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Effect of Botanical Insecticides and Bacterial Toxins on the
Gut Enzyme of the Rice Leaffolder Cnaphalocrocis

medinalis

S. Senthil Nathan,1,2,∗ Paul Gene Chung1 and K. Murugan2

The effect of botanical insecticides and bacterial toxins on gut enzyme activity of larvae
of the rice leaffolder Cnaphalocrocis medinalis (Guenée) (Insecta: Lepidoptera: Pyralidae)
was investigated. Gut enzyme activities were affected by botanical insecticides and bacterial
toxin individually and in combination. When fed a diet of rice leaves treated with botanical
insecticides and bacterial toxins, in bioassays the activities of gut tissue enzymes - acid
phosphatases (ACP), alkaline phosphatases (ALP) and adenosine triphosphatases (ATPase)
– of rice leaffolder larvae were affected. When combined, the effect was more severe at
a low concentration. Larvae that were chronically exposed to botanical insecticides and
bacterial toxins showed a reduction in weight (59–89%) and exhibited a significant reduction
in ACP, ALP and ATPase activities. The combination of Bacillus thuringiensis kurstaki
and botanical insecticides caused a decrease of twofold in enzyme activity even at reduced
concentration. A synergistic effect was found when botanical insecticides and bacterial
toxins were combined at low doses. These effects were most pronounced in early instars.
Clear dose–response relationships were established with respect to enzyme activity. In
conclusion: (i) biopesticides are relatively safe and biodegradable; (ii) a synergistic effect
of botanical insecticides and bacterial toxins was found; (iii) less expensive, readily available
and naturally occurring biopesticides could be an alternative for organic and inorganic
pesticides in controlling RLF.
KEY WORDS: Biopesticide; Bacillus thuringiensis; Bt; neem; Vitex negundo; Cnaphalocro-
cis medinalis; enzyme; ACP; ALP; ATPase.

INTRODUCTION

The rice leaffolder (RLF) Cnaphalocrocis medinalis (Guenée) (Insecta: Lepidoptera:
Pyralidae) is a major insect pest of rice (Oryza sativa L). It appears to have become
increasingly important with the spread of high-yield rice varieties and the accompanying
changes in cultural practices. Outbreaks of serious RLF infestations have been reported
in many Asian countries including India, Korea, Japan, China, Malaysia, Sri Lanka and
Vietnam (10,15). Bautista et al. (4) have shown that losses due to RLF are positively related
to the percentage of damaged leaves. In their studies, 17.5% damaged leaves resulted in
16.5% yield loss, and a 21.3% yield loss corresponded to 26.6% damaged leaves. Rice
farmers control this pest primarily through the use of broad-spectrum chemical insecticides
such as methyl parathion, monocrotophos and endosulfan. Misuse of chemical insecticides
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increased the RLF population because the sprayed insecticides reduce populations of
natural enemies of RLF and its biological control in the field (10). Expanded rice areas with
new irrigation systems, multiple rice cropping and application of high levels of nitrogenous
fertilizers have further compounded the leaffolder problem. The larvae feed by scraping the
green mesophyll tissues of rice leaves, thus producing linear pale white stripe damage. The
general vigor and photosynthetic ability of an infested rice plant is greatly reduced. The
damaged leaves also serve as entry points for fungal and bacterial infections. In recent years
the use of synthetic organic insecticides in crop pest control programs around the world has
resulted in damage to the environment, pest resurgence, pest resistance to insecticides and
lethal effects on non-target organisms.

Management of this insect pest using synthetic chemicals has failed because of
insecticide resistance, pest resurgence and environmental pollution. Consequently an
intensive effort has been made to find alternative methods of control. Botanical insecticides
and microbial pesticides are highly effective, safe and ecologically acceptable. The
common trend in the past two decades towards reducing reliance on synthetic insecticides
for control of insect pests in agriculture, forestry and human health has renewed world-wide
interest in Bacillus thuringiensis (Bt) Berliner as an environmentally desirable alternative.
It has been tested successfully against more than 137 insect species including Lepidoptera,
Hymenoptera, Diptera and Coleoptera. Bt can effectively replace chemical insecticides and
has become established in control programs against defoliator larval moths in Europe and
North America (6). Commercially available Bt products contain endotoxins, a class of Bt
proteins that are seldom toxic to mammals. In recent years the use of synthetic organic
insecticides in crop pest control programs around the world has resulted in disturbance of
the environment, pest resurgence, pest resistance to insecticides, lethal effects on non-target
organisms, and environmental pollution. In recent years an increasing number of reports
on the development of resistance to Bt in agriculture have been published; the lethal dose
of Bt is also instar-dependent and the susceptibility of mature larvae is very low (25,34).
The combination of Bt with baculovius has been tested (24), but a combination with other
biopesticides is very necessary.

The Indian neem tree, Azadirachta indica (A. Juss.), has been found to be a promising
source of natural pesticides and several constituents of its leaves and seed show marked
insect control potential. Neem seed kernel extract suppresses the feeding, growth and re-
production of insects. Due to their relative selectivity, neem products can be recommended
for many Integrated Pest Management (IPM) programs (29). Butterworth and Morgan
(8) first isolated tertranotriterpenoid azadirachtin from A. indica seed, which primarily
showed antifeedance and subsequently also regulatory effects on larval development
and metamorphosis. Bt products break down very rapidly when exposed to sunlight.
Vitex negundo L. (Verbenaceae) showed a pesticidal activity against insects and is used
predominantly for its pest control properties. It is apparent that botanical insecticides
affect insect physiology in many different ways and that other modes of action are still
to be discovered. Alkaline phosphatase (ALP, E.C.3.1.3.1) and acid phosphatase (ACP,
E.C.3.1.3.2) are hydrolytic enzymes, which hydrolyze phosphomonoesters under acid or
alkaline conditions, respectively. These enzymes are located in the midgut, Malpighian
tube, muscles and nerve fibers of lepidopteran insects (17). The midgut has higher ALP
and ACP activity than the other tissues (11,21). The ALP and ACP activities were found
to be low during the larval molting stage and to increase gradually after molting (20). The
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highest activity appeared before the full appetite gluttonous stage of the 5th instar and the
lowest activity was found at the mature larval stage (20). The objectives of this study were
to examine the ALP, ACP and adenosine triphosphatase (ATPase) activities in the midgut
of RLF and to determine the effects of bacterial toxin and botanical insecticides on enzyme
activity. In this paper are described experiments that examine potential effects of botanical
insecticides and bacterial toxin on activities of gut enzymes in the rice leaffolder.

MATERIALS AND METHODS

Laboratory mass culture of Cnaphalocrocis medinalis Cnaphalocrocis medinalis lar-
vae were collected from the paddy fields in and around Coimbatore district, Tamil Nadu,
and the Paddy Breeding Station (PBS), Tamil Nadu Agricultural University, Coimbatore,
India. Larvae were reared in a greenhouse on potted rice plants covered with mesh sleeves
at 27±20◦C, 10:14LD, and 85% r.h. Rice plants were grown in earthenware pots, 18 cm
tall, 20 cm diam at the top. Each pot held 15 plants and gave 62 tillers. The pots were
placed in ∼10 cm of water in a metal tray in the greenhouse. The culture was initiated
with partly grown larvae from the field. Thereafter, newly hatched larvae were placed on
∼60-day-old plants of the rice variety TN1.

After pupation, adults emerged on plants in the sleeves. To maintain the culture, 12
female and 13 male moths were placed in an oviposition cage containing one potted plant.
The moths were fed with 10% sucrose solution fortified with a few drops of vitamin A + D
mixture (Multidecdrops, Ashok Pharmaceuticals, Chennai, India) to enhance oviposition.
After 2 days the potted plants were removed from the oviposition cage. The leaf portions
containing the eggs were clipped and placed on moist filter paper in a petri dish. These
eggs were used to maintain the culture.

Preparation of Bacillus thuringiensis subsp. kurstaki Delfin WG, which contains
Bacillus thuringiensis kurstaki (Btk), serotype 3a, 3b 85%, and dispersing agents 15%,
with a minimum potency of 53,000 SU/mg (Sandoz (India) Limited, Mumbai, India), was
used. The required quantity of Btk crystal was thoroughly mixed with distilled water to
prepare various concentrations, ranging from 1 to 15 µg ml−1.

Preparation of neem seed kernel and Vitex negundo leaf extracts Neem seed kernel
and Vitex negundo were collected from forests in the Marudamalai hills, near Bharathiar
University, Coimbatore. Fifty grams of seed kernels of A. indica and V. negundo were
washed and oven-dried to constant weight at 55◦C. The dried seeds and leaves were ground
into powder. The powder was then mixed with 100 ml of water in a Soxhlet apparatus to
prepare a stock solution, from which several concentrations ranging from 0.05% to 3.0%
were made up using water. The combined extracts were prepared by mixing equal volumes
of neem seed kernel extract (NSKE) and V. negundo leaf extract (VNLE) (1:1,v/v).

Treatments Fresh rice leaves were coated with different concentrations of Btk, NSKE
and VNLE and air-dried. Control leaves were treated with distilled water alone. The
various larval instars were starved for 4 h and then individually fed with different
concentrations of Btk, NSKE and VNLE. The uneaten leaves were removed every 24 h, and
replaced with fresh treated leaves. A minimum of 30 larvae were used per concentration
for all the experiments, which were replicated five times.

Preparation of enzyme extract Two-day-old 3rd, 4th and 5th instars of treated C.
medinalis were used to quantify the enzyme activities. The method used to prepare the
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enzyme extract was that of Applebaum (1) and Applebaum et al. (2). Individuals were
anaesthetized with cotton pads soaked in ether and the entire digestive tract was dissected
out in ice cold insect Ringer’s solution. The Malpighian tubules, adhering tissues and gut
contents were removed. The gut was split into regions, weighed (accuracy in mg) and
homogenized for 3 min at 4◦C in ice-cold citrate-phosphate buffer (pH 6.8) using a tissue
grinder. Homogenized gut was suspended in ice-cold buffer and made up to 1 ml. The
homogenate was centrifuged at 500 rpm for 15 min and the supernatant was used as the
enzyme source.

Estimation of ACP and ALP The enzyme assays were carried out as described by
Bessey et al. (5). The buffered substrate was incubated with tissue extract for 30 min.
Alkali was added to stop the reaction and to adjust the pH for the determination of the
concentration of the product formed. The spectral absorbance of p-nitrophenolate was
maximal at 310 nm. The molar absorbance of p-nitrophenolate at 400 nm is about double
that of P-nitrophenyl phosphate at 310 nm. Upon converting the p-nitrophenolate into
p-nitrophenol by acidification, the absorption maximum is shifted to ∼320 nm with no
detectable absorption at 400 nm.

Estimation of ATPase The specific activity of sodium- and potassium-dependent ATPase
in the gut was assayed according to the method described by Shiosaka et al. (31).
ATP catalyzes the conversion of ATP to ADP. During this conversion, one molecule of
phosphorus is liberated.

Adenosine triphosphate
ATPase
−−−−−→ Adenosine diphosphate + P

The inorganic phosphorus liberated was assayed according to the method of Fiske and
Subbarow (12), by which the protein is precipitated with trichloroacetic acid. The protein-
free filtrate is treated with acid molybdate solution and the phosphoric acid formed is
reduced by the addition of 1-amino–2-napthol-4-sulphonic acid (ANSA) reagent to produce
a blue color; the color intensity is proportional to the amount of phosphorus present.

Statistical analysis Data from all experiments were subjected to analysis of variance
(ANOVA) and means were separated using Tukey’s test (28).

RESULTS

The efficacy and mechanism of action of two botanical insecticides and a bacterial
toxin were evaluated. The study showed that these materials affected the physiology of
C. medinalis at several doses. The insect is able to survive at low doses (individual or
combination treatments), which produce external symptoms such as sluggish movement,
change in color, etc. Sublethal effects on larvae may greatly hinder the survival and
fitness of leaffolder adults. Tables 1–3 demonstrate the efficacy and insecticidal activity
of botanical insecticides and bacterial toxin against gut enzyme activity of rice leaffolder.
Their activity and potency was dose- and pesticide-combination-dependent. Generally,
combining several insecticides was more effective than individual treatments, even at low
doses. The decrease in enzyme production by the gut was dose-dependent. However, the
effect on ACP, ALP and ATPase activities by botanical insecticides and bacterial toxin was
concentration-dependent (Tables 1–3).

Differences in ACP, ALP and ATPase activities in the gut between the control and
treated 3rd instar larvae are shown in Table 1. The treatments significantly decreased

436 S. Senthil Nathan et al.



TABLE 1. Enzyme activities (in µmol/mg h−1) of 3rd instar larvae of Cnaphalocrocis medinalis
after treatment with Btk, NSKE and VNLEz

Treatments Acid phosphatase
(ACP)

Alkaline
phosphatase (ALP)

Adenosine
triphosphatase
(ATPase)

Control y7.62 ±0.41a 11.21±0.81a 61.46±5.29a
Btk (µg ml−1)

1.0 6.54±0.34b 9.95±0.76b 56.16±4.12ab
2.0 4.98±0.21d 8.24±0.65c 50.23±4.23b
3.0 3.51±0.14fg 6.89±0.43d 46.31±3.84c
NSKE (%)

0.10 6.29±0.37b 9.43±0.75b 53.42±4.71b
0.25 4.18±0.21d 8.06±0.65c 45.21±3.78cd
0.50 3.09±0.15f 6.27±0.43d 38.64±3.00e
VNLE (%)

0.10 6.37±0.42b 9.71±0.72b 55.19±4.12b
0.25 4.51±0.26d 8.15±0.65c 48.25±3.95c
0.50 3.24±0.15f 6.65±0.39d 41.22±3.11e
Btk (µg ml−1) + NSKE (%)

1.0+0.10 5.79±0.31c 8.31±0.62c 42.22±3.26d
2.0+0.25 2.98±0.11g 5.56±0.35e 28.61±1.56g
Btk (µg ml−1) + VNLE (%)

1.0+0.10 6.09±0.37bc 8.71±0.61c 44.23±2.95d
2.0+0.25 4.05±0.23e 5.93±0.35e 31.62±1.96f
NSKE (%) + VNLE (%)

0.10+0.10 5.14±0.26c 8.05±0.63c 40.75±2.98de
0.25+0.25 2.45±0.14gh 5.40±0.34e 26.62±2.24gh
Btk (µg ml−1) +
NSKE (%) +VNLE (%)

1.0+0.10+0.10 1.63±0.00i 3.49±0.14f 17.84±1.56i
zBtk = Bacillus thuringiensis kurstaki; NSKE = neem seed kernel extract; VNLE = Vitex negundo leaf extract.
yWithin columns, means followed by a common letter do not differ significantly (Tukey’s test, P<0.05).

the activity of the gut enzymes after individual and combined treatments. The maximal
suppression of activity was obtained by the combination of 1 µg ml−1 Btk 0.1% NSKE and
0.1% VNLE in all larval instars. The ACP activity in the 3rd instar (control insect) was 7.62
µmol/mg h−1. ACP activity was reduced to 3.51µmol/mg h−1 (53.9%) by Btk treatment
(3 µg ml−1) and to 1.63 µmol/mg h−1 (78.6%) by combining the three materials (Btk 1 µg
ml−1, VNLE 0.10% and NSKE 0.010%). Similarly, there was a significant reduction in the
activities of ALP (max. of 68.8%) and ATPase (max. of 70.9%) in combined treatment.
Gut tissue enzyme activity was considerably decreased when the insects were fed on leaves
treated with both Btk and botanical insecticides, compared to control treatment. Gut tissue
enzyme activities decreased significantly with increasing concentrations of Btk, NSKE and
VNLE.

The adverse effect of Btk, NSKE and VNLE on the activity of the gut enzymes of C.
medinalis was evident during the feeding. Furthermore, the growth rate of C. medinalis was
reduced by Btk, and by a combined treatment of Btk, NSKE and VNLE. ALP activity of 4th
instar larva was markedly reduced, to 7.91 µmol/mg h−1 (46.4%) in combined treatment
of Btk (2 µg ml−1) and VNLE (0.25%), and the combination of Btk, NSKE and VNLE
at 1 µg ml−1 + 0.10% + 0.10%, respectively, drastically decreased the enzyme activity to
4.78 µmol/mg h−1 (67.6%). A significant reduction in activity of ATPase (64.3%) was
observed in the combined treatment of Btk, NSKE and VNLE at, respectively, 1.0 µg ml−1
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TABLE 2. Enzyme activities (in µmol/mg h−1) of 4th instar larvae of Cnaphalocrocis medinalis
after treatment with Btk, NSKE and VNLEz

Treatments Acid phosphatase
(ACP)

Alkaline
phosphatase (ALP)

Adenosine
triphosphatase
(ATPase)

Control y9.91±0.78a 14.76±1.26a 76.39±6.95a
Btk (µg ml−1)

1.0 8.75±0.67b 13.84±1.30ab 70.65±6.21b
2.0 7.63±0.55c 12.51±1.25b 68.77±5.96b
3.0 6.21±0.49d 11.68±0.98bc 65.51±5.79bc
NSKE (%)

0.10 7.53±0.56c 12.57±1.12b 67.37±5.62b
0.25 5.93±0.37d 10.90±0.89c 61.72±5.12c
0.50 4.91±0.24ef 9.42±0.84d 55.42±4.23d
VNLE (%)
0.10 7.89±0.52c 12.79±1.00b 68.54±5.86b
0.25 6.01±0.48d 11.01±0.86c 64.21±5.46c
0.50 5.23±0.37de 9.68±0.76d 56.28±4.75d
Btk (µg ml−1) + NSKE (%)

1.0+0.10 7.10±0.62c 11.21±0.95c 58.82±4.25cd
2.0+0.25 4.98±0.35ef 7.56±0.59e 41.47±3.76ef
Btk (µg ml−1) + VNLE (%)

1.0+0.10 7.21±0.61c 11.43±0.97c 61.52±5.64c
2.0+0.25 5.12±0.38e 7.91±0.59e 45.37±3.79e
NSKE (%) + VNLE (%)

0.10+0.10 6.93±0.56cd 11.01±0.94c 54.63±4.26d
0.25+0.25 4.89±0.34ef 7.21±0.56e 38.42±3.54f
Btk (µg ml−1) +
NSKE (%) + VNLE (%)

1.0+0.10+0.10 2.88±0.12g 4.78±0.29f 30.24±2.56g
zBtk = Bacillus thuringiensis kurstaki; NSKE = neem seed kernel extract; VNLE = Vitex negundo leaf extract.
yWithin columns, means followed by a common letter do not differ significantly (Tukey’s test, P<0.05).

+ 0.10% + 0.10% (Table 2). There were statistically significant differences (P<0.05) in
enzyme activities between individual and combined treatments (Tables 1–3). Our data
demonstrate that, among the signs of toxicity that were observed following exposure to
these bioinsecticides, is suppression of the gut enzyme activity.

The activities of ACP, ALP and ATPase were significantly decreased in the midgut of
4th and 5th instar larvae of C. medinalis after treatment with Btk, NSKE and VNLE (Tables
2 and 3). The highest activity of the gut enzymes was found in controls of 5th instar larvae:
12.36 µmol/mg h−1 (ACP), 18.64 µmol/mg h−1 (ALP) and 88.12 µmol/mg h−1 (ATPase).
Insects fed with 1 µg ml−1 Btk, 0.1% NSKE and 0.1% VNLE showed maximum reduction
in ACP (70.9% in 4th instar and 67.6% in 5th instar), ALP (67.6% in 4th instar and 67% in
5th instar) and ATPase (64.3% in 4th instar and 58.8% in 5th instar) when compared with
controls (Tables 3 and 4). The combined treatment of Btk, NSKE and VNLE affected the
enzyme activity to a greater extent, and in a dose-dependent manner. The last instar RLF
larvae were able better to withstand the botanical insecticides and bacterial toxin-treated
leaves. Botanical insecticides and biocides do not affect the last larval instar more severely
than the initial instars.

Larval weight was gradually decreased in 1st to 5th instar larvae due to treatment with
Btk, NSKE and VNLE, individually and in combination. Larval body weight was 32.2
mg in 5th instar (larvae control). At 0.5% VNLE, it dropped to 21.4 mg (33.5%) and was
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TABLE 3. Enzyme activities (in µmol/mg h−1) of 5th instar larvae of Cnaphalocrocis medinalis
after treatment with Btk, NSKE and VNLEz

Treatments Acid phosphatase
(ACP)

Alkaline
phosphatase (ALP)

Adenosine
triphosphatase
(ATPase)

Control y12.36±1.21a 18.64±1.74a 88.12±8.45a
Btk (µg ml−1)

1.0 11.96 ±9.75ab 17.43±1.63a 86.73±7.56a
2.0 10.78±9.12b 16.81±1.42ab 81.59±7.95ab
3.0 9.64±8.45c 15.92±1.54a 76.24±7.15b
NSKE (%)

0.10 10.41±9.58b 16.24±1.59b 81.53±6.58ab
0.25 9.15±7.86cd 15.18±1.52b 74.21±7.41b
0.50 8.09±7.16d 14.08±1.32c 68.35±6.23c
VNLE (%)

0.10 10.56±9.25b 16.49±1.49b 82.94±7.52a
0.25 9.23±8.94c 15.21±1.42b 76.23±7.12b
0.50 8.18±7.12d 14.11±1.37c 70.19±6.52c
Btk (µg ml−1) + NSKE (%)

1.0+0.10 9.31±8.68c 14.92±1.32bc 68.21±6.21c
2.0+0.25 6.38±5.24e 9.68±9.12e 51.43±4.89e
Btk (µg ml−1) + VNLE (%)

1.0+0.10 9.43±8.45c 15.21±1.42b 69.44±6.56c
2.0+0.25 6.45±2.23e 10.93±9.21d 53.65±5.12e
NSKE (%) + VNLE (%)

0.10+0.10 9.21±8.54c 14.21±1.26c 61.57±5.12d
0.25+0.25 6.10±5.24e 9.15±8.42e 44.32±3.78f
Btk (µg ml−1) +
NSKE (%) + VNLE (%)

1.0+0.10+0.10 4.0±2.76f 6.14±4.78f 36.24±2.91g
zBtk = Bacillus thuringiensis kurstaki; NSKE = neem seed kernel extract; VNLE = Vitex negundo leaf extract.
yWithin columns, means followed by a common letter do not differ significantly (Tukey’s test, P<0.05).

further reduced to 12.9 mg (59.9%) in combined treatment of Btk, NSKE and VNLE at
1.0 µg ml−1, 0.10% and 0.10%, respectively (Table 4). There was a gradual decrease in
the pupal weight of insects fed on Btk, NSKE and VNLE separately, but after a combined
treatment the effect was more pronounced. For example, the average pupal weight in the
control was 22.7 mg, but after treating with Btk, NSKE and VNLE at 1.0 µg ml−1, 0.10%
and 0.10%, it was reduced to 4.3 mg (81%) (Table 4).

DISCUSSION

As a consequence of concern about the persistence of synthetic pesticides in the
environment and their potential toxicity to humans, beneficial insects and domestic
animals, research has focused on more natural products for pest control. Naturally
occurring biopesticides seem a logical choice for further investigation. They determine
the acceptability of plants to herbivores – vertebrates and invertebrates. They also prevent
fungal infection, and deter parasitic nematodes. Many of these metabolites can be classified
as allelochemicals, plant compounds involved in biological interspecies interactions (14).

Leaffolder larvae that were fed Btk become flaccid and gradually turn blackish in
color. Soon after death, the integument ruptures, allowing the liquefied internal Btk crystal
content to be released. Such symptoms were observed as early as 3 days after larvae
were placed on a diet containing high concentrations of Bt, and mortality occurred on
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TABLE 4. Larval and pupal weights (in mg) of Cnaphalocrocis medinalis after treatment with Btk,
NSKE and VNLEz

Treatments Larval weight (10 larvae) Pupal
Larval instars weight

I II III IV V (10 pupae)
Control y10.2±1.04a 13.4±1.12a 16.8±1.23a 23.4±1.68a 32.2±2.05a 22.7±1.45a
Btk (µg ml−1)

1.0 8.5±0.72b 11.8±0.95b 15.0±1.18c 21.9±1.46ab 30.1±1.98ab 19.3±1.27b
2.0 7.6±0.56c 10.5±0.91c 13.7±1.11c 19.3±1.19b 27.5±1.90b 18.2±1.07bc
3.0 5.4±0.32d 8.4±0.64d 11.5±0.81b 17.2±1.18c 24.1±1.74bc 11.3±0.86b
NSKE (%)

0.10 8.1±0.65b 11.3±0.75e 14.5±1.16b 20.0±1.51b 28.2±1.95b 18.3±1.35b
0.25 7.2±0.52c 10.1±0.71c 13.2±0.12c 18.5±1.29b 23.1±1.95c 15.2±0.93d
0.50 5.0±0.38d 7.6±0.50c 11.2±0.85d 15.3±1.19d 19.2±1.54de 8.6±0.56g
VNLE (%)

0.10 8.3±0.61b 11.5±0.90d 14.1±1.18b 21.3±1.63b 29.5±2.09ab 19.1±1.32b
0.25 7.4±0.54c 10.3±0.75c 12.9±0.91cd 19.1±1.11b 25.4±1.92b 16.4±0.86cd
0.50 5.2±0.38d 8.2±0.60d 10.7±0.78d 16.0±1.21cd 21.4±1.55d 9.3±0.62f
Btk (µg ml−1) +
NSKE (%)

1.0+0.10 7.5±0.51c 10.8±0.78bc 13.5±0.14c 19.0±1.33b 23.2±1.78c 16.1±0.91cd
2.0+0.25 4.1±0.29e 7.0±0.49e 8.7±0.57e 13.5±1.13e 17.6±1.31ef 7.9±0.42gh
Btk (µg ml−1) +
VNLE (%)

1.0+0.10 7.6±0.53de 11.0±0.83b 14.1±1.21b 19.6±1.39b 24.5±2.05c 17.2±1.25c
2.0+0.25 4.5±0.28e 7.3±0.50e 9.5±0.66f 14.1±1.15e 18.4±1.55e 8.2±0.59g
NSKE (%)
+ VNLE (%)

0.10+0.10 7.2±0.48g 10.5±0.76c 13.1±1.15c 18.3±1.05b 21.8±1.53cd 15.2±1.08d
0.25+0.25 3.8±0.21f 6.7±0.45ef 8.1±0.51e 12.1±1.06e 16.2±1.18f 7.0±0.45h
Btk (µg ml−1) +
NSK (%)
+ VNLE (%)

1.0+0.10+0.10 1.8±0.1g 4.5±0.29g 6.1±0.29g 9.0±0.42g 12.9±0.74g 4.3±0.25i
zBtk = Bacillus thuringiensis kurstaki; NSKE = neem seed kernel extract; VNLE = Vitex negundo leaf extract.
yWithin columns, means followed by a common letter do not differ significantly (Tukey’s test, P<0.05).

or before the 5th day post-treatment, depending on the age and stage of the larvae when
they were exposed to the toxin (21,24,25). The general antinutritive effects of botanical
insecticides can cause disruption of growth regulation, decreased growth, and low feeding
efficiency. The present findings that increasing amounts of NSKE and VNLE consumed
reduce conversion efficiency and larval body weight, suggest that, in addition to antifeedant
properties, NSKE and VNLE contain digestive components inhibiting enzyme activities
and reducing conversion rate. Several studies have shown that feeding is necessary for the
stimulation of enzyme activities (7,32). Exposure of C. medinalis larvae to sublethal doses
of Btk in the laboratory prolonged larval development and reduced pupal weight (26). In
the field, delayed phenology of surviving larvae and reduced pupal weight are common
occurrences after treatment with Btk (22). The direct and indirect contribution of such
effects to treatment efficacy through reduced larval feeding and fitness need to be better
understood in order to improve the use of Btk for management of C. medinalis. Higher
enzyme activity in the midgut of control insects is most probably due to consumption as
well as utilization of large quantities of food. Imbalance in the enzyme–substrate complex
and inhibition of peristaltic movement of the gut (16) might have inhibited the enzyme
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activity in the treated insects. Chapman (9) reported that enzyme production is clearly
related to the feeding behavior (amount of food that passes through the alimentary canal).
The activity of these enzymes is related to the physiological situation of RLF and reflects
the absorption, digestion and positive transport of nutrients in the midgut. Btk has been
reported to cause damage to the epithelial cells of the midgut through crystalline parasporal
bodies, which release the active toxin after digestion by serine proteases under the alkaline
conditions in the intestinal juice; the damage to the midgut caused a decrease in enzyme
activities (11,19,21).

Changes in ALP and ACP activities after treatment with botanical insecticides and
bacterial toxin indicate that changing the physiological balance of the midgut might affect
these enzymes. ALP is found mainly in the intestinal epithelium of animals and its primary
function is to provide phosphate ions from mononucleotide and ribonucleo-proteins for a
variety of metabolic processes (27). ALP is involved in the transphosphorylation reaction.
In the present study, the decrease in the activity of these enzymes after Btk, NSKE and
VNLE were fed to C. medinalis suggests that these materials affect gut physiological events
(i.e., ion transport) that might influence these enzymes.

Decreased level of ACP at higher concentration of Btk, NSKE and VNLE suggests a
reduced phosphorus liberation for energy metabolism, decreased rate of metabolism, as
well as decreased rate of transport of metabolites, and may be due to the direct effect
of Btk, NSKE and VNLE on enzyme regulation. In the present study, the biochemical
parameters and enzymatic profiles were markedly affected following NSKE and VNLE
treatment. The significant decrease in the rate of maturation caused by NSKE and VNLE
treatment appears to be due to poor nutrition in the treated insects and also related to altered
feeding physiology.

ATPases are essential for transport of glucose, amino acids, etc. Any impairment in
their activity will affect the physiology of the gut. ATPases are membrane-bound enzymes.
The role of membrane lipids and their micro-environmental changes at the physical and
chemical levels may be responsible for the differential response observed at the level
of ATPase activity after Btk, NSKE and VNLE feeding treatment. Membrane ATPase,
especially in the intestinal epithelium, assists transport and reabsorption of metabolites and
nutrients and also secondary transport of ions and non-electrolytes (13,18). Babu et al.
(3) showed that the ATPase activity in the gut of Helicoverpa armigera was significantly
decreased, due to toxic effects of azadirachtin. In the present study, the ATPase activity
in the gut was also significantly reduced by Btk, NSKE and VNLE treatments. ATPase
inhibition may affect active ion transport, leading to alteration in electrolyte regulation.
After Btk, NSKE and VNLE treatments, a decrease in enzymatic activity denotes reduced
metabolism in the insect and may be due to the toxic effects of Btk, NSKE and VNLE on
membrane permeability, especially on the gut epithelium (23).

It is evident that exposure to botanical insecticides in the larval diet has significant
effects on the activity of several enzymes found in the late instar larvae and adult C.
medinalis. Botanical insecticides such as neem may interfere with the production of certain
types of proteins. This activity is apparently strongest during pupation; pupae were very
susceptible after larvae were exposed to the botanical insecticides. Previous reports by
several groups found that treatment with neem and botanical insecticides induced similar
signs of toxicity (30,33). Active principles present in neem and Vitex (azadirachtin, vitexin,
etc.) are responsible for such effects.
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In conclusion, neem and Vitex had significant effects on larvae and pupae of C.
medinalis and acted synergistically with Bt toxin, causing a reduction in weight and in
enzyme activity. The adult physiology is thus impaired after larvae are exposed to botanical
insecticides and bacterial toxin These botanical insecticides and Btk may therefore serve as
effective alternatives to conventional synthetic insecticides in the control of agricultural
pests.

ACKNOWLEDGMENTS

The authors wish to thank Dr. N. Senthil Kumar (Center for Plant Molecular Biology, Tamil Nadu
Agricultural University, Coimbatore, India) for providing the insects. We thank two anonymous reviewers for
their thorough and constructive review of this manuscript.

REFERENCES

1. Applebaum, S.W. (1964) The action pattern and physiological role of Tenebrio larval amylase. J. Insect
Physiol. 10:897-906.

2. Applebaum, S.W., Jankovic, M. and Birk, Y. (1961) Studies on the midgut amylase activity of Tenebrio
molitor L. larvae. J. Insect Physiol. 7:100-108.

3. Babu, R., Murugan, K. and Vanithakumari, G. (1996) Interference of Azadirachtin on the food utilization
efficiency and midgut enzymatic profiles of Helicoverpa armigera. Indian J. Environ. Toxicol. 6: 81-84.

4. Bautista, R.C., Heinrichs, E.A. and Rejesus, R.S. (1984) Economic injury levels for the rice leaffolder
Cnaphalocrocis medinalis (Lepidoptera: Pyralidae). Insect infestation and artificial leaf removal. Environ.
Entomol. 13:439-443.

5. Bessey, O.A., Lowry, O.H. and Brock, M.J. (1946) A method for the rapid determination of alkaline
phosphatase with five cubic millimeters of serum. J. Biol. Chem. 164:321-329.

6. Bobrowski, V.L., Pasquali, G., Bodanese-Zanettini, M.H., Pinto, L.M.N. and Fiuza, L.M. (2002) Char-
acterization of two Bacillus thuringiensis isolates from South Brazil and their toxicity against Anticarsia
gemmatalis (Lepidoptera, Noctuidae). Biol. Control 25:129-135.

7. Broadway, R.M. and Duffey, S.S. (1988) The effect of plant protein quality on insect digestive physiology
and the toxicity of plant proteinase inhibitors. J. Insect Physiol. 34:1111-1117.

8. Butterworth, J.H. and Morgan, E.D. (1968) Isolation of a substance that suppresses feeding in locust. Chem.
Comm. 1:23-24.

9. Chapman, R.F. (1985) Structure of the digestive systems. in: Kerkut, G.A. and Gilbert, L.I. [Eds.]
Comprehensive Insect Physiology Biochemistry and Pharmacology. Vol. 4. Pergamon Press, Oxford, UK.
pp. 165-211.

10. Dale, D. (1994) Insect pests of rice plant – their biology and ecology. in: Heinrichs, E.A. [Ed.] Biology and
Management of Rice Insects. Wiley Eastern Ltd., New York, NY. pp. 363-485.

11. Eguchi, M., Sawaki, M. and Suzuki, Y. (1972) Multiple forms of midgut alkaline phosphatase in the
silkworm: New band formation and the relationship between the midgut and digestive fluid. Insect Biochem.
2:297-304.

12. Fiske, C.H. and Subbarow, Y. (1925) The colorimetric determination of phosphorus. J. Biol. Chem. 66:375-
400.

13. Fogg, K.E., Anstee, J.H. and Hyde, D. (1991) Studies on the subcellular distribution of (Na++ K+)-
ATPase, K+-stimulated ATPase and HCO3–stimulated ATPase activities in malpighian tubules of Locusta
migratoria L. Insect Biochem. 21:749-758.

14. Hedin, P.A. (1991) Use of natural products in pest control. in: Hedin, P.A [Ed.] Naturally Occurring Pest
Bioregulators. ACS Symp. Ser., American Chemical Society, Washington, DC. pp. 1-11.

15. Heong, K.L. (1993) Rice leaffolders: are they serious pests? in: Research on Rice Leaffolder Management
in China. Proc. Int. Workshop on Economic Threshold for Rice Leaffolder in China (Beijing, China, 1992),
pp. 8-11.

16. Hori, K. (1969) Effect of various activators on the salivary amylase of the bug Lygus disponsi. J. Insect
Physiol. 15:2305-2317.

17. Horie, B. (1958) The alkaline phosphatase in the midgut of silkworm, Bombyx morio L. Bull. Seric. Exp.
Stn. (Tokyo) 15:275-289.

18. Lechleitner, R.A. and Phillips, J.E. (1988) Anion stimulated ATPase in locust rectal epithelium. Can. J.
Zool. 66:431-438.

442 S. Senthil Nathan et al.



19. Mathavan, S., Sudha, P.M. and Pechimuthu, S.M. (1989) Effect of Bacillus thuringiensis israelensis on the
midgut cells of Bombyx mori larvae: a histopathological and histochemical study. J. Invert. Pathol. 53:217-
227.

20. Miao, Y.G. (1988) Study on the alkaline phosphatase in the midgut of domestic silkworm, Bombyx mori.
Acta Seric. Sin. 14:154-158.

21. Miao, Y.G. (2002) Studies on the activity of the alkaline phosphatase in the midgut of infected silkworm,
Bombyx mori L. J. Appl. Entomol. 126:138-142.

22. Morris, O.N., Trottier, M., Concerse, V. and Kanagarathinam, K. (1996) Toxicity of Bacillus thuringiensis
subsp. aizwai for Mamestra configurata (Lepidoptera, Noctuidae). J. Econ. Entomol. 89:359-365.

23. Murugan, K., Sivaramakrishnan, S., Senthil Kumar, N., Jeyabalan, D. and Senthil Nathan, S. (1998)
Synergistic interaction of botanical insecticides and biocides (Nuclear Polyhedrosis virus) on pest control.
J. Sci. Ind. Res. (India) 57:732-739.

24. Navon, A. (1993) Control of lepidopteran pests with Bacillus thuringiensis. in: Entwistle, P.F., Cory, P.H.,
Bailey, J.S. and Higgs, S. [Eds.] Bacillus thuringiensis, an Environmental Biopesticide, Theory and Practice.
Wiley, New York, NY. pp. 125-146.

25. Navon, A. (2000) Bacillus thuringiensis insecticides in crop protection - reality and prospects. Crop Prot.
19:669-676.

26. Ramachandran, R., Raffa, R.K., Miller, M.J., Ellis, D.D. and McCown, B.H. (1993) Behavioral responses
and sublethal effects of spruce budworm (Lepidoptera, Tortricidae) and fall web worm (Lepidoptera,
Arctitidae) larvae to Bacillus thuringiensis Cry 1A (a) toxin in diet. Environ. Entomol. 22:197-211.

27. Sakharov, I.Y., Makarova, I.E. and Ermolin, G.A. (1989) Chemical modification and composition of
tetrameric isozyme K of alkaline phosphatase from harp seal intestinal mucosa. Comp. Biochem. Physiol B
92:119-122.

28. SAS Institute (1988) SAS/GRAPH User’s Guide, Release 6.03 Edition. Cary, NC, USA.
29. Schmutterer, H. (1990) Properties and potential of natural pesticides from the neem tree, Azadirachta indica.

Annu. Rev. Entomol. 35:271-297.
30. Senthil Nathan, S., Murugan, K. and Kalaivani, K. (1999) Effect of azadirachtin and Bacillus thuringiensis

(Berliner) on the behavioral and physiological response of Cnaphalocrocis medinalis Guenée (Rice leaf
folder). in: Murugan, K. [Ed.] Proc. National Symp. on Biological Control of Insects in Agriculture,
Forestry, Medicine and Veterinary Science (Coimbatore, TN, India), Vol. 1, pp. 31-35.

31. Shiosaka, T., Okuda, H. and Fujii, S. (1971) Mechanism of the phosphorylation of thymidine by the culture
filtrate of Clostridium perfringens and rat liver extract. Biochim. Biophys. Acta 246:171-183.

32. Sibley, R.M. (1981) Strategies of digestion and defaecation. in: Townsend, C.R. and Calew, P. [Eds.]
Physiological Ecology and Evolutionary Approach to Resource Use. Blackwell Publishers, Oxford, UK.
pp. 109-139.

33. Smirle, M.J., Lowery, D.T. and Zurowski, C.L. (1996) Influence of Neem oil on detoxication enzyme
activity in the obliquebanded leafroller, Choristoneura rosaceana. Pest. Biochem. Physiol. 56:220-230.

34. Tabashnik, B.E., Cushing, N.L., Finson, N. and Johnson, M.W. (1990) Field development of resistance to
Bacillus thuringiensis in diamondback moth. J. Econ. Entomol. 83:1671-1676.

Phytoparasitica 32:5, 2004 443


