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ABSTRACT 
In this study were investigated effects of X-ray on biochemical parameters of Sesamia nonagrioides females.  0(control), 50, 100, 150 and 

200 Gy different doses X-ray radiation on the whole body content S. nonagrioides females was applicated. Also, We were measured 

proteins, carbohydrates and lipids contents in whole body of females by using method Van Handel (1985a,b) and Lowry et al. (1951). The 
content and percentage protein, carbohydrates and lipids were respectively 0.48(%), 1.61mg; 0.09(%), 0.32(mg) and 0.16(%), 0.54(mg) at 

50 Gy. At 200 Gy, were respectively 9.7(%), 7.30(mg); 1.61(%), 1.21(mg) and 2.76(%), 2.07(mg). In conclusion, among the all test groups, 

the increases of protein, carbohydrate and lipid contents of females was observed in 200 Gy and the decreases was observed in 50 Gy 
compared to control group. The changes of these molecules can cause disturbances in physiological and biochemical activity of S. 

nonagrioides females. 
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INTRODUCTION 

 

Mediterranean corn borer, Sesamia nonagrioides (Lefebvre) (Lepidoptera: Noctuidae), is a major 

multivoltine pest of maize in Mediterranean countries [1, 2]. S. nonagrioides is a polyphagous species with a 

fairly wide range of host plants including corn, sorghum, millet, rice, sugarcane, grasses, melon, asparagus, 

palms and banana [3, 4]. Protein and carbohydrates, which provide necessary amino acids and energy, 

respectively, are two important macronutrients that influence animal survival, growth and reproduction [5, 6], 

but for most animals there is a species-specific protein/carbohydrate ratio that results in optimal capacity [7, 8, 

9, 10]. Insects have to expend energy constantly, and  if  they are not feeding, they must live on reserves 

accumulated in periods of food abundance. Glycogen and triglyceride are the energy reserves in animal cells. 

Glucose is stored in a polymeric form, glycogen, that can be readily degraded on demand to be used as a 

glycolytic fuel [11]. The proteins perform multiple functions. The haemolymph proteins are implicated in 

ecdysis, growth of reproductive organs and salivary glands, formation of haemocytes and chitin [12, 13]. Lipid 

is the main fat body component and more than 90% of the lipid stored is triglyceride. Triglyceride is synthesized 

from dietary carbohydrates, fatty acids, or proteins. Lipogenesis in the fat body is similar to that of mammalian 

tissues [14, 15]. 
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The storage function of the fat body is fundamental in the life of holometabolous insects. During the larval 

feeding stages, energy reserves are accumulated to be used during metamorphosis as well as to provide reserves 

for the new adult. Insects need to accumulate at least a minimal amount of nutrient storage to survive through 

metamorphosis [16]. In addition, the amount of nutrient stored in larvae has important consequences for the 

adult life, as smaller size results in reduced fecundity [17]. Adult insects that do not feed rely on these reserves 

to support life and reproduction. On the other hand, insects that feed in the adult stage use dietary supply to 

improve their energy status, particularly in preparation for reproduction. Egg development involves a substantial 

mobilization of reserves from the fat body to the ovaries. The importance of fat body reserves carried over from 

larval stages for oogenesis is seen in the case of anautogenous mosquitoes, in which blood meal–induced 

activation of the target of rapamycin–signaling pathway and subsequent egg maturation depend on the 

accumulation of adequate nutritional reserves during larval development [18]. 

Irradiation is the ideal technology for developing generic treatments because it is effective against most 

insects at dose levels that do not affect the quality of most commodities. The mode of action of ionizing 

irradiation as a quarantine treatment involves breaking chemical bonds within DNA and other biomolecules (for 

example, ionizing radiation can cause atoms and molecules to be ionized or excited which, in turn, can produce 

free radicals, break or form chemical bonds, and alter molecules that regulate cellular processes), thereby 

disrupting normal cellular function in the infesting insect. Radiotolerance can vary among the life stages of an 

insect [19].   

In Aksoy et al. [20] article, author conducted experiment that examine how the content of protein 

,carbohydrates and lipids on non irradiation affects biochemical parameters of body all stages (larvae, pupae, 

adult females and adult males). Later, in Aksoy et al. [21, 22] articles, authors studied that examined how the 

content biochemical parameters X-ray irradiation affects biochemical parameters of body on larvae and pupae of 

S. nonagrioides.  But, the effect of X-ray irradiation on the biochemical parameters of S. nonagrioides females 

has not yet been adequately studied. Therefore, the aim of the study is to examine the effects of X-ray irradiation 

on the total protein, carbohydrate and lipid content of S. nonagrioides females. Also, highlighted how affects of 

X-ray radiation on this insect can be valuable in terms of understanding and insect’s bioindicator roles as 

ecologic.  

 

MATERIALS AND METHODS 

 

2.1. Test Insects: 

S. nonagrioides, larvae were collected corn (Zea mais L.) field from Kahramanmaraş of Turkey in 2013. 

The larvae were reared in the laboratory in plastic cages (25x15x10 cm
3
) with artificial diet and fresh corn at 

25±2 ºC, 65-70% RH and a16 L:8Dh photoperiod. Females was reared in laboratuary condition from larvae.  

 

2.2. X-Ray Treatment: 

X-ray irradiation was conducted in Gaziantep University Oncology Hospital (Gaziantep, Turkey) using a 

high energy linear accelerator (Elekta, 6 MV, Synergy of Platform). The adult stages of S. nanogrioides were 

treated with doses of 0 (control), 50, 100, 150 and 200 Gy. Target doses were monitored by dosimetry with a 

radiochromic film dosimeter (Harwell, Gammachrome YR, Perspex Dosimeter, Batch 62, Range 0.1-3kGy, 

Made in UK). Adults were placed in a Petri dish with net cover (10 cm diameter x 2cm height) and irradiated to 

the X-ray.  

 

2.3. Preparation of Whole Body Homogenates for Chemical Analyses: 

2.3.1. Protein: 

Proteins were determined using a method described by Lowry et al. [23]. Each adult was carefully brushed 

to remove contaminating particles, weighed and homogenized phosphate buffer (pH 7,4) and centrifuged at 

6000 rpm at room temperature for 30 min. 0.3 ml was taken from supernatant and it was repeated twice, and 

then the precipitate was dissolved in 1 ml of 0.1 N sodium hydroxide. A known aliquot of this solution was then 

mixed with 5 ml of alkaline copper reagent (20% sodium carbonate prepared in 0.1 N sodium hydroxide 

containing sodium potassium tartarate and 1% copper sulphate). After 15 min 0.5 ml of Folin Ciocalteu’s 

reagent was added to the tubes and the tubes were shaken thoroughly. Then the tubes were kept for 30 min for 

colour development. Absorbance at 750 nm was read with a spectrophotometer. Bovine serum albumin was 

used as the standard protein. This experiment was repeated three time and total samples was thirty. 

 

2.3.2. Carbohydrate: 

Carbohydrates were measured using a method described by Van Handel [24]. Each adult was carefully 

brushed to remove contaminating particles, weighed, and homogenized in 2 ml of 2% Na2SO4. An additional 5 

ml chloroform-methanol (1:2) was added to the homogenate to extract the sugars of the adults. Individual 

homogenates were centrifuged for 10 min at 6000 rpm. To determine the amount of sugars in each larva, 1 ml 
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was taken from the supernatant and the samples was reacted for 15 min at 90°C with 1mL of anthrone reagent 

(750 mg anthrone dissolved in 150 ml distilled water and 380 mL concentrated H2SO4). Absorbances were 

measured at 625 nm on a spectrophotometer (UV 1800 Shimadzu). The amount of component was determined 

from a standard curve by using glycogen (Sigma) as standard. This experiment was repeated three times and 

total samples was thirty. 

 

2.3.3. Lipid: 

Total lipid content of each adult was determined by the vanillin-phosphoric acid method of Van Handel 

825]. Each adult was carefully brushed to remove contaminating particles, weighed, and homogenized in 2 ml of 

2% Na2SO4. An additional 5 ml chloroform-methanol (1:2) was added to the homogenate to extract the lipids of 

the adults.  The mixture was centrifuged at 6000 rpm for 10 min. After centrifugation, 1 ml of the supernatant in 

each tube was transferred to for the lipid assay. All samples were heated at 90ºC until the solution evaporated 

from the tubes. The lipid precipitate in tubes was mixed with concentrated sulphuric acid (5 ml). The mixture 

was stirred and heated in boiling water bath for 10 min. Then 40 μl of concentrated H2SO4 was added and the 

tubes were heated in boiling water bath for 2 min. The tubes were cooled on ice and 960 μl of vanillin-

phosphoric acid reagent was added in each. The solution in each tube was held at room temperature for 30 

min.The optical density was measured using a spectrophotometer (UV 1800 Shimadzu) at a wavelength of 525 

nm. The olive oil solution was used for the standard curve . This experiment was repeated three times and total 

samples was thirty. 

 

2.3.4. Statistical analysis: 

The values of proteins, carbohydrates and lipids in irradiated (0-200 Gy) 1-day-old females was calculated 

using formules; y = 1.242x + 0,570 (R
2
 = 0,981) for proteins, y = 0.393x + 0.504 (R

2
 = 0.906) for carbohydrates 

and y = 0.325x + 1.111 (R
2 

= 0.814) for lipids. Data were compared by one-way analysis of variance (ANOVA) 

followed by Tukey’s studentized range test (SPSS 15. 0, 2006) when significant differences were found at P < 

0.05.  

 

Results: 

The effects of different doses (0-200 Gy) X-ray radiation on the total protein, carbohydrate and lipid 

content of S. nonagrioides 1-day-old females are shown in the Table 1. 

The mean amount protein level in females was 2.39 mg at control, 1.61 mg (50 Gy), 1.13 mg (100 Gy), 

3.05 mg (150 Gy) and 7.30 mg (200 Gy). The percentage of total protein was 1.07% at control and ordar dose-

wise (50, 100, 150 and 200 Gy)  in order 0.48%, 0.23%, 1.74% and 9.7%. Total content of carbohydrate in per 

invidual was 0.44 mg at control, 0.32 mg at 50 Gy, 0.19 mg at 100 Gy, 0.54 mg at 150 Gy and 1.21 mg at 200 

Gy. The percentage of carbohydrate in per invidual females was 0.19% at control and order different doses (50-

200 Gy) 0.09%, 0.03%, 0.30% and 1.61%.  

 
Table 1: Protein, carbohydrate and lipid content in 1-day-old female of S. nonagrioides 

Dose(Gy) Protein (%) 
(Mean±SE) 

Protein (mg) 
(Mean±SE) 

Carbohydrate (%) 
(Mean±SE) 

Carbohydrate 
(mg) 

(Mean±SE) 

Lipid (%) 
(Mean±SE) 

Lipid (mg) 
(Mean±SE) 

0 (Control) 1.07±0.11 a 2.39±0.070 a 0.19±0.065 a 0.44±0.129 a 0.35±0.327 a 0.79±0.141 a 

50 0.48±0.15 b 1.61±0.084 b 0.09±0.059 b 0.32±0.106 b 0.16±0.214 b 0.54±0.089 b 

100 0.23±0.07 c 1.13±0.054 c 0.03±0.041 c 0.19±0.078 c 0.07±0.129 c 0.36±0.063 c 

150 1.74±0.10 d 3.05±0.079 d 0.30±0.105 d 0.54±0.066 d 0.52±0.812 d 0.92±0.021 d 

200 9.7±0.09 e 7.30±0.017 e 1.61±0.031 e 1.21±0.231 e 2.76±0.707 e 2.07±0.070 e 

Means within each column followed by the same latter are not significantly different at P < 0.05 by Tukey’s stundized test. 
 

The values of total lipid per invidual was 0.79 mg in control, 50 Gy: 0.54 mg, 100 Gy: 0.36 mg, 150 Gy: 

0.92 mg and 200 Gy:2.07 mg and percentage of lipid in females was 0.35% at control, order at 50, 100, 150 and 

200 Gy;  0.16%, 0.07%, 0.52% and 2.76%. The increases and decreases in values of proteins, carbohydrates and 

lipids was found statistically importent (P<0.05). 

 

Dıscussıon: 

Different concentrations of toxic materials make cause direct sublethal effect including development 

growth, reproduction, morphological and genetic change and indirectly through biochemical and physological 

effects [26, 27, 28]. In this study, X-ray irradiation showed significant changes on biochemical molecules 

(protein, carbohydrate and lipid) in 1-day-old females of S. nonagrioides. The total protein contents were lower 

significantly in females at 50 and 100 Gy than the control, except in cases of the dose 150 and 200 Gy where a 

significant increase in per invidual protein contents was measured. Vijayaprabha [29] also reported that the 
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protein content was decreased and amino acid content was increased in the brain, fat body and haemolymph of 

Catacanthus incarnatus Dru. (Hemiptera: Pentatomidae) when exposed to the sub-lethal concentration of 

dimethoate. Brisca Renuga and Sahayaraj [30] observed that the total head protein of Spodoptera litura 

(Fabricius) (Lepidoptera: Noctuidae) was reduced due to the application of Ageratum conyzoides and Ageratum 

vulgaris extracts. Protein has been shown to affect important individual-level fitness-associated traits such as 

body size, growth rate, and fecundity; and at higher levels of organization has been linked to population 

dynamics, life histories, and even biological diversification [31, 32]. 

The total carbohydrate amounts of S. nonagrioides females irradiated with doses 50 and 100 Gy were lower 

than the control, whereas they were higher for doses 150 and 200 Gy. Prakash et al. [33] noted that the quantity 

of carbohydrate in the ovary and fat body was decreased in the endosulfan treated Poecilocerus pictus 

(Orthoptera: Pyrgomorphidae). However, the increased glycogen content was reported in the fat body as well as 

haemolymph of Laccotrephes ruber (Linn.) (Heteroptera: Nepidae) when exposed to monocrotophos [34]. 

Cypermethrin affect the level glycogen level in Pimpla turionella L. (Hymenoptera: Ichneumonidae) wasp 

larvae, pupae and adult female after treatment [35]. It also increased the protein level in Spodoptera litrua larvae 

[36].  

Similarly, the total lipid values in X-ray expose to females was reported increases at 50 and 100 Gy and 

decreases at 150 and 200 Gy compared to control. Lohar and Wright [37] also verified lipid depletion in 

haemolymph, fat body, and oocyctes in Tenebrio molitor L. (Coleoptera : Tenebrionidae) females exposed to 

malathion. They stated that depletion of lipid might have been due to the effect of insecticide on the adipokinetic 

hormone that controls lipid metabolism. In another study have been reported that the body fat total lipids, 

phospholipids and neutral lipids in the body fat were increased in all the groups treated with 2, 4- 

dichlorophenoxy acetic acid (2, 4 – D) and naphthoxy acetic acid (NOA) may be due to the stimulatory effect on 

the synthetic activity in the body fat [38]. Haiba and Abd-El Aziz, [39] reported significant increases in proteins, 

carbohydrates and lipids contents both males and females of Phthorimaea operculella Zeller (Lepidoptera: 

Gelechiidae) from larvae fed irradiated (50-200 Gy) potato tubers. 

 Lepidoptera, as is the case in many holometabolous insects, rely firstly on nutrients accumulated during the 

larval stage for somotic maintenance and reproductive output [40].  Telang et al. [41] and Gall and Behmer [43]  

informed that storage protein have been found to play a major role in insect metamorphosis and are accumulated 

during the actively feeding larval stage.  

For this reason, in this study different X-ray irradiated could be effected protein, carbohydrate and lipid 

contents in female of the whole body S. nonagrioides.  Because of metabolic disturbance may cause decraese of 

fecundity in females. In conclusion, the value of total protein, carbohydrate and lipid contents in S. nonagrioides 

females was affected by X-ray radiation. The increase and decrease can cause in certain profiles demonstrates 

the physiological stress induced by radiation and disturbed metabolic activity of the females. We encourage 

researchers to further our understanding of insect biochemistry and physiology, in all types of organisms, across 

an organism’s lifetime, as it will best capture the full effects of X-ray radiation. Expanding our knowledge of the 

biochemical parameters after irradiated on insect is essential not only for a beter understanding of insect 

biochemistry and physiology, but also because the information could contribute to answering questions relevant 

to human health and environments. 
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