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 Background: The present work was conducted on the plant extract of capsicum annuum 

L, its contents were determined by high-performance liquid chromatography (HPLC), 

Organophosphorous insecticide Profenofos (selecron) and the mixture of them. They 

were sprayed on the leaves of cotton for controlling 4th instar larvae of cotton leaf 

worm under the semi field circumstances and follow up biochemical and histological 
effects on insect. Objective: It was determined LC50 both of them which were (10.84 

and 13,316 x 104) ppm of Profenofos and capsicum extract respectively. Results: the 

mixture showed that more toxic on insect than using them separately. It was showed 
also there was synergistic effect of profenofos when combined with capsicum extract 

and that was determined by measuring Co-toxicity factor (C.F) which equals 37. 

(HPLC) showed that the concentration capsaicin content in capsicum annuum L was 
(5.137 PPM) and retention time was 20, 95 minutes. On the other hand, biochemical 

study of insect showed that inhibition of acetyl cholinesterase and decrease of total 
carbohydrate. On contrary, chitinase enzyme was significantly increased in mixture 

more than using them separately. These results were parallel with the histological 

changes in the insect as it was found that destruction of walls of some cells of their 
body, mid gut and cuticle layers of insect which were treated with mixture more than 

these effects of using them separately. From economic study it was found that mixture 

was more cost effective in comparison with using insecticide alone. Conclusion: the 
mixture is more effective on insect than using them separately. So we recommend that 

the addition of plant extracts to insecticides to increase efficacy of them and 

environmental safety..  

 

 
© 2015 AENSI Publisher All rights reserved. 
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INTRODUCTION 

 

 Today, environmental safety is considered to be 

of paramount importance. An insecticide does not 

need to cause high mortality on target insects in order 

to be acceptable but should be ecofriendly in nature. 

Phytochemicals may serve as these are relatively 

safe, inexpensive and readily available in many parts 

of the world. The cotton leaf worm, Spodoptera 

littoralis (Lepidoptera: Noctuidae) is considered the 

most serious and destructive phytophagous pest in 

field, vegetable and ornamental crops in Egypt. The 

continues and unwise use of conventional 

insecticides to control agriculture pests usually leads 

to adverse effects on non-target organisms and the 

development of resistance in the target pests (Ishaaya 

and Horowitz, 1995). Hazards and harmful effects of 

insecticides as chemical control especially the wide 

application of conventional insecticides necessitate 

the new chemistry insecticides which are more 

effective, safer for humans and much less toxic to 

our ecosystem (Korrat et al., 2012). Some pesticides 

have active ingredients that act as hormone 

disruptors and may cause infertility, carcinogenesis 

and mutagenesis. In the long term this could have 

repercussions on both environment and human health 

(Dinham, B., 1993). Organophosphorous insecticides 

(OPIs) have been considered as genuine alternatives 

to chlorinated (O'Ch) insecticides due to their broad-

spectrum pesticidal properties and relatively shorter 

persistence after applications (Sharma et al., 2005). 

OPIs in addition to their intended effects like control 

of insects or other pests are sometimes found even to 

effect non-target organisms including human beings 

(Chaudhuri et al., 1999). Profenofos belongs to the 

phosphorothioate class of OPIs. It widely used for a 

variety of agricultural and public health applications, 

previous studies suggest that profenofos considered 

as one of the male reproductive toxicant (Moustafa et 

al., 2007). Botanical products are one of the most 

prominent alternatives for pest control in current and 

future requirements (National Research Council, 
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2000). Survey on different plant families since the 

past two decades have promoted new sources for 

botanical insecticidest that could possibly meet some 

of these demands. (Isman, 1994 and Regnault-Roger 

et al., 2002). Insecticides from medicinal plants are 

an attractive alternative for pest management because 

they pose low threat to the environment or to human 

health compared to synthetic insecticides (Moreira et 

al., 2007). Therefore an urgent need to replace 

pesticides with alternative means of control that less 

toxic and more environmentally friendly as one of 

the earliest cultivated plants. Capsicum fruits or hot 

peppers have been used for a long time ago in the 

food industry, traditional medicine, and agricultural 

industry and for many other aims. These fruits 

contain large group of alkaloids capsacinoids, which 

are characteristic only for the genus Capsicum. These 

alkaloids are responsible for the pungency of hot 

peppers (Fattorusso and Taglialatela, 2008 , De Witt, 

1999). The effect of Capsicum annuum , Solanum 

melongena extracts on proteolytic activity of the 

midgut of Spodoptera. litura .The serine protease 

activity was inhibited in all midguts fed with these 

extracts, when compared to control. Peta and 

Pathipati (2011).Capsaicin is currently used for the 

treatment of diabetic neuropathy, osteoarthritis,post-

herpetic neuralgia, and psoriasis (Jin et al., 2009), as 

well as there are many patents on insecticides, insect 

or animal repellents, and pesticides containing 

capsaicinoids (Eich 2008). Capsaicin has also been 

shown to repel insects as well as kill them 

(Antonious et.al, 2006). It deters such insects as 

cotton pests (Spurr and McGregor 2003). Capsaicin 

has significant lethal and antifeedent effects on 

various invertebrates (Madhumathy et al 2007). In 

insects, capsaicin‟s toxicity appears to be through 

metabolic disruption, membrane damage, and 

nervous system dysfunction (Copping 2001). Recent 

research showed that capsaicin inhibits acetyl 

cholinesterase action in vitro (Orhan et al. 2007). 

This suggests that capsaicin could strengthen the 

action of organophosphate insecticides in vivo and 

may be used as an efficient synergist against the pest. 

Understanding the actions of capsaicin led to the 

discovery of its receptor, Transient Receptor 

Potential Vanilloid Subfamily member 

1(TRPV1).This receptor is found on key sensory 

afferents, and so the use of capsaicin to selectively 

activate pain afferents has been studied in animal and 

human models for various indications (Surinder et 

al., 2013). The aim of our study was to assess the 

applicability of capsaicin as a synergist for 

organophosphate insecticide. 

 

MATERIALS AND METHODS 

 

1. Insect:  
 The cotton leaf worm, Spodoptera Littorals 

(Boisd.) Larvae, were collected from the Cotton leaf 

worm Department at Plant Protection Research 

Institute. Insect rearing was conducted in the 

laboratory under constant laboratory conditions (El-

Defrawi et al. 1964). 

 

2. A. plant extract:  

English name:  

 Hot pepper Scientific name: Capsicum annuum 

L  

Family: Solanaceae Part used: The fruits 

 Preparation of plant extract: the fruits after 

collection were washed with distilled water to 

remove dust and other contaminants. The clean 

leaves were air dried for 4-6 days at room 

temperature until all the moisture content was 

evaporated. Dried fruits of hot pepper Capsicum 

annuum L. were used for extraction of capsaicin 

which is the active ingredient of chili peppers 

obtained from the plants of genus Capsicum. Dried 

fruits of the peppers were grounded. For the 

extraction of oleoresin we have used three different 

solvent extraction with water, ethyl alcohol 95% and 

extraction with petroleum ether. The crude extracts 

were diluted in water (w/v). According to Turgut 

et.al 2004, a few organic polar and non-polar 

solvents can be used for capsaicin extraction. 

  

 
 

Capsaicin(trans-8-methyl-N-vanillyl-6-nonenamide). 

 

B. insecticide: 

  Profenofos It is Family organophosphorus 

insecticide with trade name is Selecron 72% EC 

obtained from Kafer Elziad Chemical Co.  

 

 
 

Chemical name: O (4-bromo-2-chlorophenyl) o-

ethyl-4-propylphosphorothiate. 

 

Mixture:  
 Contains LC25 of Capsicum extract and LC25 of 

Profenofos insecticide. 

 

Semi Field Experiment:  

 Larval bioassay was conducted according to 

(WHO 1981).The required quantity of Capsicum 

extract, Profenofos of different concentrations from 

(40 - 2.5x10
4
), (50 - 3.12 ppm) respectively. 

Seedlings of cotton plant (Gossypium barbodense L.) 

were exposed to (LC50) of tested compounds for 1, 

48 and 72 hour then, collected from Field and 

transferred directly to the laboratory. Larvae were 

classified into four groups according to their feeding 

treatments, each group was containing forty newly 

molted 4
th

 larvae distributed equally into four glass 
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jar as a replicate to fed on treated cotton leaves with 

(LC50) of one treatments, Capsicum extract, 

Profenofos or the mixture, While the control test, 

leaves were treated with distilled water only. 

 

Joint action studies:  

 Test Binary mixture of the Capsicum extract and 

Profenofos were studied by mixing concentrations 

equivalent to LC25 values at the ratio of 1:1.The 

combined action of the mixture was expressed at the 

Co-toxicity factor (C.F) estimated according to the 

equation given by Mansour et al., (1966).  

 
 

Biochemical studies on S. littoralis:  

 Preparation of samples described by Ishaaya et 

al. (1971). The samples were prepared by 

homogenizing the 6
th

 instar larvae representing 1 gm 

larval body weight in 5 ml distilled water by using 

chilled glass Teflon grinder. The homogenate was 

centrifuged 5000 rpm for 10 min. at 5 
O
C, The 

supernatant was taken for the enzymes assay and 

kept at -20 
O
C until analysis 

 Determination of acetylcholinesterase (AchE) 

activity was measured according to the method 

described by simpson et.al. (1964). 

 Determination of Total carbohydrates content 

was measured by using the homogenate of late 6th 

instars of larvae according to Singh and Sinha 

(1977).  

 Determination of chitinase activity was 

investigated by colloidal chitin which prepared 

according to Bade and Stinson (1981). 

 

Histological studies:  
 The histological structure was conducted to 

evaluate the changes of the cuticle and mid-gut of 6
th

 

instar larvae. The method mentioned by Dahi et al 

(2011) .  

 

 High-performance liquid chromatography 

(HPLC): 

HPLC equipment:  
 A Varian Star HPLC equipped with C18 reversed 

phase column was used and twenty microliters of the 

filtered sample was injected onto the column. ASTA 

method 21.3 (2004) was used for the determination 

of capsicum content and pungency in SHU 

corresponding to the concentration of capsaicinoids 

were calculated. All experiments were repeated twice 

and data on the percentage of capsai-cin content and 

the corresponding SHU are presented as the mean of 

two replicates. 

 

Statistical analysis:  

 the experiments were carried out three replicates. 

The mortality percentages of treated larvae were 

corrected against those of the control by Abbott‟s 

formula Abbott, (1925). The data were then 

subjected to probit analysis (Finney, 1971) to give 

values of LC50. 

 

RESULTS AND DISCUSSIONS 

 

Results of S. littoralis: 

Toxicological studies on larvae:  

 Treatments of Capsicum extract and Profenofos 

on larvae of S. littoralis revealed that, Profenofos 

treatments had higher activity against the larvae with 

LC25 and LC50, (5.094, 10.840 ppm) respectively 

than treatment of Capsicum extract with LC25 and 

LC50 (5.703, 13.316 x10
4
 ppm) respectively 

comparing with control treatment as shown in table 

(1). 

 
Table 1: Efficacy of Capsicum extract and Profenofos against S. littoralis larvae 

 
 

Joint action studies: 

 On the other hand mixing concentrations of 

LC25 of Capsicum extract and Profenofos caused 

significant mortality 68.5 %, this mean that there was 

a synergism between Capsicums extract mixed with 

Profenofos against 4
th

 instar larvae of S. littoralis 

which give C0-toxicity factor equal 37. 

 

Biochemical studies on larvae of S. littoralis: 

 Acetyl cholinesterase enzyme (AchE) activity  
was significantly decreased in all treatments (table 

2). The lowest percentage of enzyme activity was 

detected in the mixture (50.64%) followed by 

Profenofos treatment (34.58 %) and then Capsicum 

extract treatment was 24.88% when compared data 

with control sample. 

 Total carbohydrases (table 3) was significantly 

decreased in all treatments. The most decrease 

percentage was appeared by using the mixture 

treatments (29.10%) followed by Profenofos 

treatment (23.11) and then Capsicum extract 

treatment (10.76%). 

 Chitinase enzyme activity (Table 4) showed 

significant increase by using the mixture compounds 

(56.07 %), when comparing with Capsicum (4.194 

%) and Profenofos (1.235 %).  
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Table 2: Acetyl cholinesterase activity of S. littoralis treated with LC50 of Profenofos, Capsicum extract and their mixture 

   
 
Table 3: Carbohydrases activity of S. littoralis larvae treated with LC50 of Profenofos, Capsicum extract and their mixture.  

 
 
Table 4: Chitinase activity of S. littoralis treated with LC50 of Capsicum extract, Profenofos and their mixture. 

 
 

Histological studies of Spodoptera littoralis:  

Group 1 (control group):  

 By observing the control group, it was found 

that the mid gut lining consists of a pseudostratified 

epithelium, simple column type composed of four 

layers, with one layer covering the connective tissue 

membrane, two layers of muscular fiber and a single 

layer of epithelial cells resting on the base membrane 

(Fig. 1a).  

 

Group 2:  

 It was found that the midgut of S. Littoralis 

treated with LC50 of Profenophos induced severe 

histological damage in the integument of the S. 

Littoralis, there were also severe destructed epithelial 

cells, detached and folded of epithelium cells as 

compared to third and control groups (Fig. 1b). 

 

Group 3:  
 Midgut of S. littoralis treated with LC50 of 

Capsicum extract showed histological damage in the 

integument compared to control group there were 

also mild destructed epithelial cells and mild increase 

goblet cells (Fig .1c). 

 

Group 4:  

 Both LC25 of Capsicum extract and Profenophos 

induced severe histological damage in the 

integument of the S. littoralis and also severe 

destructed epithelial cells (Fig. 1d). 

 

From the previous table we conclude that 1-from 

the retention time point of view: 

 The most polar compound is hexadecane and the 

most non polar is nonadecane and the order of 

polarity of compound according to polarity: 

Hexadecane>Heptadecane>Octadecne>Eicosane>Ca

psaicin 

>Docosane>Tricosane>Tetracosane>Hexacosane>H

eptacosane>Octacosane>Chlocolcrol>Canpestrol>Sti

gmasterol>b-siloslerol>Pentadecane>nonadecane. 

 From the concentration point of view: the 

relative highest concentration in capsicum extract is 

Capsaicin and the relative least conc. is nonadecane 

and order of concentration of compounds : Capsaicin 

>Docosane> Tetracosane> Tricosane> Heptacosane> 

Hexacosane> Eicosane> Chlocolcrol> Octadecne> 

Octacosane> Stigmasterol> Canpestrol> 

Heptadecane> Pentadecane> b-siloslerol> 

nonadecane 

 

Discussion: 

1. Toxicological and joint action results of 

Spodoptera littoralis 

  (Lepidoptera: Noctuidae): Extracts of 

Capsicum were proven as repellent to some species 

of stored product beetles such as Sitophilus zeamais 

Motschulsky (Coleoptera: Curculinidae) and 

Tribolium castaneum (Herbst) (Coleoptera: 

Tenebriouidae) (Ho SH, Ma Y, et al. 1997). There 

are reports of using Capsicum as biopesticides 

against Alfalfa weevil larvae (Al-Doghairi MA and 

Hag EE, 2003). Capsicum has proven its insecticidal 
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activity against rice grain pest, Sitotroga cerealella 

(Prakash and Rao 2006). In the light of above said 

information, the present study revealed that there 

were synergism between Capsicums extract mixed 

with Profenofos against 4
th

 instar of S. littoralis 

larvae which have Co-toxicity factor (37) and agreed 

with (Mesbah et.al 2006, Surinderet.al 2013 and 

Osman and Osman 2014) who reported that there 

were synergistic action against the 4
th

 larval instar of 

S. littoralis between plant extract mixed with 

organophosphorus insecticide against S. littoralis.  

 

 

 
 

Fig. 1a: Photomicrograph of longitudinal section in the mid gut of normal late 6
th

 instar larvae of S. littoralis 

showing normal mid gut with columnar cell epithelial cells resting on basement membrane with the 

brush border and goblet cell. 

Fig. 1b: Photomicrograph of longitudinal section in the mid gut of 6th instar larvae of S. littoralis.of group 2 

,showing severe destruction of goblet cells (G) ,columner cells (C) and epithelium (ep)lining lumen (L) 

with increase number vaccoulation(v) with thickening of cuticle (Cu).  

Fig. 1c: Longitudinal section of the midgut of S. littoralis (group 3) showing: the mild thickening of basement 

membrane (B), mild destruction of columner cells (C) and goblet cells (G) lining mid gut and lume (L) 

with less number of vaculues (v).  

Fig. 1d: Longitudinal section of the midgut of S. littoralis (group 4) showing sever destruction of basement 

membrane (B), goblet cells (G) and columner cells(C) with increase size of vacuoles (c), lumen (L). G: 

goblet cell, c: Columnar cell, B: basment membra,br:brush border, E: exocutical, L:lumen, Sb: Striated 

border and ml: muscle layer.(HE X400) 

 

4. HPLC interpretation: 

Concentration ppm compound 
Retention time 

minutes 

0.452 Hexadecane 15.267 

1.320 Heptadecane 16.530 

2.225 Octadecne 18.146 

2.789 Eicosane 19.745 

5.137 Capsaicin 20.951 

4.808 Docosane 22.092 

3.557 Tricosane 23.175 

4.293 Tetracosane 24.216 

2.837 Hexacosane 25.219 

3.124 Heptacosane 26180 

1.998 Octacosane 27.996 

2.757 Chlocolcrol 28.867 

1.342 Canpestrol 29.688 

1.524 Stigmasterol 30.491 

1.0536 b-siloslerol 31.294 

1.289 Pentadecane 32.183 

0.934 nonadecane 34.234 

 

2. Biochemical results of Spodoptera littoralis:  
 (Lepidoptera: Noctuidae). Synergism between 

Profenophos and Capsicums extract explained by 

(Rattan 2010 and Osman and Osman 2014) who 

reported that the mechanism of action of plant 

secondary metabolites on insect body and 

documented several physiological disruptions, such 

as inhibition of acetyle cholinestrase. This suggests 

that capsaicin could strengthen the action of 

organophosphate insecticides in vivo and may be 
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used as an efficient synergist against the pest. The 

total carbohydrases was significantly decreased by 

mixture of Profenofose and Capsicum extract 

treatment compared with control, this results were 

parallel with Shenoda 2013.In addition, significant 

increasing of chitinase activity which was appeared 

like powerful action on inhibition of chitin 

production and larvae are unable to successfully molt 

into the next stage than the other larvae, these results 

were in coincidence with the results of (Ahmed et al 

2011 and Osman and Osman 2014). The reasons for 

employing mixture of insecticides with plant extract 

in agriculture may give the best control of a complex 

of pests with varying susceptibilities to the different 

components of the mixture insects that are resistant 

to one or more insecticides may be susceptible to a 

combination of toxicants or synergism may be 

exhibited by the combination (Ahmad et al. 2011).  

 

 3. Histological results of Spodoptera littoralis: 

  By observing the mid gut of S. Littoralis treated 

with LC50 of Profenofos induced severe histological 

damage in the integument of the 4
th

 instar larvae, 

these results coincidence with the results of (Ebeid, 

et al. 2012, Osman and Osman 2014) who reported 

that the most effective tested insecticide was 

organophosphorus (O.P) against 4
th

 instar larvae. The 

treatment with LC50 of Capsicum extract induced 

histological damage in the 4
th

 instar larvae compared 

with control, these damages were include highly 

cytoplasm granulation cells and separation of 

epidermis of mid gut and body wall cells of 

Spodoptera littoralis (Rawi et al 2011). The same 

result was showed by treatment of mixture of plant 

extract with profenofose (Osman & Osman 2014). 

 

HPLC:  
 (HPLC) showed that the capsicum annuum L 

has 17 compounds and has concentration capsaicin 

content was (5.137 PPM) and retention time was 20, 

95 minutes these results were in agreement with 

(Sanatombi And Sharma 2008) who reported that six 

chilli cultivars belonging to three species of 

Capsicum: Capsicum annuum L. (cvs „Meiteimorok‟ 

and „Haomorok‟), Capsicum utescens L. (cvs Uchithi 

and Mashingkha) and Capsicum chinense Jacq. (cvs 

Umorok and Chiengpi) are economically important 

food crops capsaicin content was (2.06%) in 

capsicum annuum. 

  

Economic study:  

 Hot pepper Price kilo cilli pepper = 20 LE The 

experimental area was divided into plates of 1/16 

feddan (262.5 m2). A motor sprayer was used. The 

volume of spray solution was Recommended 

doses/Fadden from capsicum = Fadden 3200 gm (3.2 

kg ) = 64 LE  

 Profenofos with trade name is Selecron 72% EC. 

The volume of spray solution was Recommended 

doses/Fadden from Selecron = 750 cm3/ Fadden The 

volume of package is 750 cm3 Price of The package 

= 80 LE. 

 

 
 

Conclusions And Recommendation: 

 Taken together, our results indicated that the 

addition of capsicum extract increase the 

effectiveness of Profenophos on larva of Spodoptera 

littoralis and safer on environment also by economic 

study mixture is best economic so we recommend 

that addition of plant extracts on insecticides to 

reduce the required concentration of insecticides for 

controlling insects. 
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