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ABSTRACT: Radiant SC12% (Spinetoram) is a new generation of spinosyn group. Evaluated the 
efficacy of different concentrations of spinosad against adults of the rice weevil, Sitophilus oryzae were 
studied in the laboratory. The highest effect of different concentrations in laboratory were recorded 65 
and 41% adult mortality after 4 days for the two concentrations (1.87 and 0.93 ppm), while they caused  
100% mortality of adult after 6 and 8 days respectively, Antioxidant defense components protect insects 
by scavenging reactive oxygen species, leading to oxidative stress. The present study was investigated 
the effects of Radiant SC 12%, on the oxidative stress indicator, and antioxidant enzymes [Glutathione-
S-transferase] activity and totsl protein capicity in Sitophilus oryzae tissues. There were statistically 
significant decreases in GST and total protein activities in the LC50/48h concentration of Radiant-treated 
Sitophilus oryzae compared to the control. These results indicated that Radiant causes an increase in 
oxidative stress and we inferred that increasing oxidative stress induces antioxidant defense 
mechanisms which are represented by consumption of GST. 
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INTRODUCTION 
 

 Pesticides remain for various reasons the main tool to control crop pests and combat disease vectors in 
agricultural and public health operations (Kaur and Sandhu, 2008). The rice weevil, Sitophilus oryzae (L.), and the 
maize weevil, S. zeamais Motschulsky, were originally regarded as the small and large strains, respectively, of the 
same species, and they share many common characters, with only a few differences in their morphological 
characters, aggregation pheromones, ecological niches, food preferences, karyotypes (Floyd and Newsom, 1959; 
Phillips, 1985), and also their biochemical characteristics such as aminopeptidase isozyme patterns and the 
composition of their cuticular hydrocarbons (Baker, 1982; Baker, 1984). There are significant biological differences 
between these two weevils (Kiritani, 1965; Longstaff, 1981), and they also differ in their antigenic (McLaurin and 
Downe, 1966) and amylase isozyme patterns (Baker, 1987). 
         Pesticides produce reactive oxygen species (ROS), leading to oxidative stress and alterations in radical 
scavenging enzymes in insects (Felton and Summers, 1995; Buyukguzel, 2006). ROS include oxygen ions, free 
radicals and peroxides, both inorganic and organic. These molecules are generally very small and highly reactive, 
because of the presence of unpaired electrons. ROS are formed as a natural byproduct of the normal metabolism 
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of oxygen. They play an important role in cell signaling and the induction of host defense genes (Kamata and 
Hirata, 1999; Dalton, 1999). Besides, under environmental stress, ultraviolet irridation, bacterial infections, 
antibiotics and pesticides exposure, the ROS level may increase remarkably and result in oxidative stress in 
insects (Lopez-martinez, 2008; Buyukguzel and Kalender, 2009; Durak, 2009).  
          GSTs are multifunctional enzymes involved in detoxification of xenobiotics and can protect insects against 
various plant allelochemicals and chemical insecticides. The insect cytosolic GSTs can be classified into six major 
classes along with several unclassified genes (Enayati, 2005). Among them, sigma, omega, zeta, and theta have 
representatives across Metazoa whereas delta and epsilon are specific to Insecta and Holometabola, respectively 
(Friedman, 2011). 
        Spinosad is considered a commercial insecticide used for management of many insect pests’ species on a 
variety of crops (Thompson, 1997). Spinosad has been classified as a bioinsecticide (Copping and Menn, 2000). 
The activity of spinosad is attributed to the metabolites spinosyns A and D, which are fermentation products of the 
soil actinomycete bacterium, Saccharopolyspora spinosa (Mertz and Yao, 1990). The active ingredient is 
composed of Spinosyn A and Spinocyn D, have strong insecticidal activity (Thompson, 1997). 
       To neutralize the toxicity of ROS, insects have developed a suite of antioxidant enzymes like other eukaryotes 
to overcome oxidative stress. Several antioxidant enzymes may decrease the level of lipid peroxidation in insects 
(Felton and Summers, 1995). In animals, including insects, various important components of the antioxidant 
system are identified and one of these important antioxidant enzymes is Glutathione-S-transferase which is 
consumed by free radicals and thus indicating occurrence of oxidative stress. 
 

MATERIALS AND METHODS 
 

Culture of Sitophilus oryzae  
 Stock of S. oryzae was obtained from the infested wheat bought from the local market. 
Laboratory cultures of S. oryzae were maintained on uninfected wheat grains (Triticium aestivum). Adult of rice 
weevils were introduced into plastic jars containing wheat grains. These plastic jars were then covered with a 
muslin cloth to prevent insects escaping and to allow ventilation. After two weeks the adults were removed and the 
wheat grains were kept in ambient laboratory conditions for the emergence of S. oryzae adults (Huang and 
Subramanyam 2007). For all the experiments 1-7 days old, adult weevils were selected from cultures. All the 
experiments were kept aside at ambient temperature 26+3oC and 65+5% relative humidity. 
 
Preparation of Insecticide 
 A liquid formulation of Radiant 12% was obtained from Plant Protection Research Institute (Egypt, Cairo). 
Insecticide was diluted in distilled water to make solutions of different concentrations for grain treatment. Different 
concentrations of the insecticide were prepared to test its effect on the adults of S.oryzae . The five concentrations 
were (1.8, 0.93, 0.46, 0.23 and 0.11ppm), wheat grains were dipped in the insecticide for 15 seconds; the treated 
grains were then left to dry under laboratory conditions. Each concentration consists of four replicates with 15 
adults /replicate. Control adult were fed on grains were dipped in distilled water; adults were allowed to feed on 
treated grains. The dead adults were counted every 2 days after treatment. Dead adults were counted and used to 
calculate the percentage of adult mortality. 
 
Preparation of homogenates and determination of enzymatic activities of Glutathione –S- transferase (GST) 
Tissue collection  
 For measurement of antioxidant enzyme activities in insect tissue homogenate, a separate test was arranged 
by application of the LC50/48h value of Radiant SC 12%. After 48 h. Thirty-insects were used to determine GST 
level. Insects were collected into a chilled Eppendorf tube charged with a cold homogenization buffer [w/v 1.15% 
KCl, 25 mM K2HPO4, 5 mM ethylen-diaminetetraacetic acid (EDTA), 2 mM phenylmethylsulphonyl fluoride 
(PMSF), 2 mM dithiotreitol (DTT), pH 7.4] and stored at -20 

o
C. The cryotubes were kept at room temperature until 

the tissue began to thaw before using. 
 
Sample Preparation 
 Extracts of Sitophilus oryzae L insects’ homogenates were prepared at 4 

o
C by a homogenizer (HEIDOLPH 

SilentCrusher M) at 10 seconds in the homogenization buffer and subsequent centrifugation (Minispin plus 
Eppendorf) at 10,000g for 15 min at 4

o
C. The resulting cell-free extracts were collected for biochemical analysis of 

antioxidant enzymes activities. Supernatants were centrifuged at 1000g for 10 min at 4 
o
C, contents and 
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antioxidant enzymes activities were determined by measuring the absorbance of the samples in a dual beam 
spectrophotometer (Shimadzu-1700, UV/vis, Kyoto, Japan). Essays were replicated six times with four insects 
each. All chemicals used were analytical grade and were obtained from Sigma-Aldrich (St. Louis, MO, USA). 
 
Hemolymph Extraction.  
 The hemolymph was collected and then it was put in the incubator. The hemolymph  of Sitophilus oryzae L 
after 2,4 and 6 days was also collected from a small incision at the level of the 3

rd
 dorsal tergite, using 

microcapillary tubes previously washed in a 0.1% (wt:vol) phenylthiourea solution in water. The hemolymph was 
individually stocked in microcapillary tubes for later determination of protein concentration.  
 
Total protein determination: 
 The protein concentration in hemolymph was determined spectrophotometrically at 595 nm (Bradford 1976) 
using bovine serum albumin for the standard curve determinations. The protein reagent consisted of 0.01% 
Coomassie Brilliant Blue G-250, 4.7% (wt:vol) ethanol, and 8.5% (wt:vol) phosphoric acid dissolved in water. One 
milliliter of the protein reagent was placed in a 10-ml test tube along with 1 ml of hemolymph and then mixed. This 
solution was poured into 
a cuvette and the reading was taken after 5 min but before 1 h. 
 
Statistical analysis 
Data were subjected to analysis of variance where significant differences existed, treatment means were separated 
using the Fisher’s Protected LSD test at the α = 0.05 level (SAS Institute, 1988) 

 
RESULTS AND DISCUSSION 

 
Susceptibility of adult Sitophilus oryzae to different concentrations of radiant SC 12%. 
 Data in table (1) illustrated the effect of radiant SC 12% on the mortality of adult S. oryzae treated with different 
concentrations. Data investigated the mean number of dead adults and its percentage mortality, (Das 2013 and 
Elbarky, 2008) reported that mortality increased with the increase of concentration ( Dahi 2009). There were highly 
significant differences in the mean mortality of S. oryzae between concentrations (F 3.10, P < 0.001). The adult 
was significantly different between concentrations in both the exposure times (2 days: F= 7.2, P < 0.001; 4 days: 
F= 36, P < 0.001; 6 days: F=4.5 P < 0.001; 8 days: F=4.86, P < 0.001). As shown in Table (1), mortality increased 
by an increase in spinosad concentration (Huang and Subramanyam 2007).   
 
Table 1. Adult mortality (mean ± SE) of storage pest Rice weevil, Sitophilus oryzae L. (Coleoptera: Curculionidae) with Radiant 

SC 12% 

Consentration 
(ppm) 

After 2days of treatment After 4days of treatment After 6days of treatment After 8days of treatment 
Mean   of  
 dead adult ±se 

Mean of  
dead adult ±se 

Mean of  
dead adult ±se 

Mean of dead adult ±se 

1.87 4.5±2.7
a
 7.7±0.4

a
 15±0.25

a
 15±00.10

a
 

0.93 1.5±1.2
b
 5±0.2

a
 14.7±0.4

a
 15±0.01

a
 

0.46 1.25±0.7
b
 1.25±0.72

b
 6.75±1.5

ab
 10.2±0.75

b
 

0.23 4.5±2.7
a
 4.5±2.7

a
 5.5±0.5

b
 7.5±0.75

b
 

0.11 1.75±1.2
b
 2±0.25

b
 3.5±0.6

b
 4.7±0.18

b
 

Control 
(distilled water) 

0
b
 0.5±0.2

b
 1.25±0.3

c
 1.5±0.42

c
 

LSD 1.87 4.5 4.5 2.42 

*Means within a column for insect pest followed by different letters are significantly different (P < 0.05; by Fisher’s 

Protected.LSD test). 

  
 Effect of the different concentrations of radiant introduced different significant effect on S. oryzae adults. Data 
in table showed that two concentrations (1.87 and 0.93 ppm) caused mortality reached to 100% after 6 and 8 days 
respectively (Amos, 1986) but for three concentrations (0.46, 0.23 and 0.11ppm), there were no significant 
differences recorded after 8 days, (Fernando and Karunaratne 2012). 
 
Glutathione S-transferase (GST) activity 
 GST activity was determined to be highly decreased in Sitophilus oryzae L after exposure to Radiant SC 12% 
and the highly significant decrease was observed in the concentration 1.87 ppm followed by concentration 0.93 
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ppm, However, there was non significant differences between concentrations 0.46, 0.23 and 0.11 ppm despite their 
decreasing as compared to control group, respectively (Figures 1).  
 
Table 2. Antioxidant enzyme activities (mean ± SE) of storage pest Rice weevil, Sitophilus oryzae L. (Coleoptera: Curculionidae) 

with Radiant SC 12% 
Consentration 
(ppm) 

GST (U/mg Protein) 

1.87 0.53±0.07
f
 

0.93 2.32±0.32
e
 

0.46 4.25±0.13
d
 

0.23 4.98±0.78
cd

 
0.11 5.75±0.23

b
 

Control  (distilled water) 8.51±0.57
a
 

 
 Means within the same column in each category carrying different litters are significant at (P ≤ 0.05) using 
Duncan's multiple range tests, where the highest mean value has symbol (a) and decreasing in value were 
assigned alphabetically. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Effect of Radiant SC 12% on SOD activity in Sitophilus oryzae L. 

 
Data represents the means ± SD of seven samples. Values are mean ± SD of seven rats in each group. 
 
Total protein activity 
 Total protein activity was determined to be highly decreased in Sitophilus oryzae L after exposure to Radiant 
SC 12% and the highly significant decrease was observed in the concentration 1.87 ppm followed by concentration 
0.93 ppm, respectively (Figures  2).  
 

Table 3. Total protein activity (mean ± SE) of storage pest Rice weevil, Sitophilus oryzae L. (Coleoptera: Curculionidae) with 
Radiant SC 12% 

Consentration 
(ppm) 

Total protein (mg/dl) 

1.87 0.33±0.07
f
 

0.93 0.62±0.32
e
 

0.46 0.95±0.13
d
 

0.23 0.98±0.78
cd

 
0.11 1.00±0.23

b
 

Control  (distilled water) 1.50±0.57
a
 

  
 Means within the same column in each category carrying different litters are significant at (P ≤ 0.05) using 
Duncan's multiple range tests, where the highest mean value has symbol (a) and decreasing in value were 
assigned alphabetically. 
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Figure 2. Effect of Radiant SC 12% on CAT activity in Sitophilus oryzae L 

 
Data represents the means ± SD of seven samples. Values are mean ± SD of seven rats in each group. 
        
       GSTs are useful biomarkers for metals and organic pollutants yielding oxidative stress and have also been 
useful as an indicator of pesticide exposures (Yang, 2001 and Taysse, 1998). Insect GSTs could be inhibited by 
organophosphates, organochlorines, and pyrethroids (Hemingway., 2000). Decreases of GST activity were also 
observed in Oreochromis niloticus, Carassius auratus and Cyprinus carpio L. after exposed to chlorpyrifos (Xing, 
2012). However, the GSTs activity decrease is accompanied with not only the decrease of most GSTs transcription 
but also the increase of some GSTs transcription in kidney and gill after C. carpio exposed to chlorpyrifos (Xing, 
2012).  
       The direct participation of GSTs in the mechanism of insecticide detoxification as well as the over expression 
of the GST in pesticide resistant strains of insects has been reported (Wei, 2001) Some GSTs might involve in the 
detoxification of insecticides (Mutch, 2007). We In summary, the GST system is known to be involved in the 
metabolization of various endogenous compounds, but is also recognized as one of the major mechanism 
conferring insecticide resistance in many pests (Yu, 2004) 
       The determination of protein concentration in the hemolymph of Sitophilus oryzae L is an accurate method to 
evaluate the efficiency of protein diets. The data showed a considerable variability in protein in the hemolymph of 
Sitophilus oryzae L, even though consumption was similar for all concentration tested. Measurements of protein in 
hemolymph could also be efficiently made to determine the protein status of Sitophilus oryzae L after exposure to 
different concentrations of Radiant SC12%. This information would be an important management tool (and this is 
greatly reinforced by our results 
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