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PIGURE 15 : IN-VITRO ACTIVITY OF THE ALDRIN EPOXIDASE IN
THE MIDGUT MICROSOMAL FRACTION OF 0.
NUBILALIS: Effect of two model allelochemicals
from the Asteraceae, the polyacetylene,
phenylheptatriyne (PHT) and the sesquiterpene
lactone, tenulin (TEN).

(See Fig. 13 for assay conditions)
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(70% inhibition at 1¢ -3 M). Cubebin (CUB) also was an inhibitor
only at a high concentration of 1¢ -3 M;

Fig. 14). Epiyangambin (EPI} had no significant effect at
any of the concentrations assayed (Fig. 14). 1I-50

values (concentration of the allelochemical inducing 50%
inhibition of the enzyme activity, in vitro in the
present case), were calculated from probit curves (log

[%2 inhibition / % of control) vérsus log concentration

of allelochemical), using values between 20% and 80% of
controls (Table 5). DIL appeared to be the most

potent inhibitor of the MFOs from the ECB, with an I-50
value of 2 x 1¢ -7 M, followed by DIA , CUB and SES in

decreasing order.

Effects of the polyacetylene phenylheptatriyne
(PHT), and the sesquiterpene lactone tenulin (TEN) were
minimal (20% inhibition with PHT at 1¢ -5 to 186 -3 M).
However TEN increased the activity of the

epoxidase at the lowest concentrations (Fig. 15).

3.3 Effect of allelochemicals in vivo on the activity of

the aldrin epoxidase (Fig. 16).

Phenobarbital (PHE) was used as a standard inducer,

to test the response of the MFOs in_the present system,
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FIGURE 16 : EFFECT OF ALLELOCHEMICALS FROM THE ASTERACEAE

ON THE IN-VIVO ACTIVITY OF THE ALDRIN EPOXIDASE OF

O. NUBILALIS.

Allelochemicals were incorporated to the diet
of third instar larvae during 4 days prior to the
assay. Concentrations of the allelochemicals in the
diet were: |

- Control=CTR : solvent only
- Dillapiol=DIL : 100 u/g
- Tenulin=TEN : 1ade ug/g
DIL + TEN : 160 + 1000 ug/g respectively
- Phenylheptatriyne=PHT : 106 ug/g
- PhenobafbitalﬂPHE : lé@ ug/g
- Piperonyl butoxide=PIP : 1006 ug/g.

(See‘Fig 13 for assay conditions)
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Four days feeding on PHE increased MFO activity by
almost ten fold. Inhibition by piperonyl butoxide
(PIP), a standard inhibitor, was not great (0.1l8ng
dieldrin / gut / min. = 86% of control). All three
types of allelochemicals were in vivo inducers of the
MFO activity to varying extents. The smallest effect
was observéd with the associétion DIL+TEN (8.24ng
dieldrin / gut / min. = 114 % of control), while the
increases of activity with the lignan DIL, the
polyacetylene PHT and the sesquiterpene lactone TEN were
as follows: DIL @.36 ng dieldrin / gut / min = 178% of
control; PHT ©.44 = 200%; and TEN ©.46 = 220% ).
However, data should be interpreted with caution since
limited amount of phytochemicals permitted only one
trial. Furthermore, the amount of food ingested during

the experiment was no: measured.

3.4 Effect of allelochemicals on growth and development

Acute toxicity was expressed by the cumulative mortality
inducéd by the allelochemicals (Fig. 17). Mortality was
recorded in the neonates (l17a) throughout the larval
development (1l7b) and in the pupal and adult stages
(17c) . The two trials are plotted separately for

clarity and data from both trials are given below. -
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FIGURE 17 : CUMULATIVE MORTALITY IN O. NUBILALIS EXPOSED TO
SINGLE, DOUBLE, OR TRIPLE ALLELOCHEMICALS FROM THE

ASTERACEAE.

Mortality was assessed at day 10 after
hatching (A), at the end of the larval stage (B)

and at the end of the pupal stage (C).

(See Fig 16 for concentration of the

allelochemicals in the diet)
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In all treatments, mortality was maximal in the
neonates, as seen at day 8 (Fig. l7a). During larval
development (Fig. 17b) and the pupal and adult stages
(Fig. 17c), toxicity was generally less pronounced.
However, in all groups containing DIL, mortality
remained high throughout the life cycle. DIL alone was
the most toxic treatement with, respectively in trial I
and 11, 86-85% of the larvae dying before reaching the
pupal stage, as compared to 12-26% in the control
groups. Subsequent increase of mortality was observed
in pupae, resulting in 92-95% of the insects failing to
successfully reach the adult stage., The mortality
curve for the double asscciations including DIL fell
slightly beneath the curve of DIL alone, with a
cumulative mortality at the end of development being 89-
87% and 73-71% respectively with DIL+TEN and DIL+PHT.
Surprisingly, the triple association was not always the
most toxic of these DIL treatments, and resulted in a
final cumulative mortality of 70-85%. Treatments with
PHT, TEN or PHT+TEN, were slightly detrimental to O.
nubilalis development. Although cumulative mortality
differed between the two trials, probably because of ﬁhe
different times in the year at which the experiments
were performed, total mortality remained low in Fhesé

three last groups.
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Chronic toxity was evaluated by the weight gains
and developmental times. Results are shown in Table 6,
7 and 8, and in Fig. 18a to 18d.

At the larval stage, in both trials, there was a
reduction in the growth rate when DIL was present in the
diet (Table 6 and 7). &s a result, weights were
significantly lower (P = .85, Tukey's multiple range
test) than weights of both controls and otherwise
treated groups, in groups treated with DIL, DIL+TEN,
DIL+TEN+ PHT, and sometimes DIL+PHT. PHT and TEN alone
slightly reduced weight gains during the larval stage
when compared to controls, although this was not
significant at P = 6.85. The double treatment PHT+TEN
usually had a more important growth reducing effect than
each compound alone, but here again, data are not
significantly different from either control or single
treatment except in a few instances (day 8 - triél I
different from TEN, day 17 - trial I different from CTL,

day 22 -trial II different from single treatments).

At the pupal and adult stages, the effect was
reversed. Allelochemical treated groups, including
single double and triple treatments, often reached a
higher weight, although data were not significantly

different at p = .05 (table 6 and 7).
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FIGURE 18a TO 184 :
LARVAL GROWTH CURVES FOR O. NUBILALIS FED WITH
SINGLE, DOUBLE, OR TRIPLE ASSOCIATIONS OF
ALLELOCHEMICALS FROM THE ASTERACEAE.
(Weights are expressed as % of control. Bars
represent the range of the mean value of the 2
separate trials - Trial I and Trial II - of 3@
individuals per group).

Data are from Table 6 and 7.

18 - A : Dillapiol and tenulin: DIL and TEN

18 - B Dillapiol and Phenylheptatriyne:

DIL and PHT
18 = C : PHT AND TEN

18 = D : PHT, DIL AND TEN

(See Fig. 16 for concentrations of the

allelochemicals in the diet)
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Since females reached a higher weight than males
and the difference was significant in all groups (T-
test, P = 08.85), growth parameters at the pupal and
adult stages were analysed separately by sex (Table 8).
However, this did not yield significant differences in
weights (Tukey's multiple range test, P = #.,65) when the
effect of one type of treatment was compared to the
next. The time to reach pupation (Table 8) was however
significantly affected (Kruskal-wWallis test followed by
T test, P= #.05) ) by treatments containing DIL, alone
or in associations (a mean of 28.6 days for DIL and 36.5
7days for DIL+TEN after hatching is significantly
different from CRTs-A: 26.3 days; 29.4 aays for
PHT+DIL+TEN is significantly different from 25.8 days
for CRTs-B). A similar trend of 2-5 days -delay to reach
adult emergence was observed in groups containing DIL

and 1-2 days delay in those with PHT or TEN {(Table 8).

In order to compare the effect of a single
allelochemical to that of a combination of
allelochemicals in the diet, weight gain curves in
larvae were expressed as % of their control (using data
from tables 6 and 7), and plotted on 4 different graphs,
where the bars stand for the range of the means of 2

trials (Fig. 18a to 1l8d).
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The double treatment DIL+TEN (Fig. 18a} reduced
growth approximately twice as much as each compound
alone, With PHT and TEN, the same effect was observed
although growth reduction appeared at the end of the
developmenﬁ only (Fig. 18c). PHT+DIL had an effect
similar to DIL alone during the course of larval
development (Fig. 18b). It is possible that the
stimulating effect of PHT alone on growth (probably
phagostimulatory), antagonized DIL's growth inhibiting

effect particularly in the early stages.

When the three allelochemicals were combined in the
diet, the resulting growth inhibition was more important
than that induced by any single t:éatment (Fig. 184),
although this was not always significant (Table 6 and 7).
However, a double treatment with DIL+TEN (Fig. 18a) was
more detrimental to the larvae especially in the early
stages than the triple treatment ( Fig. 184}. The
stimulating, or at least neutral, effect 6f both PHT and
TEN up to the third instar (day 18 - 13) acted in a way
opposite to the inhibitory effect of DIL alone. It
resulted in weight gains higher with DIL+PHT+TEN than
with DIL alone (Fig. in). A similar effect was noted
with DIL+TEN (Fig. 18a), and was also observed to a
lesser extent with DIL+PHT (Fig. 18b), when compared to

DIL alone,
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4, DISCUSSION

The results of the present study showed that, in
vitro, the lignan DIL was a strong inhibitor of MFOs in

O. nubilalis. However, no synergism occurred in vivo

between DIL and either the polyacetylene or the
sesquiterpene lactone, suggesting that 0. nubilalis
responded to even short time inhibition of MFOs by induction of

higher levels of activity.

The results also indicated that in vitro inhibition
of detoxification enzymes by a compound does not
necessarily lead to synergism of insecticide by this
compound. It is suggested that an adapted herbivore
such as 0. nubilalis can circumvent the plant's chemical

defenses involving MFO inhibition.

In the present system, the lignan DIL also acted as
an allelochemical in its own right, with a noticeable
‘toxicity to the ECB. The results suggest that

characterization of lignans as synergists is simplistic.
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4,1 In vitro variations of MFO levels and activity in

o]

nubilalis

The cytochrome P-458 dependent MFOs from O.
nubilalis are comparable to those of other insect
species in their ability to produce characteristic
difference spectra which, in other organisms, have been
demonstrated to be associated with carbon monoxide
adducts. In addition, MFO levels in the gut of O.
nubilalis (section 3.1), are consistent with the data
reported in the literature for other lepidopteran
species with similar feeding habits. For example, it
was @.133 and 0.180 nanomoles/ mg protein respectively
in the last larval instar of the tomato budworm,

Heliothis zea and the southern armyworm, Spodoptera

eridania (Neal, 1987; Murray, 1987). Iyengar (1988} also
reported a similar level of cytochrome P-458 in 0.

nubilalis (8.313 nanomoles/mg protein).

The mean activity of ©.449 nanomoles of dieldrin
formed /min /mg protein (SD= @.28, n=7); obtained with
the sensitive and reproduéible test for MFO activity,
namely the epoxidétion of aldrin into dieldrin (Wolf et

'al., 1979}, was very close to the value of @.35
nanomoles /min /mg protéin reported by Krieger et al.

(1971). williamson and Schechter (1979), using
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premolting larvae and individuals in diapause (i.e. non
feeding stages) of O. nubilalis, reported an activity in
the gut epoxidase‘eight times smaller than in the
present study. In several Lepidoptera species, there is
indeed a close relationship between feeding and MFO
activities, within a larval stage and from one instar to
the next (Brattsten, 1986). Recently in H. zea (Neal,
1987), the MFO titre was reported to drop from @.133 to
@.090 nanomoles /mg protein of cytochrome P-450, from
the third to the fourth day of the last instar, while

feeding is reduced as part of the pre-molting process.

The MFO system from the ECB is sensitive to a
variety of lignans from the Asteraceae. In vitro
screening revealed that four of them, DIL, DIA, CUB,
and SES, mono or double methylenedioxyphenyl compéunds
(MDPs) , were inhibitors of the microsomal epoxidase of
O. nubilalis to various degrees, Current évidence
indicates that inhibition by MDP derivatives, in mammals
as well as in insects, results from the formation of a
MDP - cytochrome P-450 complex (Testa & Jenner, 1981).
The formation of such a complex may have occurred with
some of the lignans used in;this study (DIL, DIA, CUB
and_SES), as suggested by low levels of enzyme available

for the substrate, aldrin (section 3.2.2). The
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formation of cytochrome P-450 complexes could have been
detected directly by a Soret peak at 455 mm and a type
III difference spectrum of the dithionite reduced
microsomal suspension (Kulkarni & Hodgson, 1976}.
However, this experiment was not performed in the
present study, since emphasis was placed on inhibition

of an MFO mediated conversion of a substrate.

I-50 values {Table 5), indicate that inhibition
occurs with low concentrations of DIL (I-58 = 2 x 10-7),
but that larger concentrations of DIA, CUB and SES are
needed to obtain a similar inhibition of the epoxidase.
When compared to the synthetic insecticide synergist
PIP, whose mode of action is known to involve the
formation of a MDP - cytochrome P-45¢ complex, the
four lignans were less potent inhibitors of the ECB
epoxidase. However, I-50 values of the lignans of the
present study are comparable to those of some groups of
insecticide synergists, as well as in vitro inhibitors
of the aldrin epoxidase. For instance, 6-butyl-1l,2,3~-
benzothiadiazole had an I1-50 of 4.9 x 1¢ -7 M, and 6-
methoxy-1,2,3-benzothiadiazole an I-5¢ of 6,5 x 19 -5 M
using the gut enzyme preparation of the 6th larval

instar of S. eridania (Gil & Wilkinson, 1977).
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The only non-MDP lignan of this study, EPI, was an
in vitro inhibitor of the epoxidase only at high
concentrations. However, the MDP ring is not the cnly
structure in lignans that is known to inhibit enzyme
activities., EPI contains a biepoxyfuran ring, a
structure that appears important in the biological
activity of other lignans such as syringaresinol ,
pinoresinol, or dehydrocaffeic acid dilactone, all
inhibitors of cAMP phosphodiesterase {MacRae & Towers,
1984). The cytochrome P-4580 complex, however, does not
appear to be very sensitive to the biepoxyfuran

structure in the present experiments.

The insensitivity of the MFO preparation to PHT is
~surprising since a broad range of monoacetylenes,
including phenylacetylenes, have been shown to destroy
thé'prosthetic heéme of the cytochrome P-45¢ by
alkylation in a self catalysed reaction in vitro
(Ortitz de Montellano and Correira, 1983), which
probably explains their use as synergists of pesticides
{Casida, 1970). At the concentrations of the present
assays, however, no_destructioa was observed. Rather an
enhancement of the activity occurred with the lowest
concentration of PHT. Possible reasons for the lack of
the previously described activity are that triacetylenes

act differently from umonoacetylénes, or that ECB MFOs
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are insensitive to this type of inhibitor. Such an
adaptation would be a distinct advantage to a
polyphagous insect such as the ECB which feeds on many

acetylene producing plants.

In other systems, the mode of action of TEN, in
vitro as well as in vivo (Hall et al., 1977; Arnason et
al., 1987), probably involves the formation of covalent
complexes with sulfhydryl groups of proteins through
electrophilic type addition at the site of the
cyclopentenone ring . The moderately low inhibition by
TEN may be due to alkylation of S-H groups present in

the microsomal preparation.

4.2 1In vivo variations of MFO activity with allelochemicals

In 4 day feeding trials (section 3.3), all
allelochemicals tested alone induced MFO activity to
various extents. This is in apparent contradiction to
the in vitro results. However, it is now clearly
éstablished‘that the in vivo effects of MDP compounds
and some other syﬁergists are biphasic. The initial
inhibition subsequent to the formation of MDP -

cytochrome P-45@ stable adducts, is often followed by .an
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induction of the titer of MFOs, in liver microsomes
{(Fisher et al., 1981), as well as in insects (Yu &
Terriere, 1974; Thongsinthusac & Krieger, 1974). Thus,
the initial inhibition of the MFO activity observed with
DIL added to the ECB microsomes in vitro, appears to be
masked by the induction of the enzyme during the 4 day
feeding period. Although de novo synthesis is probably
involved, this remains to be demonstrated in the present
system. Moreover, the effectiveness of the
monooxygenase may be improved, possibly through
induction of specific cytochrome P-454. Increased

enzyme effectiveness was observed in Musca domestica

with several substrates, including aldrin, where the
amount of cytochrome P-458 in pesticide resistant
strains was 3 times that of susceptible strains, but the
epoxidase activity was 30 times higher (Agosin, 1985).
While inhibition of MFOs is one defense strategy
available to plants in the Asteraceae, successful
herbivores such as the ECB can overcome these defenses

by induction of MFOs.

The association of DIL and TEN in the diet of g;
nubilalis had apparently little effect on the gut MFO
activity. This is unexpected in view of the induction

observed with each of the allelochemicals separately.
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However, the consistency of these results will appear in

the subsequent discussion of life cycle studies (section

4.3.1).

4,3 1Influence of allelochemicals on the life cycle of 0.

nubilalis

One of the guestions raised in this study was
whether DIL inhibition, and possibly secondary induction
of MFO activity, affected the overall tolerance of 0.

nubilalis to the other allelochemicals.

This study confirms the toxicity of PHT and TEN to
insects but is the first report of DIL toxicity to
insects. Although we have information on the mode of
action of PHT and TEN (Arnason et al., 1983 and 1987),
which explains the mortality observed in the present
study by these compounds, we have little information on
the mode of action of DIL. However, MFO patterns of |
inhibition and induction shown in this study may bring
some light on the mechanisms of toxicity of this

allelochemical.
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4.3.1 Acute and chronic toxicities.

Both acute and chronic effects are important to
insect development and they were especially evident ECB
with DIL. Acute toxicity of allelochemicals is most
often evaluated in terms of induced mortality. However,
impairment of growth , a prolonged development period,
or a carry-over effect on imaginal stages, all signs of
chronic toxicity, may have drastic long term
conseguences for insect herbivores. Increased duration
of the sensitive larval stages can increase exposure to
predators and parasitoids ( Pryce et al., 1980), or may
cause failure to reach the appropriate life stage before

the onset of adverse climatic conditions.

All treated groups of neonate larvae exhibited high
mottality. In effect, highest sensitivity to
xenobiotics in early larval instars of lepidoptera is
common (Brattsten, 1979; Yu, 1983; Ahmad, 1986). For
instance, in two strains of ECB, the LC-50
{concentration inducing 50% mortality in a population),
for ingested carbaryl was 10 times smaller in 3rd than
in 5th instar larvae (Kuhr & Davis, 1975). . PHT ,‘

several other polyactylenes and TEN also induced highest



mortality in early stages of the ECB (Champagne, 1984;
Arnason et al., 1987). Susceptibility to xenobiotics
correlates well with low MFO activity in several insect
species (review in Hodgson, 1985), and the lack of MFO
activity is a well known fact in fetal and newborn
mammals or birds (Testa & Jenner, 198l1). Although data
for neonate insect larvae are lacking, hatching and
young insect larvae most likely also lack the enzymatic
machinery necessary to detoxify certain compounds. MFO
specific activity was in fact lowest in second instar

gypsy moth , Lymantria dispar (Ahmad, 1986), the

earliest measurement, as compared to later instars.
From these data and previously reported ones mainly on
the southern army worm, S. eridania (Krieger &
Wilkinson, 1969), and the Japanese beetle, Popilia
japonica (Ahmad, 1983), feeding appears to trigger, or
at least to increase, the MFO activity throughout the
insect developing stages, so that activity in hatching
larvae, before feeding begins, should be minimal, and

result in a high toxicity of ingested xenobiotics.

Furthermore, feeding on MFO inducers would:affect
>
2,
the overall survival of the larvae. In fact, in groups
fed with TEN and PHT, both important inducers of MFOs

{section 3.3), mortality was similar to that of control

169
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groups (section 3.4). Previous studies showed that PHT
had both an important photodynamic action together with
a low 'dark' toxicity in several insect species,
including the ECB (Arnason et al., 198l; Champagne ,
1986), and this study confirms the low 'dark' toxicity
of this compound at the level of 160 ug/g in the diet.
Similarly, the adverse effects of TEN on insects include
growth reduction, longer developmental periods and
reduced pupal and adult weights (Arnason et al., 1987),
which are signs of chronic toxicity . In the case of
the ECB, chronic toxicity rather than acute toxicity of
PHT and TEN at the levels used in this study, may have
limited the negative effects observed in early and at

later instars, as it allowed time for MFO induction.

In contrast, the high mortality observed
throughout the insect's life cycle in the four groups
containing DIL may result from the inherent éoxicity of
the compound itself , combiped with the minimal
induction of MFOs observed with DIL, DIL fed larvae had
the highest mortality of all groups, but when either TEN
or PHT , or both together were added, mortality
decreased. It is possible that MFO induction by PHT and
TEN had favored the rapid elimination of DIL ingested

together with these allelochemicals; and partially
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prevented DIL toxicity. Such an induction by PHT and
TEN acts as an antagonist of the inhibition of the MFOs
by DIL. Similarly, reduction of acute toxicity of the
insecticides carbaryl and diazinon was observed when

larvae of Heliothis virescens and H. zea  were fed

on plants containing secondary substances with MFO
inducing capacity, such as certain monoterpenes in
peppermint leaves or 2-tridecanone in tomato leaves

{Riskallah et al., 1986).

DIL also had a negative effect on growth and.
development time of the ECB larvae (section 3.5).
Growth inhibiting activity of lignans on insects has
been documented in only one case: kubosin and sesamin,

both from Magnolia kobus inhibited 'growth in silkworm

~larvae, Bombyx mori (Kamikado et al., 1975). The role

played by feeding deterrency or decreased utilization of
food in the chronic toxicity with DIL remains unknown.
Although no feeding deterrency was observed in a
preliminary study wﬁere DIL was incorporated into the
meridic diet and fed to third and fourth instar larvae,
further studies on antifeedant action need to be
performed using fresh leaf material treated with the
allelochemical. In fact, feeding inhibition may remain

hidden due to the obstruction of the pores of the
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chemosensory papillae by the meridic diet. This

phenomenon was first reported in Manduca sexta

(Schoonhoven, 1967) and was also observed in ECB larvae
with azadirachtin, a well known antifeedant, that lost
this activity when incorporated in an artificial diet

({Arnason et al., 1985b).

In contrast to what was observed for mortality,
TEN, when added to DIL, further inhibits growth in the
ECB. The individual negative effect of TEN as well as
that of several other sesquiterpene lactones on insect
herbivores includes growth inhibition and lengthened
development time (Picman, 1986; Arnason et al., 1987),
and a potentiation effect between DIL and TEN occurred
while double stress was applied to the insect.
Conversely, PHT at levels similar to those used in the
present study, was reported to haﬁe a phagostimulant

effect on young larvae of Euxoa messoria (Champagne,

1984). Such an effect on the ECB, may have partially
antagonized the growth inhibiting acpivity of DIL,
resulting in a growth curve with PHT+DIL slightly above
that of DIL alone. The role of DIL in these

associations of allelochemicals is not constant. In the

red flour beetle;ﬁmnibolium castaneum, DIL as well as

some of its ester derivatives was reported to synergize
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the activity of pyrethrins and N-methylcarbamates
(Mukherjee et al., 1979). The activity of DIL observed
in the present study could perhaps be compared to that

of closely related compounds, safrole and iso-safrole,
differring from DIL by two methoxy groups in place of the
two hydrogens in the phenol ring. These MDP lignans were
also inhibitors of MFOs in mammals and insects (Marcus
et al., 1987; Wilkinson et al., 1984), while in rats,
they altered cholesterol levels and were
hepatocarcinegenic (Hagan et al,, 1965). The mechanism
of toxicity was believed to involve metabolic and
pharmacokinetic factors as much as intrinsic inhibitory

activities (Testa & Jenner, 1981).

Growth inhibition results suggested that each of
the alleiochemicals in the present system contributed to
the toxity of the mixture, featuring a simultaneous
attack at different or similar targets in the insect,
rather than one non toxic compound synergizing the

activity of the others.

Both an additive stress and true synergism have
been described in the interaction between plant
allelochemicals. For instance, the insecticidal amides

pellitorine and piperine, or also pipercide and
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guineensine, all present in the black pepper, Piper
nigrum, had a substantially increased toxicity to the

Adzuki bean weevils, Callosobruchus chinensis, when

administered in pairs rather than individually (Miyakado
et al., 1983). Also, several furanocoumarins from the

seeds of the parsnip, Pastinaca sativa, exerted

synergistic activity on the corn earworm, H. zea,
through both a photoedynamic action (xanthotoxin,
bergapten) and via a probably completely different non-
‘photodynamic mechanism (isopimpinellin, imperatirin)
(Berenbaum, 1984). In addition, multiple attack may
result from the action of chemicals synthesized by
plants through unrelated biosynthetic pathways, as in
the system assayed in the present study. The parsnip,

Pasticana sativa, contains among other allelochemicals

furanocoumarins and large amounts of the MDP lignan
myristicin, which acts as an even hore potent syneigist
of the furanocoumarin xanthotoxin than piperonyl
butoxide (Berehbaum and Neal, 1985), probably through
the impairment of the detoxification processes of H.
zea. The lack of synergism in this study as compared
to other studies presented above, appears to be related

to the insect response in inducing MFOs.
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4.3.2 General conclusions: Adaptability of insects

plant allelochemicals.

Plant systems to circumvent insect resistaance
mechanisms through the synthesis of MDP compounds,
inhibitors of the detoxification enzymes in insects,
represent a sophisticated and a potentially very
successful defense strategy. In fact, the MDP compounds
studied did inhibit MFO activity in vitro and
potentially could facilitate the activity of already
existing defense chemicals. The presence of such a
system in plants could be very effective towards non

adapted insect species.

However, the ECB appears well adapted. This
species is commonly exposed to at least 2 MFO
inhibitors, DIA in Artemisia spp. and DIL in Erigeron
Spp., in addition to several polyacetylenes and
sesquiterpene lactones., Selection may have favoured the
individuals capable of MFO induction with these
compounds, a situation paralleling the selection of
strains with high MFO levels in resistance to
pesticides. Other studies with the ECB also showed high
adaptative capacities of this particular insect to plant

allelochemicals. Avoidance of polyacetylene
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phototoxicity through concealed feeding and spinning of
large amounts of silk (Champagne, 1984), together with
a fast clearance of the allelochemical (Iyengar, 1988),
may be preadaptations of the ECB to a group of
allelochemicals abundant in its host plant. These
specific types of enzymatic, metabolic or behavioural
adaptations contribute to the success of the ECB as a

pest.

4.4. Future work

A few questions need to be addressed with regard to

the activity of lignans against phytophagous insects:

Firstly, can synergism between the same
allelochemicals occur in insects probably unadapted to
MDP lignans, such as in the Solanaceae specialist Manduca

sexta?

Secondly, the physiological and molecular basis of
lignan activity in the insect, should be further
inyestigated. What are the primary or the most
sensitive sites in insects, and how is it distributed
in the body? What physiological processes other than

MFO are altered?
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Thirdly, the role of MFOs in insect adaptation
appears important., How does induction and inhibition
occur in the ECB? Does it also exist to a similar
extent in other insect species? Is it specific to
certain allelochemicals? Knowledge on these enzymatic
activities could help to further evaluate the mechanisms

of plant defenses.

In view of the potential use of selected lignans as
insecticide synergists, investigations on how these
inhibitors affect the third trophic level should be
carried out. The question of whether MFO inhibitors are
passed on to the parasitoid, or metabolized first by the
insect, appears important to optimize natural control

mechanisms in an integrated pest managdement strategy.
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APPENDIX: A

Composition of the semi-defined diet of Ostrinia

nubilalis. (Adapted from Guthrie, 1971).

INGREDIENTS WEIGHT (qg)
Distilled water 70.00 ml
Agar 1.56 g
Dry mix (prepared in advance) 9.80 g
Methyl-p-hydroxybenzoate @.49 ml
Propionic acid @.46 ml
Formaldehyde 0.04 ml
Fulmidil B g.064 g
Corn cob grits 2.26 g
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* Dry mix composition:

wheat germ (defatted) 27.7
dextrose (anhydrous) 21.3
casein 23.4

cholesterol (USP, Bioserv) 1
salt mix W (Wesson, Bioserv) 7.
Vanderzant-Adkisson vitamin mix 4.
ascorbic acid (USP, Bioserv) 6.
aureomycin (14,.1%) 1,
sorbic acid (Bioserv) 3.
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