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Abstract: Ageratochromes or precocenes are known for their insect growth regulating (IGR) activity. The present investigation was taken up with an objective

to look for the lead structure in these compounds which can be elaborated synthetically to obtain useful growth regulators for practical purposes. With this in

mind, some variants of precocenes were synthesized in the laboratory and tested for their toxicity and growth regulating activity using red cotton bug

Dysdercus koenigii as the test insect. Most of the precocenoids showed toxicity of various degree and metamorphic derangements to different extents. Adults

emerging from treated nymphs could not complete the normal life span. Among the compounds tested 8-acetyl-7-hydroxy-5-methoxy-dimethylchromene

(alloevodinol) was more toxic and also showed developmental defects at very low dose such as 0.5 mg l-1/nymph. Precocene II (6, 7 – dimethoxy-2, 2-

dimethylchromene) was used as the standard compound. It was the least toxic and showed effects at 30 mg l-1/nymph.
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Introduction

In an attempt to compensate their immobility, plants produce

an armoury of chemicals known as allelochemicals which make them

unstable for utilization by insects and other predators by imparting

repellency, toxicity, unpalatibility or biochemical alienation of vital

biochemical or physiological functions (Bowers, 1985, 1991; Koul

and Smirle, 1994; Banerji, 1994; Agrawal, 1998; Arimura, et al.,

2000). All insects appear to have determinant receptors which interact

with certain type of compounds and deter the insects, from ingesting

possible toxins. Phytophagous insects which feed on plants containing

allelochemicals, can tolerate the presence of these compounds which

are otherwise toxic to other insect species. Probably all green plants

at least at some stage of life history contain one or more chemicals

which are deterrent to at least some insects. We do not know how

many different deterrents exist, but they are usually plant secondary

compounds and it is usual to assume that all these are potential

deterrents (Swain, 1977). Bernays and Chapman (1987) estimated

that there may be as many as 400,000 different compounds. Recently

Khajagi (2004) has shown effects of chromene compounds on

Microplitis even when administered via Spodoptera.

Ageratochromes from Ageratum haustanianum was

described by Bowers et al. (1976) and Bowers (1992) who named

the compounds as precocene I and II (7-methoxy-2, 2-dimethyl

chromene and 6, 7-dimethoxy-2, 2-dimethyl chromene, respectively)

because of their anti-juvenile hormone activity leading to precocious

metamorphosis. This type of activity has recently been shown by

Mathai and Nair (2005). However, Bowers (1992) has shown that

this activity is manifested only in a selective group of insects.

With a view to enhance the bioactivity profile of such

compounds, it was proposed to explore growth regulatory activity of

compounds related to precocenes. Keeping this in view, rational

synthetic, strategies for 2, 2-dimethyl chromenes (DMC) were

developed (Banerji and Goomer, 1984; Banerji and Kalena, 1989)

and used for the preparation of precocene analogues. The present

paper describes the IGR activities of the following compounds {Fig.

1(3) to (10)} : (3) 6-hydroxy-DMC, (4) 6-bromo-DMC, (5) 7-

hydroxy-6-acetyl-DMC (Eupatoriochromene), (6) 6-acetyl-5-

hydroxy-DMC, (7) 8-acetyl-7-hydroxy-5-methoxy-DMC

(Alloevodinol), (8) 3, 7, 7-trimethyl-pyrano-1, 2-benzisoxazole

(Pyranobenzisoxazole), (9) 3-methyl-6-acetyl-7-hydroxy-1, 2-

benzisoxazole and (10) 3-methyl-7-hydroxy-8-acetyl-1, 2-

benzisoxazole. The last three are heterocyclic compounds but without

DMC moieties. The results have been compared with those obtained

from treatment with naturally occurring precocene II {Fig.1 (2)} which

is known to be more active than precocene I {Fig. 1 (1)} (Bowers et

al., 1976; Pener et al., 1978; Vyas and Mulchandani, 1980). Recently

effects of precocene II in particular, on different aspects of insect

physiology have been studied by Khan and Kumar (2000), Ergen

(2001), Kumar and Khan (2004), Chen et al. (2005), Mathai and

Nair (2005) and Ringo et al. (2005). Khajagi (2004), has shown

effects of both precocene I and II on the parasite of Spodoptera

administered via the later.

Materials and Methods

The red cotton bug, Dysdercus sp. is a serious pest of cotton

in and around Sagar district as well as in the whole Bundelkhand

region. It is easy to rear it in the laboratory under normal conditions

and it is very sensitive to morphogenetic compounds. All these facts

make the red cotton bug the insect of choice for investigation presented

here.

Eggs and adults of the red cotton bug, Dysdercus koenigii

were obtained from the culture maintained at BARC. They were

then reared in the laboratory (Banerjee et al., 2001).
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Precocene II was procured from Aldrich Chemical Company

(USA). The precocenoids [compound (3) to (8), Fig.1] were

synthesized (Banerji and Goomer, 1984; Banerji and Kalena, 1989;

Kalena et al., 1997). Benzisoxazole compounds (9) and (10) were

synthesized from 2, 4- and 2, 6- diacetylresorcinol respectively by

selective oxidation followed by thermal cyclisation (Kalena et al.,

1997).

The test compounds were dissolved in acetone (1 mg ml-1).

The required concentrations were then topically applied with the

help of a 24-36 hr old 4th and 5th instar nymphs. The treated nymphs

were placed back in the jars after the acetone had evaporated.

Three replicates were used, with 15 insects/replicate, for each dose

(concentration) of a compound. A parallel control group of nymphs

treated with acetone alone was set up with each experiment. In

addition, another control group of untreated bugs were also observed

along with each experimental (chromene treated) and acetone treated

controls. The results obtained with both types of control groups were

more or less similar and have been presented in the tables as

‘control’. The bioactivity of a test compound was determined by its

effects on mortality (toxic/insecticidal effect), moulting and growth

(growth inhibiting/regulating activity). Benzisoxazole compounds

which are also heterocyclic compounds but without dimethyl

chromene moiety (DMC) were screened against 5th instar nymphs

only.

The results have been derived on a percentage basis from

the total number of 45 nymphs in three replicates, therefore, standard

deviation has not been mentioned. Standard deviation in case of

interecdysial period was invariably between 0.89 to 1.2 in all the

experimental groups, hence they have not been mentioned

separately in the tables. The 50% lethality dose (LD
50

) was calculated

(Turner, 1965) for all compounds and accordingly treatment was

given with other doses.
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Fig. 1: Precocenoids tested for insect growth regulating (IGR) activities
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Table - 1: Toxicity and IGR activity of precocene II (2) in D. koenigii

               4th Instar, LD
50

 = 85.46 (mgl-1)               5th Instar, LD
50

 = 82.37 (mgl-1)

Dose (mgl-1) % mortality     % moult to 5th instar (days)* % mortality     % adult emergence (days)*

(72 hr) Normal Abnormal (72 hr) Normal Abnormal

30 31.1 68.9 (7) Nil 22.2 77.8 (8) Nil

50 44.4 55.6 (8) Nil 51.1 22.2 (8) 26.7 (9)

75 53.3 15.6 (9) 31.1 (9) 55.6 17.8 (8) 26.6 (10)

100 70.0 8.0 (10) 22.0 (11) 64.4 Nil 35.6 (11)

200 82.2 Nil 17.8 (11) 82.2 Nil 17.8 (11)

Control Nil 100 (7) Nil 2.0 98.0 (7) Nil

*Interecdysial period

Table - 2: Toxicity and IGR activity of 6-hydroxy-DMC (3) in D. koenigii

                  4th Instar, LD
50

 = 15.95 (mgl-1)                    5th Instar, LD
50

 = 13.35 (mgl-1)

Dose (mgl-1) % mortality     % moult to 5th instar (days)* % mortality     % adult emergence (days)*

(72 hr) Normal Abnormal (72 hr) Normal Abnormal

8 35.0 65.0 (8) Nil 30.0 70.0 (7) Nil

10 40.0 60.0 (8) Nil 35.0 65.0 (8) Nil

15 45.0 45.0 (8) 10.0 (8) 45.0 55.0 (8) Nil

20 50.0 40.0 (9) 10.0 (10) 60.0 20.0 (8) 20.0 (9)

25 65.0 19.0 (9) 16.0 (10) 75.0 Nil 25.0 (10)

Control Nil 100.0 (7) Nil Nil 100.0 (6) Nil

*Interecdysial period

*Interecdysial period

Table - 3: Toxicity and IGR activity of 6-bromo-DMC (4) in D. koenigii

                  4th Instar, LD
50

 = 12.08 (mgl-1)                    5th Instar, LD
50

 = 12.03 (mgl-1)

Dose (mgl-1) % mortality     % moult to 5th instar (days)* % mortality     % adult emergence (days)*

(72 hr) Normal Abnormal (72 hr) Normal Abnormal

5 35.7 64.3 (6) Nil 37.2 28.3 (7) 34.5

10 44.4 55.6 (8) Nil 45.5 25.5 (9) 29.0 (9)

15 53.3 46.7 (9) Nil 55.0 20.0 (9) 25.0 (9)

20 56.6 43.4 (5) Nil 69.2 10.0 (9) 20.8 (9)

Control 2.0 98.0 (6) Nil 1.0 99.0 (9) Nil

Results and Discussion

Effects of precocene II on development of Dysdercus

koenigii:  A dose of 50 mg l-1 precocene II led to lack of appetite and

with higher doses the nymphs did not feed at all. The LD
50

 has been

found to be 85.46 mg l-1, for 4th instar and 82.37 mg l-1 for 5th instar

nymphs (Table 1). Doses from 30 mg l-1 and above caused mortality

of both 4th and 5th instar nymphs. The surviving nymphs showed

statistically significant (p < 0.05) dose dependent delay in

metamorphosis at 75 mg l-1 and higher dose treated groups as

shown in the Table 1. The individuals emerging from 30 and 50 mg l-1

treated nymphs were apparently normal although they did not survive

the normal life span (7-8 days for 5th instar nymphs and 35-40 days

for adults). The 5th instar nymphs emerging from treated 4th instars

as well as adults from treated 5th instars in the 75 mg l-1 to 200 mg l-1

treated groups showed retarded development with small and pale

body and underdeveloped wing pads/wings.

Effects of 6-hydroxy-DMC on development of Dysdercus

koenigii:  The LD
50

 of compound (3) on 4th instar nymph was 15.95

and that on 5th instar nymth was 13.35 mg l-1. Upto a dose of 10 mg l-

1 no abnormality was observed in the 5th instar or adults emerging from

treated 4th or 5th instars respectively (Table 2). At a dose between 15

to 25 mg l-1 there was an increase in mortality. Some of the surviving

nymphs metamorphosed to 5th instars with a delay of 2 to 3 days and

showed metamorphogenic abnormalities. The treated 5th instar nymphs

(upto 20 mg l-1) showed mortality but the surviving nymphs emerged

apparently into normal adults with a delay of 1 to 2 days. At
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Table - 5: Toxicity and IGR activity of 6-acetyl-5-hydroxy-DMC (6)  in D. koenigii

                  4th Instar, LD
50

 = 3.75 (mg l-1)                    5th Instar, LD
50

 = 3.50 (mg l-1)

Dose (mg l-1) % mortality     % moult to 5th instar (days)* % mortality     % adult emergence (days)*

(72 hr) Normal Abnormal (72 hr) Normal Abnormal

1 20.0 80.0 (6) Nil 25.0 75.0 (7) Nil

2 40.0 60.0 (7) Nil 25.0 75.0 (8) Nil

3 45.0 55.0 (7) Nil 45.0 55.0 (8) Nil

5 55.0 35.0 (8) 10.0 (8) 55.0 40.0 (8) 5.0 (9)

6 65.0 15.0 (8) 20.0 (9) 60.0 30.0 (9) 10.0 (10)

8 70.0 Nil 30.0 (9) 67.5 7.5 (9) 25.0 (11

Control 2.5 97.5 (6) Nil 10.0 90.0 (7) Nil

*Interecdysial period

Table - 4: Toxicity and IGR activity of 6-acetyl-7-hydroxy-DMC (5)  in D. koenigii

                  4th Instar, LD
50

 = 5.09 (mg l-1)                    5th Instar, LD
50

 = 4.39 (mg l-1)

Dose (mg l-1) % mortality     % moult to 5th instar (days)* % mortality     % adult emergence (days)*

(72 hr) Normal Abnormal (72 hr) Normal Abnormal

1 Nil 100.0 (6) Nil 15.0 85.0 (8) Nil

2 Nil 100.0 (6) Nil 25.0 72.5 (8) 2.5 (8)

3 Nil 100.0 (7) Nil 40.0 45.0 (8) 15.0 (8)

5 37.5 62.5 (7) Nil 45.0 42.5 (8) 12.5 (8)

6 55.0 20.0 (7) 25.0 (8) 50.0 22.5 (8) 27.5 (9)

7 62.5 20.0 (8) 17.5 (8) 60.0 15.0 (8) 25.0 (9)

Control Nil 100.0 (6) Nil 04.0 96.0 (7) Nil

*Interecdysial period

the dose of 25 mg l-1 all the surviving 5th instar nymphs emerged into

abnormal adults which were small and pale with underdeveloped

wings. They survived for 2 to 3 days only as against a normal life

span of 35 to 40 days in the control.

Effect of 6-bromo-DMC on development of Dysdercus koenigii:

This analogue of compound (3) showed LD
50

 of 12 mg l-1 for both 4th

and 5th instar nymphs. No abnormalities were observed in the 5th

instar nymphs which emerged from surviving treated 4th instars after a

delay of 2 to 3 days. There was precocious moulting only by one day

in 20 mg l-1/nymph treated group. However, adults emerging from

surviving 5th instar nymphs treated with 10 mg l-1 and higher doses

showed abnormality (Table 3). There was a prolonged ecdysial period

of three days. The abnormal adults survived only for 24 hr (20 mg l-1

treated group) to 3 days (10 and 15 mg l-1 treated groups).

Effect of 6-acetyl-7-hydroxy-DMC on development of Dysdercus

koenigii:  The LD
50

 value were 5.09 and 4.39 mg l-1 for 4th and 5th

instar nymphs respectively. Treated 4th instar nymphs showed no mortality

upto 3 mg l-1 dose and no apparent abnormality upto dose levels of

5 mg l-1 but amounts more than this resulted in emergence of small and

pale 5th instars without pigmentation of wing pads (Table 4). Similar

observations were recorded for 5th instar nymphs. Emerging adults

were deformed even a dose of 2 mg l-1/nymph. The moulting was

delayed by 1 to 2 days. Such adults survived only 2-4 days with

1-4 mg l-1dose and only few hours with higher doses.

Table - 6: Toxicity and IGR activity of 8-acetyl-7-hydroxy-5-methoxy-DMC (7)  in D. koenigii

                  4th Instar, LD
50

 = 1.78 (mg l-1)                    5th Instar, LD
50

 = 1.40 (mg l-1)

Dose (mg l-1) % mortality     % moult to 5th instar (days)* % mortality     % adult emergence (days)*

(72 hr) Normal Abnormal (72 hr) Normal Abnormal

0.5 25.0 73.0 (7) 2.0 (7) 30.0 60.0 (6) 10.0 (9)

1.0 28.0 71.0 (7) 1.0 (7) 37.0 20.0 (7) 43.0 (9)

1.5 35.0 30.0 (8) 35.0 (9) 45.0 15.0 (8) 40.0 (10)

2.0 47.0 25.0 (8) 28.0 (10) 55.0 Nil 45.0 (11)

2.5 61.0 Nil 39.0 (10) 68.0 Nil 32.0 (12)

Control 3.0 97.0 (7) Nil 2.0 98.0 (7) Nil

*Interecdysial period
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Table - 7: Toxicity and IGR activity of 3,7,7-trimethyl-7-hydroxy-pyrano-

3,2-f)-1,2-benzisoxazole (8)  in D. koenigii

5th Instar, LD
50

 = 6.83 (mgl-1)

Dose (mgl-1) % mortality      % adult emergence (days)*

(72 hr) Normal Abnormal

2 20.0 8 0.0 (7) Nil

4 24.0 76.0 (7) Nil

6 44.0 56.0 (8) Nil

8 53.0 22.0 (9) 25.0 (10)

12 62.0 11.0 (9) 27.0 (10)

Control Nil 100.0 (7) Nil

*Interecdysial period

Table - 8: Toxicity and IGR activity of 3-methyl-6-acetyl-7-hydroxy-1,2-

benzisoxazole (9)  in D. koenigii

5th Instar, LD
50

 = 37.0 (mgl-1)

Dose (mgl-1) % mortality      % adult emergence (days)*

(72 hr) Normal Abnormal

20 13.0 87.0 (8) Nil

30 27.0 62.0 (9) 11.0 (9)

40 44.0 29.0 (9) 27.0 (11)

50 60.0 9.0 (9) 31.0 (11)

Control 8.0 92.0 (7) Nil

*Interecdysial period

Table - 9: Toxicity and IGR activity of 3-methyl-8-acetyl-7-hydroxy-1,2-

benzisoxazole (10)  in D. koenigii

5th Instar, LD
50

 = 72.38 (mgl-1)

Dose (mgl-1) % mortality      % adult emergence (days)*

(72 hr) Normal Abnormal

20 Nil 87.0 (7) 13.0

30 18.0 58.0 (7) 24.0 (7)

40 24.0 42.0 (7) 34.0 (8)

50 49.0 Nil 51.0 (8)

10 60.0 Nil 40.0 (10)

Control Nil 100.0 (7) Nil

*Interecdysial period

With lower doses like 1-3 mg l-1/nymphs feeding deterrence

was not observed. Nymphs treated with doses higher than the above

showed inhibited feeding activity. The same was also observed in

the subnormal individuals emerging from treated nymphs.

Effects of 6-acetyl-5-hydroxy-DMC on development of

Dysdercus koenigii: The analogue of eupatoriochromene has

been found to be fairly toxic to nymphs showing LD
50

 of 3.75 mg l-1

for 4th instar and 3.5 mg l-1 for 5th instars. Treatment of nymphs with

this compound showed abnormalities at dose levels of 5-8 mg l-1

(Table 5). The number of normal moult gradually decreased with

increased dosage and interecdysial period was prolonged by 1 to 4

days. In addition to abnormalities like small and pale body, the

emerging 5th instars had shrunken abdomens with black spots. These

as well as deformed adults from treated 5th instars were short lived

than the controls and survived only for 10 to 15 hr in 8 mg l-1 treated

group to 2 to 3 days in the 5 mg l-1 treated group.

Effects of 8-acetyl-7-hydroxy-5-methoxy-DMC on

development of Dysdercus koenigii: It was the most toxic amongst

the compounds tested in the present investigation with a LD
50

 of 1.78

mg l-1 for 4th and 1.40 mg l-1 for 5th instar, respectively. Treatment with

this compound caused serious abnormality to the surviving nymphs

even at the lowest dose tested (0.5 mg l-1/nymph, Table 6). In addition

to the abnormalities described in previous cases, the legs and antennae

were deformed. The wings in the adults were crumpled. Moulting

was delayed by 1-5 days. Bugs treated even with 0.5 mg l-1/nymph

avoided soaked cotton seeds given as food.

Effects of 3,7,7-trimethyl-7-hydroxy-pyrano (3,2-f)-1,2-

benzisoxazole on development of Dysdercus koenigii: This

compound has an isoxazole moiety fused linearly to DMC. Its LD
50

value for 5th instar nymph was found to be 6.83 mg l-1. It did not show

any morphogenic effects upto a dose of 6 mg l-1. However, at higher

doses moulting was delayed by 1-3 days and abnormalities were

observed in the adults emerging from surviving 5th nymphs (Table 7).

At a dose of 9 mg l-1, 55% of emerging abnormal adults showed

mortality during eclosion, the other 45% within 24 hr of emergence.

Effects of 3-methyl-7-hydroxy-6-acetyl-benzisoxazole on

development of Dysdercus koenigii: The LD
50

 of this compound

was 37 mg l-1 for 5th instar nymphs. Upto 20 mg l-1, no metamorphic

effects were seen in the surviving adults, but considerable effects

were observed at doses 30, 40 and 50 mg l-1 (Table 8). There was

a delay in moulting by 2-4 days. With 30 mg l-1 dose, emerging small

and pale adults with open wings either died while moulting or within

a few days. Abnormal adults emerging from 40-50 mg l-1 treated 5th

instars survived only for 10 to 15 hr.

Effects of 3-methyl-7-hydroxy-8-acetyl-benzisoxazole on

development of Dysdercus koenigii: Amongst the three

benzisoxazole compounds tested, this was the least toxic (LD
50

 72.38

mg l-1 for 5th instar nymphs) but at doses 20 mg l-1 and above,

serious abnormalities were observed in the adults emerging from the

treated 5th instar nymphs after a prolonged interecdysial period of 1-3

days (Table 9). At higher dose like 50-100 mg l-1 eclosion was not

complete and emerging abnormal adults showed mortality in a few hours

to a week.

LD
50

 at 72 hr was determined to ascertain the lethal/toxic

effects of the compounds and to use a few lower and other higher

doses for inhibitory effects on growth, if any. Thus the effective dose

(ED) or inhibitory dose (ID) for developmental derangements was

mostly lower than LD
50

 as can be seen from Table 1-9.

LD
50

 values showed wide variations and therefore it was

not possible to use uniform doses for all the test compounds. Based

on the LD
50

 values following order of toxicity was established : 8-Ac-

7-OH-5-MeOH-DMC (alloevodinol) > 6-Ac-5-OH-DMC > 6-Ac-7-

OH-DMC > Pyrano-BIO > 6-Br-DMC > 6-OH-DMC > 6-Ac-7-OH-
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BIO > 8-Ac-7-OH-BIO > 6-7-MeOH-DMC (precocene II). Thus,

alloevodinol was the most toxic and precocene II the least toxic to

both 4th and 5th instar nymphs. The results show that LD
50

 of

precocene II as well as the synthetic chromenes were higher for

4th instar nymphs in comparison to 5th instars with the differences

ranging from 3.4 mg l-1 in the insects treated with the former to 0.38

mg l-1 in those treated with alloevodinol. The reason for this is not

known.

In the present investigation, our primary aim was to look

for lead structures which can be further elaborated synthetically to

obtain useful growth regulators. Since the double bond in the

precocene I and II are important for impairing bioactivity (Bowers,

1992), we have synthesized analogous precocene compounds

(3) to (7) in which the dimethylchromene (DMC) moiety with double

bond has been retained. Since benzisoxazoles are important

pharmacophores (Kumari et al., 1973), we have also included a

few compounds (8) to (10) of this group. Compound (8) is

interesting in having heterocyclic moieties. Although compounds

containing dimethylchromene moiety occur widely in nature (Proksch

and Rodriguez, 1983). 6-oxygenated compounds are of rare

occurrence. The 6-hydroxy-DMC (3) compound was the simplest

one among all other compounds tested in the present investigation.

Its occurrence has been reported from the marine tunicate, Alpidium

californicum and it is known to have anti-mutagenic and antitumour

activities (Proksch and Rodriguez, 1983).

Depending upon the compounds and dose, some of the

nymphs which survived the toxic effects, showed apparently normal

metamorphosis while others showed retarded growth and incomplete

metamorphosis. It is interesting to note that apparently normal adults

emerging from treated nymphs did not live normal life span when

compared to controls. They rarely mated and females only

occasionally laid very few scattered eggs or none at all. This was in

contrast to normal D. koenigii females which lay 45 – 55 eggs at a

time in a single bunch. This led us to interpret that the insects were

sterile. This was further confirmed by histological structure of ovaries

(Banerjee and Magdum, 2007). All these abnormalities pointed to a

hormonal imbalance as has been also indicated in Anacridium by

Ergen (2001)  a study on the corpus allatum of precocene II treated

insects.

Thus the results of the present work have been found to be

quite different form those of Bowers (1976) for the same genus of a

hemipteran pest. Nevertheless, these results are derived from

observations on almost 50 insects per experiment as mentioned

under Material and Methods and are in conformity with those of

Joshi et al. (1990) in the same insect and other authors in some

other insects (Cupp et al., 1977; Rembold et al., 1979; Azambuja et

al., 1981). Gujar (1994) has also pointed out the possibility of

interference with prothoracicotrophic hormone in insects in which

precocenes cause delayed moulting.

It has been observed that in general, compounds which

show antifeedant activity cause developmental changes suggesting

disturbance in the endocrine activity (Rembold, 1989). For example,

azadirachtin, which is a strong anti-feedant in most insect species

studied, causes growth disruption in insects possibly by interfering

with normal hormonal balance (Rembold, 1989; Rembold and Sieber,

1981; Sieber and Rembold, 1983). In adult insects it also retards

egg maturation and even leads to sterilization. The most inhibiting

effect is a result of changes in haemolymph ecdysteroid and juvenile

hormone titers which are mediated by a widespread blockade of

trophic factors from the brain (Subrahmanyam et al., 1989;

Subrahmanyam and Rembold, 1989; Banerjee and Rembold, 1992;

Banerjee et al., 1998). The compounds tested in the present

investigation showed feeding inhibition to different extents.

Histochemical staining followed by Ewen (1962), has shown

accumulation of neurosecretory material in the neurosecretory cells

of brain of precocene treated Dysdercus koenigii. This may be due

to inhibition of release of trophic factors regulating homone secretion

necessary for moulting just as in case of azadirachtin treated insects

(Subrahmanyam et al., 1989; Subrahmanyam and Rembold, 1989;

Banerjee and Rembold, 1992; Banerjee et al., 1998).

Based on the results of the present work it can be

interpreted that precocene and its derivatives act as antifeedants

and possibly through this, they disturb the endocrine processes and

cause metamorphic derangements. At higher doses they are general

toxicants. Benzisoxazole derivatives have also been shown as

inhibitors of acetylcholinesterase activity in insects just like general

toxicants (Villalobos et al., 1994). Further work on optimization of

structure-activity is likely to provide promising compounds with

relevance in insect control.
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