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ABSTRACT 

Botanical pesticides are used in a variety of pest control situations. Their less-toxic 
nature makes them a suitable candidate for IPM. They possess dose-dependentanti-insect 
activities starting from repellency and leading to the death of insects. Their large-scale 
utilization is obstructed by the non-availability of formulations. A potential botanical 
Thevetia peruviana (Pers).K.schum,whose influence on various physiological systems of 
Spodoptera litura was studied.  Acetone fraction of hexane extract, acetone fraction of 
methanol extract, and acetone fraction of ethyl acetate extract was found to possess 
insecticidal activity. Among them, the acetone fraction of hexane extract was the most 
promising extract with LC50 of 5 percent. At LC50, the  
 
Keywords: Botanicals; Thevetia peruviana; Spodoptera litura; LC50; midgut histology 
 
INTRODUCTION 
 Botanicals are pesticides derived from plants and are used in a variety of pest control 
situations as natural and simple extract rather than as formulations from time immemorial 
in India and elsewhere (Jacobson and Crosby, 1971 and KarlMaramorsch, 1991).Since 
botanicals are relatively less-toxic they readily fit into IPM protocol(Ogunnika, 2007 and 
Oyun and Agele, 2009).  They help in reducing pesticide usage, impact on the environment, 
and human and animal health hazards (Grainge and Ahmed, 1988).  

Botanicals have dose-dependentanti-insect activities starting from repellency and 
leading to the death of insects. However, their large-scale utilization is obstructed by the 
non-availability of formulations and can be surmountedby studying their influence on insect 
physiological systems(Yamamoto, 1998).  
A potential botanical Thevetia peruviana (Pers).K.schum,(Prakash and Rao 2006; Kestenholz et 
al. 2007 and Neoliya et al. 2007) whose influence on various physiological systems of 
Spodoptera litura was studied.  

  Ray (2009) and Ray et al., (2012) reported larval malformation and mortality in 
methanol and ethyl acetate extract when evaluated against S. litura and attributed the 
activity to the glycosides present in the extract. Similarly, Shailja et al. (2013) reported the 
feeding deterrent effect on stored insect pests.Yadav et al. (2013) recorded delayed larvicidal 
action among mosquitoes and related it to insect growth inhibition.Dhivya and Manimegalai 



(2014) identified larvicidal bioactive compounds as peruvianoside1 and Thevetin A and 
reported that they blockthe odorant receptor proteins of mosquitoes. 
 
MATERIALS AND METHODS 
Mass culturing of Spodoptera litura Fab. 

S. litura egg masses collected from the field were used to initiate the culture and the 
larvae were maintained in Bengal gram flour-basedsemi-synthetic diet(Priyanka, 2011). 
Collection, extraction and fractionation 

Drupes of T. peruviana collected from wild shrubs were shade dried, powdered, and 
extracted with hexane, petroleum ether, ethyl acetate, and methanol at room temperature for 
three days separately. The filtrate was evaporated, and the semisolid extractive was 
obtained (Arivudainambi, 2001).The Semisolid extractive wascolumn chromatographed 
with acetone and fractionated (Upadhyay et al. 2011). 
Bio-assay  

Leaf disc no choice bioassay was done to evaluate the solvent fractions. Fresh castor 
leaf discs (3 cm2) were dipped in various undiluted solvent fractions separately. Three pre-
starved third instar S. lituralarvae were released in individual Petriplates containing leaf 
discs and allowed to feed for 24 h. Solvent fractions showing insecticidal activity were 
selected for further studies. The effective solvent fractions were bio-assayed at 10, 20, 50, and 
70 percent concentration as described above, and the most effective solvent fraction 
identified. 
Median lethal concentration of the most effective solvent fraction 

Stock solution of the most effective solvent fraction was prepared. Thirty final instar 
larvae were treated with 20 µl of different concentrations by topical application with the 
help of Burkard Micro applicator. The median lethal concentration was worked out as 
described by Finney (1952) and simplified by Busvine (1971). 
Influence of most effective solvent fraction on midgut histology 

Three 4 hours pre-starved fourth instar S. litura larvae were released into a plastic 
container (500 ml capacity) containing leaf discs (6 cm dia.) treated on both sides with 300 µl 
of respective sub-lethal dose of the effective solvent fraction. An untreated absolute control 
was maintained.  The experimental setup was replicated five times. 

 One day after treatment, one larva from each replication of the respective 
treatment was dissected alive in physiological saline.  Mid gut was removed and fixed in 
alcoholic bouin for 24 h.  The tissue was washed in 70 percent alcohol two or three times and 

normal procedure of dehydration was followed.  60C MP paraffin wax was used for 

embedding and sectioned as 5-6 m thick sections.  They were stained with haemotoxylin 
and eosin and observed through high-resolution microscope and cytological changes among 
treated and untreated larvae were compared (Johny and Muralirangan, 2005). 
Statistical analysis 

All the percentage data were subjected to arcsine transformation and the lethal 
concentrations were worked out using probit analysis. The data on carbohydrate, protein, 
and lipid content were subjected to standard error calculations. Analysis was done with 
ANOVA and the means were compared by following Duncan’s multiple range test (DMRT) 
at p = 0.05 (Gomez and Gomez, 1984). 
 
RESULTS AND DISCUSSION 
Estimation of toxicity 

Among various solvent fractions evaluated, acetone fraction of hexane extract and 
acetone fraction of methanol extractimparted cent percent mortality, while acetone fraction 
of ethyl acetate extract imported 70 percent mortality. The remaining solvent fractions were 
on par with absolute control (Table 1).The effectiveness of these solvent fractions had been 



indicated by Ray (2009) who reported that hexane, ethyl acetate and methanol extract of T. 
peruviana clearly provided maximum larval mortalities. The earlier works of Bai and Koshy 
(1993) and Singhaet al. (2007) supported the toxicity of these solvent fractions. 

At higher concentrations (70 %) all the three imparted significant mortality (100 % in 
acetone fraction of hexane extract and methanol, 66 % in acetone fraction of ethyl acetate 
extract). However, at 50 percent concentration acetone fraction of hexane extract alone 
imparted cent percent mortality and the same treatment exhibited 66.6 percent mortality 
even at the lowest dose of 10 percent. All other treatments failed to show mortality at lower 
doses (Table 2).The studies on confirmatory bioassay illustrated the dose-dependent toxicity 
of the acetone fraction of hexane extract. Acetone fraction of ethyl acetate and methanol 
extracts provided effects that were non-relativeto the dose applied. Dose-dependentanti-
insectactivity is a common phenomenon in botanicals as reported by Garcia and Rembold 
(1983) and Martinez and Van Emden (2001) in azadirachtin.  
Determination of median lethal concentration  

Acetone fraction of hexane extract bioassayed at 90, 70, 50, 20, 10, 5, 3, and 1 percent 
concentrations through topical application. The larval mortality recorded ranged from 96.6 
percent to 6.66 percent at 90 and one percent concentrationrespectively. When mortality data 
had been subjected to probit analysis, LC50 of 5 percent with fiducial limits of 5 and 6.24 
percent was obtained (Table 3).  
Influence on midgut histology 

The histological studies on LC50 treated and untreated larval midgut of S. litura 
clearly showed the cytotoxic nature of the most effective solvent fraction, acetone fraction of 
hexane extract.The control section (Plate 1) showed the regular arrangement of columnar 
cells and the presence of a nucleus inside the cell. The cells were found intact and attached 
to the basement membrane. Peritrophic membrane, supporting muscle fibers, and nidi were 
seen clearly. Further, the brush border was seen intact indicating the proper status of midgut 
epithelia.Larval midgut section of LC50 treated insects indicated the complete loss of cellular 
structure with total breakage of cells. This was confirmed by the presence of a loose nucleus 
in the gut lumen. It also clearly showed detachment of cells from the basement membrane 
and loss of plasma membrane and appearance of the cell as a bolus (Plate 2).It was clearly 
understood from the histological studies that the most effective solvent fraction was 
cytotoxic in nature. Such similar results were reported by Mclaughlin et al. (1980) and 
Tagbor et al. (2009).In azadirachtin treated Schistocerca and Locusta, columnar cells present 
intact (Nasiruddin and Mordue, 1993) in untreated larval midgut sections were completely 
lost in median lethal concentration treated larval midgut.  Complete loss of cellular structure 
and presence of cell contents as a matrix was supported by the reports of Johny and 
Muralirangan (2005).  The collapse of the plasma membrane and the shedding of cell 
contents into the lumen noticed was supported by Rharrabe et al. (2007).  

 
 
  



Table 1. Preliminary evaluation of toxicity of T. peruviana solvent fractions on S. litura 

Treatments *Mean percent mortality 

Acetone fraction of petroleum ether extract 0 
(0)c 

Acetone fraction of ethylacetate extract 70 
(56.79)b 

Acetone fraction of methanol extract 100 
(90.0)a 

Acetone fraction of hexane extract 100 
(90.0)a 

Solvent control 0 
(0)c 

Absolute Control 

 

0 
(0)c 

S.Ed 

C.D. 

6.051 

18.549 

*Mean of three replications 
Values with in parentheses are arc sine transformed values 
Values with different alphabets differ significantly with in columns. 

 

 

  



Table 2. Confirmatory toxicity bioassay of the promising solvent fractions of T. peruviana 

on S.litura 

Concentrations 
(%) 

 
 
 
 

*Mean percent mortality 

Acetone 
fraction of 

hexane extract 

Acetone fraction 
of methanol 

extract 

Acetone fraction 
of ethyl acetate 

extract 

10 66.6 
(59.98)b 

0 
(0)b 

0 
(0)b 

20 66.6 
(59.98)b 

0 
(0)b 

0 
(0)b 

50 100 
(90.0)a 

0 
(0)b 

0 
(0)b 

70 100 
(90.0)a 

100 
(90.0)a 

66.6 
(59.98)a 

Solvent control 0 
(0)c 

0 
(0)b 

0 
(0)b 

Absolute control 0 
(0)c 

0 
(0)b 

0 
(0)b 

S.Ed 

C.D. 

9.264 

20.908 

       6.323 

       13.721  

6.541 

20.381 

*Mean of three replications 
Values with in parentheses are arc sine transformed values 
Values with different alphabets differ significantly with in columns. 

 
  



Table 3. Median lethal concentration of T. peruviana acetone fraction of hexane extract 

(most promising solvent fractions) on third instar S. litura larvae 

Concentrations 
(%) 

Number of 
larva 
used 

Number 
of larva 

dead 

Percent  larval 
mortality 

Corrected percent 
larval mortality 

90 30 29 96.66 96.66 
 

70 30 28 93.33 93.33 
 

50 30 28 93.33 93.33 
 

20 30 25 83.33 83.33 
 

10 30 20 66.66 66.66 
 

5 30 15 50.00 50.00 
 

3 30 7 23.33 23.33 
 

1 30 2 6.66 6.66 
 

Solvent control 30 0 0 0 

Absolute control 30 0 0 0 

 

LC50 = 5 %                                                         Y = -0.01+01.63X 

UL  = 6.24 % 

LL  =  5 % 

VAR = 0.101  

  



 
 

 

  

  

Midgut section of untreated Spodoptera litura 

Midgut section of treated Spodoptera litura 
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