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Efficacy of Goniothalamin a styryl-pyrone isolated from Goniothalamus wightii Hook.f. and Thoms, against
beet armyworm, Spodoptera exigua (Hiibner), populations was determined under laboratory condition.
The experiments were carried out with concentrations of 5, 10, 15 and 30 ppm in an artificial diet and
compared with control insects. Laboratory bioassay showed that the goniothalamin had a strong effect
on food utilization, moulting and gut histology. The food consumption and conversion of ingested and
digested food to body matter decreased with increasing pyrone concentration. The antifeedant activity
was also observed in larvae of S. exigua. The treated third instar larvae exhibited mortality in a dose
dependent manner. At 5, 10, 15 and 30 ppm/insect, the pyrone gave 23%, 45% 63% and 100% mortality
respectively. The larvae of S. exigua gained significantly less weight until pupation in the 10 and
15 ppm pyrone concentrations. Duration of larval period was also affected after treatment with pyrone.
The metamorphosis was delayed with additional moulting (7th instar) after treatment with 10 and
15 ppm of goniothalamin, the percentage of larvae successfully moulted into progressive instars was sig-
nificantly decreased with an increase in pyrone concentrations. The effects of goniothalamin on midgut
ultrastructure of third instar larvae of S. exigua were investigated by using light microscopy. Cross sec-
tions of the midgut showed that the epithelial cells were destroyed. Significant damage of the midgut epi-
thelium was observed along with lysis.
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1. Introduction For centuries natural pesticides of plant origin were used for

controlling agricultural pests. Plants themselves have proven to

The random and unwise uses of pesticides have resulted in
widespread contamination in agricultural products (Bhanti and
Taneja, 2007). Several pesticides including organophosphorous
and organochlorine pesticides are commonly used. The continuous
use of organophosphorous or organochlorine pesticides has been
associated with several concerns including alteration of the aquatic
environment (Albanis et al., 1986). Therefore, a serious effort has
been made to find alternative methods of pest control.
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be sources of some of the most potent pest control products, and
they have their own chemical defenses against insects (Levin,
1976). Effective, sustainable botanical insecticides can be utilized
in the management of insects or in the development of environ-
mentally safe materials to control pests. These products are either
synthetic analogues of a plant-derived compound (bioresmethrin)
or derived from natural sources (Regnault-Roger et al., 2005). The
deleterious effects of natural insecticides on insects work in several
ways: antifeedant, insect growth regulator, affect the hormone sys-
tem, affect the nervous system, and have direct effects on organs or
tissues such as the stomach and muscle (Schmutterer, 1990; Mor-
due and Blackwell, 1993; Senthil-Nathan et al.,, 2006a, 2007).
Goniothalamin, a bioactive styryl-pyrone (Fig. 1), is isolated from
the leaves of Goniothalamus species (Annonaceae), which are
widely distributed throughout Asia and are used as medicinal
plants. The bioactive principles are comprised of two types of com-
pounds known as styryl-lactones and acetogenins. Styryl-lactones
are a group of secondary metabolites ubiquitous in the genus
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Fig. 1. Chemical structure of goniothalamin tested against S. exigua.

Goniothalamus, which have anti-proliferative activity against
cancer cells (de Fatima et al., 2005; Wiart, 2007).

The beet armyworm, Spodoptera exigua Hiibner (Lepidoptera:
Noctuidae) is a cosmopolitan polyphagous, defoliating insect pest,
which has migrated all over the world. The pest has a wide host
range of plants such as vegetables and field crops (Metcalf et al.,
1962; Capinera, 2005). Armyworm larvae are difficult to control
with insecticides once an infestation is well established (Hill,
1983; Zhu, 1992; Wang et al., 2006). The abundance of the pest
and the serious economic consequences of infestation have re-
sulted in frequent application of insecticides to foliage that have
led to ecological and toxicological hazards; a lot of effort has been
dedicated to finding alternative control measures for the pest. Pro-
tection of crops from serious pests with chemical pesticides has led
to increasing resistance to many chemical pesticides as well as pest
resurgence and secondary pest infestations (Brewer and Trumble,
1994; Glenn et al., 1994; Perez et al., 2000), there is an increasing
interest among entomologists and phytochemists in the use of
botanical pesticides such as neem, the pure neem limonoid, azadi-
rachtin, Melia azederach L., pyrethrum, Bacillus thuringiensis,
entomopathogenic fungi, and other allelochemicals, biopesticides
and repellants used in agriculture of the past and present (Copping
and Menn, 2000; Goettel et al., 2004; Senthil-Nathan et al., 2006b).

Hence an attempt has been made to determine out the effects of
goniothalamin, a styryl-pyrone, on the behavior and nutritional
physiology of the beet armyworm.

2. Materials and methods
2.1. Laboratory mass culture of S. exigua

The experimental insects were obtained from a culture of S. ex-
igua maintained on soybean leaves (Glycine max L. Merr.) in the
laboratory. The susceptible strain of S. exigua has been maintained
for more than 2 years in the laboratory of the Honam Agricultural
Research Institute, Rural Development Administration (RDA), Ik-
san, South Korea without any exposure to insecticide. The soybean
plants were grown in a green house and were 2-3 weeks old. Pre-
pupae were separated and provided with clay or sand soil as pupa-
tion sites. Emerging adult moths were transferred to cages and fed
on a 10% sucrose solution. Moths were transferred at a ratio of 1
male:2 females to oviposition cages containing soybean leaves.
The leaves containing eggs were moistened and kept in plastic con-
tainers (500 x 356 x 200 mm) to allow hatching. All experiments
and culture were carried out at 28 2 °C, 65% relative humidity,
with a 14:10 light:dark cycle.

2.2. Bioassays and treatments

Goniothalamin was isolated from G. wightii and was received
from Dr. G. Jeyakumar, M.G. College, Trivandrum, India. Bioassays
were performed with first to fourth instars of S. exigua larvae using
artificial diet (Beet armyworm diet, Bio-Serv®, NJ) amended with
concentrations of 5, 10, 15 and 30 ppm of goniothalamin. After pre-
paring the diet in the laboratory, aliquots of 5ml methanol

solution containing of 100, 200, 300 and 600 ppm, were added to
95 g portions of the diet during the normal course of cooling
(50 % 2 °C). Control diets received methanol only.

A group of 10 larvae per concentration were used for all the
treatments with three replicates. The uneaten diets were removed
after 24 h, and replaced with fresh untreated diets. The duration of
larval and pupal stages were recorded. Pupae of all test larvae were
weighed on the first day after pupation. Deformities in the larvae,
pupae and emerged adults were recorded. Mortality was recorded
every 24 h and final mortality was recorded after 12 days. The per-
centage mortality was calculated by using the formula (1) and cor-
rections for natural mortality when necessary were done by using
Abbott’s (1925) formula.

Percentage of mortality = Number of dead larvae
& y= Number of larvae introduced
x 100 (1)

The percent mortality data after correction were subjected to probit
analysis (Finney, 1971) to calculate mean lethal concentrations
(LC50 and LCgO).

2.3. Quantitative food utilization efficiency measures

A gravimetric technique was used to determine weight gain,
food consumption and feces produced. All weights were measured
using a monopan balance accurate to 0.1 mg (Sartorius, CP2245).
The newly moulted fourth instar larvae were starved for 4 h. After
measuring the initial weight of the larvae, they were individually
introduced into separate containers. The larvae were allowed to
feed on weighed quantities of treated and untreated diet, for a per-
iod of 24 h. Larvae were again weighed. The differences in weights
of the larvae were the fresh weights gained during the period of
study. Sample larvae were weighed, oven dried (48 h at 60 °C)
and later re-weighed to establish a dry weight of the experimental
larvae. The diet remaining at the end of each day was oven dried
and re-weighed to establish a dry weight conversion value to allow
for the estimation of diet dry weight. The quantity of food ingested
was estimated by subtracting the diet (dry weight) remaining at
the end of each experiment from the total dry weight of the diet
provided. Feces were collected daily and weighed, then oven dried
and re-weighed to estimate the dry weight of excreta.

Consumption, growth rates and post-ingestive food utilization
efficiencies (all based on dry weight) were calculated in the tradi-
tional manner (Waldbauer, 1964, 1968; Slansky and Scriber, 1985),
relative consumption rate (RCR) = dry weight of food eaten/dura-
tion of feeding (days) x mean dry weight of the larva during the
feeding period, relative growth rate (RGR) = dry weight gain of lar-
va during the period/duration of feeding (days) x mean dry weight
of the larva during the feeding period, efficiency of conversion of
ingested food (ECI) = 100 x dry weight gain of larva/dry weight of
food eaten, efficiency of conversion of digested food
(ECD) =100 x dry weight gain of larva/(dry weight of food ea-
ten — dry weight of feces produced), approximate digestibility
(AD) =100 x (dry weight of food eaten — dry weight of feces pro-
duced)/dry weight of food eaten.

To confirm the toxicity of goniothalamin, we compared the rela-
tive growth rate and consumption rate (Blau et al., 1978). For the
experiment an aluminum tray was used to provide an artificial diet.
Thelarvaereceived diet containing 0, 25, 50, 100 mg of goniothalam-
in and unlimited artificial untreated diet (10 larvae per concentra-
tion). A small piece of (2 cm x 2 cm) moistened cotton was placed
in the aluminum tray where larvae received zero diet. The experi-
ment was conducted for 72 h. After 72 h the larvae were weighed
and the consumption rate was calculated. The calculated relative
consumption rate was plotted against relative growth rate by using
Minitab® linear regression analysis.
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2.4. Histology

Small pieces of gut tissue from treated and control insects were
fixed overnight in Bouin’s solution. The specimens were embedded
in an embedding medium (optimal cutting temperature (OCT), Tis-
sue-Tek, Sakura, USA). The blocks were cooled —27 °C for 3 h and
cut into 1.5 um ribbons with an ultra-cryo-microtome (Cryocut
1800, Leica, Germany). The ribbons were stained with Delafield’s
haematoxylin and counter-stained with eosin, and mounted after
drying. The sections were observed and photographed under light
microscope (Leica, DMRE, Germany).

2.5. Statistical analysis

Data from bioassay and food utilization were subjected to ana-
lysis of variance (ANOVA of arcsine square root transformed per-
centages). Differences between the treatments were determined
by Tukey’s family error rate by Minitab® statistical software. Differ-
ence between means were considered significant at P < 0.05
(Snedecor and Cochran, 1989). The lethal concentrations (both
LCso and LCqp) were calculated using probit analysis (Finney, 1971)
and values were expressed as means of five replicates. Mortality
was corrected using Abbott’s (1925) formula, if it was necessary.

3. Result

3.1. Larval duration, moulting, growth and weight gain of S. exigua
after treatment with styryl-pyrone

When goniothalamin was fed to S. exigua at different concentra-
tions (5-30 ppm) several effects were noticed. The effective weight
of the growing insects was changed from third instar larvae (1-
day-old) to pupation. Control larvae increased weight significantly
until 12th day. Due to increased weight, larvae began to stop feed-
ing prior to pupation and larval period duration was reduced and
stabilized as larvae approached the pre-pupal stage. The develop-
mental effects on S. exigua larvae were significantly different at
the highest concentration (15 ppm) of goniothalamin compared
with control diet.

As the concentration of goniothalamin was increased (10 ppm
and 15 ppm), S. exigua larvae consistently lost weight and consumed

600

significantly less than those exposed to the lowest concentration
(5 ppm) and controls; and the time taken to reach maximum weight
increased. This antifeedant effect was inversely correlated with con-
centration. On average, control larvae took 13.4 (SE = 0.32) days to
reach maximum weight, those larvae fed diet containing 5, 10, and
15 ppm took 16.2 (SE =0.41), 20.7 (SE=0.68) and 23.9 (SE=1.12)
days to reach maximum weight, respectively. A dose dependent in-
crease in the time until pupation was noticed at all concentrations
(Fig. 2). The same trend was also noticed in pupal stage. The pupae
attained maturity with in the time, but, in larvae which received
more than 5 ppm goniothalamin, it took significantly more time.
After treatment with goniothalamin, the complete life cycle of S.
exigua was lengthened in a dose dependent manner.

The longest larval period was observed in the 15 ppm treat-
ment, while the shortest larval period was observed among the lar-
vae fed on unamended control diet. The larval period for larvae fed
on 30 ppm was not obtained, as no larvae survived after treatment
(48 h). Survival, either calculated on 48 h day or over the whole lar-
val period, decreased as the concentration of the pyrone increased.
The survival of larvae fed on control diet was about 95% after 48 h,
but, in case of goniothalamin treatment, only 70%, 58%, 32% and 0%
of larvae fed on diets containing 5, 10, 15 and 30 ppm of the pyr-
one, respectively, survived to 48 h or more (Fig. 3) (F=11088.53;
d.f.=14; P<.0001). The pupal weight was significantly reduced
after treatment with goniothalamin (F=1520.58; d.f.=11;
P <.0001). The estimated LCsqg and LCgg values of 4th instar larvae
of S. exigua were 14.2 ppm and 25.5 ppm, respectively. As the dose
of goniothalamin increased, the effects on the development of S.
exigua increased causing greater mortality and more severe defor-
mities in both larval and pupal stage (Fig. 4).

As shown in Fig. 5 when 10 and 15 ppm of goniothalamin was
applied to third stadium of S. exigua larvae 6 h after moulting,
nearly 60% and 85% of the treated larvae were affected during
the moulting stage. In control, the larval development was divided
into six larval instars. The last larval instar could be divided into
two stages; a period of growth and the pre-pupal stage. The dura-
tion of the feeding period was 4 days. On the last day of the feeding
period, the larvae reached maximal body weight and size. This was
followed by the pre-pupal stage and pupal stage. But in the case of
15 ppm treatment, larvae extended their larval stages up to 7 in-
stars. Only 25% of the larvae successfully moulted in to the pupal
stage. In the control group, larvae reached the pupal (96%) stage
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Fig. 2. A comparison between mean larval duration versus mean larval weight of S. exigua after treatment with goniothalamin (values are means of three replicates).
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Fig. 3. Percentage mortality of fourth instar larvae of S. exigua after treatment with
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significant difference (P < 0.05) according to a Tukey test.
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Fig. 4. Mean pupal weight of S. exigua after treatment with goniothalamin. Means
(SEM#) followed by the same letters above bars indicate no significant difference
(P < 0.05) according to a Tukey test.

24-25 days after starting the experiments (Fig. 5). In the group
treated with a concentration of 5 ppm goniothalamin only 56% of
larvae began metamorphosis in 31 days (Fig. 5). In contrast, con-
centrations of 10 and 15 ppm goniothalamin inhibited the moult
of 60 and 85% (Fig. 5), respectively, from 41 to 42 d after starting
treatment. Larvae in both groups were moulted but remained a
smaller size when compared with the control group. Treatment
with high doses of goniothalamin (10-15 ppm) elicited ecdysis in
order to form an additional larval stage (7th stage) in about 20%
(Fig. 5). However, these larvae showed severe deformities in the
thoracic appendages. On the other hand, control treatment with
1% methanol in the third stadium neither prolonged metamorpho-
sis nor changed the duration of any stadia (Fig. 5). Goniothalamin
treatment applied at 5 ppm to third stadium larvae again pro-
longed the duration of the fourth, fifth and sixth stadia, but did
not change the number of moults (Fig. 5).

Only the lowest concentration (5 ppm) allowed the larvae to
complete moulting, but, at higher concentrations of the goniothal-
amin, the moult was incomplete. The moulting period was pro-
longed with an increasing dose. However in 5 and 10 ppm

treatment, several anomalies, probably related to defective moult-
ing, were observed in goniothalamin treatments. Particularly at the
15 ppm goniothalamin treatment, parts of the old cuticle adhered
to the larval cuticle. And, also, body setae and structures located
at the extremities of the legs and mouth parts were lost. Growth-
regulatory effects such as formation of larval-pupal intermediates
occurred in the same treatments. Goniothalamin diet resulted in
irreversible damage to physiological processes essential to the
development of S. exigua. At higher concentrations, affected larvae
assumed a characteristic cuticle discoloration where they turned to
a uniform dark grey to blackish brown color, and the black dot pat-
terns were more pronounced. The treated larvae showed some sort
of alteration in the pigmentation of the cuticle with black spots
resulting from cuticular melanization. All control larvae in these
treatments developed normally to the adult stage. At 15 ppm
goniothalamin, the larvae in the last three instars either had their
body or at least several thoracic segments dorsally swollen. In
addition, 100% of the larvae showed an anomalous pattern of color
or spots on the cuticle in the later larval instars. At the pre-pupal
stage, insects fed on 10 ppm and 15 ppm goniothalamin-treated
diet were mostly dead and those remaining showed some abnor-
malities such as wrinkled, swollen or stretched bodies, different
patterns of cuticle color with spots, a prolonged pre-pupal period,
or failed to pupate. At the 10 ppm concentration, 58% of the insects
completed the larval period, and pupated. The moulted insects
showed some sort of damage during the period and were reduced
in size as compared with the control larvae.

3.2. Effect of goniothalamin on food utilization of S. exigua

Nutritional analysis revealed that the compound goniothalamin
specifically acts as an antifeedant. Goniothalamin when incorpo-
rated into artificial diet reduced relative growth and consumption
rates without any significant change in the efficiency of conversion
of ingested food values. Reduction in RGR and RCR was correlated
with goniothalamin dietary concentrations. The reduction de-
pended on the dose of the treated diet. Larval growth was maximal
on the control diet, but the growth rate decreased significantly on
diets with higher concentration values (Table 1). Both relative
growth rate and final larval mass were significantly lower for lar-
vae fed on diet with 10 and 15ppm (F=1113.83; d.f.=11;
P <.0001) concentrations than for larvae fed control diet. This rel-
ative reduction in growth rate arises because of compensatory
changes in consumption rate and approximate digestibility (Table
1). In addition, larval consumption was highly dependent upon the
goniothalamin concentration in the diets. As the dose of goniothal-
amin increased, a greater reduction in consumption efficiency was
noted. As the concentration of goniothalamin in the diet increased,
there were corresponding decreases in the amount of food con-
sumed, weight gained and the approximate digestibility was in-
creased significantly (F=36.32; d.f.=11; P<.0001). A significant
reduction in all nutritional indices was observed at, 5, 10 and
15 ppm concentrations. Relative growth rates against consumption
rates was plotted to determine the differentiation of the deterrent
and toxic effects of the goniothalamin. Calibration curves gener-
ated for the RCR and correlated with RGR, revealed that the rela-
tively reduced growth rates of larvae that were fed on treated
diets had significantly more effects than that of the control larvae
(Fig. 6). The regression coefficients of the RCR-RGR relations for
control and treated larvae were significantly different (R = 0.982,
R?=0.887). The regression lines represent the growth efficiency
of the larvae, and again indicate that the reduced growth of these
larvae fed on goniothalamin-treated diets is not entirely due to
starvation; some of the growth reduction is from toxicity.
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Fig. 5. Moulting time and responses of S. exigua to goniothalamin applied at various concentrations after moulting to the third stadium as indicated in the figure (data are
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Table 1
Nutritional indices of fourth instar larvae of S. exigua after treatment with goniothalamin
Treatment in ppm mg/mg/day ECI (%) ECD (%) AD (%)

RGRA RCR
5 1.26 £ 0.014° 2.45+0.011° 28.23 £ 0.68" 37.16 + 0.68° 43.90+0.17°
10 0.99 +0.015¢ 1.84 £ 0.014¢ 21.83 £0.76°¢ 30.40 £ 0.41¢ 44,66 +0.20°
15 0.50 +0.011¢ 0.94 +0.014¢ 1633 £0.29¢ 22.33 +0.38¢ 46.46 £0.12°
Control 1.68 £0.017° 3.45 +0.020* 33.93+£0.18* 45.16 £ 0.38° 41.46 £ 0.52¢

Means (+SEM) followed by the same letter within columns indicate no significant difference (P > 0.05) in a Tukey test.
A RGR, relative growth rate, RCR, relative consumption rate, ECI, efficiency of conversion of ingested food, ECD, efficiency of digested food, and AD, approximate digestibility.
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Fig. 6. Correlation between the relative consumption rates and relative growth rates of S. exigua fed on different quantities of control diet (calibration curve) and larvae fed on
diet containing different concentrations of goniothalamin. Regression equations are displayed. The regression coefficients of the two lines are significantly different (R? =

0.982, R? = 0.887).

Growth was maximal on the control, but decreased significantly
on diets with higher concentration values. Both relative growth
rate and final larval mass were significantly lower for larvae fed
the 10 and 15 ppm concentration diet than for larvae fed control
diet. This relative reduction in growth rate arises because of com-
pensatory changes in consumption rate and approximate digest-
ibility. In addition, larval consumption is highly dependent upon
the goniothalamin concentration in the diets; the effect of reduced
consumption efficiency is obviously less for larvae fed on control
diet than for larvae fed on 5, 10 and 15 ppm goniothalamin-
amended diet.

3.3. Mid gut histology of S. exigua after treatment with goniothalamin

A considerable difference was found between midgut sections
from 10 to 15 ppm goniothalamin-treated larvae and control lar-
vae of S. exigua (Fig. 7A). In controls, the epithelium of midgut ap-
pears formed by large uniform cells with nuclei and microvilli. At
the concentration of 10 ppm, the peritrophic membrane was dam-
aged and it mixed with epithelial cells (Fig. 7B). The columnar cells
of the gut were also damaged by 10 ppm treatment of goniothal-
amin (Fig. 7B). After treatment with 15 ppm of goniothalamin
the destruction of the midgut epithelium was complete, with a dis-
appearance of cellular components like nuclei (Fig. 7C).

4. Discussion
4.1. Effect of goniothalamin on biology and metamorphosis

The styryl-pyrone, goniothalamin, is an effective botanical
insecticide for polyphagous pest like S. exigua. Most detailed stud-
ies of the effects of secondary metabolites on insect physiology
have been carried out during last three decades (Kubo, 2006). Also,
our studies on goniothalamin-treated S. exigua showed that larval
growth and metamorphosis were affected and pupae gained less
weight after being fed with styryl-pyrone. The activity was dose
dependent. The concentration-dependent effects of styryl-pyrone
on the growth, development and metamorphosis of S. exigua were
similar to those reported for other insect species tested with pure
allelochemicals like azadirachtin, and other neem limonoids (Sie-
ber and Rembold, 1983; Dorn et al., 1986; Barnby and Klocke,
1987; Govindachari et al.,, 1996; Senthil-Nathan et al., 2006b,c),
terpenoids (Qiu et al., 1998), aglaroxin-A (Koul et al., 2004), B-carb-
olines (Cavin and Rodriguez, 1998), quassin, cinnamaldehyde (Her-
tel and Muller, 2006), avocadofurans (Rodriguez-Saona and
Trumble, 1999). Although metamorphosis is known to be inhibited
by limonoids and terpenes, there is no study on the effect of styryl-
pyrone on insect metamorphosis. In the present study on S. exigua,
12-h-old third stadium larvae were affected by prolonged/
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Fig. 7. Mid gut histology of S. exigua after treatment with goniothalamin (A, control,
B, treated with 10 ppm and C, treated with 15 ppm (BMb, basement membrane, Mv,
microvilli, BtM, peritrophic membrane, GL, gut lumen; bar = 100 um).

deformed moulting after ingesting the styryl-pyrone, goniothalam-
in. These effects are also related to disruption of other endocrine
systems controlling moulting. The moulting effects are due to a
disruption in the synthesis and release of ecdysteroids (moulting
hormone) and other classes of hormones and this was proved by
injections of neem limonoid AZA into the hemolymph of nymphs
of L. migratoria (Mordue et al., 1985).

Our data also showed that compared to the control group, lar-
vae treated with goniothalamin at concentrations of 15 and
30 ppm in an artificial diet exhibited increased mortality of 85%
and 100%, respectively, during development of larvae. The effect
was very apparent at the concentration of 30 ppm goniothalamin
with 100% mortality of third instar larvae. These results are in
agreement with the earlier studies of Kabir et al. (2003) who
showed high mortality of Culex quinquefasciatus Say treated with
goniothalamin.

Significant reduction in weight gain in response to treatment
doses at 10 ppm concentration level could indicate that the sty-
ryl-pyrone had a strong antifeedant effect on the larvae. Despite
the mortalities in response to the higher concentrations of gonio-
thalamin, the extended period of larval duration and slowed larval
growth in the 5 ppm treatment indicated that the lower concentra-
tion also had physiological effects. At the 15 ppm concentration,
growth was almost completely inhibited because 85% of larvae
could not develop to pupa and near100% final mortality
occurred.

4.2. Effect of goniothalamin on nutritional indices of S. exigua

The RGR and RCR for each set of larvae were subjected to a lin-
ear regression analysis (Fig. 6). The nutritional indices clearly indi-
cates that the reduced growth of these larvae under the influence
of goniothalamin is not entirely due to starvation; some of the
growth reduction is due to toxic effects of the ingested compound.
The dry weight of feces, weight gain and growth rate were posi-
tively affected. The relative growth and consumption rate (RCR
and RCR), measuring the growth and consumption of S. exigua
was decreased significantly at concentrations higher than 5 ppm.
This result was similar with other lepidopteran insects tested with
pure allelochemicals and extract (Wheeler and Isman, 2001; Sadek,
2003; Koul et al., 2004; Senthil-Nathan et al., 2007b). The efficiency
of conversion of ingested food (ECI) measuring the ingested food
which converted into the body matter. These results clearly indi-
cated that the styryl-pyrone has strong effects on food absorption
and digestion. Plotting the RCR against the RGR, revealed that the
extract had significant toxic effects as was shown by the relatively
low growth rates of larvae fed on treated diets (Fig. 6). The regres-
sion coefficients of the RCR-RGR relations for control and treated
animals were significantly different; indicating that the reduction
in growth of larvae fed on extract-containing diets was not entirely
a result of lower food intake. Nutritional analysis revealed that the
compounds specifically act as antifeedants. The compounds, when
incorporated into artificial diet reduced RGR and RCR with signifi-
cant change in the ECIL.

4.3. Effect of goniothalamin on gut histology of S. exigua

Our study has shown that histology of S. exigua larvae was sim-
ilar to that for other active plant secondary metabolites such as
AZA (Nasiruddin and Mordue, 1993), microbial toxins such as
d-endotoxins from Bacillus thuringiensis (Gill et al., 1992) and,
insecticidal proteins from fungal isolates, Metarhizum anisopliae,
Beauveria bassiana, B. brongniartii and Scopulariopsis brevicaulis
(Yu et al.,, 1997). The histological changes to the gut varied with
the treatment doses. Ingestion of styryl-pyrone in artificial diet
of S. exigua led to swelling of columnar cells and later the gut epi-
thelium was completely destroyed by 15 ppm. The changes or
damage in the structure of epithelial cells and brush border
membrane after treatment with pure plant allelochemicals AZA
Nasiruddin and Mordue, 1993) and Melia azedarach plant extract
(Schmidt et al., 1997) was already been reported. The midgut of
the digestive system is an important part of an insect, because this
is where the digestive enzymes are secreted.
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5. Conclusion

In conclusion, the styryl-pyrone, goniothalamin, resulted in in-
creased mortality, reduced food consumption, reduced weight gain
of larva and pupa, moulting inhibition via prolonged moulting per-
iod, and damage to the gut in S. exigua. These effects were dose
dependent.
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