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ABSTRACT 

Spinetoram is the second generation of the "spinosyns" group, produced during the fermentation 
process of the soil actinomycetes, Saccharopolyspora spinosa. Toxicity of spinetoram (Radiant® SC 
12%) on the1st; 2nd; 3rd and 5th instar nymphs of the desert locust, Schistocerca gregaria was evaluated. 
The detoxifying enzymes activities and total protein of the 3rd and 5th instar nymphs were tested 2 days 
after the treatment. Four concentrations; 25, 50, 100, and 200 ppm (µg/ml) of spinetoram were used 
for each tested instar. When the highest concentration of 200 ppm of the spinetoram was applied, the 
maximum % mortalities after five days post treatment for the tested 4 instars were 88.7, 74.7, 70.0, and 
56.7% respectively, while % mortalities were 64.0, 38.7, 43.3, and 26.7% when the least concentration 
of 25 ppm was applied on the 4 tested instar nymphs respectively. Biochemical changes were evaluated 
in both healthy and spinetoram treated 3rd and 5th instar nymphs of the desert locust. Total protein 
contents were measured in both normal and treated nymphs with varied results. Enzymatic changes in 
the concentrations of alpha esterase, beta esterase, acetylcholine esterase and Glutathione S-transferase 
were also evaluated. Three different concentrations from spinetoram 50, 100 and 200 ppm were used 
to treat the 3rd and 5th instar nymphs of the desert locust. After two days post treatment, the percentage 
of alpha esterase was -0.79% at 50 ppm, which increased to 23.84%, and 45.64% at 100 and 200 ppm 
respectively in the 3rd instar nymphs. Meanwhile, levels of alpha esterase were -0.42%, 20.58%, and 
36.50% at 50, 100 and 200 ppm of spinetoram in the 5th instar nymphs respectively. The beta estaerase 
has decreased by -5.15% at 50 ppm and increased by 0.07% and 12.69% at 100 and 200 ppm in the 3rd 
instar nymphs. While, beta estaerase was 6.19%, 52.99% and 12.69% at 50, 100 and 200 ppm in the 5th 

instar nymphs respectively. In contrast, levels of acetylcholine esterase have been decreased to -16.84, -
15.10 and -32.7% at 50, 100 and  200 ppm in the  3rd instar  nymphs respectively, while in the 5th instar 
nymphs, levels of acetylcholine esterase were -3.82 and -20.44 % at 50 and 200 ppm respectively. 
Finally, levels of Glutathione S-transferase decreased by -37.18, -29.17 and -25.96% when 50, 100 and 
200 ppm of spinetoram were respectively applied on the 3rd instar nymphs. In contrast, concentraion of 
of Glutathione S-transferase in the 5th instar nymphs has incresed by 2.34 and 21.88% at 50 and 100 ppm 
of spinetoram respectively. When 200 ppm was used the enzyme level has decreased to -3.91. Our 
results proved that all developmental instar nymphs of the desert locust are vulnerable to the 
application of spinetoram, and the 1st and 2nd instar nymphs were more susceptible than the 3rd and 5th 
nymphs. 
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Introduction 

Locusts are short-horned grasshoppers in the family Acrididae of the order Orthoptera. They 
differ from grasshoppers in their behavior and phase transformation. Locusts have ability to transform 
reversibly between the two extreme phases of solitary and gregarious which differ in morphology, 
physiology and behavior (Uvarov, 1966 & 1977). Among locusts, the species Schistocerca gregaria 
(desert locust) is considered the most serious cosmopolitan pest of agricultural crops and many other 
plants, being polyphagous in habits. Desert locusts are mainly located in warmer climates, and are 
resident in any desert areas that subject to periodical invasion by swarms of this species which extends 
from India in the east to the Atlantic coast of Africa in the west, and from the Caspian Sea in the north 
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to Tanzania in East Africa, covering 29 million km2 which cover about 20% of the world’s land surface 
in 57 countries (Steedman, 1988 and Meinzingen, 1993).  

Chemical control of the desert locust is directed towards the gregarious phase, while biological 
control aims at keeping the population in the solitary phase down, as a prophylactic action to prevent 
population build up and swarm formation. This requires the exact determination of the breeding sites, 
continuous follow up of population upsurge and the prerequisite conditions favoring swarming, most of 
which is rains, to predict locust plagues and carry out control operations at the right time. The most 
effective and quick method for controlling locust outbreaks involves the use of synthetic chemical 
insecticides.  

Spinosyns group has been classified as a bio-insecticide used as environmentally and 
toxicologically reduced risk material (Copping and Menn, 2000). This classification affords preferential 
and speed up label expansion to select product that meet the Environmental Protection Agency (EPA) 
stringent criteria and pose less risk to public health and the environment than available chemical 
alternatives. So it has low acute mammalian toxicity and high safety to beneficial insects and compatible 
with Integrated Pest Management (IPM) (Schmuttere and Hiiber, 2005). 

Spinetoram (Spinosyn L and Spinosyn G) is one of a green bioinsecticides which belongs to 
the "Spinosyns" group and produced during the fermentation process of the soil actinomycete 
Saccharopolyspora spinosa (Sparks et al., 1998). Spinetoram (XDE-175) is the second generation of 
Spinosyn and was commercially produced in late 2007 after it has been identified and gene sequenced. 
It is a semi synthesized Spinosyn derivative produced through the modification of 3'-O-methyl group 
of rhamnose and the double bond between C5 and C6 of Spinosyn J and L. This molecule was shown 
to have improved insecticidal activity, enhance duration of control, and expand pest spectrum (Huang 
et al., 2009). Spinetoram acts upon nAChRs (Millar and Denholm, 2007) by disrupting binding of 
acetylcholine in nicotinic acetylcholine receptors at the postsynaptic cell (Salgado, 1997). This 
insecticide causes excitation of the insect nervous system, leading to involuntary muscle contractions, 
prostrations with tremors, and finally paralysis. These effects are consistent with the activation of 
nicotine acetylcholine receptors by a mechanism that is clearly novel and unique among known insect 
pest control products. Furthermore, it also has effects on GABA receptor function that may contribute 
further to its insect activity. The reason for extraordinary margins of selectivity between certain insects, 
mammals, and other non-target organisms is not fully understood (Tran, 2007). In target organisms, the 
compound is 5 to 10 times more effective when ingested than when used as a contact insecticide. Thus, 
the chemical has little effect on sucking insects. 

Generally, Spinosyns group has been used for management of many insect pests species belong 
to orders Lepidoptera, Diptera, Hymenoptera, Thysanoptera, and Coleoptera (Schmuttere and Hiiber, 
2005) on wide varieties of crops (Thompson et al., 1997). However, there was no enough information 
on the effect of spinetoram for desert locust, S. gregaria management. So the present study provide a 
useful information about the toxicity and biochemical changes of spinetoram on the 1st,  2nd, 3rd and 5th 
instar nymphs of S. gregaria. 
 
Materials and Methods 
 
I. Rearing of the desert locust: 
 

Laid egg-pods with sufficient number of locust eggs were obtained from a previous culture of 
the desert locust maintained in the laboratories of the Applied Center for Entomonematodes (ACE), 
Department of Zoology and Agricultural Nematology, Faculty of Agriculture, Cairo University. Further 
collection of egg-pods of the same species, S. gregaria (Forskal) were received from Port Sudan, Sudan 
were also placed in plastic cups with moist soil. A mixture of desert locust egg-pods collected from 
both previous sources were used in the present work. The plastic cups containing the egg-pods were 
covered by muslin cloth, and sealed with rubber bands, placed in rearing cages and kept in the insect 
room at 32 ± 2 º C in the Environmental Chemistry and Natural Resources Center, Department of 
Economic Entomology and Pesticides, Faculty of Agriculture, Cairo University. 

Cages were constructed of wire-mesh from five sides; and polywood at one side with an 
opening to facilitate insect handling, their feeding, cleaning, and removal of plastic cups containing 
egg-pods. Bottom side of each cage was made of polywood.  In the egg-laying cage, bottom side surface 



Middle East J. Appl. Sci., 9(1): 25-39, 2019 
ISSN 2077-4613 

27 

contained holes for fixing plastic cups with a sand layer of 20 cm. depth and 10-15 % humidity to attract 
egg laying females. An electric bulb (150-watt) adjusted to a photo phase of 12 hours was placed in 
each cage in order to maintain an ambient temperature of 32 ± 2 ºC. The plastic cups with egg pods 
were tightly covered with muslin cloth to prevent the escape of the 1st instar nymphs. The insects were 
fed on fresh clover and lettuce leaves in the winter, as well as fresh lettuce leaves, wheat bran and the 
leguminous plant Sesbania egyptiaca in the summer. Cages for adult rearing and egg-laying measured 
(60 cm × 60 cm × 50 cm) and (60 cm × 60 cm × 40 cm) respectively. Cages used to follow hoppers 
molting measured (45 cm × 45cm × 65 cm). 
 
2. Rearing of hoppers: 

The hoppers were reared from egg pod stocks which come from the same sources as mentioned 
above. Recent hatchings of nymphs from these stocks were introduced into rearing cages that measured 
(45cm 45cm 65cm) with six sides, all of them covered with cotton cloth to facilitate aeration. 
 
3. Spinetoram application: 

Formulation of spinetoram (Radiant® SC 12%) was obtained from Pesticides Toxicology 
Center, Department of Economic Entomology and Pesticides; Faculty of Agriculture, Cairo University, 
Egypt. To test the effect of spinetoram against hopper instar nymphs of S. gregaria, leaf dipping 
technique of Medicago sativa was used. Four concentrations of spinetoram; 25, 50, 100 and 200 µg/ml 
(ppm) were prepared and used to dip M. sativa leaves in each concentration for 20 second. The treated 
leaves were then allowed to dry under laboratory conditions. Treated or untreated (control) leaves were 
placed in plastic jars (30 cm in length) with ten individuals of 1st, 2nd, 3rd and 5th of instar nymphs. Three 
replicates with 20 nymphs/replicate for each concentration were allowed to feed on treated leaves for 
24 hrs and then transferred to clean jars with untreated leaves for 4 more days. The dead nymphs were 
counted every day after treatment. Cadavers of dead nymphs were counted to calculate the percentage 
of nymph's mortality and get the LC values.  
 
4. Biochemical effect of spinetoram on 3rd and 5th instars nymphs:  
 
  Samples preparation for biochemical assays: 

All the assays were conducted on 3rd and 5th instar nymphs of S. gregaria of the same size and 
age. After two days post treatment, surviving S. gregaria 3rd and 5th instar nymphs, that had been treated 
with different concentrations of spinetoram using the method described above, were kept in a deep 
freezer at 20 oC until their use in biochemical assays. 

 
Preparation of 3rd and 5th instar nymphs for analysis: 

Alive instar nymphs were prepared as described by Amin (1998). They were homogenized in 
distilled water (50 mg. /1 ml.). The homogenates were centrifuged at 8000 r. p. m. for 15 min at 2oc. 
The deposits were discarded and the supernatants, that are referred to as enzyme extract, were stored at 
5oc for one week without any appreciable loss of activity. 

 
Determination of total proteins: 

Total protein was measured according to the methods described by Bradford (1976). Protein 
reagent was prepared by dissolving 100 mg of Coomassie Brilliant blue G-250 in 50 ml 95% ethanol. 
Then 100 ml. of 85% (W/V) of phosphoric acid was added, and completed with distilled water to a final 
volume of one liter. Fifty (50) μl of the sample or standard bovine serum albumin solution (10 to 100 
mg) were pipetted into test tubes. The total volume of the test tube was adjusted to 1 ml with phosphate 
buffer (0.1M, pH 6.6). Five (5) ml of protein reagent was added to the test tube and the contents were 
mixed either by inversion or vortexing. The absorbance at 595 nm was measured after 2 min against a 
blank, prepared an hour before, from 1 ml of phosphate buffer and 5 ml of protein reagent. 
 
 
Determination of AchE (acetyl cholinesterase) activity: 

Acetyl cholinesterase activity (AchE) was measured according to the method described by 
Simpson et al., (1964) using acetylcholine bromide (AchBr) as substrate. The reaction mixture 
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contained 200 ml sample (enzyme) solution, of 0.5 ml. 0.067 M phosphate buffer (pH =7) and 0.5 ml 
AchBr (3mM). The test tubes were incubated at 37oC for exactly 30 min, then 1 ml. of alkaline 
hydroxylamine (equal volume of 2 M hydroxylamine chloride and 3.5 M NaOH) was added to the test 
tubes. Then 0.5 ml of HCl (1 part of concentrated Hcl and 2 part of Δ H2O) was added. The mixture 
shaken vigorously and allowed to stand for 2 minutes, 0.5 ml of ferric chloride solution (0.9M FeCl3 in 
0.1M Hcl) was added and mixed well. The decrease in AchBr resulting from hydrolysis by AchE was 
measured at 515 nm.  
 
Determination of nonspecific esterases: 

Alpha-esterase (α-esterase) and beta esterase (β-esterase) activity were determined according 
to methods of Van Asperen (1962) using α-naphthyl acetate (α-NA) or β-naphthyl acetate (β-NA) as 
substrates, respectively. The reaction mixture consisted of 5ml substrate solution (3×10-4 M α-or β-
naphthylacetate, 1% acetone and 0.1M phosphate buffer, pH 7). The mixture was incubated for 15 min 
at 27oC. Then 1 ml of diazoblue color reagent (prepared by mixing 2 parts of 1%diazoblue B and 5 parts 
of 5%sudiumlauryl sulphate) was added. The developed color was read at 600 or 555nm for α-and β- 
naphthol produced from hydrolysis of the substrate, respectively. So, the α-and β-naphthol standard 
curves were parallel prepared by dissolving 20mg α-and β-naphthol in 100ml phosphate buffer, pH 7 
(stock solution). Ten ml of stock solution was diluted to 100 ml by the phosphate buffer. Aliquots of 
0.1, 0.2, 0.4, 0.8 and 1.6ml of diluted solution (equal to 2, 4, 8, 16 and 32 mg naphthol) were pippeted 
into the test tubes and completed to 5ml by phosphate buffer. One milliliter of diazoblue reagent was 
added and the developed color was measured as mentioned before.  
 
Determination of GST (Glutathion S-transferase): 

The activity of GST was determined according to the method of Habig et al. (1974). The 
reaction mixture consisted of 1 ml of the potassium salt of phosphate buffer (pH = 6.5), 100 ml of 
Glutathione (GSH) and 200 ml. of the nymph homogenate. The reaction started by the addition of the 
substrate 1-Chloro-2, 4-Dinitrobenzene (CDNB) solution. The concentration of both GSH and CDNB 
was adjusted to be 5mM and 1mM, respectively. Enzyme and reagents were incubated at 30oc for 5 
minutes. The increment in absorbance at 340 nm was recorded against blank containing everything 
except the enzyme to determine the nanomole substrate conjugated/min/nymph using a molar extinction 
coefficient of 9.6/mM/cm. 
 
Statistics and Probit analysis: 

Mortality percent was recorded each day for 5 consecutive days. Control experiments had 0% 
mortality. The averages were subjected to probit analysis by using probit analysis program (Ldp line) 
(version 2.8) to calculate LC50 and LC90 at 95% confidence level. Data were analyzed with SAS program 
(version 9.0) and mean separation were made by Duncen's Multiple Range Test at p>0.05. While, 
biochemical parameters studies and mean separation were made by the Least significant differences 
(LSD) Test at p>0.05 (Triola et al., 2017).  

 
Results and Discussion 
 
1. Toxicity of spinetoram on different instar nymphs of S. gregaria: 

Toxicity data of spinetoram against different instars of the 1st, 2nd , 3rd and 5th instar nymphs  of 
S. gregaria was presented in tables (1- 4). The results showed a highly significant differences  (P< 
0.001 ) between different concentrations of spinetoram and exposure days in all tested instars of the 1st, 
2nd , 3rd and 5th instar nymphs of the S. gregaria. The mortality% in the 1st, 2nd, 3rd and 5th instar nymphs 
recoded after 24 hours post exposure to spinetoram which started with low percentage, and then 
increased gradually as exposure time elapsed. The mortality%  of the 1st and 2nd instar nymphs after 5 
days from exposure to 25, 50, 100, and 200 ppm of spinetoram were 83.3, 96.7, 100, 100%, for the 
1st instar nymphs and 73.3, 86.7, 86.7, 100% for the 2nd instar nymphs. While in the 3rd and 5th instar 
nymphs were 73.3, 80.0, 86.7, 93.3% and 60.0, 73.3, 80.0, 86.7% respectively.  
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Table 1: Mortality percentage among 1st instar nymphs of the desert locust Schistocerca gregaria 
treated with spinetoram through the food dipping method. 

Conc. (ppm) 
Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 
Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0 0.0 (±0.0 0.0 (±0.0 0.0e 

25 20.0 (±0.0) 60.0 (±5.8) 66.7 (±8.8) 83.3 (±3.3) 83.3 (±3.3) 62. 7d 
50 26.7 (±3.3) 76.7 (±3.3) 80.0 (±5.8) 96.7 (±3.3) 96.7 (±3.3) 75.3c 

100 33.3 (±3.3) 86.7 (±3.3) 86.7 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 81.3b 
200 46.7 (±16.7) 96.7 (±3.3) 96.7 (±3.3) 100.0 (±0.0) 100.0 (±0.0) 88.0a 

Mean 25.3c 64.0b 66.0b 76.7a 76.7a  
Two-Way ANOVA 

Concentrations (C) 19014.7*** 
Days (D) 6581.3*** 
C*D 455.5*** 
CV% 13.2 

*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 

Data were arcsine square root transformed for analysis; non-transformed means are resented. 
 
Table 2: Mortality percentage among 2nd instar nymphs of the desert locust Schistocerca gregaria 

treated with spinetoram through food dipping method. 
Conc. (ppm) Exposure period (days) 

1st 2nd 3rd 4th 5th Mean* 
Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0d 

25 0.0 (±0.0) 43.3 (±3.3) 56.7 (±8.8) 66.7 (±3.3) 73.3 (±3.3) 48.0c 
50 0.0 (±0.0) 60.0 (±5.8) 66.7 (±12.0) 83.3 (±3.3) 86.7 (±3.3) 59.3b 

100 3.3 (±3.3) 70.0 (±5.8) 80.0 (±10.0) 86.7 (±3.3) 86.7 (±3.3) 65.3b 
200 26.7 (±6.7) 80.0 (±0.0) 90.0 (±5.8) 93.3 (±6.7) 100.0 (±0.0) 78.0a 

Mean 6.0d 50.7c 58.7b 66.0a 69.3a  
Two-Way ANOVA 

Concentrations (C) 13538.0*** 
Days (D) 9904.7*** 
C*D 670.0*** 
CV% 16.9 

*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

Table 3: Mortality percentage among 3rd instar nymphs of the desert locust Schistocerca gregaria 
treated with spinetoram through food dipping method. 

Conc. (ppm) Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0e 
25 0.0 (±0.0) 33.3 (±3.3) 50.0 (±5.8) 63.3 (±3.3) 73.3 (±3.3) 44.0d 
50 0.0 (±0.0) 40.0 (±5.8) 60.0 (±10.0) 73.3 (±3.3) 80.0 (±5.8) 50.7c 

100 0.0 (±0.0) 53.3 (±8.8) 73.3 (±16.0) 83.3 (±3.3) 86.7 (±3.3) 59.3b 
200 16.7 (±6.7) 66.7 (±6.7) 86.7 (±3.3) 86.7 (±3.3) 93.3 (±3.3) 70.0a 

Mean 3.3d 38.7c 54.0b 61.3a 66.7a  
Two-Way ANOVA 

Concentrations (C) 10831.3*** 
Days (D) 9724.7*** 
C*D 661.3*** 
CV% 17.5 

*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 
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Table 4: Mortality percentage among the 5th instar nymphs of the desert locust Schistocerca gregaria 
treated with spinetoram through food dipping method. 

Conc. (ppm) Exposure period (days) 
1st 2nd 3rd 4th 5th Mean* 

Control 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0.0 (±0.0) 0 .0e 
25 0.0 (±0.0) 16.7 (±8.8) 40.0 (±5.8) 50.0 (±5.8) 60.0 (±0.0) 35.3d 
50 0.0 (±0.0) 23.3 (±3.3) 60.0 (±5.8) 73.3 (±3.3) 73.3 (±3.3) 46.0c 

100 0.0 (±0.0) 43.3 (±8.8) 66.7 (±8.8) 76.7 (±3.3) 80.0 (±5.8) 53.3b 
200 0.0 (±0.0)) 50.0 (±5.8) 83.3 (±3.3) 86.7 (±3.3) 86.7 (±3.3)) 61.3 a 

Mean 0.0d 26.7c 50.0b 57.3a 60.0a  
Two-Way ANOVA 

Concentrations (C) 4648.0*** 
Days (D) 9641.3*** 
C*D 735.5*** 
CV% 19.5 

*Means followed by different letters are significantly different at P< 0.05 (Duncan's  Multiple Range Test). 
*** =  P< 0.001 (highly significant differences). 
Data between parentheses are standard errors of means. 
Data were arcsine square root transformed for analysis; non-transformed means are presented. 

After 3 days post treatment of the instar nymphs of  S. gregaria, the LC50 values were 11.9 
ppm, and 19.8 ppm in the 1st and 2nd instar nymphs, respectively. While in the 3rd and 5th instar 
nymphs the LC50 values were 27.6 ppm, and 37.5 ppm, respectively (Table 5).  

Results indicated that spinetoram is effective against 1st , 2nd, 3rd and 5th  instar nymphs of S. 
gregaria, but 1st and 2nd instar nymphs are more susceptible than the 3rd and 5th  instars. It is clear from 
the previous values that the efficacy of spinetoram varies when used against different nymph stages, 
and the results showed that value of the LC50 have increased by increasing the age of the tested nymphs. 
Some of the desert locust nymphs that did not die from the direct toxicity of spinetoram completed their 
instar life, but they failed to molt and transform to the next nymphal stages with some malformation. 
Eventually all nymphs exposed to the spinetoram have perished (data not presented). 
 
Table 5: Lethal effects of spinetoram on different instar nymphs of the desert locust, Schistocerca 

gregaria. 

Instar nymphs 
(µg/ml.) 50LC 

95% confidence limits 
LC90 (µg/ml.) 

95% confidence limits  
Slope ± SE 

1st 11.9 (0.8 -24.5 ) 114.5(71.3-394.5 ) 1.3±0.4 
2nd 19.8 (2.6 -35.3 ) 221.4(118.5 -2245.8 ) 1.2±0.4 
3rd 27.6 (6.3 -45.6 ) 320.2(156.3 -4466.1 ) 1.2±0.4 
5th 37.5 (14.2 -58.0 ) 388.2(185.9 -4528.3 ) 1.2±0.4 

 

Previous studies have proven spinetoram as an effective pesticide against variety of insect pests 
including thrips, dipteran leafminers and whiteflies in addition to lepidopteran insects, it can effectively 
control multiple number of important insect pests that coexist in crop production sites. In addition, 
because the Preharvest Interval (PHI) of spinetoram is short and it quickly prevents damages to plants, 
it is easy for farmers to use this insecticide. Therefore, it is expected that spinetoram will greatly 
contribute to a steady and high quality agricultural production (Shimokawatoko et al., 2012). 

Although this promising insecticide was tested against variety of insect pests, it wasn't tested  
against desert locust. Thus the present study represents the first report dealing with the effects of 
spinetorum on different instar nymphs of S. gregaria. Data have indicated that highly significant 
differences (P<0.001) occurred between different concentrations of spinetoram and exposure days on 4 
different nymph stages, 1st, 2nd, 3rd and 5th instar nymphs of the desert locust, Schistocerca gregaria. 
The mortality % of the 1st and 2nd instar nymphs after 5 days post exposure to 25, 50, 100, and 200 ppm 
of spinetoram were: 83.3, 96.7, 100, and 100% on the 1st instar nymphs, and 73.3, 86.7, 86.7, and 100%  
on the 2nd instar nymphs. While mortality % in the 3rd and 5th instar nymphs exposed to the same four 
concentrations of spinetoram mentioned above were 73.3, 80.0, 86.7, 93.3% and 60.0, 73.3, 80.0, 86.7% 
respectively.     
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Our results were in agreement with Aydin et al. (2005), who reported that LC50 values for field 
and susceptible strains of S. littoralis were 43.691 and 10.037 ppm, respectively. When LC50 values at 
95% confidence intervals were compared with a susceptible laboratory reference strain, the field strain 
was approximately 4.4-fold less sensitive than the susceptible strain. They suggested that Spinosad was 
potentially important in the control of the Egyptian leafcotton worm. In addition, Hatem (2006) 
mentioned that the LC50 of Spinosad against S. littoralis was 1.38 μg/ml. Similarly, at 2.98 ppm (95% 
Confidence Limits: 2.25–4.06 ppm), the LC50 value calculated for second instar larvae of Spodoptera 
frugiperda exposed to Spinosad using the diet surface contamination technique was almost identical to 
the 3 ppm value (95% Confidence Limits: 1.10–6.60) for spinosyn.  

Furthermore, Bret et al., 1997 have reported similar results for Spodoptera frugiperda larvae 
of unspecified instar exposed by drenching technique. Likewise, the LC50 value calculated for spinosad 
used in diet surface contamination bioassays were performed with Spodoptera frugiperda was 2.98 ppm 
(range of 95% Confidence Limits (CL) : 2.25–4.06 ppm) (Méndez et al, 2002). Spinosad was also tested 
in the laboratory  against females of the spider mites, Tetranychus urticae and Panonychus ulmi (Koch) 
by leaf dipping technique and placing adults on leaf disks. Using 25, 55, 121 and 266 ppm they found 
that significantly fewer T. urticae offspring completed development on any Spinosad rates (<15%) 
compared with the control (>85%), whereas spinosad exhibited no significant effects on P. ulmi 
development; 72.5 and 83.1% of P. ulmi completed development on apple (Malus pumila) leaf disks 
treated with 75 ppm Spinosad and the control, respectively. T. urticae adult females placed on Spinosad-
treated disks had significantly higher mortality and lower oviposition rates compared with the water 
control; no significant mortality was observed until 3 days post treatment (Villanueva and Walgenbach, 
2006). Their results indicated that Spinosad had significant acaricidal effects against T. urticae but not 
against P. ulmi. 

In contrast, Brévault et al. (2009) evaluated the initial activity of spinosad against the cotton 
bollworms Helicoverpa armigera (Hübner), Diparopsis watersi (Rotschild), and Earias spp. Spinosad 
was effective at controlling larvae of first and second instars but not larvae of third to fifth instars. All 
tested insecticides effectively controlled Earias larvae (87-98% mortality). Regarding D. watersi, 
Spinosad caused 95% mortality. In rainy conditions, Spinosad persistence was 8.9 days. Conversely, 
Cote (2001) reported that Azadirachtin, Pyridaben and Spinosad did not suppress T. urticae population 
at low rates. Mortality from Hexythiazox and Spinosad residues was not significantly greater than the 
control. In addition, Lechuge et al. (2004) mentioned that Spinosad caused mortality at 200 ppm against 
S. littoralis and Helicoverpa armigera. In a laboratory study, three major adult stored-grain insect pests, 
Sitophilus oryzae (L.), Rhyzopertha dominica (F.) and Tribolium confusum Jacquelin Du Val were 
exposed to different concentrations of  0.1, 1 and 5 ppm of spinetoram on wheat at a monthly basis for 
a period of 8 monthsy. Experimental work was conducted with treated and/or untreated samples that 
were taken from lots stored in continuous darkness, and additional wheat samples were taken from the 
5 ppm treatment for residue analysis. R. dominica was the most susceptible species and was completely 
controlled even at the lowest concentration of 0.1 ppm after 14 days of exposure, while progeny 
production was also suppressed in comparison with untreated wheat. In contrast, S. oryzae was 
successfully controlled only at the two higher concentrations for the same exposure interval while 
progeny production was reduced only at 5 ppm while, T. confusum was the least susceptible of the 
species tested. In addition, mortality levels in all species, remained constant for the whole 8-month 
testing period. The residue analysis results showed that spinetoram was stable throughout the entire 
experimental period (8 months), without a noticeable degradation with time (Vassilakos et al., 2015). 

Our results also are in accordance with the results obtained by Wei et al., 2018 who tested the 
lethal and sublethal effects of spinetoram on cotton bollworm, Helicoverpa armigera and found that 
spinetoram had potent lethal effects against H. armigera specially against Bacillus thuringiensis 
(Cry1Ac) resistant H. armigera insects. Their results have indicated that spinetoram can be used as safe 
and effective pesticide against H. armigera. These results were also consistent with the high toxicity of 
spinetoram to various Lepidopteran pests previously reported (Shimokawatoko et al., 2012). The 
current results also agree with Osman et al. (2014) who tested the toxicity of spinosad to different instar 
larvae of the pink corn stem borer, Sesamia cretica in the laboratory. In addition, Aydin & Gurkan 
(2006) and Elbarky et al. (2008), found that Spinosad had very toxic effect to larvae of the Egyptian 
cotton leafworm, Spodoptera littoralis, with the highest toxicity recorded against 2nd instar compared 
to the 4th instar larvae. The same conclusions were reported by Mahmoud (2004) and Hussein et al. 
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(2005) who observed that Spinosad was very toxic to young larval instars of the greasy cutworm Agrotis 
ipsilon compared to the older ones. Moreover, Mandour et al. (2008) reported that the LC50 values of 
Spinosad for the 1st, 3rd, and 5th instar larvae of Jasmine moth Palpita unionalis were 0.019, 0.025 and 
0.040 ml./L respectively. Furthermore, mortality of S. cretica larvae increased with increasing of 
spinosad concentrations and the exposure time. Such findings are consistent with those reported by 
Aydin & Gurkan (2006) who concluded that the 3rd instar larvae of S. littoralis displayed a 
concentration-dependent response to Spinosad. Symptoms of poisoning in S. cretica larvae exposed to 
Spinosad were consistent with typical effects of intoxication observed on insects treated with chemical 
insecticides including paralysis and cessation of feeding (Salgado, 1998). 
 
2. Biochemical effect of spinetoram on 3rd and 5th instar nymphs: 
     
Effect of spinetoram on total proteins: 

Total proteins in 3rd and 5th instar nymphs of S. gregaria after being exposed to different 
concentrations of spinetoram were presented in table (6). The results showed highly significant 
differences (P < 0.005) between treated nymphs with spinetoram and control. The total proteins 
increased in the 3rd instar nymphs after 48 hour from treatment with 50, 100, and 200 ppm of spinetoram 
as compared to control. The total proteins have increased by 5.42, 2.98 and 15.18% at 50, 100 and 200 
ppm, respectively above the control (table 6). While changing in the percentage of total proteins in the 
5th instar nymphs were -1.78, -4.73, and 13.31% after treatment with 50, 100, and 200 ppm of 
spinetoram. Contrary to our results, Hussain et al., 2009, found that spinosad has affected treated 10 
days old adults of malathion-resistant, PAK and susceptible, FSS-II strains of the red flour beetle, 
Tribolium castaneum (Herbst). The lower and higher sublethal doses of spinosad decreased the total 
protein contents, in the adults of both the strains. In PAK adults, both doses showed similar effect with 
a decrease of 18.77%, at lower and 17.97%, at higher doses, while, a significant decrease of 8.34% was 
observed, only at a lower dose, in the adults of FSS-II strain. Spinosad decreased the total protein 
contents, in adult beetles of both the tested strains. It shows utilization of protein in energy production. 
The total protein contents in spinosad treated insects were depleted (Hussain et al., 2009).  
 
Table 6:  Mean of total proteins after treatment of the 3rd and 5th instar nymphs of the desert locust, 

Schistocerca gregaria with different concentrations of spinetoram. 
Conc. (ppm) 3rd instar nymphs 5th instar nymphs 

Mean±SE Change (%) Mean±SE* Change (%)** 
Control 36.9 ±1.1b ------ 33.8±0.9b ------ 

50 38.9 ±0.7b 5.42 33.2±0.42b -1.78 
100 37. 7±0.7b 2.98 32.2±1. 2b -4.73 
200 42.5 ±1.2a 15.18 38.3±1.2a 13.31 
LSD 2.99 ------ 3.22 ------ 

Data is expressed as means ± SE (n= 10) 
*Means followed by different letters are significantly different at P< 0.05 (LSD Range Test). 
**Change (%) is calculated according to the equation (Concentration-control)/control× 100). 

 
Effect of spinetoram on alpha esterases activity: 

The present research work represents the first report on the quantification of detoxifying 
enzymes in spinetoram-treated Schistocerca gregaria. It will be helpful in monitoring resistance against 
spinetoram, and consequently better management of the desert locust in the near future. Insecticide 
resistance presents a major risk to the sustainability of IPM programs. Resistance management 
strategies could slow the development of resistance only if implemented in a timely manner. However, 
the effectiveness of resistance management strategies may be reduced without the knowledge of 
biochemical mechanisms conferring resistance to insecticides used in Integrated Pest Management 
(IPM) programs (Sial et al. 2011).   

Effect of spinetoram on alpha esterases activity in 3rd and 5th instar nymphs was presented in 
table (7). Results showed that the alpha esterases activities were 23.84, 45.64, and 20.58, 36.50% after 
treating the 3rd and 5th instar nymphs with 100, and 200 ppm of spinetorum respectively compared with 
the control. In contrast, at 50 ppm, the alpha esterases activity in 3rd and 5th instar nymphs were -0.79, 
-0.42% respectively less than the control. The most common resistance mechanisms in insects are 
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increased levels or activities of esterase detoxification enzymes that metabolize a wide range of 
insecticides. Detoxification enzyme based resistance occurs when enhanced levels or modified activity 
of esterases and glutathione S-transferase prevents the insecticide from reaching its site of action. 
Darvishzadeh & Sharifian (2015) have proven that esterases play an important role in resistance of T. 
castaneum to malathion in comparison with spinosad. These enzymes probably sequester or degrade 
insecticide esters before they reach their target sites in the nervous system. This mechanism seems to 
be important in the insecticide resistance of Culex mosquitoes (Mouches et al. 1986; Kono & Tomita, 
1992; & Tomita et al., 1996) and Aphis gossypii (Suzuki et al., 1993). Enzymes which catalyze 
hydrolysis of β-NA of malathion were tested in resistant and susceptible strains of  the spider mite, 
Tetranychus kanzawai (Kuwahara et al., 1981). Their results showed that resistance to malathion was 
associated with increased esterase activity at E3 and E4 bonds on which the main peak of malathion 
degradation was detected. Obtained results showed the activity of esterases were dose dependent with 
both control and treatments. Ahammad-Sahib et al. 1994 showed that glutathione S-transferases and 
monooxygenase activities were increased against xenobiotics in the resistant Colorado potato beetle, 
while no increase in carboxyesterase activity was detected. The activities of specific detoxification 
enzymes could be dependent on the species (Cabarello et al., 2008). The results of previous studies 
showed that esterases (Alpha and Beta) had important roles in metabolism or in detoxification of 
spinosad in T. castaneum (Hussain et al., 2009). According to slight increase in esterases activity at 
high concentrations of both insecticides, these enzymes might be effective in their detoxification. 
Previous results agree with ours that indicated esterases involved in detoxification of malathion and 
spinosad in T. castaneum and this involvement should be considered in management of all the above-
mentioned pests (Darvishzadeh & Sharifian, 2015). 
 
Table 7: Mean of alpha esterases after treatment of the  3rd and 5th instar nymphs of the desert locust, 

Schistocerca gregaria with different concentrations of Spinetoram. 
Conc. (ppm) 3rd instar nymphs 5th instar nymphs 

Mean±SE Change (%) Mean±SE* Change (%)** 
Control 2037.0 ±48.8c ------ 1827.6±41.1c ------ 

50 2021.0 ±42.6c -0. 79 1820.0±41.6c -0.42 
100 2522. 7±59.8b 23.84 2203.7±8.8b 20.58 
200 2966.7±65. 7a 45.64 2494.7±58.3a 36.50 
LSD 179.19 ------ 135.48 ------ 

Data is expressed as means ± SE (n= 10) 
*Means followed by different letters are significantly different at P< 0.05 (LSD Range Test). 
**Change (%) is calculated according to the equation (Concentration-control)/control× 100). 

 
Effect of spinetoram on beta esterases activity: 

Data in (Table 8) illustrated the effect spinetoram on beta esterases activity in 3rd and 5th instar 
nymphs. Results showed that the beta esterases activity increased with 0.07 and 12.96% after treating 
the 3rd instar nymphs with 100, and 200 ppm respectively as compared with the control. While, the beta 
esterases activity has increased with  6.19%, 52.99% and 12.79% when treated the 5th instar nymphs 
with 50, 100, 200 ppm of spinetoram respectively. In general, increase of activity of detoxification 
enzymes is the most common  resistant mechanism in insects. Accordingly, we expected in the present 
research work to find an elevation in the activity of such enzymes. Esterase-based resistance to 
organophosphorus and carbamate chemical insecticides is common in a range of different insect pests 
(Field et al., 1988 and Hemingway and Karunaratne, 1998). The esterases either produce broad 
spectrum insecticide resistance through rapid-binding and slow changes in the insecticide, i.e. 
sequestration, or narrow spectrum resistance through metabolism of a very restricted range of 
insecticides containing a common ester bond (Herath et al., 1987). The majority of esterases which 
function by sequestration are elevated through gene amplification, (Vaughan and Hemingway, 1995). 
Since improved metabolism is an important insecticide mechanism, thus oxidative, hydrolytic and 
conjugative detoxication enzyme activities toward universal substrates were measured in insecticide 
(Abo Elghar et al., 2005).  
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Table 8. Mean of beta esterases after treatment of the 3rd and 5th instar nymphs of the desert locust, 
Schistocerca gregaria with different concentrations of spinetoram. 

Conc. (ppm) 3rd instar nymphs 5th instar nymphs 
Mean ± SE Change (%) Mean ± SE* Change (%)** 

Control 1423.3±31.1 -------- 1105.3±24.7c ------ 
50 1350.0±12.6d -5.15 1173.7±15.0bc 6.19 

100 1 509.0±11.9b 0.07 1691.0±34.1a 52.99 
200 1607.7±22.0a 12.96 1246. 7±21.9b 12.79 
LSD 68.28 -------- 81.17 ------ 

Data is expressed as means ± SE (n= 10) 
*Means followed by different letters are significantly different at P< 0.05 (LSD Range Test). 
**Change (%) is calculated according to the equation (Concentration-control)/control× 100). 

 
In contrast with the results of AChE, the activities of Alpha- and Beta-esterases in younger 

larvae treated with spinetoram were higher than those in older ones regardless of the concentration 
applied (Abd El-Aziz and Shaurub, 2014). Similarly, the activity of Beta-esterase in Spodoptera 
littoralis fourth larval instars significantly increased after 4 days of treatment with the LC50 of spinosad 
(Abd El-Mageed & Elgohary, 2006). In contrast, exposure of Culex pipiens L. and Anopheles multicolor 
Cambouliu to the LC50 of spinetoram for 24 hours significantly decreased the activities of both Alpha- 
and Beta-esterases (El-Kady et al. 2008). Fahmy & Dahi (2009) attained variable Alpha- and Beta-
Esterases activities in a field population of Spodoptera littoralis sprayed with spinetoram in two 
different governorates (Behira and Qalyobia) in Egypt. They attributed these results to the variations in 
the environmental conditions in each tested governorate, or to the specific characteristics of each strain. 
Esterases either produce broad-spectrum insecticide resistance through rapid-binding and slow turnover 
of insecticides, i. e. sequestration, or narrow-spectrum resistance through metabolism of a very 
restricted range of insecticides containing a common ester bond (Herath et al. 1987). The majority of 
esterases which function by sequestration are elevated through gene amplification (Vaughan & 
Hemingway 1995). Members of the esterase cluster probably play a role in the detoxification of 
xenobiotic esters (Mouches et al. 1986; Gacar & Takan 2009).     
 
 Effect of spinetoram on Acetylcholinesterase (AChE) activity: 

 AchE activity in 3rd and 5th instar nymphs of S. gregaria after exposed to different 
concentrations (50, 100, and 200 ppm) of spinetoram were presented in table (9). The activity of AchE 
decreased in the 3rd instar nymphs at all treatments with -16.84, -15.10 and -32.7 % respectively as 
compared to the control. Also, the AchE activity in the 5th instar nymphs has decreased at 50, and 200 
ppm to give -3.28 and -20.44% respectively, while at concentration of 100 ppm, the AchE activity didn't 
change compared to the control. AChE activity in older A. ipsilon fourth larval instars was higher than 
that in younger ones using the lowest concentration of spinetoram (LC10) (Abd El-Aziz and Shaurub, 
2014).  
 
Table 9: Mean of acetylcholine esterase after treatment of the 3rd and 5th instar nymphs of the desert locust, 

Schistocerca gregaria with different concentrations of spinetoram  

Conc. (ppm) 3rd instar nymphs 5th instar nymphs 
Mean ± SE Change (%) Mean ± SE* Change (%)** 

Control 90.0±5.0a -------- 213.3±4.3a -------- 

50 58.0±4.2b -16.84 206.3±0.23a -3.28 
100 61.3±5.5b -15.10 213.3±3.8a 0.00 
200 27.7±3.7b -32. 7 169.7±6.6b -20.44 
LSD 15.17 -------- 15.31 -------- 

Data is expressed as means ± SE (n= 10) 
*Means followed by different letters are significantly different at P< 0.05 (LSD Range Test). 
**Change (%) is calculated according to the equation (Concentration-control)/control× 100). 

 
In agreement with these results, spinetoram significantly increased the activity of AChE in 

Spodoptera littoralis (Boisd.) (El-Bakry et al. 2008; Fahmy & Dahi 2009). According to Matsumura 
(1985) AChE has a key role in neurotransmission by hydrolysing the neurotransmitter acetylcholine 
(AChE) in cholinergic synapses of the nervous system and is the target site of several neurotoxic 
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insecticides. Salgado et al. (1998) demonstrated that spinosad could attack the nicotinc acetylcholine 
receptor (nAChR) with ACh simultaneously, as well as acting on a new site differing from the site on 
which ACh acts. They postulated that there were two special sites on nAChR for spinosad and ACh 
individually. When both spinosad and ACh are absent, the receptor channel will keep closed. But when 
they are present, the channel will open up and subsequently the receptor will be activated. 
 
 Effect of spinetoram on glutathione S-transferase (GST) activity: 

Glutathione S-transferase (GST) activity in the 3rd and 5th instar nymphs of S. gregaria after 
being exposed to 50, 100, and 200 ppm of spinetoram were presented in table (10). The activity of GST 
decreased in the 3rd instar nymphs at all treatment with -37.18, -29.17, and -25.96 % respectively as 
compared with the control. In contrast, the GST activity in the 5th instar nymphs has increased after 
treatment with 50, and 100 ppm with 2.34 and 21.88% respectively. While the concentration of 200 
ppm decreased the GST activity with -3.91%. Previous results indicated that GST activity in Agrotis 
ipsilon has significantly increased after 4 days of treatment with the LC50 of spinetoram (Abd El-Aziz 
and Shaurub, 2014). Similar results were obtained with an increase in GST activity in Oryzaephilus 
surinamensis (L.) after exposure to the LC50 of spinosad (Al-Dhaheri & Al-Deeb 2012). However, no 
significant change in GST activity was observed in Helicoverpa armigera (Hübner) treated with 
spinosad (Wang et al. 2009a) and Spodoptera littoralis (Fahmy & Dahi 2009) and Choristoneura 
rosaceana (Harris) treated with spinetoram (Sial et al. 2011). Glutathione is implied in the phase II 
metabolism of xenobiotics including insecticides by the activity of GST, and in the antioxidant defence 
by the activity of glutathione peroxidase and glutathione reductase (Sies 1999). Hemingway et al. 
(2004) explained that GST carries out O-dearylation and O-dealkylation processes in order to detoxify 
organophosphate based insecticides. Mixed-Function Oxigenase (MFO) enzymes activity in 
spinetoram-treated Agrotis ipsilon larvae increased up to 4 days of treatment with the three sub-lethal 
concentrations used compared to the other examined detoxifying enzymes. Thus, the Mixed-Function 
Oxigenase (MFO) enzymes may be considered the principal detoxifying enzymes in Agrotis ipsilon. 
The involvement of oxidases in the mechanism of resistance to spinetoram (Sial et al. 2011) and 
spinosad (Scot 1998; Wang et al. 2006; Wang et al. 2009b) has been reported. MFO are phase I 
metabolic enzymes (Li et al. 2007), where they metabolise a wide range of insecticides by 
hydroxylation, epoxidation and oxidation (Feyereisen 2005). 
 
Table 10: Mean of Glutathione S-transferase after treatment of the 3rd and 5th instar nymphs of the 

desert locust, Schistocerca gregaria to different concentrations of spinetoram. 
Conc. (ppm) 3rd instar nymphs 5th instar nymphs 

Mean ± SE Change (%) Mean  ± SE* Change (%)** 
Control 31.2±1.4a -------- 12.8±0.33 -------- 

50 19.6±0.58c -37.18 13.1±0.21 2.34 
100 22.1±0.35bc -29.17 15.6±0.54 21.88 
200 23.1±0.75b -25.96 12.3±0.18 -3.91 
LSD 2.88 -------- 1.11 -------- 

Data is expressed as means ± SE (n= 10). 
*Means followed by different letters are significantly different at P< 0.05 (LSD Range Test). 
**Change (%) is calculated according to the equation (Concentration-control)/control× 100). 

 
The quantification of detoxifying enzymes and total proteins in spinetoram-treated  3rd and 5th 

instar nymphs of the desert locust S. gregaria could help in the monitoring resistance against 
spinetoram, and consequently better management of S. gregaria in the near future. Insecticide resistance 
presents a major risk to the sustainability of IPM programs. Resistance management strategies could 
slow the development of resistance only if implemented in a timely manner. However, the effectiveness 
of resistance management strategies may be reduced without the knowledge of biochemical 
mechanisms conferring resistance to insecticides used in IPM programs (Sial et al. 2011). 

Alpha and beta esterases in the 3rd and 5th instar nymphs treated with different concentrations 
of spinetoram has increased in alpha and beta-esterases activity in both  treated instar nymphs, in 
contrast, the lowest concentration caused decrease in alpha-esterases activity in both  instars. These 
results are in agreement with Abd El-Aziz & Shaurub (2014) who recorded that, the activities of Alpha 
and beta-esterases in younger larvae treated with spinetoram were higher than those in older ones 
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regardless of the Spinetorum concentration applied. Similarly, the activity of beta esterase in the 
Egyptian cotton leafworm, Spododtera littoralis fourth instar larvae has significantly increased after 4 
days of treatment with the LC50 of Spinosad.  

Moreover, AchE activity in the 3rd and 5th instar nymphs of Schistocerca gregaria after the 
exposure to different concentrations of 50, 100, and 200 ppm of spinetoram has decreased in the 3rd 
instar nymphs at all treatments. Additionally, the AchE activity in the 5th instar nymphs has also 
decreased at 50, and 200 ppm of spinetoram, while at concentration of 100 ppm, the AchE activity 
didn't change compared to the control. In agreement with our results Abd El-Aziz and Shaurub (2014) 
showed that, AchE activity in older 4th instar larvae of  Agrotis ipsilon was higher than that in younger 
ones using the lowest concentrations of spinetoram (LC10). Also in agreement with our results, El-Barky 
et al. (2008) and  Fahmy & Dahi (2009) reported that spinetoram caused a significant increase in the 
activity of AchE in the Egyptian cotton leafworm, Spodoptera littoralis (Boisd.).   

Yaqoob et al. (2013) believed that MFO and esterases are involved essentially and equally in 
the detoxification of insecticides. However, the latter speculation does not extend to the results obtained 
by (Abd El-Aziz and Shaurub, 2014), as the activities of MFO and esterases were not equally involved 
in the detoxification of spinetoram. The general picture of the detoxifying enzymes in the greasy 
cutworm, Agrotis ipsilon larvae to spinetoram indicates that their activities were generally enhanced in 
response to the intoxication by the lowest sub-lethal concentration (LC10), particularly after a relatively 
early time of treatment. In accordance with these findings, the insecticide hormoligosis hypothesis 
(Luckey, 1968) predicts that sub-harmful quantities of any stressing agent will be stimulatory to the 
organism by making it more sensitive to changes in its environment and more able to develop new 
systems to fit a sub-optimum environment. 

Consequently, the present results indicate that glutathione S-transferase (GST) activity in the 
3rd and 5th instar nymphs of S. gregaria after exposure to 50, 100, and 200 ppm of spinetoram decreased 
in the 3rd instar nymphs at all treatments. In contrast, the GST activity in the 5th instar nymphs increased 
after treatment with 50, and 100 ppm of spinetoram. While the concentration of 200 ppm caused 
decrease in the GST activity. Our results are similar to Frouzan Piri et al. (2014) who conducted 
experiments to evaluate the Sub-lethal effects of spinosad on Glyphodes pyloalis. Their results indicated 
that the GST activity in larvae treated with the LC40 of spinosad has significantly decreased to 15.90 
and 8.16 μ mol./min./mg. protein, when CDNB and DCNB were used as substrates, respectively.  

In conclusion, results of the present work have proved that spinetoram as a natural product can 
be used effectively against different juvenile stages of the desert locust and can be safely applied against 
this devastative insect pest which consider one of the most serious pests of all agricultural crops in any 
parts of the world.   

 
References 

Abd El-Aziz, N.M. and E.H. Shaurub, 2014. Sub-Lethal Effects of spinetoram on the activities of Some 
Detoxifying Enzymes in the Black Cutworm Agrotis ipsilon (Hufnagel) (Lepidoptera: 
Noctuidae). African Entomology, 22 (1):136-143. 

Abd El-Mageed, A.E.M.A. and L.R.A Elgohary, 2006. Impact of spinosad on some enzymatic activities 
of the cotton leafworm. Pakistan Journal of Biological Sciences, 9, 713-716. 

Abo Elghar, G. E., Z.A. Elbermawy, A.G. Yousef and H.K. Abd Elhady, 2005. Monitoring and 
characterization of insecticide resistance in the cotton leafworm, Spodoptera littoralis (Boisd.) 
(Lepidoptera: Noctuidae). J. Asia Pacific Entomol. 8 (4): 397-410. 

Ahammad-Sahib, K. I., R.M. Hollingworth, M.E Whalon, P.M. Ioannidis and E. J. Grafius, 1994. 
Polysubstrate monooxygenases and other xenobiotic-metabolizing enzymes in susceptible and 
resistant Colorado potato beetle. Pesticide Biochemistry and Physiology: 49:1-12. 

Al-Dhaheri, H. A. and M.A. Al-Deeb, 2012. Mortality and GST enzyme response of saw-toothed grain 
beetles, Oryzaephilus surinamensis (Coleoptera: Silvanidae) exposed to low insecticide 
concentrations. Journal of Entomology, 9: 396–402. 

Amin, T.R., 1998. Biochemical and physiological studies of some insect growth regulator on the cotton 
leafworm, Spodoptera littoralis (Boisd.). Ph. D. thesis, faculty of science, Cairo Univ. 

 



Middle East J. Appl. Sci., 9(1): 25-39, 2019 
ISSN 2077-4613 

37 

Aydin, M. H. and M.O. Gurkan, 2006. The efficacy of spinosad on different strains of Spodoptera 
littoralis  (Boisduval)  (Lepidoptera: Noctuidae). Turk.  J.  Biol. 30 :5-9. 

Aydin, H., M. Oktay and G. Rkan, 2005. The efficacy of spinosad on different strains of 
          Spodoptera littoralis (Boisduval) (Lepidoptera: Noctuidae). Turk. J. Biol. 30: 5-9. 
Bradford, M. M. 1976. A rapid and sensitive method for the quantitation of microgram quantities of 

proteins utilizing the principle of protein-dye binding, Anal. Biochem., 72:248-254. 
Bret, B., L. Larson, J. Schoonover, T. Sparks and G. Thompson, 1997. Biological properties of 

spinosad. Down to Earth. 52: 6–13. 
Brévault, T., Y. Oumarou, J. Achaleke, M. Vaissayre and S. Nibouche, 2009. Initial activity and 

persistence of insecticides for the control of bollworms (Lepidoptera: Noctuidae) in cotton crops. 
Crop Protection. 28 (5): 401-406. 

Caballero, C., J. Lopez-Olguin, M. Ruiz, F. Ortego and P. Castanera, 2008. Antifeedant activity and 
effect of terpinoids on detoxification enzymes of the beet armyworm, Spodoptera exigua 
(Hubner). Spanish Journal of Agricultural Research; 6:177-184. 

Copping, L. G. and J. J. Menn, 2000. Biopesticide: a review oftheiraction, applications and efficacy. 
Pest Management Science, 56: 651–676. 

Cote, K.W., 2001. Using selected acaricides to manipulate Tetranychus urticae Koch populations in 
order to enhance biological control provided by phytoseiid mites (Doctoral dissertation, Virginia 
Tech). 

Darvishzadeh, A. and I. Sharifian, 2015. Effect of spinosad and malathion on esterase enzyme activities 
of Tribolium castaneum (Coleoptera: Tenebrionidae). J. Entomology Zoology Stud., 3(2), 351-
354. 

Elbarky, N. M., H.F. Dahi and Y.A. El-sayed, 2008. Toxicological evaluation and biochemical impacts 
for radiant as a new generation of spinosyn on Spodoptera littoralis (Boisd.) larvae. Egyptian 
Academic Journal of Biological Sciences 1: 85–97. 

El-kady, G. A., N. H. Kamel, Y. Y. Mosleh and I.M. Bahgat, 2008. Comparative toxicity of two bio-
insecticides (spinetoram and vertemic) compared with methomyl against Culex pipiens and 
Anopheles multicolor. World Journal of Agricultural Sciences 4: 198–205. 

Fahmy, N.M. and H.F. Dahi, 2009. Changes in detoxifying enzymes and carbohydrate metabolism 
associated with spinetoram in two field-collected strains of Spodoptera littoralis (Boisd.). 
Egyptian Academic Journal of Biological Sciences, 1: 15–26. 

Feyereisen, R., 2005. Insect cytochrome P450. In: Gilbert, L.I., Iatrou, K. & Gill, S.S. (Eds) 
Comprehensive Molecular Insect Science. Volume 4. 1–77. Elsevier, Oxford, U.K. 

Field, L. M., A. L. Devonshire and B. G. Forde, 1988. Molecular evidence that insecticide resistance in 
peach-potato aphids (Myzus persicae Sulz.) results from amplification of an esterase gene. 
Biochemical Journal 251:309– 312. 

Frouzan Piri, A. Sahragard and M. Ghadamyari 2014. Sublethal Effects of Spinosad on Some 
Biochemical and Biological Parameters of Glyphodes pyloalis Walker (Lepidoptera: Pyralidae). 
Plant Protect. Sci., 50(3): 135–144. 

Gacar, F. and V. Takan, 2009. Partial base sequence analysis of MdaE7 gene and ali-esterase enzyme 
activities in field collected populations of housefly (Musca domestica L.) from Mediterranean 
and Aegean Regions of Turkey. Pesticide Biochemistry and Physiology 94: 86–92. 

Habig, W. H.,  M. J. Pabst and W. B. Jakoby, 1974. Glutathione S-transferase the first enzymatic step 
in mercapturicacid formation. Biol. chem., 249: 7130-7139. 

Hatem, A., 2006. Comparaciόn de los effectos de insecticidas selectivos sobre el desarrollo y 
reproducciόn de Spodoptera littoralis (Boisduval) (Lep.:Noctuidae). Thesis Doctoral. 
Universidad de Cόrdoba. Cόrdoba (España). 

Hemingway, J. and P. Karunaratne, 1998. Mosquito carboxylesterases: A review of the molecular 
biology and biochemistry of a major insecticide resistance mechanism. Med. Vet. Ent., 12: 1–12. 

Hemingway, J., N.J. Hawkes, L. McCarroll and H. Ranson, 2004. The molecular basis of insecticide 
resistance in mosquitoes. Insect Biochemistry and Molecular Biology 34: 653–665. 

Herath, P. R., J.J. Hemingway, I. S. Weerasinghe and  K.G.I. Jayawardena, 1987. The detection and 
characterization of malathion resistance in field populations of Anopheles culicifacies B in Sri 
Lanka. Pestic. Biochem. Physiol. 29: 157–162. 

 



Middle East J. Appl. Sci., 9(1): 25-39, 2019 
ISSN 2077-4613 

38 

Huang, K. X.,  L. Xia, Y. Zhang, X. Ding and J. A. Zahn, 2009. Recent advances in the biochemistry 
of Spinosyns. Appl. Microbiol. Biotechnol., 82 (1): 13-2. 

Hussain R., M. Ashfaq and M. A. Saleem, 2009. Biochemical abnormalities produced by spinosad in 
Tribolium castaneum adult beetles. Int. J. Agric. Biol., 11, 241-244. 

Hussein, A. M., H.A. Mohamed and S.F.M. Hafez, 2005. Biological and physiological effects of the 
bioinsecticides Spinosad on the cutworm, Agrotis ipsilon (Hufnagel). Egyptian Journal of 
Biological Pest Control, 15 (2): 139-145.  

Kono, Y. and T. Tomita, 1992. Characteristics of highly active carboxylesterases in insecticide resistant 
Culex pipiens quinquefasciatus. Japanese Journal of Sanitary Zoology; 43:297-305.  

Kuwahara, M., T. Miyata, T. Saito and M. Eto, 1981. Relationship between high esterase Activity and 
in vitro degradation of 14C-Malathion by Organophosphate-resistant and susceptible strains of 
the Kanazawa Spider Mite, Tetranychus kanzawai Kishida (Acarina: Tetranychidae), and their 
inhibition with specific synergists. Applied entomology and zoology, 16 (3), 297-305. 

Lechuge, A., E. Hatem and J. Ramos, 2004. Comparaciόn de la susceptibilidad de larvaes de Spodoptera 
littoralis y Helicoverpa armigera al Spinosad, un insecticida de origin natural. Bol. San. Veg. 
Palgas, 300: 573-580. 

Li, X., M.A. Schuler and M.R. Berenbaum, 2007. Molecular mechanisms of metabolic resistance to 
synthetic and natural xenobiotics. Annual Review of Entomology 52: 231–253. 

Luckey, T. D., 1968. Insecticide hormoligosis. Journal of Economic Entomology 61: 7–12. 
Mahmoud, B.A., 2004. Spinosad as a new biopesticide against the greasy cutworm Agrotis ipsilon  

(Hnuf.). Agricultural Research Journal, Suez Canal University, 4: 137-141. 
Mandour, N.S., M.A.M. Osman, M. F. Mahmoud and Y.Y. Mosleh, 2008. Evaluation of spinosad as a 

biopesticide for controlling the jasmine moth, Palpita unionalis Hb. (Lepidoptera: Pyralidae). 
Egyptian Journal of Biological Pest Control, 18 (1): 207-213. 

Matsumura, F., 1985. Toxicology of Insecticides. 2nd Edition. Plenum Press, New York, U.S.A. 
Meinzingen, W.F., 1993. A Guide to Migrant Pest Management in Africa. FAO, Rome. (1st edn.). pp 1-

35. 
Méndez, W., J. Valle, E. Ibarra, J. Cisneros and D. Penagos, 2002. Spinosad and nucleopolyhedrovirus 

mixtures for control of Spodoptera frugiperda (Lepidoptera: Noctuidae) in maize. Biological 
Control., 25: 195–206. 

Millar, N.S. and I. Denholm, 2007. Nicotinic acetylcholine receptors: targets for commercially 
important insecticides. Invertebrate Neuroscience. 7(1): 53-66. 

Mouches, C., N. Pasteur, J.M. Berge, O. Hyrien, M. Raymond, B.R. De-Saint-Vincent and G.P. 
Georghiou, 1986. Amplification of an esterase gene is responsible to insecticide resistance in a 
California Culex mosquito. Science; 233:778-780.  

Nedal, M. F., and F.D. Hassan, 2009. Changes in detoxifying enzymes and carbohydrate metabolism 
associated with spinetoram in two field-collected strains of Spodoptera littoralis 
(Biosd.). Egyptian Academic Journal of Biological Sciences, 1, 15-26. 

Osman, M.A.M., Y.Y. Mosleh and M.F. Mahmoud, 2014. Toxicity and biochemical impacts of 
Spinosad on the pink corn stem borer Sesamia cretica LED. (Lepidoptera: Noctuidae) Mun. Ent. 
Zool. 9(1):420-439. 

Salgado, V. L., 1997. The modes of action of spinosad and other insect control products. Down to Earth 
52 (2):35-43. 

Salgado, V. L., J.J. Sheets, G.B. Watson and A. L. Schmidt, 1998. Studies on the mode of action of 
spinosad: the internal effective concentration and the concentration dependence of neural 
excitation. Pesticide Biochemistry and Physiology, 60: 103–110. 

Shimokawatoko, Y., N. Sato, Y. Yamaguchi and H. Tanaka, 2012. Development of the novel insecticide 
spinetoram (Diana®). Sumitomo Chemical Co., Ltd., Tokyo. 

Schmutterer, H. and J. Hiiber, 2005. Natürliche Schädlings bekämp fungs-Mittel, Eugen Ulmer Gmb 
Hand Co. Stuttgar (Hobenheim). Sciences LOC, Indianapolis, Indiana. 

Scott, J.G., 1998. Toxicity of spinosad to susceptible and resistant strains of houseflies, Musca 
domestica. Pesticide Science 54: 131–133. 

 
 



Middle East J. Appl. Sci., 9(1): 25-39, 2019 
ISSN 2077-4613 

39 

Sial, A.A., J.F. Brunner and S.F. Garczynski, 2011. Biochemical characterization of chlorantraniliprole 
and spinetoram resistance in laboratory-selected oblique banded leafroller, Choristoneura 
rosaceana (Harris) (Lepidoptera: Totricidae). Pesticide Biochemistry and Physiology 99: 274–
279. 

Sies, H., 1999. Glutathione and its role in cellular functions. Free Radical Biology & Medicine 27: 916–
921. 

Simpson, D.R., D.L. Bull and D.A. Linguist, 1964. A semi-micro technique for estimation of 
cholinesterase activity in boll weevils. Ann. Ent. Soc. Amer., 57: 367-371. 

Sparks, T.C., G.D. Thompson, H.A. Kirst, M.B. Hertlein, L.I. Larson, T.V. Worden and  S.T. Thibault, 
1998. Biological Activity of the Spinosyns, New Fermentation Derived Insect Control Agents, 
on Tobacco Budworm (Lepidoptera: Noctuidae) larvae. J. Econ. Entomol., 91(6):1277-1283. 

Steedman, A., 1988. Locust Handbook (2nd edn.) NRI, London.(Ed.).  
Suzuki, K., H. Hama and Y. Konno, 1993. Carboxylesterase of the cotton aphid, Aphis gossypii Glover 

(Homoptera: Aphididae), responsible for fenitrothion resistance as a sequestering protein. 
Applied Entomology and Zoology, 28:439-450. 

Thompson, J.D., T.J. Gibson, F. Plewniak, F. Jeanmougin and D.G. Higgins, 1997. The CLUSTAL_X 
windows interface: flexible strategies for multiple sequence alignment aided by quality analysis 
tools, Nucleic Acids Res., 25, 4876–4882. 

Tomita, T., Y. Kono and T. Shimada, 1996. Chromosomal localization of amplified esterase genes in 
insecticide resistant Culex mosquitoes. Insect Biochemistry and Molecular Biology; 26:853-857. 

Tran, M., 2007. Spinetoram,a new Spinosyns compound. Special report., 2007. Dow Agro. 
Triola,  M.M., M.F. Triola and J. Roy, 2017. Biostatistics for the Biological and Health Sciences (2nd 

Edition). ISBN-10: 0134039017 • ISBN-13: 9780134039015 © 2018 • Pearson • Cloth, 720 pp. 
Published 01/01/2017. 

Uvarov, B.P., 1966. Grasshoppers and Locusts. A Handbook of General Acridology, Vol. 1. The Anti- 
Locust Research Centre, Cambridge University Press, G. B.  

Uvarov, B. P., 1977. Grasshoppers and Locusts. A Handbook of General Acridology, Vol. 2. Behaviour, 
Ecology, Biogeography, Population Dynamics. Centre for Overseas Pest Research, Univ. Press 
Cambridge, G.B. 

Van Asperen, K., 1962. A study of house fly esterase by means of sensitive colorimetric method, J. 
Insect  Physiol., 8:401-416.  

Vassilakos, T.N. C.G. Athanassiou and N.G. Tsiropoulos, 2015. Persistence and efficacy of spinetoram 
against three major stored grain beetle on wheat. Crop Protection, 69, 44-51. 

Vaughan, A. and J. Hemingway, 1995. Mosquito carboxylesterase Est 21 (A2). Cloning and sequence 
of the full length cDNA for a major insecticide resistance gene worldwide in the mosquito Culex 
quinquefasciatus. Journal of Biological Chemistry 270:17044- 17049. 

Villanueva, R.T. and J.F. Walgenbach, 2006. Acaricidal properties of spinosad against Tetranychus 
urticae and Panonychus ulmi (Acari: Tetranychidae). J. Econ. Entomol. 99 (3): 843-849. 

Wang, W., J. Mo, J.A. Cheng, P. Zhuang and Z.Tang, 2006. Selection and characterization of spinosad 
resistance in Spodoptera exigua (Hübner) (Lepidoptera: Noctuidae). Pesticide biochemistry and 
physiology, 84 (3), 180-187. 

Wang, D., X. Qiu, X. Ren, W. Zhuang and K. Wang, 2009a. Effects of spinosad on Helicoverpa 
armigera (Lepidoptera: Noctuidae) from China: tolerance status, synergism and enzymatic 
responses. Pest Management Science, 65: 1040–1046.  

Wang, D., X. Qiu, X. Ren, W. Zhuang and K. Wang, 2009b. Resistance selection and biochemical 
characterization of spinosad resistance in Helicoverpa armigera (Hübner) (Lepidoptera: 
Noctuidae). Pesticide Biochemistry and Physiology, 95: 90–94. 

Wei, J.,  L. Zhang, S. Yang, B. Xie, S. An and G. Liang, 2018. Assessment of the lethal and sublethal 
effects by spinetoram on cotton bollworm. PloS one, 13 (9), 1-11. e 0204154. 

Yaqoob, R., H.M. Tahir, S.Y. Khan and S. Naseem, 2013. Insecticide resistance in Bactocera zonata 
(Diptera: Tephritidae) in district, Sargodha, Pakistan. Biochemistry & Pharmacology 2: 114. 
doi:10.4172/2167- 0501.1000114. 

 




