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ABSTRACT 
 

The insecticidal activities of three bioinsecticides (i.e. emamectin benzoate "Proclaim", abamectin 
"Romacten" and spinosad "Tracer") were evaluated on the 4th larval instar of the cotton leaf worm, Spodoptera 
littoralis by leaf dipping technique as well as determining the biochemical changes in treated insects. 
These bioinsecticides showed immediate effects with 24hrs-LC50 values of 0.17, 0.23 and 38ppm for 
emamectin benzoate (Proclaim), abamectin (Romacten) and spinosad (Tracer), respectively. Marked 
biochemical changes were recognized in treated insects such as reduction of ALP and AChE activities, total 
protein, total lipids and glucose contents. On other hand, there were significant increases of GOT and GPT 
activities. 
 
Key words: Cotton leaf worm (Spodoptera littoralis), biochemical studies, bioinsecticides (Emamectin 
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Introduction 
 

The Egyptian cotton leaf worm, Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae) is one of  the 
most destructive pests of several crops such as cotton, Gossypium hirsutum L., peanut, Arachis hypogaea L., 
soybean, Glycine max L. and vegetables in Africa, Asia and Europe (El-Aswad et al., 2003; Pluschkell et al., 
1998). Recently, the intensive use of broad-spectrum insecticides against S. littoralis has led to the development 
of insect resistance to many registered pesticides (Aydin and Gurkan, 2006). The environmental hazards of 
conventional insecticides necessitate the introduction of other new insecticides such as bioinsecticides that are 
effective and safer to human (Nedal and Hassan, 2009). 

Emamectin benzoate and abamectin products are isolated from fermentation of Streptomyces avermitilis, a 
naturally occurring soil Actinomycete and they act by stimulating the release of γ-aminobutyric acid [Gamma 
Amino Butyric Acid (GABA)], an inhibitory neurotransmitter, thus causing paralysis of the lepidoptera, which 
stop feeding within hours of ingestion (Anonymous, 2003).  

Spinosad is a recent commercial insecticide derived from metabolites of actinomycete bacterium, 
Saccharopolyspora spinosa (Mertz and Yao, 1990).    

Emamectin benzoate (Proclaim) is a novel macrocyclic lactone insecticide derived from the avermectin 
family (MacConnell et al., 1989; Jansson and Dybas, 1998). Emamectin derived from abamectin via a five step 
synthesis, was discovered after screening several hundred avermectin derivatives in an in vivo screen using 
tobacco budworm, H. virescens, and southern armyworm, Spodoptera eridania (Cramer). This compound was 
subsequently selected for further development in crop protection (Jansson and Dybas, 1998).  

Abamectin consists of about 80% avermectin B1a and 20% avermectin B1b (Fischer and Mrozik, 1989). 
Abamectin also is more environmentally acceptable because it binds to soil, does not bioaccumulate, and 
degrades rapidly.  It is specifically toxic to phytophagous mites and to a select panel of insect species (Daybas, 
1989; Lasota and Dybas, 1991). Despite its rapid decomposition, Abamectin provides residual activity in the 
field due to its translaminar activity (Daybas, 1989; Wright et al., 1985).  

Spinosad active ingredient is composed of spinosyn A and D, which have strong insecticidal activity 
(Thompson et al., 1997; Copping and Menn, 2000). It has a low toxicity to mammals with an LD50 of 3783-
5000 mg/kg for rats (Tomlin, 2000). Spinosad has been registered in more than 30 countries for the control of 
Lepidoptera, Coleoptera, Diptera, and Thysanoptera (Thompson et al., 2000; Williams et al., 2004; Aarthi and 
Murugan, 2010). It has broad spectrum nematicidal, acaricidal and insecticidal properties (Putter et al., 1981). It 
acts on various Lepidoptera pests of economic importance (Strong and Brown, 1987). Conventional toxicity 
tests indicate that spinosad has virtually no toxicity to birds and mammals. Spinosad has also been reported to be 
practically nontoxic to insect natural enemies such as Orius spp., Chrysopa spp. Coccinelids and the predaceous 
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mite Phyoseioulus persimilis (Bret et al., 1997). Additional studies in which spinosad treated aphids were fed by 
coccinelids and chrysopids larvae reported no predator mortality (Schoonover and Larson, 1995). 

This study was carried out to evaluate the insecticidal activities of three bioinsecticides (i.e. emamectin 
benzoate, abamectin and spinosad) and their biochemical effects on S. littoralis (Boisd.) under laboratory 
conditions such as alkaline phosphatase (ALP), metabolic enzymes glutamate oxaloacetate transaminase (GOT), 
glutamate pyruvate transaminase (GPT), acetylcholine esterase (AChE) activities, total protein content, glucose 
concentration and total lipids.  
 
Materials and Methods 
 
Tested Insects: 

 
A standard laboratory culture of the Egyptian cotton leaf worm (4th instar larvae), S. littoralis (Boisd.) were 

originally obtained from the Plant Protection Research Institute, Agricultural Research Center, Dokki, Giza, 
Egypt. The larvae were reared on clean and fresh castor bean leaves, Ricinus communis L., under laboratory 
conditions (25±2ºC and 65±5% R.H. with a photoperiod of 12h light: 12h dark) as described by El-Defrawi et 
al. (1964). 

 
Tested Compounds: 
 
(1) Emamectin benzoate: 
 
Common Name:  
 

Emamectin benzoate.  
 
Trade Name: 
 

Proclaim, 5% SG, purchased from Syngenta Chemical Company. 
 
Chemical Name: 
 

(4"R)-5-O-demethyl-4"-deoxy-4"-(methylamino) avermectin A1a+(4"R)-5-O-demethyl-25-de(1-
methylpropyl) -4"-deoxy-4"-(methylamino)-25-(1-methylethyl) avermectin A1a (9:1), (Anonymous, 2003).   
 
Chemical Structure:  

 
 

(2) Abamectin: 
 
Common Name: 
 

Abamectin. 
 
Trade Name: 
 

Romacten, 1.8% EC, purchased from Rotam Agrochemicals Company. 
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Chemical Name: 

 
5-O-demethylavermectin A1a (i) mixture with 5-O-demethyl-25-de (1-methylpropyl)-25-(1-methylethyl) 

avermectin A1a (ii), (Anonymous, 2003).   
 

Chemical Structure: 
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(i)  R = -CH2CH3 (avermectin B1a)

(ii)  R = -CH3 (avermectin B1b)
 

 
(3) Spinosad: 
 
Common Name: 
 

Spinosad. 
 
Trade Name: 
 

Tracer, 24% SC, purchased from Dow Agro Sciences Company, Alexandria. 
 
Chemical Name: 
 

2-[(6-deoxy-2,3,4-tri-O-methyl-L-mannopyranosyl)oxy]-13-[[5-(dimethylamino)tetrahydro-6-methyl-2H-
pyran-2-yl]oxy]-9-ethyl-2,3,3a,5a,5b,6,9,10,11,12,13,14,16a,16b-tetradecahydro-14-methyl-1H-as-
indaceno(3,2-d) oxacyclododecin-7,15-dione (spinosyn A), mixture with 2-[(6-deoxy-2,3,4-tri-O-methyl-L-
mannopyranosyl)oxy]-13-[[5-(dimethylamino)tetrahydro-6-methyl-2H-pyran-2-yl]oxy]-9-ethyl-
2,3,3a,5a,5b,6,9,10,11,12,3,14,16a,16b-tetradecahydro-4,14-dimethyl-1H-as-indaceno(3,2-d)oxacyclododecin-
7,15-dione (spinosyn D), (Anonymous, 2003).   
 
Chemical Structure:                             
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Laboratory Bioassay: 

 
Different concentrations of each bioinsecticide were tested on the 4th instar larvae of S. littoralis by leaf 

dipping technique using fresh castor bean leaves. Seven concentrations of each bioinsecticide were prepared in 
distilled water (Table 1). For each concentration, leaves were washed, dried and immersed in it for 20 seconds, 
allowed to dry and place in glass jar (2 liters) containing moistened filter papers to avoid desiccation of leaves, 
20 healthy starved larvae were introduced and jars were covered with muslin cloth. Each treatment was 
replicated four times as well as control in which larvae were fed on castor bean leaves immersed in distilled 
water after drying. For each concentration, larvae were allowed to feed on treated leaves for 24 hrs then on 
untreated leaves. Numbers of alive and dead larvae were counted in control and treatments after 24hrs intervals 
(Table1). Then mortality percentages were estimated and corrected according to the Abbott's formula (Abbott, 
1925). The LC50 values were calculated using probit analysis statistical method of Finney, 1971. 
 
Sample Preparation: 

 
For each bioinsecticide examined the biochemical effects of the four lower concentrations were undertaken 

only. Ten treated larvae were taken from each treatment and subjected directly to biochemical assays. The 
larvae were collected at intervals of 24, 48 and 72 hrs post treatments where they homogenized using glass 
homogenizer at 4oC in 3ml homogenization buffer pH 7.4 containing 50mM Tris, 20% glycerol, 1mM 
ethylenediaminetetraacetic acid (EDTA), and 100µM phenylthiourea, KOH or KH2PO4 solution was used for 
the adjustment of pH to 7.4. The homogenate was centrifuged at 6000 rpm for 10 minutes and the supernatants 
were filtered through glass wool to remove fatty materials. Adult heads (10 heads / treatment) were 
homogenized at 4 OC in 2 ml of 0.1M phosphate buffer pH (8.0) using homogenizer glass (1 head/100 µl buffer). 
The homogenate was centrifuged at 6000 rpm for 10 min and then diluted with buffer to get a final head 
homogenate. All the homogenates were kept in deep freezer at -20°C before being used. 
 
Biochemical Studies: 

 
The biochemical studies were measured after 24, 48 and 72 hrs from treatment. Alkaline phosphatase 

(ALP) activities were determined by the method described by Yong (1990). Activities of metabolic enzymes 
glutamate oxaloacetate transaminase (GOT), glutamate pyruvate transaminase (GPT) activities were determined 
according to the method of Reitman and Frankel (1957). Total protein contents were measured according to the 
methods described by Doumas (1975). Glucose concentration was determined according to the method of 
Trinder (1969) and total lipids were determined according to the method of Drevon and Schmitt (1964). Activity 
of acetylcholinesterase (AChE) was measured according to the method described by Den Blawen et al. (1983).  
 
Statistical analysis:  

 
Data were analyzed using commercial software (SPSS for windows) one way analysis of variance 

(ANOVA) for the determination of significant differences between mean values (L.S.D.) at the 5% and 1% level 
of probability. 
 
Results and Discussion 

 
Toxicity Studies: 

 
The toxicity of emamectin benzoate (Proclaim), abamectin (Romacten) and spinosad (Tracer) against 4th 

instar larvae of the cotton leaf worm, S. littoralis was determined after 24, 48, 72 and 96 hrs post treatment. The 
data of Table (1) indicate a positive correlation between larval mortality and bioinsecticidal concentrations. The 
Probit analysis shows 24hrs-LC50 values of emamectin benzoate (Proclaim), abamectin (Romacten) and 
spinosad (Traser) were 0.17, 0.23 and 38ppm, respectively, whereas the 96hrs-LC50 values were 0.12, 0.18 and 
27.7ppm, respectively, which indicates that all the candidate bioinsecticides have immediate effect as the 
majority of mortality occurs after 24hrs. The present data are consistent with the results reported by (Temerak, 
2007) who found that, emamectin benzoate proved to be the most effective insecticide against 4th instar larvae of 
cotton leaf worm, S. littoralis, followed by spinosad, also these data agreed with (El-Aw, 2003; Ahmed et al., 
2005). Moreover, Abou-yousef et al. (2005) and Girgis et al. (2005) reported that abamectin was the most 
potent bio-compound in reducing the population of S. littoralis.  
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Table 1: Toxicity of different concentrations of emamectin benzoate (Proclaim), abamectin (Romacten) and spinosad (Tracer) against the 4th  
               instar larvae of S. littoralis to after 24, 48, 72 and 96 hrs of treatment. 

Treatments Concentrations 
(ppm) 

Mortality % 
After 24 hrs  After 96 hrs 

Emamectin Benzoate  

0.01 10 20 
0.05 15 25 
0.10 20 35 
0.20 30 50 
0.40 45 70 
0.60 75 85 
0.80 90 100 
LC50 0.17 0.12 
Slope 4.184 5.144 

Abamectin 

0.01 15 20 
0.05 25 30 
0.10 30 35 
0.20 35 40 
0.60 45 60 
1.20 65 80 
1.80 90 95 
LC50 0.23 0.18 
Slope 2.244 2.457 

Spinosad  

15 20 35 
20 25 40 
30 35 45 
45 45 50 
60 65 70 
75 80 85 
90 90 100 
LC50 38.00 27.7 
Slope 3.280 3.497 

 
It have been reported that emamectin acts on various lepidopteran pests such as Plutella xylostella (L), 

Trichoplusia ni  (Hubner), Heliothis virescens (F) and Spodoptera exigua (Hubner). As with abamectin, surface 
residues are decomposed rapidly in sunlight, resulting in a relatively low toxicity to beneficial insects 
(MacConnell et al., 1989; Jansson and Dybas, 1998). Later studies found that benzoate salt of emamectin had 
improved thermal stability and greater water solubility compared with the original hydrochloride salt (Jansson 
and Dybas, 1998). As such emamectin has a broader spectrum of insecticidal activity than abamectin. El-Aw 
(2008) reported that the 24hrs-LC50 values of emamectin benzoate and spinosad against the 4th instar larvae of S. 
littoralis were 0.712 and 20.02ppm, respectively, and the toxicity increased to be 0.353 and 16.25ppm, 48hrs 
post treatment. Abdel-Hafez and Abdel-Aziz (2010) cited that the LC50 value of spinosad was 22.179ppm after 
72 hrs of treated larvae of cotton leaf worm, S. littoralis (Boisd.). 

Regarding the above results, the toxicity of tested bioinsecticides may be due to their mode of actions; 
emamectin affects the nervous system of arthropods by increasing chloride ion flux at the neuromuscular 
junction, resulting in cessation of feeding and irreversible paralysis (MacConnell et al., 1989; Jansson and 
Dybas, 1998). The compound is non-systemic insecticide which penetrates leaf tissues by translaminar 
movement. Abamectin causes its mode of action as insecticide and acaricide with contact and stomach action  
(Anonymous, 2003). 

Spinosad has unique mode of action on the insect nervous system at the nicotinic acetylcholine receptors 
and it has additional effects on (GABA) and H-Glutamate receptor sites, leading to continuous activation of 
motor neurons and causing cessation of feeding, tremors of most muscles in the body and later on, paralysis and 
death (Salgado, 1997; 1998 and Semiz et al., 2006). 

 
Biochemical Studies: 

 
The biochemical changes in living creatures exposed to insecticides may provide some clues of their mode 

of action. 
For the determination of alkaline phosphatase (ALP) activity, differences in metabolic enzyme activities 

(ALP) between the control and treated larvae are shown in Table (2). Tested bioinsecticides caused significant 
reduction of the alkaline phosphatase activity at all concentrations compared to untreated larvae. The lowest 
ALP activity was observed in case of larvae treated with emamectin benzoate was 45.9 U/l after 48 hrs for 
0.20ppm compared to 125.2 U/l for control.  

The present results agreed with Hassan et al., (2009) who found that the activity of alkaline phosphatase 
decreased at all concentrations of avermactin against the cotton leaf worm, Spodoptera littoralis (Biosd), its 



313 
Res. J. Agric. & Biol. Sci., 9(6): 308-317, 2013 
 
values were 30, 40 and 30 for 0.003, 0.005 and 0.008ppm, respectively compared to control. Changes in ALP 
activities after treatment with bioinsecticide indicate that changing the physiological balance of the midgut 
might affect these enzymes (Ayyangar and Rao, 1990 and Kamel et al., 2010). 

 Alkaline phosphatase (ALP) and acid phosphatase (ACP) are hydrolytic enzymes, which hydrolyse 
phosphomonoesters under acid or alkaline conditions, respectively. ALP is mainly found 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. ALP is involved in the transphosphorylation reaction 
(Etebari et al., 2005). Alkaline phosphatase is a brush border membrane marker enzyme and is especially active 
in tissues with active membrane transport, such as intestinal epithelial cells and Malpighian tubules (Ferreira 
and Terra, 1980). 

 
Table 2: Enzyme activities of 4th instar larvae of S. littoralis (Boisd.) after 24, 48 and 72 hrs of treatment with emamectin benzoate (Proclaim), abamectin (Romacten) and spinosad 

(Tracer). 

Treatments Concentrations 
(ppm) 

ALK-P (Unit/l) SGOT (Unit/ml) SGPT (Unit/ml) 
24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs 

Emamectin 
Benzoate 

0.01 57.3±2.20 58.6±2.29 61.4±1.46 50.4±0.49 48.6±0.42 41.3±0.43 73.1±1.22 70.8±1.22 64.3±1.71 
0.05 53.9±3.16 52.3±3.71 56.1±2.30 55.9±0.50 53.4±0.35 48.2±0.39 79.5±1.13 77.3±1.05 72.5±1.35 
0.10 50.7±2.53 49.9±3.49 53.0±2.93 60.3±0.44 57.9±0.60 52.5±0.87 84.7±0.56 80.5±0.68 78.8±0.64 
0.20 47.3±2.08 45.9±2.85 50.2±2.35 65.6±0.35 61.9±0.58 57.9±0.57 89.2±0.61 85.5±0.26 81.7±0.48 

Abamectin 

0.01 57.9±2.48 59.6±1.22 61.5±1.68 41.6±0.39 40.4±0.35 38.2±0.87 65.8±1.04 62.6±1.00 55.7±0.19 
0.05 55.8±2.36 57.7±2.00 60.6±3.6 47.3±1.11 46.7±1.40 41.7±0.70 70.9±0.58 67.2±1.11 59.6±0.52 
0.10 51.6±2.39 53.8±1.71 57.4±2.30 54.8±0.87 52.3±0.85 48.8±0.56 76.1±1.09 72.1±1.16 63.8±0.70 
0.20 46.9±2.43 49±1.85 54.3±1.57 58.8±0.50 55.4±0.43 47.9±0.78 72.7±0.82 76.0±1.72 71.0±0.55 

Spinosad 

15 61.7±1.60 62.5±1.73 65.7±1.61 49.8±0.65 49.1±0.65 41.7±0.61 77.5±0.53 67.6±1.37 57.6±0.87 
20 59.2±0.69 60.3±0.66 62.6±1.07 53.8±0.55 52.0±0.70 46.8±0.23 80.4±0.50 72.5±0.57 63.6±1.12 
30 53.2±1.78 54.5±2.19 59.1±1.78 57.4±0.86 55.1±0.47 49.9±0.16 85.6±1.31 77.5±0.68 69.8±0.68 
45 47.1±1.92 49.0±2.59 53.3±1.92 61.4±0.45 59.8±0.63 54.0±0.89 80.1±1.21 82.4±1.06 75.1±0.51 

Control 0.00 124.1±0.8 124.4±0.9 125.2±0.9 14.1±0.50 14.3±0.52 14.7±0.52 32.5±1.07 32.7±1.08 32.9±1.09 

L.S.D. 
1 % 8.2 9.2 8.5 5.6 4.1 5.7 14.0 5.6 12.6 
5 % 4.5 4.6 3.5 4.0 2.8 3.8 6.0 3.8 6.9 

 

For the determination of glutamate oxaloacetate transaminase (GOT) and glutamate pyruvate transaminase 
(GPT) activities, data of Table (2) indicate that there were highly significant increases in (GOT) and (GPT) 
activities after 24, 48 and 72 hrs, from treatment with bioinsecticides compared to those of control. The results 
of the present work are in accordance in part with those obtained by Ender et al. (2005) who reported that the 
diet with high level of bioinsecticides significantly increased the activities of transaminases. Abdel-Hafez et al. 
(1988) found that in the cotton leaf worm, S. littoralis, the changes in GOT and GPT activities were in a 
harmony with those changes of proteins. Tufail (1991) attributed the different responses of transaminase 
activities to the differences in the insect strains. It seems that the highest concentration of Spinetoram was 
responsible for the dramatic enhanced activity of GOT.  

Transaminases (GPT and GOT) help in the production of energy (Azmi et al., 1998), and serve as a 
strategic link between the carbohydrates and protein metabolism and are known to be altered during various 
physiological and pathological conditions. The activity of both GPT and GOT increased in larvae treated with 
emamectin benzoate, abamectin and spinosad and suggested that this may be attributed to the occurrence of 
reversible binding between bioinsecticides and enzymatic site of action on the enzyme surface. This is may be 
due to the fact that the relationships between protein synthesis and transaminase levels were affected by the 
hormonal control of protein synthesis and neurosecretory hormones which involved in the regulation of 
transaminase levels (Etebari et al., 2005).  

For the determination of the total protein content, data of Table (3) shows that the total protein is 
significantly decreases about five times compared to that of control, this reduction in the protein content may be 

due to inhibition of DNA and RNA synthesis. The decrease of the total protein in treated 4
th 

larval instar may 
reflect the decrease in the enzymatic activities of various enzymes.  

These results are in accordance with that demonstrated by Abdel-Aziz et al. (2007).Total proteins are major 
biochemical components necessary for an organism to develop, grow and perform its vital activities. The 
reduction of protein content may be due to inhibition of DNA and RNA synthesis (Elbarky et al., 2008). 
Extensive work has been carried out in order to determine how various toxic agents affect protein synthesis. A 
diminution in the rate of ATP synthesis and inhibition of RNA synthesis are also the main causes of decreased 
total protein content (Nabih et al., 1990). Ahmed et al. (1993) and Rawi et al. (1995) reported that protein 
leakage during intoxication might arise from reduced body weight, conversion of protein to amino acids, 
degradation of protein to release energy or to the direct effect of the tested compounds on the amino acids 
transport of the cell. 
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Table 3: The total protein contents and Acetylcholinesterase activities of 4th instar larvae of S. littoralis (Boisd.) after 24, 48 and 72 hrs of 

treatment with emamectin benzoate (Proclaim), abamectin (Romacten) and spinosad (Tracer). 

Treatments 
Concent-
rations 
(ppm) 

Total Protein Contents (µg/g) Acetylcholinesterase (U/l) 

24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs 

Emamectin 
Benzoate  

0.01 1.08±0.01 1.18±0.04 1.13±0.02 109.5±0.90 104.2±1.10 105.4±1.01 
0.05 0.99±0.02 1.12±0.03 1.30±0.06 104.4±1.50 99.5±1.01 100.8±0.95 
0.10 0.95±0.03 1.07±0.01 1.27±0.02 97.9±1.52 91.8±2.66 93.9±2.21 
0.20 0.91±0.02 1.01±0.03 1.18±0.02 87.7±1.48 86.5±2.01 89.0±1.82 

Abamectin  

0.01 1.06±0.11 1.28±0.02 1.52±0.06 113.1±0.60 109.2±0.76 111.0±0.62 
0.05 1.04±0.03 1.14±0.02 1.34±0.02 109.9±0.64 104.6±1.09 105.2±1.14 
0.10 0.87±0.06 1.06±0.01 1.29±0.01 106.6±0.74 100.0±0.50 100.7±0.60 
0.20 0.61±0.03 0.85±0.04 1.21±0.02 101.1±0.50 92.9±2.20 94.1±1.95 

Spinosad  

15 1.04±0.03 1.23±0.09 1.61±0.01 113.9±0.58 110.7±0.37 111.9±0.52 
20 0.91±0.06 1.13±0.02 1.54±0.03 110.9±0.80 107.1±0.61 108.0±0.45 
30 0.62±0.03 1.01±0.04 1.34±0.02 105.0±1.65 103.0±0.59 103.9±0.39 
45 0.51±0.01 0.71±0.04 1.25±0.03 100.4±0.36 98.2±1.02 99.9±0.40 

Control 0.0 5.41±0.28 5.44±0.38 5.45±0.39 212.9±0.39 214.7±0.45 215.48±0.49 

L.S.D. 1 % 5.2 4.9 4.7 1.5 1.3 8.0 
5 % 3.7 3.6 3.5 3.0 2.8 4.8 

  
For the determination of Acetylcholinesterase activities AChE, the results of Table (3) shows that 

acetylcholinesterase activities in the head of treated 4th instar larvae of S. littoralis with emamectin benzoate, 
abamectin and spinosad after 24, 48 and 72 hrs were clearly reduced compared with the control. It could be 
noticed that the change percentage of AChE activity reached its maximum level at 48 hrs, while the minimum 
level was obtained after 72 hrs. The usual activity of AChE in normal larvae tended to increase gradually by the 
progress in larval development and growth (Table 3). These results are in agreement with the finding of Hashem 
et al. (1978) who mentioned that, AChE was markedly inhibited in treated S. littoralis larvae than control and 
the activity of AChE was normally associated with larval development and growth, the opposite effect, 
evaluation in the present study, as a result of treatment with LC50 of Bioinsecticides. Abdel-Mageed and 
Elgohary (2006) concluded that the change of spinosad response could be associated with the decrease in AChE 
activity. AChE has a key role in neurotransmission by hydrolyzing the neurotransmitter acetylcholine (ACh) in 
cholinergic synapses of the nervous system and is the target site of several neurotoxic insecticides (Salgado et 
al., 1998).  

For the determination of glucose concentration, data presented in Table (4) shows the effect of emamectin 
benzoate, abamectin and spinosad after 24, 48 and 72 hrs on glucose concentration of 4th instar larvae of S. 
littoralis. The data shows high significant decrease in glucose content throughout all the tested periods as 
compared to the control level. This result agreed with Aboel-Ela et al. (1997) and Chitra and Reddy (2000), who 
showed that there was reduction in glucose content of different instar larvae when treated with some plant 
extracts such as Ammi majus, Apium graveolens, Melia azedarach and Vince rosea extracts.  
 
Table 4: The contents of glucose and total lipids of 4th instar larvae of S. littoralis (Boisd.) after 24, 48 and 72 hrs of treatment with 

emamectin benzoate (Proclaim), abamectin (Romacten) and spinosad (Tracer). 

Treatments 
Concent-
rations 
(ppm) 

Glucose Contents (mg %) Total Lipids (µg/g) 
24 hrs 48 hrs 72 hrs 24 hrs 48 hrs 72 hrs 

Emamectin 
Benzoate  

0.01 25.3±1.59 26.2±1.30 32.8±0.28 18.0±0.73 19.1±0.53 26.1±0.90 
0.05 23.5±0.92 24.6±0.52 30.4±0.31 16.2±0.86 18.4±0.23 23.4±0.64 
0.10 21.6±1.25 24.0±0.98 28.5±0.28 14.6±0.72 15.7±0.47 20.6±0.51 
0.20 19.0±0.93 21.7±0.59 25.7±0.18 15.7±1.12 16.4±0.93 19.7±0.23 

Abamectin  
0.01 34.9±0.33 38.0±0.28 42.4±0.28 27.3±0.34 29.4±0.50 33.2±0.84 
0.05 31.5±0.63 35.0±0.28 38.9±0.28 23.7±0.83 25.6±0.31 30.9±0.44 
0.10 29.2±0.82 32.9±0.74 38.6±0.37 21.0±0.66 24.0±0.48 28.6±0.48 
0.20 27.6±0.68 29.9±0.37 34.3±0.31 18.6±0.43 22.4±0.65 25.6±0.47 

Spinosad  
15 38.8±0.27 40.5±0.48 45.4±0.28 30.1±0.25 32.1±0.78 36.8±0.41 
20 35.5±0.21 38.4±0.21 42.3±0.37 28.7±1.27 29.0±0.46 32.4±0.58 
30 32.9±1.17 35.5±0.21 39.9±0.48 25.4±0.87 26.3±0.63 31.1±0.98 
45 28.2±0.67 31.8±0.67 37.3±0.54 21.6±0.60 22.6±0.62 28.2±0.61 

Control 0.0 98.4±0.27 98.9±0.27 99.3±0.27 57.1±1.14 57.7±1.14 57.9±0.14 
L.S.D. 1 % 4.3 4.6 4.9 8.3 3.3 7.2 

5 % 3.2 3.4 5.5 5.0 1.8 4.3 
 
Kandil et al. (2005) found that the two insect growth regulators i.e. diflubenzuron and chlorfluazuron 

decreased the activity of amylase in larvae of the pink bollworm Pectinophora gossypiella. Mead et al. (2008) 
demonstrated that the activities of trehalase, invertase and amylase enzymes in treated 4th instar larvae of S. 
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littoralis with spinosad and triflumuron after 24, 48 and 72 hours of treatment were generally decreased than 
untreated larvae. These findings coincide with Hashem et al. (1993) who reported that the inhibition of amylase 
activity would in turn reduce glucose level through decreasing the hydrolytic rate of glycogen.  

For the determination of total lipids content, the results of Table (4) shows the total lipids in the 
haemolymph of treated 4th instar larvae of S. littoralis with emamectin benzoate, abamectin and spinosad at all 
the tested periods of 24, 48 and 72 hrs were decreased significantly compared with that of control. Regarding 
the total lipid content, a number of toxic agents have been found to cause disturbances of fats in different body 
organs of both vertebrate and invertebrate animals (Rawi et al., 1995).  

Lipids are the most suitable reserves for storage of energy. Compared to carbohydrates, lipids can supply as 
much as eight times more energy per unit weight (Beenakkers et al., 1985). Similarly lipid content in 
Spodoptera litura (Fab.) larvae was studied by Tripathi and Singh (2002) after they were treated with Bacillus 
thuringiensis, the results showed significant reduction in total lipid content of haemolymph in 3rd, 4th and 5th 
instar larvae. They suggested that the reason for the lower fat content in larvae could be due to the extended 
larval period of the treated insects and blocked food ingestion, and the fat reserves might have been utilized for 
the maintenance during extended larval period. 

Thus, it is concluded that, emamectin benzoate is more toxic bioinsecticide in reducing the population of 4th 
instar larvae of cotton leaf worm, S. littoralis, than abamectin. Spinosad proved to be less effective 
bioinsecticide after avermectin compounds. Further, these compounds need to be evaluated on different insect 
pests at laboratory and field levels.  
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