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INTRODUCTION 

 

              Spodoptera littoralis is one of the most serious agricultural pests. It is responsible 

for significant yield losses Cotton is infested and common in Egypt. Ishaaya and Klein 

(1990) The intensive use of broad-spectrum insecticides against S. littoralis has led to the 

development of resistance and undesirable effect (Wu et al.,2007) Photosensitivity 

insecticide has attracted increasing attention as a new type of highly efficient and 

environment-friendly pesticide (Ben Amor and Jori 2000). The main groups of 

photodynamic sensitizers that have been used as photoinsecticides are the thiophenes, 

furanocoumarins, xanthenes, porphyrins, phenol-thiazines, thiophene, acridines, and 

quinines (Ben Amor and Jori, 2000). phloxin B and Xanthene dyes (Ben Amor and Jori, 

2000, Schroder et al., 2001) xanthene (Sakurai and Heitz,1982; Fondren and Heitz, 1978). 

porphyrin- compounds (Lukšiené et al., 2007) oxygen species (ROS) such as singlet oxygen 

has been identified as one of the major species responsible for biological damage caused by 

photosensitization (Weishaput, Goomer, & Dougherty, 1976). The generation of free 

radicals in the skin by solar ultraviolet light (UV) accelerates. The major difference between 

the application of photoactive dye and malathion (or other organophosphates) 

(Paillous&Fery-Forgues, 1994; Peiette, 1991; Sies, 1986). Pesticides formulations function 

only whereas the organophosphates are in contact with as well as stomach poisons. Krasnoff 

et al., (1994). The appearance of an efficient photo insecticidal agent as possible alternatives 

to traditional organophosphate (Rebeiz, et al., 1987; Heitz, 1997; Ben Amor et al., 1998). In 

this investigation, we tested three photosensitizers with and without photo radiation on 

different leaf worm stages 
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            Photosensitizers are promising chemical compounds in agriculture 

sectors. In this investigation, our discussion is focused on three different 

photosensitizer and their effects on the main metabolites, total 

carbohydrates, total proteins, and total lipid were determined in the total 

body homogenates of Spodoptera littoralis. The results showed the highest 

decrease in the total lipid. On the other hand, total carbohydrates and protein 

showed a lower reduction in most treatments. The Rose Bengal 

photosensitizer was more effective on death percentages of Spodoptera 

littoralis and lightly played an active role in enzyme activity 
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MATERIALS AND METHODS 

 

Insects:  

             The Laboratory strain of the cotton leafworm, Spodoptera littoralis was reared in 

the laboratory as described by El-Defrawi, 1964, under constant conditions of 25°C ± 1 and 

70 ± 5 % R.H . 

Medium Lethal Concentration Detection:  

             Semi-Artificial diet as described by Shorey and Hale 1956 was used, in order to 

establish the toxicity lines of all tested compounds, and diet were poured in plastic cubs with 

10 cm diameters, each cub containing 3 larvae, in 6 different gradual concentrations from 

1x10-1 to 1x10-6 each concentration consists from 20 replicates 

Bioassay:  

             For the detection of the median lethal concentration (LC50) values of photosensitizer 

(Rose Bengal, Methylene Blue and Rhodamine) a semi-artificial diet were poured in plastic 

cubs in ten replicates for each concentration, three concentration were examined 1x10-2, 

1x10-4 and 1x10-6, I ml from each aqueous concentration of the tested compound then were 

left to dry. The treated diet was offered to newly hatched larvae, newly molted 2nd and 4th  

instars larvae for 24 hours in dark and exposed to sunlight for different durations (one, three, 

five, seven and nine hours). The average mortality percentage was corrected using Abbott's 

formula (1925). The corrected mortality percentage of each compound was statistically 

computed according to Finney (1971) 

Biochemical Study:  

             The biochemical assay was done after Spodoptera littoralis were treated and 

exposed to different intervals to sunlight. The larvae were homogenates and after 

centrifugation, the supernatant was used directly for enzyme assay . 

Total Proteins:  

            Sample solutions 50 μl were pipetted into a test tube and the volume was adjusted to 

0.1 ml with phosphate buffer (pH 7.0). 5 ml of protein reagent were added to the test tube 

and the contents were mixed. The absorbance at 600 nm was measured after 2 min. and 

before 1 hr against blank prepared from 0.1 ml of phosphate buffer (pH 7.0) and 5 ml of 

protein reagent. The weight of the protein was compared against the corresponding 

absorbance resulting in a standard curve used to determine the protein in unknown samples. 

They were determined by the method of Bradford (1976). 

Total Carbohydrates: 

           Total carbohydrates were determined as described by Singh and Sinha (1977) where 

Sample solution 100 ml was diluted to one ml with H2O, then 5 ml enthrone reagent. A blank 

containing 1.1 ml of H2O and 5 ml of enthrone reagent was placed. 

Total Soluble Lipids: 

          Total lipids were estimated according to Knight et al., (1972) using phosphovanillin 

reagent. Where solution 250 ml was added to concentrated sulfuric acid (5 ml) in a test tube 

and heated in a boiling water bath for 10 min. After cooling to room temperature, the digest 

(500 ml) was added to the phosphovanillin reagent (6.0 ml). After 45 min., the developed 

effect of Chlorophyllin Compound (Photosensitizer) on main metabolites level of 

Spodoptera littoralis. The color was measured at 550 nm against a reagent blank prepared 

from 500 distilled water and 6.0 ml phosphovanillin reagent. The result is expressed as mg 

lipid/insect. 
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      RESULTS AND DISCUSSION  

 

The Effect of The Photosensitizers on Spodoptera littoralis Larvae: 

               Preliminary assays were performed with larvae of Spodoptera littoralis to select 

the most effective photosensitizers and to determine whether photosynthesizes have an effect 

on the lifespan of insects as a chemical or not. The control as it is predictable gave zero death 

percentage, as the data illustrated in the previous all used photosynthesizes had a toxic effect, 

besides the neonates were the most sensitive instar. The sensitivity was enlarged in the case 

of RHB (Rose Bengal) where it gave 81.67, 51.66 and 35% death with the neonate, second 

and fourth instars, respectively. Both Methylene Blue and RHB (Rhodamine B) gave lower 

responses as follows 33.44, 16.66 and 3.33 % death for Methylene Blue and 36.67, 6.66 and 

10.34 % death with RHB with the same previous instars when the highest concentration of 

photosynthesizes was used. Six concentrations of each photosensitizer were examined due 

to determine LC50 where it was found that it was the greatest in the case of RHB where it 

gave 6382.126, 40.968 and 8.726 and 12904.46, 34456.56 and 765523.34 in Case of using 

Methylene Blue and finally it recorded 13112.90, 8977627.98 and 13987657.89 ppm with 

RHB all previous with the neonate, second and fourth instars, respectively (Table 1). 

 

Table 1: Effect of different concentrations of Rose Bengal, Methylene Blue and Rhodamine 

on percentage mortality, LC50, LC90, Slope and Relative Potency against three 

different larval stages of Spodoptera Littoralis.  

 
 

The Effect of The Natural Sunlight on Photosensitizer's Ability to Reduce Spodoptera 

littoralis Larvae:           

             In order to determine the efficacy of these chemicals on the ability to reduce the 

target insect pest, five different times were used (1, 3, 5, 7 and 9 hours) and the effect on the 

three instars (newly hatched larvae, 2nd and 4th) for each chemical compound. 
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Rose Bengal (Table 2) showed the highest mortal effect on all stages where it gave 96.66, 

80.00 and 63.33 death % nine hours post-application with newly hatched, 2nd and 4th larvae 

respectively where it gave 53.33, 40.00 and 33.33 death % with Methylene Blue (Table 3) 

and 73. 33, 55.17 and 53.33 death % when RHB was applied (Table 4) with the highest 

concentrations that were tested 1x10-2, both other concentrations of each photosensitizer 

gave the same trend and the Rose Bengal was the most effective. 

 

Table 2: Photodynamic effect of Rose Bengal against newly hatched, 2nd and 4th larval 

stages of Spodoptera littoralis. 

 
 

Table 3: Photodynamic effect of Methylene Blue against newly hatched, 2nd and 4th larval 

stages of Spodoptera littoralis. 
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Table (4): Photodynamic effect of Rhodamine RHB against newly hatched, 2nd and 4th 

larval stages of Spodoptera littoralis. 

 
 

3- The effect of photosensitizers on the total chemical composition of Spodoptera 

littoralis larvae. 

              This part was studied thoroughly in order to explain the advantage found when Rose 

Bengal was used, the results conducted that total protein was decreased in I case of RHB 

reaction where it gave 37.01 in comparison to control (42.63) the same trend was found in 

other tested materials, (Table 5). Both total carbohydrates and lipids gave the same trends 

but it was found that only in RHB larvae failed to store lipids where it was significantly 

decreased to half in comparison with control (Table 5). The fat body is the main cell 

responsible for energy metabolism and conversation and storage of fat (Arrese and Soulages 

2010). The decrease in the levels of lipid found in our investigation was interesting in using 

RHB. Photosensitizerare compounds are found to produce reactive oxygen species (ROS) 

upon irradiation, which cause cell death (Vatansever et al., 2013). 

             

Table (5): Percentage of total protein, lipids and carbohydrates on Spodoptera littoralis 

homogenate after treated with LC50 of photosensitizer (Rose Bengal-Methylene 

Blue and Rhodamine) and exposed to sunlight for different times. 

 
* % = percentage relative to control ** Bengal *** Methylene blue **** Rhodamine 
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           In this study, we have examined the systemic effect of three important 

photosensitizers on three Spodoptera littoralis larval instars; we found that Spodoptera 

littoralis sensitive to RHB in a way that it can be used in control programs for this pest and 

other pests in the same order where it represents model pest. The efficacy of photoactive 

compounds depends on the insect’s feeding intensity and ingestion of the dye (Ben Amor 

and Jori, 2000) here we disagree with (Bradford 1976) who reported that photosensitized 

insects show large differences from controls. We recommend further investigations on open 

field studies and combination with other pesticides and toxicological studies in the future in 

order to detect the economic benefit of this product. 
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ARABIC SUMMARY 

 

على يرقات دودة ورق   Bengal Rose - Blue Methylene - Rhodamineتأثير المواد المستحثة للضوء مثل 

 Spodoptera littoralisالقطن 

 

 الكسندرا أحمد الهلالى  -حلمى محمد البندارى  

 جامعة الفيوم   -الزراعة  كلية  -قسم وقاية النبات 

 جامعة القاهرة  -كلية الزراعة   -قسم الحشرات الإقتصادية والمبيدات 

 

المووواد المسووتحة للهووور هوو  مركبووات كيميافيووة واعوودة  وو  م ووار مةا حووة اا ووات الزراعووة. و وو  هوو ا                

سووات الهوووفية المأتلفووة وهمووا البحووت كركووزت الدرالووة علووم ثلووتأدام  م ووة ركوووام مووم المركبووات مووم المحس  

Bengal Rose - Blue Methylene - Rhodamine   وذلوووووووووووووووو  علووووووووووووووووم يرقووووووووووووووووات دودة ور

كسوووبة  -حيوووت كوووم درالوووة كى يرهوووا علوووم كوووم موووم  المسوووتقلبات الرفيسوووية  Spodoptera littoralisالقطوووم

وكسوووبة محتوووول ثجموووال  الووودهوو  ووو  يرقوووات دودة ور  القطوووم  -البروكينوووات الةليوووة  -الةربوهيووودرات الةليوووة 

Spodoptera littoralis . 

خوورل الووم رو رظهوورت النتووافة ركووة كاكووع هنوواة رعلووم كسووبة ثكأفووان  وو  محتووول الوودهوو الةليووة ومووم كاحيووة ر

ا ولةووم بنسووبة رقووم وذلوو   وو  مع ووم المعوواممت  كمووا  الةربوهيوودرات الةليووة ومحتووول البووروكيم حوودا لهوول ثكأفابووأ

كووواو ركفووور  اعليوووة  ووو  حووودوا النسووو  الم ويوووة  Bengal Roseرظهووورت الدرالوووة ثلوووم رو المحسووو  الهووووف  

ا Spodoptera littoralisللمووووت ليرقوووات دودة ور  القطوووم  رفيسووويا  وووم كشوووا  بعووو   وكموووا لعووو  دورأ

 الإكزيمات.

 

 

 

 

 

 


