
5) Holmes, K. C. and R. E. Monro: ]. Mol. Bioi.,

14, 572 (1965).

6) Lecadet, M.M.: Compt: Rend., 262, 195(1966).

7) Lecadet, M. M. and R. Dedonder: ]. Invert.

Pathol., 9, 310 (1967).

8) Pendleton, 1.R.: ]. Appl. Bacteriol., 31, 208

(1968).

9) Glatron, M. F., M. M. Lecadet and R. Dedonder:

Compo Rend., 269, 1338 (1969).

10) Fast, P.G. and T.A.Angus: ].Invert. Pathol.,

16, 465 (1970).

11) Sayles, V. B. Jr., J. N. Aronson and A. Rosen

thal: Biochem. Biophys. Res. Commun., 41,

1126 (1970).

12) Akune, S., T. Watanabe, J.Mukai, R. Tsutsui

and K. Abe: lap. ]. Med. s«; 24, 57 (1971).

13) Herbert, B. N., H. J. Gould and E. B. Chain:

Eur. t.Biochem., 24, 366 (1971).

14) Lecadet, M. M.: Compt. Rend., 261, 5693

(1965).

15) Angus, T. A.: Can. ]. Micro bioi., 2, 416(1956).

Summary

In our experience, the insecticidal activity of

the a-endotoxin of Bacillus ihuringiensis is

remarkably decreased when suspended in or

dissolved with alkaline solutions. Nonetheless,

it is widely believed that the alkaline conditions

present in the midgut of lepidopterous larvae are

indispensible for activity of the crystalline endo

toxin. Moreover, strong alkaline solutions are

often employed for the solubilization and extrac

tion of this toxin. Such beliefs and procedures

appear contradictory to the observed loss of

activity in alkaline solutions. Sodium hydroxide,

potassium hydroxide, and acetic acid were chosen

as representative alkali and acid respectively, and

the effect of these solutions on the insecticidal

activity of Bacillus thuringiensis var. aizawai was

measured, using larvae of Bomby» mori as test

animals. Concentration of solutions, duration of

treatment, and pH were combined in various

ways. The following points were demonstrated:

1. Insecticidal activity was unaffected by

exposure to acetic acid.

2. NaOH and KOH decreased insecticidal

activity in a manner dependent on dose and dura

tion of exposure. A decrease in toxicity could

be demonstrated following long exposure to as

Iowa concentration as O.OlM NaOH.

3. The loss of toxicity could not be reversed

by subsequent neutralization or dialysis.

4. The loss of toxicity was dependent on pH

rather than NaOH concentration. The critical pH

was found to be pH 11-12.
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Effects of synthetic juvenile hormone (JH) or

its analogues on the growth and metamorphosis

have hitherto been studied in many insect species.

These effects vary with the age of larvae treated

and the amount of substances applied1,2J.

Green color of larvae of the larger pellucid
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hawk moth, Cephonodes hylas, turns to heavy

dark red prior to cocoon formation. After a

short time they become into pale green prepupae,

red pigments being disappeared gradually. Such

depigmentation is induced by a considerable high

titer of the molting hormone and inhibited by



JH3l. The larvae of Cerura vinula (Lepidoptera)

exhibit a body color change similar to that of

Cephonodes larvae. The effects of two JH analo

gues on the body color change and the metamorp

hosis in Cerura oinula have been tested by using

the last instar larvae",

In this paper, the effects of a JH analogue,

ethyl-3, 7, ll-trimethyl-2, 4-dodecadienoate (ZR

512) on the body color change, the growth and the

metamorphosis of Cephonodes hylas were examined

by means of the topical application to the last

instar larvae at various ages. The effects of

synthetic Cecropia JH and 1-(3, 4-methylenedioxy

phenyl)-7-epoxy-4, 8-dimethyl-nona-l, 3-diene

(CT 5) were also tested in order to compare

with that of ZR 512, by employing 4 days old

larvae of the last lnstar,

Material and Methods

Larvae of Cephonodes hylas were reared under

a condition of about 25'C as described in the

previous paper", The last instar larvae were

used for the experiments.

Cecropia JH (methyl-12,14-dihomojuvenate),

ZR 512 (ethyl-3,7,ll-trimethyl-2,4-dodecadienoate,

purity: 755'6) and CT 5(1-(3,4-methylenedioxy

phenyl) -7-epoxy-4, 8-dimethy-nona-l, 3-diene,

purity: 705'6) were supplied by the courtesy of

the Laboratory of Applied Zoology, Tokyo

University of Education. They had been donated

to the laboratory from Prof. K. Mori, University

of Tokyo, Ohtsuka Corporation, Tokushima and

Prof. S. Tamura, University of Tokyo, respectively.

These compounds, mixed isomers, dissolved in

1 pi of acetone were applied topically to the

dorsal integument of the thorax of the larvae.

As the control 1 pi of acetone was applied.

Results and Discussion

Twenty pg of ZR 512 was applied topically to

the last instar larvae at various ages.

As shown in Table I, the effects of ZR 512

were related to the time of development at which

the chemical was applied. When ZR 512 was

applied to 1 to 3 days old larvae of the last

instar, the reddening was delayed 2-3 days and

the cocoon spining 3-4 days. The time required

for red pigmentation varied with the age of the

larvae treated. In the older larvae, the longer

period was required for development after the

last larval ecdysis. But the body weight of

matured red larvae did not increase with the

length of the time required for development of

pigmentation after the last larval ecdysis, if

anything, it increased very slightly. Though the

red coloring was suppressed by the application

of ZR 512, the degree of suppression was not

related to the age of larvae at which they were

treated. These larvae pupated normally with a

delay of 3-4 days.

When ZR 512 was applied to the 4 days old

larvae of the last instar, inhibition of cocoon

splning, a raising of larval-pupal intermediates,

and super larvae were induced, in addition to

the suppression of reddening and prolongation of

larval period.

However, application of ZR 512 to the 5 days

old larvae of the last instar just after green

integument turned into heavy dark red did not

give any effect on the development, excepting

the inhibition of disappearance of the red pigments

from epidermal cells", It appears that the sen

sitivity of the tissue to the chemical is decreased

between the 4th and 5th days in the last instar

adversely with an increase of ecdysone titer.

To ascertain the effect of ZR 512 on the

development, various concentrations of sample

were applied on the 4 days old larvae of the last

instar. As shown in Table 2, the suppression of

red pigmentation and raising of super larvae were

brought about with increasing of concentration.

The duration between application of the chemical

and appearance of red pigments in the integument,

or that between the last larval ecdysis and the

next molting (duration of the last larval instar),

including extra larval ecdysis or normal pupal

ecdysis, were prolonged with the increase of

concentration. It appears that 4 days old larvae

are commited for synthesis of pupal cuticle and

that only in the presence of sufficient quantity

of ZR 512 do these larvae reprogram to deposit a

larval cuticle.

Effects of the other two chemicals on the

development were compared with those of ZR 512.

Cecropia JH was active as ZR 512. But CT 5

was inactive up to the dosage of 50 pg.

103



-~ Table 1. Effects of ZR 512 at a dosage of 20 pg on the last instar larvae of Cephonodes hylas

Time of appli- Body color at the Intensity of dark red Duration from No. of Duration fromtime ZR 512 was Cocoon Weight of larval- No. of No. ofcation (days Weight applied (score for pigmentation'" forma- last larval reddening pupal super normal last larval ec-
after the last (g) dark red pigmen- tions? ecdysis to red- larvaew (g) interme' larvae pupae dysis to next
larval ecdysis) tation) 0 1 2 3 4 5 dening(days)d)

diates
molting (days) d)

1 1.5 Bright green (0) 1 3 2 + 6-9 (7.5) 4.0-4.8 (4.3) 0 0 6 10-13 (11.6)

2 2.6 Bright green (0) 2 1 1 + 7-9 (8.0) 4.1-4.9 (4.5) 0 0 4 10-13 (11.3)

3 3.4 Bright green (0) 2 1 1 + 8-9 (8.5) 4.1-4.9 (4.6) 0 O· 4 12-13 (12.5)

4 3.7 Bright green (0) 2 4 6-11(7.0) 3 2 1 9-15 (11.1)

5') 3.1 Heavy dark red (5) + 4-6 (5.0) 0 0 9 6-8 ( 7.6)

Controls 1 9 + 4-6 (5.0) 2.7-3.4 (3.1) 0 0 10 6-9 ( 8.1)

a) Effect of ZR 512 on the depigmentation has already been reported (see, Ikernoto 1975).
b) Intensity of dark red pigmentation was estimated in score on a scale of 0 to 5.0, no reddening; 5, heavy dark red; 1-4,

intermediates between 0 and 5.
c) +, not inhibited; -, inhibited.
d) The number in brackets indicates the mean value.

Table 2. Effects of some juvenile hormone analogues on the development of Chephonodes larvae')

Intensity of dark red Cocoon Days from Duration from No. of No. of No. of
Sample Dosage plgrnentation>' formation application last larval larval-pupal super normalecdysis to next0 1 2 3 4 5 + to reddening molting (days) b)

intermediates larvae pupae

ZR 512 40 pg 5 0 5 10-16 (12.3) 0 5 0
20 2 4 0 6 1-6 (2.0) 9-15 (11.1) 3 2 1
10 2 3 2 4 3 1-2 (1. 1) 7-11 ( 8.4) 3 0 4

CT 5 50 10 10 0 1 6- 9 ( 8.0) 0 0 10
Cecropia JH 20 1 3 1 3 1 9 3 0 1

10 1 3 4 0 1 8 0 0 4

a) Chemicals were applied topically to the 4 days old larvae of the last instar,

b) Symbols are as in Table 1.
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A larva keeping a green color without reddening

and failed in cocoon formation was found among

the larvae treated with Cecropia JH. This larva

pupated norrnaly, This result means that the

absence of red pigments in the epidermis or the

failure of cocoon formation is not correlated with

the absence of larval or pupal ecdysis.

In the studies with larvae of the silkworm,

Bomby» mori, Akai et al. DI showed that the last

instar larvae are less sensitive during the first 3

days to Cecropia JH than those of 4-5 days old,

and the 6 days old larvae which are wandering

and devoting themselves to find a place suitable

for pupation are exactly insensitive. The larvae

of Cephonodes hylas showed a similar response

cycle to ZR 512 to the case of silkworm mentioned

above. Hintze-Podufal and Fricke'? showed that

wandering larvae of Cerura vinula were insensitive

to two JH analogues. The larvae of the most

endopterygote insects such as Lepidoptera and

Coleoptera were less sensitive to JH or its

analogues during the first half of the last instar1,21.

It seems likely that this pattern of sensitivity to

JH in the last instar larvae of Bombs» mori may

well be established extensively among the larvae

of many other lepidopterous species.

Although further detailed experiments on the

effects of ZR 512 on the Cephonodes larvae are

necessary to perform, it seems likely that with

the progress of age at which the larvae are

treated, or by increasing the concentration of

ZR 512, the effects induced by the chemical may

be progressed in the process: Normal larvae-o
prolongation of larval period-osuppression of red

pigmentation ~ induction of larval-pupal inter

mediates and inhibition of cocoon formation~

induction of extra larval ecdyais-e-inhibition of

elimination of red pigments from epidermal cells.

A similar conclusion was obtained in respect to

the effects of Cecropia JH on the change in the

growth and pupation process of Bombyx larvae",

Such a sequential pattern of sensitivity to ZR

512 in Cephonodes larvae is probably dependent

on the concentration of both kinds of hormone,

juvenile hormone and especially molting hormone

in the body. It is supposed that the concentration

of molting hormone increases rapidly and that of

juvenile hormone decreases rapidly toward the

end of the larval stage in the larger pellucid hawk

moth, Cephonodes hylas, as in the case of the

silkworm, Philosamia cynthia81• It is well known

that implantation of corpora allata into the last

instar larvae prior to a certain critical period

causes a prolongation of larval period, raising of

extra larval instar or larval-pupal intermedlates",

The last instar larvae of Cephonodes hylas are

characterized with impressive change, for instance,

in behavior and morphological external charac

ters'". These processes are probably controlled

by the balance between ecdysone, the hormone of

the prothoracic glands and the juvenile hormone

of the corpora allata. The red pigmentation,

ellimination of red pigments from the epidermal

cells and pupation are induced by injection of

molting hormone. Its effective concentrations

vary with the step of metarnorphoslsb'", But, on

the other hand, JH or its analogue ZR 512

prevents the depigrnentatlon!', The results of the

experiments showed that JH and its analogue

ZR 512 suppress the red pigmentation, cocoon

spining and pupation. Furthermore, it appears

that JH was responsible in keeping the green

color in the integument of Cephonodes larvae.

The positive or negative geotactlc behavior of

larvae of the hawk moth, Mimas tiliae, is deter

mined by the concentration of JHD,lOI. Prior to

the pupation, larvae of Cephonodes hylas leave

grass food, crowl down a tree[and dig the ground

where they spin a loose cocoon and pupate, as

in the case of Mimas larvae. Detailed experiments

on these subjects in Cephonodes larvae will be

carried out in the future.

Summary

To ascertain the effects of a JH analogue,

ethyl-3,7, ll-trimethyl-2, 4-dodecadienoate (ZR

512) on the body color change, growth and

metamorphosis of Cephonodes hylas were studied

by the topical application of the chemical to the

last ins tar larvae at various ages. The larvae

showed a low response to the chemical during a

period from the 1st to the 3rd day after the last

larval ecdysis and maximum sensitivity appeared

on the 4th day in the last instar. Five days old

larvae were almost insensitive to the chemical

at least within the range of concentrations tested
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in the present experiment" being 'effective, to

prevent from disappearance' of the red pigment

from epidermal cells.

The effects of the other two chemicals, Cecropia

JH (methyl-12,14-dihomojuvenate) and 1-(3,4

methylenedioxyphenyl) -7-epoxy-4, 8-dimethylnona

-I,3-diene (CT 5) on the developmental' process

were tested in order to compare with those of

ZR 512, on the 4th day in the last instar, Cecropia

JH was active as ZR 512, but CT 5 was inactive

up to the dosage of 50 p.g.
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With a few exceptions, triaryl phosphates which

manifest synergistic activity with malathion have

at least one alkyl group on the ortho position!',

They may be biotransformed into active meta

bolites, i. e. cyclic phosphate esters, which have

a high antiesterase activity, as demonstrated with

tri-o-tolyl phosphate and some related esters2,31.

The exceptions are tri-p-ethylphenyl phosphate

and triphenyl phosphate. The metabolic activation

of the former has been shown by finding of the
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formation of «-oxo derivatives'>. The bioactivation

of all these alkylaryl phosphates is initiated by

the hydroxylation of the a-carbon of the alkyl

group followed by such a subsequent reaction as

intramolecular transphosphorylation or dehydro

genation'". This paper deals with the metabolic

ring-hydroxylation of triphenyl phosphate (TPP)

in houseflies to give a quinol phosphate.

Materials and Methods

Syntheses

Triphenyl phosphate was prepared by heating

the mixture of phenol and phosphorus oxychloride

under reflux. It was distilled under reduced


