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ABSTRACT  
 
 Saponins are a class of secondary plant metabolites with diverse biological properties. They occur in a great 
number of plant species (mainly Angiosperms) in both wild plants and cultivated crops. The most observed 
effects of saponin as natural insecticide are increasing mortality, weight reduction, and retardation in 
development and decreasing reproduction. Newly ecdysed 3rd larval instar of Spodoptera littoralis (Lepidoptera, 
Noctuidae) were submitted to two saponin concentrations: 10 and 100 ppm which were added to their artificial 
diet which caused total mortality at dose of 100 ppm, while the % of mortality recorded 26.7 % at the lower 
concentration (10 ppm). Prolongation in the larval and pupal stages and reducing the pupal weight were 
obtained. The present study was also extended to study the effect of sub-lethal doses of alfalfa saponin 
(Medicago sativa) compound on the hindgut and fatbody of S. littoralis. The results showed highly 
histopathological disturbances in the hindgut and fatbody cells in this pest. Histophysiological alterations such 
as loss of lining with dislocation of chitinous cuticular intima away from the epithelial lining, increasing the 
space between the epithelial cells while in the fat body the cells become denser and smaller in size and the 
damage and distraction of the fatbody cell were clearly appear. As a consequence these interesting plant 
components open new strategies to protect crops in modern agriculture and horticulture with integrated pest 
management (IPM) programs against pest insects.  
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Introduction 
 
 Insect pests are considered important factor of loss production (20-30%) in agriculture and horticulture, but 
in some cases they provoke a total loss. In addition, many populations of already >550 species have developed 
resistance against most current insecticide groups, implying a high demand for novel insecticide targets. So 
many scientists in industry and academia are currently trying to obtain useful compound from plants as new, 
natural insecticides. Possibly interesting classes of molecules are the saponins. Saponins possess clear 
insecticidal activities: they exert a strong and rapid-working action against a broad range of pest insects that is 
different from neurotoxicity. The saponins are naturally occurring surface-active glycosides. They are mainly 
produced by plants, but also by lower marine animals and some bacteria (Riguera, 1997; Yoshiki et al., 1998). 
The saponins were shown to reduce larval growth and cause mortality in the flower beetle, Tenebrio moilitor 
(Pracros, et al, 1988), Spodoptera littoralis (Adel et al., 2000), pea aphid Acyrthosiphon pisum  (Geyter et al., 
2011). 
 Alfalfa (Medicago sativa) has a long history as a feeding crop for animals. Among scientists, it is also 
known for its saponins, and it is probably the most studied of all saponin-containing crops. The plant has a wide 
assortment of cultivars, each with their own specific characteristics. This makes it even more interesting for 
scientific research. 
 Better indications for the effect of saponins were found by (Golawska et al., 2006). They noticed that on an 
alfalfa line with high saponin content, the development, survival and reproduction of pea aphids were disturbed 
or reduced compared to a low-saponin line, while (Adel et al., 2000) tested the activity of a number of saponins 
and sapogenins on the cotton leafworm S. littoralis and learned that the activity of glycosylated saponins 
depends on their sugar moiety. So it is likely that glycosylated saponins exert insecticidal activity only when 
they are hydrolyzed (i.e. the sugar component is cleaved off) by insect gut glycosidases, liberating an active 
aglycone. Yet glycosilation may be useful because it renders the apolar aglycones water-soluble and thereby 
facilitates their ingestion. These results are confirmed by (Shany et al., 1970 and Avato et al., 2006), who found 
that sapogenins are more active than saponins against red flour beetles and several bacteria, respectively. 
 The digestive tract of insects is considered an effective physical and chemical barrier against the potentially 
invasive pathogens or any other toxic material that are ingested with the feeding (Sayed et al., 2011). Three 
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main regions constitute the digestive tract: foregut, midgut and hindgut (Terra & Ferreira, 1994, and Chapman, 
1998).It is well known that the insect midgut is responsible for food digestion and nutrient absorption 
(Billingsley & Lehane, 1996, and Cristofoletti et al., 2001). The undigested material goes straight to the hindgut 
where the water absorption and feces formation and elimination occur. The hindgut of most Lepidopteran larvae 
may be morphologically subdivided in pylorus, ileum, colon and rectum (Drecktrah et al., 1966, Judy & Gilbert, 
1970, and Chi et al., 1975). The Malpighian tubules open into the pylorus; their distal ends are associated with 
the rectal wall and form the Lepidopteran characteristic cryptonephric excretory system (Wigglesworth, 1984) 
that conserves water by absorbing it actively from the feces either to the hemolymph or to the lumen of the 
Malpighian tubules (Maddrell & O´Donnell, 1992).  
 Studies of the hindgut regions of S. littorals, concerning their histological aspects have not been published. 
This work provides an investigation on the effect of alfalfa saponin (Medicago sativa) on the different biological 
aspects and histopathological changes in the hindgut and fatbody of S. littoralis larvae.  
 
Materials and Methods 
 
- Insect Culture: 
 
 A colony of the cotton leaf worm Spodoptera littoralis (Lepidoptera: Noctuidae) was maintained in the 
laboratory for 15 generations at 25±2Co. The larvae were fed on an artificial diet prepared as described by Adel 
et al. (2000). After preparing the diet; small cubes of the diet were placed into rearing dishes on the pieces of 
aluminum foil. The dishes were lined with filter paper to reduce humidity, sawdust was provided for pupation 
when the larvae terminated feeding. Adults were allowed to emerge in glass cylinder supplied with honey 
solution (2%).Eggs were deposited on provided stripes of filter paper. Experiments were carried out on the 3rd   
instar larvae. 
 
- Chemicals: 
 
 The saponins compounds were prepared from the roots of the Radius variety of alfalfa (Medicago sativa L., 
Leguminaceae) according to Olezek et al. (1990). Saponins consist of a sugar moiety usually containing 
glucose, galactose, glucuronic acid, xylose, rhamnose or methylpentose, glycosidically linked to a hydrophobic 
aglycone (sapogenin) which may be triterpenoid (Fig. 1a) or steroid (Fig. 1b) in nature. 
 

 
Fig. 1: Basic structures of sapogenins: a triterpenoid (a) and a steroid (b). 
 
- Application Of Tested Compound: 

 
 Sample of 10 and 100 mg of the alfalfa saponin compound were vortexed with 100 µl methanol. The 
resulting solution was added to the diet. Portions of 100 g diet containing 100, 10 ppm saponin were obtained.  
The experiments were set up in peteri dishes (diameter 9 cm) in 10 replicates, each with 5 larvae that were at the 
start of 3rd larval instar. The larvae were weighed and only those of similar size were used, they were starved for 
4 h before being supplied with food with or without saponin, the food was exchanged daily. The different 
biological parameters were recorded ,percentage of mortality in both larvae and pupae , daily weight of larvae , 
duration of larvae and pupae , weight of obtained pupae , fecundity , emergency and percentage of hatchability . 
Data obtained with the experiments and the control insects were compared using the Student t-test. 
 
- Histological Studies: 
 
 For the histological analysis, 15 larvae which newly ecdysed to 5th instar fed on 10ppm concentration level 
of saponin the tissues were examined at intervals of one, two, three and four days post treatment, the larvae were 
anaesthetized in ethyl ether and the samples of the alimentary canal were removed and fixed in Bouns solution 
for 12 hours. Following this they were desiccated and diaphanized in alcohol/xylene (1:1) according to 
Michalany (1980). After placing in paraffin, the samples were sliced in 7 μm sections and stained with 
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hematoxylin-eosin stain (Luna, 1968 modified). Morphological alterations of the hind gut and fat body, of tested 
larvae were desiccated and compared to the tissues taken from the control group that fed on untreated diet and 
prepared in the same way.  
 
Results: 
 
1- Biological Parameters: 
 
 The assessments carried out during the larval development stages showed that treatment with the artificial 
diet with Saponin compound at concentration level of 100 mg resulted in 100% mortality, none larvae reached 
pupal stage, At the lower concentration level 10 ppm, the mortality rate was 26.7 %, in relation to the control 
(0%), (Table 1). The larvae fed on the artificial diet treated with saponin compound and that completed the 
larval developmental stage and pupal stage had a significantly longer development period than the control, also 
significant reduction in pupal weight (Fig. 2) was optioned and produced smaller adults. The percentage of adult 
emergency and egg hatchability were also affected by the treatment to reach about 50% for both aspects lower 
than in control. The number of eggs laid / female was significantly lower than in control, it was 296.3 eggs 
/female while in control was 527.1 eggs / female. 
 
Table 1: Biological parameters of Spodoptera littoralis affected by Medicago sativa compound.  

Conc. 
ppm 

Weight of 
intial 
larvae 
(mg) 

Larval 
mortali
ty % 

Larval 
duration 
(days) 

Pupal 
duration 
(days) 

Pupal 
morta
lity % 

Weight of 
pupae 
(mg) 

Emer
gency 
% 

Fecundity 
Egg/female 

Hatchability 
%  

10 23.4±0.51 26.7 17.6*±0.41 14.8*±0.27 54.5 207.5*±6.6 45.5 296.3*±11.1 47.5 
control 23.2±0.49 0 12.9±0.21 11.9±0.20 0 275.9±5.8 100 527.1±10.1 94.2 

Highly Significant different from the control value * P ≤ 0.01 

 

 
Fig. 2: Effect of natural compound (Medicago sativa) on the weight of pupae of Spodoptera littoralis (Highly 

Significant different from the control value * P ≤ 0.01) 
 
2- Histopathological Studies: 
 
- Changes In The Hind Gut: 
 
 By observing the control group, it was found that the hindgut in Spodoptera littoralis larvae is consists of 
pylorus, ileum, colon and rectum. It is internally lined by a continuous epithelium covered by a thin chitinous 
cuticular intima. The pylorus of S. littoralis is the most complex histological region comparing with the other 
hindgut regions. Two distinct pyloric portions were recognized in S. littoralis (Fig.3). The anterior pyloric 
portion is lined with a simple basophilic squamous epithelium and the chitinous intima has no spines; the muscle 
layer presents inner circular and outer longitudinal fibers (Fig.3). The posterior pylorus has a smaller lumen; 
irregular shaped cuboidal epithelial cells and microspines project from the chitinous intima (Fig.3). The 
presence of this chitinous structure can be correlated with the insects feeding habits. In the case of S. littoralis 
the cuticular layer showed chitinous microspines that help in the undigested material transport toward the other 
portions of the hindgut. The outer longitudinal muscle fibers penetrate among the circular muscle fibers .The 
circular muscle layer helps in the pyloric valve contraction, while the longitudinal muscle layer is responsible 
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Discussion: 
 
Biological Parameters: 
 
 Botanical insecticides have been suggested to be potent both in rich countries, more conscious about human 
health, as well as in developing countries being a cheaper source to control insects. They can act as attractive, 
repulsive, antifeedant, toxic as well as growth regulator evicting several physiological processes of insects 
(Ulrichs et al, 2008 and Rizwan-ul-Haq et al, 2009).The various structures of saponins as botanical insecticides 
are involved in several biological activities with some beneficial or toxic effects. Several authors have already 
shown the defensive role of saponins to protect plants from phytopathogenic microorganisms, phytophagous 
mammalian and insects (Papadopoulou et al., 1999 and Harmatha, 2000).Our results indicate that the M. sativa 
compound has antifeeding activity as in the case of saponins extracted from Ilex apocea which inhibit the food 
uptake of Limantria dispar (Barbosa et al., 1990). Several researches showed that saponins are able to regulate 
the growth of many insect species. These studies were resumed in Table (2) which concerning purified or crude 
saponins extracted from several plants. The effect of saponins is generally characterized by developmental 
stages duration disturbance and moulting failure, (based on Chaieb 2010). 
 
Table 2: Growth regulation effects of saponins on some insects (Chaieb, 2010). 

Insect species Saponins Effects Reference 
Ostrinia nubilalis alfalfa saponins Lengthening of the larval stages Nozzolillo et al 1997 
Spodoptera littoralis alfalfa saponins Lengthening of stages, delay of 

time necessary to reach the 
maximum size in last larval 
stage,delay of the interval 
separating the last larval stage 
and the nymphal  oulting, and 
delay of 
time necessary for the 
emergence of the adults 

Adel et al. 2000 

Culex fatigans commercial saponins Larvae show more pronounced 
pigmentation 
and deterioration of the head 
and abdomen 
shape 

Tabassum et al. 1993 

Acrolepiosis assectella Allium porrum saponins Larvae present ecdysial 
disturbances, which often finish 
by characteristic malformations: 
larvae with double head 

Arnault,et al. 1987,  Harmatha et 
al. 1987 and Harmatha. 2000 

Acrolepiosis assectella commercial digitonin Ecdysial failure Arnault &Mauchamp 1985 
Spodoptera littoralis Cestrum parqui saponins Impossibility to get free from 

the old cuticle during the 
molting process 

Chaieb et al. 2004 

Shistocerca gregaria Cestrum parqui saponins Ecdysial disturbances Barbouche et al. 2001 
 

Histopathological Studies: 
 
 Many authors study the effect of different plant extracts on the midgut of the S. littoralis larvae, (Adel 
2008, Adel et al.,2010 and Sayed et al., 2011) while rare studies were observed on the effect of plant extracts on 
the hind gut region of S. littoralis larvae. According to (Geyter et al, 2011) they providing strong evidence that 
saponins can be useful as natural aphicides and deterrents. Furthermore, the insect midgut epithelium is 
suggested to be a primary target of saponin activity.  
 The structure of normal hind gut was described for other Lepidoptera species (Drecktrah et al., 1966, 
Mathur 1966, Chi et al., 1975, and Sheila et al., 2004). According to (Gillott, 1995) the cuticle of the hindgut is 
thinner than the one of the foregut because this region is responsible for some water and nutrient absorption. The 
pyloric region of S. littoralis   are consists of two distinct portion; the same description of pyloric portions was 
described for Hyalophora cecropia L (Judy & Gilbert, 1970). 
 In addition, the normal section of hind gut showed that at the end of the pyloric region in S. Littoralis there 
are pair of common Malpighian ducts, inserted through the musculature on the ventrolateral sides of the pyloric 
valve. The same aspect was described for other Lepidoptera (Standlea & Yonke, 1968, Mathur, 1972, and 
Eaton,1988) Diptera (Patil & Govindan ,1984) and Hymenoptera (Arab & Caetano ,2002).The cuticular layer of 
the posterior pylorus portion of S. littoralis showed chitinous microspines which responsible to transport the 
undigested material toward the other portions of the hindgut.Similar spinner cuticle lining the pyloric posterior 
region was also observed in H. cecropia ( Judy & Gilbert, 1970), Heliothis zea Boddie, Heliothis virescens 
Fabricius and Spodoptera frugiperda (Chi et al., (1975). 
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 Histological studies enabled us to note that the various symptoms are due to structural modifications 
observed in both hindgut and fatbody of S. littoralis. These modifications were interpreted as being due to a 
cytotoxicity caused by alfalfa saponion compound. In previous studies, Hu et al. (1996) found that the  saponins 
act also on the membrane structural by modifying their permeability once proportioning days after their passage 
through membrane of liposome permeabilized with α- choacine has and α-tomatine . Our results are in 
agreement with these phenomena, the fat body cells of S. littoralis larvae become denser and smaller in size 
because the cells loss its contents, also the fat body become vacuolated, and destruction of nuclear content was 
occurred. These modifications of exchanges were also observed and measured for erythrocytes permeabilized by 
saponin (Bauman et al., 2000 and Chaieb et al., 2007). 
 The previous results concluded that increasing the time of application resulting in the hind gut and fat body 
tissues become more affective by the tested compound M. sativa and that is concerned with water and nutrient 
absorption. 
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