0.8202 pg/g
Therefore 0.516 pg = 0.629 pMolar/kg

= 0.629 nMoles/g 
= 0.629 pMoles/mg

(assuming all radioactivity is from AVMBi)
However from TLC the % AVMBi was found to be 48.9% for this 
sample, therefore the concentration of AVMBi

= 0.629x0.489 
= 0.307 pMoles/mg

* In Chapter 4 the activity was calculated as 70% of the 
original, but in Chapter 5, carried out at a later date, the 
activity was calculated as 64% of the original.
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Appendix 4.17
Wash-off samples, from S. littoralis V and VI instar larvae
over 24 h treated with 1 l̂l (uncalibrated volume) of3 H-AVMBi .

.Tirog— Lh) _____________Ppm per insect2
V instar VI instar

0.11 136676 164535
162412 254707
192726 184856
213677 285057
188859 296732

1.0 142742 164004
143657 146603
135159 143642
122922 119689
162262 175325

3.0 58388 49015
67392 68919
56722 83465
66375 55814
51693 77003

6.0 52887 46215
31102 31585
61888 51044
51791 43052
52176 43612

24.0 15474 30141
34525 25492
12164 21402
15522 25350
37708 30954

It took 6 mins, to collect first set of samples (= iFor dose see Section 4.2.6.
Data used in Figure 4.1.
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Appendix 4.18.
Haemolymph samples from S. littoralis V and VI instar larvae
over 24 h treated with 1 ul (uncalibrated volume) of
3 H-AVMBi.

Dpm/ul haemolvmph2
V instar VI instar

0.11 4.3 0.0
0.1 3.2
3.0 2.4
4.0 0.0
0.0 0.1

XtS.E . 2.3±0.9 1.1 + 0.7
1.0 3.9 9.0

5.4 6.8
3.7 6.5
8.4 7.8
7.7 8.1

X+S.E. 5.8+1.0 7.6+0.5
3.0 10.2 16.7

13.8 17.9
8.5 20.9
7.7 16.1

10.1 19.5
X+S.E. 10.1±1.1 18.2+0.9

6.0 14.5 23.6
13.5 26.0
10.7 25.6
19.2 33.6
12.5 25.3

X+S.E. 14.1+1.4 26.8+1.7
24.0 43.9 34.3

30.1 43.1
29.8 46.5
42.5 76.7
35.8 60.1

X+S.E. 36.4+3.0 52.1+7.4

1 It took 6 mins to collect first set of samples
2 For dose used see Section 4.2.6.

Data used in Figure 4.2.
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Appendix 4,19.
Fat body samples from S. littoralis V and VI instar larvae
over 24 h treated with 1 jul (uncalibrated volume) of
3 H-AVMBi.
Time (h) Dpm/mg fat body2______

V instar VI instar
0.11 0. 0

0 . 0
1.3
0 . 0

_ 0.5
X+S.E. 0.4+0.3

0.9
0.9
0.5
0 . 0
0 . 1
0.5+0.2

1.0 36.5
64.1
32.6
23.1

X+S.E. 39.1+8.8

58.2
48.6 
59.9 
56.4
47.6
54.1+2.5

3.0 29.9
65.9 
46.0 
64.7 
37.6

X+S.E. 48.8+7.2

73.9
89.5
64.7
80.8 
91.7
80.5+4.7

6.0 51.8 82.8
89.7 99.2
75.2 127.8

118.5 104.3
89.9 91.5

X+S.E. 85.0+10.9 101.1+7.6
24.0

X+S.E.

152.9
170.4 
126.1 
159.2
149.4

157.9
170.2
181.2 
175.3 
190.2 
175.0+5.4

It took 6 mins to collect first set of samples (=0.1h). 
For dose used see Section 4.2.6.
Data used in Figure 4.3.
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Appendix 5.1.
Radioactivity extracted from nerve-cord samples of paralysed
and non-paralysed larvae (24 or 48 h after application of
3 H-AVMBi ) following electrophysiology experiments.

Replicate (dpm/mg) l
Instar/h Symptoms 1 2 3 4 5 Mean
Heliothis 
V 24 NP 490.2 442.1 262.5 226.6 266.6 337.6

P 944.5 1130.3 2150.0 1498.4 2203.6 1585.4
VI 24 NP 294.3 392.5 124.5 318.1 179.5 261.8

P 1172.1 573.3 464.5 1201.9 505.3 783.4
Spodoptera 
V 24 NP 169.6 122.1 160.3 189.7 101.4 148.6

P 243.6 430.6 284.2 399.8 530.2 377.7
V 48 NP 174.7 192.1 182.9 126.3 110.3 157.3

P 390.7 277.1 640.1 547.2 430.3 457.1
VI 24 NP 109.1 127.2 102.3 93.4 84.3 103.3

P 169.7 230.3 224.4 148.6 236.7 201.9
VI 48 NP 97.3 108.6 131.3 110.1 134.7 116.4

P 301.6 270.2 264.1 159.6 156.1 230.3
1 Values are mean of two samples.

Data used in Table 5.1. and in Figures 5.1., 5.2. and 5.3.
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Appendix 5.2
Spike frequency from untreated, treated-non-paralvsed and 
treated-paralvsed S. littoralis and H. armigera fifth and 
sixth instar larvae.

Replicate ______________Heliothis V 24h X HzlS.E.
Untreated Treated-non-paralvsed Treated-paralvsed

1 63.3+2.3 7.110.6 2.3 + 0.6
2 26.310.5 6.1+1.5 1 .810.2
3 35.6+2.5 4.7±0.7 2.9+0.5
4 27.4+0.5 3.510.3 4.5 + 1.2
5 28.1+0.5 22.8±1.6 3.6+0.3
6 30.9+0.8 22.9+3.6 2.6+0.2
7 57.8+2.4 24.1+0.7 4.4+1.0
8 24.4+1.2 14.2+1.5 1.3+0.3
9 25.2+3.1 13.9+0.5 1.7±0.7

10 35.9+2.1 8.911.7 1.9+0.2

Replicate Heliothis VI 24h X HzlS.E.
Untreated Treated-non-paralvsed Treated-paralvsed

1 30.1+1.1 27.3+0.3 9.8±0.7
2 41.8+1.5 21.510.3 4.4+0.3
3 34.7+0.7 20.210.4 14.5+0.4
4 75.7±0.8 34.8+0.7 8.6+0.6
5 39.6±0.6 30.0+1.1 14.4+0.4
6 66.5+0.8 44.0+0.6 21.010.3
7 44.3+0.6 29.9+0.6 12.1+0.6
8 38.5+1.0 28.110.5 5.610.6
9 20.210.4 30.6±0.5 7.410.4

10 33.010.5 24.1+0.8 13.310.5

Replicate Spodoptera V 24h X HzlS.E.
Untreated Treated-non-paralvsed Treated-paralvsed

1 29.8+0.9 9.311.1 6.510.7
2 29.3±1.2 8.210.2 2.1+0.6
3 25.4+2.2 15.710.9 0.7 + 0.1
4 25.2l2.5 12.512.1 1.0+0.2
5 48.0+3.7 6.0+0.2 4.711.0
6 25.9+2.1 7.210.9 3.2+1.1
7 33.213.1 4.1+0.3 2.110.2
8 31.6+0.6 8.9+0.8 0.410.2
9 28.8+0.5 20.6+1.9 0.4+0.1

10 43.6+0.8 25.9+1.5 0.6+0.1
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Replicate Spodoptera V 48h X Hz.+ S.E.
Untreated Treated-non-naralvsed Treated-paralvsed1 29.8+0.9 8.7±1.1 3.1+0.42 29.3+1.2 4.7+0.1 2.7+0.43 25.4+2.2 5.1+0.3 2.4+0.24 25.2+2.5 7.5+0.3 4.5 + 0.35 48.0+3.7 6.4+0.7 0.2+0.056 25.9+2.1 4.5+0.4 0.7+0.27 33.2+3.1 5.2±j0.2 0.1+0.028 31.6+0.6 9.4±1.2 0.1+0.019 28.8+0.5 11.3±0.6 0.8+0.110 4 3.6 ±.0.8 9.4+1.5 2.1+0.6

Replicate Spodoptera VI 24h X Hz+S.E.Untreated Treated-non-paralvsed Treated-naralvsed1 44.5+0.9 12.0+0.8 2.5+0.62 59.1+1.2 12.9±.0.3 7.6+1.53 57.9+0.7 9.0+0.2 1.5+0.14 56.9+0.8 4.9±0.2 3.0+0.15 23.6 + 0.5 15.9*0.4 2.2+0.26 25.4±0.5 14.2±0.5 5.4+0.27 26.1+0.8 19.3+0.7 7.0+0.38 25.6+0.5 15.1+1.5 7.6 + 0.39 38.7+0.8 25.8+0.5 2.1+0.210 28.8+0•6 19.4+0.4 1.5±0.1

Replicate Spodoptera VI 48h X Hz+S.E.Untreated Treated-non-paralysed Treated-paralvsed1 44.5+0.9 20.6±0.4 2.8±0.32 59.1+1.2 19.0+0.4 3.5+0.33 57.9+0.7 18.5+0.4 8.5 + 0.64 56.9+0.8 16.7±0.4 9.6 + 0.35 23.6+0.5 12.8+1.4 8.3+0.86 25.4+0.5 11.2+0.2 9.1+1.07 26.1+0.8 15.0+1.0 11.4+0.38 25.6+0.5 15.5+0.7 11.4+0.39 38.7+0.8 13.6+0.5 11.9±0.210 28.8+0.6 11.6+0.4 11.7+0.3
The values given are the means of 120 0.5second bins ofdata.
Data used in Table 5.1. and in Figures 5.1., 5.2. and 5.3.
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Appendix 5.3-
Action Potentials (X Hz±S.E.) over 24 h

Spodoptera 6th instar control - untreated
Oh l h 2h 4 h 8 h 1 2 h 2 4 h

1 3 3 . 0 + 0 . 9 2 9 . 2 + 1 . 4 2 7 . 0 + 0 . 6 2 6 . 6 + 0 . 8 2 6 . 8 + 0 . 8 2 6 . 3 + 0 . 8 2 7 . 6 + 0 .
2 3 2 . 8 ± 1 . 0 2 7 . 7 + 1 . 1 2 7 . 1 + 0 . 9 2 7 . 3 + 0 . 7 2 8 . 2 + 0 . 7 2 9 . 7 + 0 . 9 2 5 . 1 + 1 .
3 2 8 . 9 + 1 . 1 2 6 . 3 ± 1 . 0 2 5 . 1 + 1 . 0 2 7 . 2 + 0 . 8 2 7 . 6 + 0 . 9 2 8 . 8 + 0 . 9 2 6 . 6 + 1 .
4 3 6 . 3 + 0 . 7 3 4 . 9 ± 1 . 4 2 9 . 6 + 1 . 0 2 9 . 6 + 1 . 2 2 9 . 1 + 1 . 1 2 9 . 8 + 1 . 3 2 9 . 7 + 1 .
5 3 4 . 5 + 0 . 9 3 4 . 2 + 1 . 0 2 9 . 8 + 1 . 1 2 7 . 3 + 0 . 9 3 0 . 3 + 1 . 2 2 9 . 2 + 1 . 7 2 4 . 9 + 0 .
6 4 0 . 7 + 0 . 7 3 8 . 9 + 0 . 8 3 8 . 7 + 0 . 9 3 9 . 2 + 1 . 0 3 7 . 3 + 0 . 8 3 6 . 9 + 0 . 7 3 2 . 8 + 0 .
7 4 1 . 8 + 0 . 8 4 0 . 9 ± 0 . 6 3 9 . 7 + 0 . 7 3 9 . 4 + 0 . 8 3 8 . 8 + 1 . 0 4 0 . 0 + 0 . 8 3 6 . 4 + 0 .
8 3 8 . 7 + 0 . 7 3 8 . 0 + 0 . 8 3 8 . 2 + 0 . 7 3 7 . 8 + 0 . 9 3 7 . 9 + 0 . 8 3 6 . 4 + 0 . 9 3 5 . 8 + 0 .
9 4 0 . 7 + 0 . 8 3 8 . 8 + 0 . 9 3 5 . 4 + 0 . 8 3 5 . 2 + 0 . 7 3 7 . 1 + 0 . 9 3 6 . 3 + 0 . 8 3 4 . 6 + 0 .
10 3 2 . 1 + 0 . 8 2 9 . 2 + 0 . 6 2 9 . 1 + 0 . 8 2 9 . 9 + 0 . 6 3 0 . 2 + 0 . 7 2 9 . 9 + 0 . 7 2 7 . 8 + 0 .

Appendix 5.3~
Action Potentials (3c Hz+S.E.) over 24 !h

Spodoptera 6th instar treated with Ini AVMRi
Oh lh 2h 4h 8h 12h 24h

1 43.2+1.2 39.4+1.6 2 9.6+.0.8 15.8+0.6 7.6+0.4 2.9+0.3 2.3 + 0.32 43.5+1.3 35.8+1.5 29.4+1.5 18.2+0.6 13.9+0.5 1.5 + 0.2 1.4 + 0.23 42.0+1.3 37.9+1.4 31.2+1.5 16.3+0.5 13.7 + 0.2 4.1+0.4 3.7+0.74 37.4+1.2 36.2 + 1.2 32.4+0.4 14.8+0.9 13.5+0.8 12.1+0.6 8.3+1.05 31.6+2.1 29.6+0.8 24.2+1.1 11.3+0.7 10.0+0.8 8.9+1.2 4.9+0.66 37.9+1.2 37.7+1.0 37.3+1.0 17.3+0.8 15.1+0.9 10.3+0.8 9.9+0.77 35.8+1.0 34.8+1.2 32.7+1.1 20.1+1.0 14.3 + 0.9 9.2+0.9 4.0+0.78 39.6+1.1 38.6+1.1 36.9+1.2 23.6+1.0 19.4+0.6 12.2+0.5 8.7 +0.59 44.9+1.3 42.8+1.2 39.7+1.4 24.7+1.1 17.5+0.6 11.6+0.6 9.3+0.610 36.8+1.2 35.4+0.9 34.5+0.7 21.4+0.8 12.1+0.5 5.7+0.4 3.1+0.411 40.3+1.4 39.7*1.3 38.4+1.3 26.1+1.0 18.3+0.5 8.7+0.7 3.7+0.412 41.5+1.0 40.2 + 1.2 40.4+1.4 23.7+0.9 14.6+0.7 9.7+0.4 8.3+0.6

7
0
0
0
9
6
7
7
8
8
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Appendix 5.3.
Action Potentials (X Hz-hS.E.) over 24 h

Spodoptera 5th instar control - untreated
Oh l h 2 h 4 h 8 h 1 2 h 2 4 h

1 3 4 . 1 + 2 . 6 3 0 . 8 + 1 . 1 2 9 . 9 1 0 . 9 3 1 . 7 + 0 . 8 3 0 . 1 + 0 . 8 3 1 . 6 + 0 . 9 3 0 . 1 1 1 .
2 3 5 . 6 + 0 . 6 3 1 . 4 + 0 . 9 2 9 . 9 + 1 . 0 3 2 . 5 + 1 . 4 3 1 . 5 + 1 . 1 2 9 . 2 + 1 . 0 2 8 . 7 + 0 .
3 3 3 . 8 + 1 . 1 3 0 . 8 + 1 . 2 3 0 . 2 + 1 . 6 3 3 . 5 + 1 . 4 2 8 . 0 + 0 . 8 2 9 . 1 1 0 . 7 2 6 . 1 1 0 .
4 3 9 . 4 + 0 . 9 3 8 . 6 + 0 . 8 3 7 . 9 + 0 . 9 3 7 . 8 + 0 . 7 3 8 . 4 + 0 . 8 3 8 . 6 1 0 . 7 3 2 . 4 + 0 .
5 4 2 . 3 + 0 . 8 4 1 . 6 1 1 . 0 4 0 . 3 + 0 . 9 3 9 . 4 + 0 . 8 3 9 . 6 + 0 . 7 3 8 . 3 + 0 . 8 3 7 . 4 1 0 .
6 4 0 . 9 + 1 . 2 3 9 . 8 ± 1 . 0 3 9 . 7 ± 0 . 9 3 8 . 4 + 1 . 0 3 8 . 2 + 0 . 8 3 6 . 3 + 0 . 7 3 3 . 7 1 0 .
7 3 9 . 9 + 1 . 0 3 9 . 4 + 0 . 9 3 8 . 7 1 0 . 7 3 8 . 8 1 0 . 9 3 7 . 1 + 0 . 8 3 6 . 5 + 0 . 8 3 4 . 7 1 0 .8 3 8 . 2 + 1 . 1 3 7 . 1 + 0 . 8 3 6 . 4 + 1 . 0 3 6 . 0 + 0 . 9 3 5 . 2 + 0 . 8 3 5 . 6 1 0 . 7 3 6 . 1 1 0 .9 3 9 . 7 + 0 . 9 3 9 . 3 + 0 . 8 3 9 . 1 + 0 . 8 3 7 . 8 1 0 . 9 3 6 . 9 1 0 . 7 3 7 . 3 1 0 . 9 3 4 . 7 1 0 .10 3 7 . 7 + 1 . 0 3 6 . 8 + 0 . 9 3 5 . 3 ± 0 . 7 3 6 . 2 + 0 . 9 3 5 . 9 1 0 . 7 3 5 . 2 + 0 . 9 3 2 . 8 ± 0 .

Appendix 5.3,
Action Potentials (X’HzlS.E.) over 24 hi

.h lul AVMBiSpodoptera 5th instar treated wit
Oh lh 2h 4h 8h 12h 24h

1 43.4+0.7 42.7+1.1 40.710.7 39.9+0.9 24.1+0.9 9.8+1.0 5.2+0.2 38.3+0.6 36.9H.0 35.9+0.6 36.010.8 18.6+1.2 7.2±0.6 4.1+0.3 39.1+0.8 37.910.9 37.210.8 35.110.6 23.6+1.3 10.1+0.7 3.6+0.4 39.310.7 38.710.8 38.9+0.9 35.9+0.8 24.810.9 12.310.9 8.7+0.5 38.3+0.6 37.410.9 36.410.8 37.3+0.7 20.7+0.9 11.4+0.8 4.2+0.6 42.810.8 41.510.6 41.6+0.7 40.H0.8 25.7+1.1 13.2+0.7 10.210.7 36.910.6 37.010.8 35.8+0.7 35.410.7 21.6+0.6 10.9+0.4 3.9+0.8 41.8+1.1 40.810.9 39.7+0.8 38.6+0.9 20.9+0.8 12.2+0.6 9.210.9 35.610.8 34.810.9 34.9+0.7 33.7+0.7 18.5+0.6 10.010.6 8.4+0.10 36.7+1.2 36.9+1.0 35.9+0.9 33.710.5 23.910.7 14.7+0.5 10.3+0.11 39.911.1 38.9+1.0 38.410.6 38.9+0.7 24.210.8 13.2+0.7 4.7+0.

1
9
7
7
7
8
7
9
7
8

8
5
6
8
8
8
5
4
3
6
4
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Appendix 5.4»
A ). Arrangement of recording equipment.

B ). Set u p  of equipment for datalogging.
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