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Abstract: The excessive use of agrochemicals in agriculture to control insect pests has generated several 

environmental problems related to pollution and health risks for farmers. Therefore, chemical control has been 

proposed, including using products with plant origin, as an alternative to problematic, chemically-synthetized 

agents. These natural sources produce great numbers of bioactive molecules, and many have been reported to 

exhibit insecticidal effects. Recent studies have described the presence of bioactive compounds in tissue extracts 

from Annona plants, which are now considered useful in support of certain agricultural production processes. The 

cytotoxic effect of A. squamosa and A. muricata leaf extracts was tested on SF-21 and SF-9 insect cell lines 

obtained from Spodoptera frugiperda. Results showed that extracts of A. squamosa were more effective, as they 

gradually reduce cellular viability at 72 hours following exposure. Treatments with A. squamosa were significantly 

different from the negative control, whereas treatment with A. muricata behaved similarly to the control (i.e., no 

cytotoxic effect). Morphological changes in cells exposed to A. squamosa extracts were also observed. These 

included modifications in the structure and the shape of cell nuclei, generalized vacuolization, and membrane lyses. 

The effect observed by A. squamosa extracts on the tested cell lines represents relevant information regarding the 

potential use of plant-derived compounds from these species as alternatives for insect-specific pest control. 

Keywords: bioprospecting, Annona sp., biological activity. 

 

粗制番荔枝植物提取物对草地贪夜蛾细胞系的细胞毒活性 

 

摘要：在农业中过度使用农用化学品来控制害虫已经产生了一些与污染和农民健康风险

相关的环境问题。因此，已经提出化学控制，包括使用植物来源的产品，作为有问题的化学

合成剂的替代品。这些天然来源产生大量的生物活性分子，据报道，许多具有杀虫作用。最

近的研究描述了番荔枝植物组织提取物中存在生物活性化合物，这些化合物现在被认为可用

于支持某些农业生产过程。在从草地贪夜蛾获得的顺丰-21 和顺丰-9 昆虫细胞系上测试了鳞
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茎和一种. 穆里卡塔叶提取物的细胞毒性作用。结果表明，鳞茎提取物更有效，因为它们在暴

露后 72 小时逐渐降低细胞活力。用鳞茎处理与阴性对照显着不同，而用一种. 穆里卡塔处理

的行为与对照相似（即，无细胞毒性作用）。还观察到暴露于鳞茎提取物的细胞的形态学变

化。这些包括细胞核结构和形状的改变、普遍的空泡化和膜裂解。鳞茎提取物对测试细胞系

观察到的影响代表了有关可能使用这些物种的植物衍生化合物作为昆虫特异性害虫控制替代

品的相关信息。 

关键词：生物勘探，番荔枝，生物活性。 

 
 

1. Introduction 

For years, cell lines have been used as a tool in cell 

physiology studies to obtain valuable information about 

the mechanisms related to insect pathological 

processes. In addition, assays on cell lines have been 

demonstrated to be useful for studying vectors of 

mammal diseases and the characterization of new 

products [1, 2]. SF-21 is a cell line obtained from 

Spodoptera frugiperda pupae ovarian tissue 

(Lepidoptera: Noctuidae) [3], This cell line currently 

used in many studies related to baculovirus infections 

and the production of recombinant proteins, as its cell 

clone, SF-9 [4]. S. frugiperda, commonly referred to as 

the fall armyworm, is a cosmopolitan tropical insect 

that is widely distributed throughout America [5–7] and 

is recognized as one of the most economically 

important pests for crops such as corn, cotton, rice, and 

specific vegetables [8, 9]. In addition, the fall 

armyworm was recently reported for the first time in 

Africa and has since spread rapidly across more than 

30 countries in the continent [10]. 

Studies regarding S. frugiperda control have been 

primarily focused on biological control and have used 

entomopathogenic bacteria, such as 

Bacillusthuringiensis [11]. However, chemical control 

is still required, so searching for novel insecticidal 

compounds from natural sources has become a 

challenging focus for researchers [12, 13]. It is well-

known that the excessive use of synthetic pesticides has 

serious environmental and toxicological implications 

and increasing problems related to pest resistance [14]. 

For this reason, it is necessary to conduct major studies 

of novel, non-toxic compounds that exhibit broader 

action spectrums [13]. In this sense, plant tissues 

constitute a valuable source of novel chemical entities 

with insecticidal potential. These tissues synthesize and 

accumulate various pesticide compounds in response to 

various stimuli or environmental conditions [13, 15, 

16]. 

Colombia boasts an exceptional geographical 

position and possesses the greatest biodiversity in Latin 

America, with 56,343 species reported. This is 

distributed in 30,776 plants, 7,500 of which are 

endemic [17]. As part of this biodiversity, various 

species belong to the Annonaceae family and are 

widely distributed throughout the country, with the 

Annona genus being the most representative. Of the 

various plants which belong to this genus, the presence 

of several phytoconstituents that exhibit cytotoxic 

activity is common [15, 18–20], anti-tumor [20–22], 

and anti-parasitic effects [23, 24], among other 

properties [16, 25–27] has been reported. The present 

study evaluated the cytotoxic effect of aqueous leaf 

extracts from Annona plants on S. frugiperda cell lines 

as the first step to screening alternatives for insect-

specific pest control with this kind of plant material. 

 

2. Materials and Methods 
 

2.1.  Study Area 

The plant material was collected near the 

Sabanalarga municipality, in the Atlántico department 

of Colombia, located at 10º35'43.7" North and 

74º59'81.5" West, at 87 meters of altitude. The annual 

average temperature in the area is 29.2 °C, annual 

rainfall totals 1.021 mm, and relative humidity remains 

between 62 and 92% monthly. 

 

2.2.  Crude Extract Preparation 

Fresh leaves were comminuted, weighed (20 g), and 

then soaked in distilled water with a mass/volume ratio 

of 1:1. The obtained extract was subsequently filtered 

through No. 1 Whatman filter paper and centrifuged at 

10,000 rpm for five minutes in a microcentrifuge at 

room temperature. Once the material had precipitated, 

the supernatant was collected and stored at 4 °C ± 1 in 

50 ml falcon tubes for use in subsequent analyses and 

bioassays. 

 

2.3. Insect Cell Cultures and Treatments 

The SF-21 and SF-9 Lepidoptera (Spodoptera 

frugiperda) cell lines, obtained from an envelope of 

pupal ovaries and stably transformed cell clones, 

respectively [3], were maintained at 27 °C ± 1  in a 

TNM-FH medium supplemented with 10% FCS and 

1% penicillin-streptomycin–amphotericin solution. 
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Cultures in the early stationary phase (typical cell 

density with cell viability of approximately 85%) were 

split every five days, with a starting density of 2 x 105 

cells/ml. Different concentrations of crude aqueous 

extracts of A. muricata and A. squamosa leaves were 

evaluated; later, total phenols and flavonoids in the 

crude extracts were quantified. Afterward, the insect 

cells were seeded in 12-well cell culture plates at the 

early stationary phase (1 x 106 cells/ml), and test 

solutions were added at a ratio of 1:100 (v/v). Plates 

were finally incubated for 24, 48, and 72 hours at 27 °C 

± 1. 

 

2.4. Bioassays: Cell Viability and Ultrastructural 

Analysis 

Trypan blue dye (0.4%) was added to insect cell 

cultures in a 1:1 ratio for further observation and 

counting of viable and non-viable cells with the 10X 

objective of a Nikon Eclipse TS100 inverted 

microscope. The cells were kept at 27 °C ± 1 °C [28]. 

The evaluation was performed at 24, 48, and 72 hours 

after treatment, using a Neubauer chamber. All tests 

were evaluated in triplicate. 

For ultrastructural analysis, the SF-21 cells exposed 

to the A. squamosa extract during 72 hours were 

initially pelleted at 3,500 rpm for five min. Cells were 

fixed using 2.5% glutaraldehyde and a 0.1 M (pH 6.8) 

sodium cacodylate buffer and were kept at 4 °C ± 1 °C 

overnight. The fixed material was centrifuged at 4,500 

g for five minutes, and the supernatant was discarded. 

This process was repeated three times. Subsequently, 

the pellet was post-fixed in 2% osmium tetroxide for 

two hours, following centrifugation and five 

subsequent washes with Milli-Q water. The pellet was 

suspended in 0.5% uranyl acetate and stored overnight 

at 4°C, in the dark. Additionally, scaled, progressive 

dehydration with ethanol (10%, 30%, 50%, 70%, 90%, 

and 100%) was implemented, with a 10-minute wash in 

each solution, followed by centrifugation. Following 

the manufacturer's protocol, the infiltration was 

performed by removing ethanol; afterward, the spur 

resin was added in a tissue rotator. Samples were 

placed in molds and polymerized for 48 hours, in an 

oven, at 70 °C ± 1 °C. Then, they were cut into semi-

thin 500 nm, and ultrathin 50 nm sections were 

prepared in an ultramicrotome (LKBUltrotome III). 

These were subsequently stained with uranyl acetate 

2% for one hour in the dark. The analysis was 

performed with an EM 109 transmission electron 

microscope (Zeiss) [29]. 

 

2.5. Chemical Analysis of Total Phenols and 

Flavonoids 

Supernatants from S-L aqueous extraction, after 

centrifugation, were lyophilized. Each crude extract 

was used to prepare stock solutions at 2 mg/mL to 

quantify total phenols through the spectrophotometric 

Folin-Ciocalteu procedure, using gallic acid as a 

reference [30]. Standard work solutions were prepared 

from a 200-ppm gallic acid stock solution via dilutions 

with distilled water to attain different concentrations 

(0.9, 4.7, 9.5, 14.2, and 19.4 ppm) for the calibration 

curve at 765 nm. Test extracts and reference solutions 

were placed into 96-well plates, 20 μL of test solution 

was added, as was 40 µL of 10% Folin-Ciocalteau 

reagent, and after three minutes, 150 µL of 7.35% 

Na2C03 was added. Absorbance was monitored with a 

microplate reader at 765 nm [31]. Results are expressed 

as gallic acid equivalents (ppm) after three replicates. 

 

2.6. HPLC-ESI-MS Analysis 

Crude extracts were diluted in a 0.1% formic acid 

and acetonitrile solution (1:1 ratio). Chromatographic 

analysis of these samples was performed with the 

Shimadzu Prominence HPLC system (Shimadzu Corp., 

Japan), equipped with an SPD-M20A detector and 

MS2020 mass spectrometry detector with Electrospray 

Ionization (ESI) that operated simultaneously in 

negative and positive ion mode. Analysis was 

performed with a Shimadzu C-18 Premier column (5 μ, 

150 x 4.6 mm). A 0.1% formic acid (phase a) and 

acetonitrile (phase b) mixture was employed as mobile 

phase for the chromatographic method, in gradient 

elution (0-30% B 0-25 minutes, 30-50% B 25-32 

minutes, 50-58% B 32-25 minutes, 58-100% B 35-39 

minutes, 100-100% B 39-42 minutes, 100-0% B 42-50 

minutes), using a flow of 0.7 mL/min. Separation was 

carried out for 52 minutes, and UV detection was 

performed at 270 nm. Compounds were tentatively 

identified by analyzing their UV-vis and mass spectra 

compared to those in the Mass Bank, Knapsack 

databases, and data reported in the literature. 

 

2.7. Statistical Analysis 

Results were defined as the mortality variable and 

were subjected to descriptive statistics to determine the 

mean and standard deviation for all cases. Mortality 

correction was performed using the formula proposed 

by Schneider-Orelli [32, 33]. They were then subjected 

to the Shapiro-Wilk normality test. Depending on the 

assumption of obtained normality, either the Kruskal 

Wallis or ANOVA variance analysis was applied. 

Tukey comparisons were used, with a significance 

level of 95%. Simple bivariate correlations were 

performed, using the Pearson, Spearman, and Kendall 

coefficients, with the R software, version 3.4.2. 

 

3. Results 
 

3.1. Chemical Characterization 
LC-MS-based analysis of aqueous A. squamosa-

derived extracts showed the presence of two flavonoids 

as main constituents, identified as quercetin 3.7-

diglucoside and kaempferol 3-glucoside (Fig. 1). Total 
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phenols and flavonoids were corroborated through 

quantification, using the Folin-Ciocalteau method. A. 

squamosa extracts showed higher concentrations 

(0.242 ppm ± 0.002) than A. muricata extracts (0.027 

ppm ± 0.004). In both extracts, additional compounds 

were detected, mostly alkaloids and acetogenins, 

typical Annonaceae compounds [34]. 

 
Fig. 1 Quercetin 3,7- diglucoside, C27H30O17, Mw: 626.148, b. 

Kaempferol 3-O-beta-D-glucoside, C21H20O11, Mw: 448.100 

 

3.2. Bioassays: Cell Viability 

A. squamosa extract showed a greater cytotoxic 

effect on SF-21 compared to A. muricata extracts 

during observations at 24, 48, and 72 hours. A direct 

decrease in cell viability when exposed to the A. 

squamosa extract was observed, as shown in Fig. 2. On 

the other hand, exposure to A. muricata extracts did not 

show any cytotoxic effect. Further, cell viability was 

approximately 90%, which is very similar to that of the 

initial control. On the evaluation of the correlation 

between viability and exposure time, no relationship 

was found for A. muricata extracts (Table 1), but rather 

an inverse relationship of dependence was revealed 

between these variables for A. squamosa extracts, with 

p <0.05 for all coefficients (Table 1). This association 

was confirmed by the correlation coefficients of 

Pearson, Spearman, and Kendall (Table 1). On 

correlating the total phenol content of crude extracts 

(A. squamosa 0.242 ppm ± 0.002; A. muricata 0.027 

ppm ± 0.004) with cell viability, it was observed that, 

in all cases, the hypothesis of independence was 

rejected, as p ≤ 0.05. Therefore, in all exposure times, 

and considering the three coefficients, it was concluded 

that there was an inverse relationship of dependence 

between said variables (Table 2). This association 

seems to be stronger at 72 hours when observing 

Pearson's correlation coefficient, followed by that of 48 

hours and 24 hours (Table 2). Spearman and Kendall's 

coefficients show a significant but equal relationship at 

the three exposure times (Table 2). 

 
Table 1 Analysis of simple bivariate correlations, contrasting the exposure times and cell viabilities observed for each extract 

  

Time vs. viability 

Pearson´s coefficient Spearman´s coefficient Kendall´s coefficient 

p Correlation p Correlation p Correlation 

A. muricata 0.285 -0.401 0.197 -0.474 0.222 -0.353 

A. squamosa 0.003 -0.896 0.005 -0.869 0.012 -0.784 

 
Table 2 Simple bivariate correlation analysis contrasting the concentration of crude extracts (A. squamosa and A. muricata) and cell viability 

observed for each extract 

  

Concentration vs. viability 

Pearson´s coefficient Spearman´s coefficient Kendall´s coefficient 

p Correlation p Correlation p Correlation 

24 hours 0.050 0.812 0.21 0.878 0.050 0.775 

48 hours <0.001 0.982 0.021 0.878 0.050 0.775 

72 hours <0.001 0.998 0.021 0.878 0.050 0.775 
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Fig. 2 Corrected SF-21 mortality when exposed to A. squamosa and 

A. muricata extracts (Schneider - Orelli's formula). The error bars 

represent the standard deviation. Each trial was performed in 

triplicate. Statistically significant differences were indicated with 

different letters, Tukey (p ≤ 0.05) 

 

Normality tests showed that the data behaved non-

parametrically (Shapiro-Wilk: p = 0.00982). A Kruskal-

Wallis (K-W) variance analysis was performed, which 

reflected the differences between each treatment (K-W: 

X2= 21.231, p = 0.0065). However, when comparisons 

were drawn separately, A. muricata crude extracts were 

statistically similar to the controls. A. squamosa crude 

extracts showed statistical differences from other 

treatments and between the evaluation times (Fig. 2 

and Table 3). 

 
Table 3 Multiple comparisons of means: Tukey contrasts. 

Comparisons are shown between the control at each exposure time 

and the respective treatment with A. squamosa Pr (>|t|) crude 

extract 

    A. squamosa 

    24 hours 48 hours 72 hours 

C
o

n
tr

o
l 

24 hours 0.005 < 0.001 < 0.001 

48 hours - 0.041 < 0.001 

72 hours - - 0.005 

 

The A. squamosa extract dilution effect on SF-21 

was evaluated, with concentrations like that found in 

the crude extracts of A. muricata (0.02 ppm, 0.04 ppm, 

0.05 ppm). Statistically significant differences were not 

found among these concentrations (p ≤ 0.05) (Fig. 3). 

However should be highlighted that the cell viability of 

the SF-21 exposed to A. squamosa extracts at 24 hours 

decreases in proportion to the concentration, as 

compared to the crude extract (0.242 ppm ± 0.002), 

which indicated statistically significant differences 

between treatments (p = 0.0266) (Fig. 3). 

 
Fig. 3 Corrected SF-21 mortality when exposed to different 

concentrations of A. squamosa extract (Schneider - Orelli's 

formula). The error bars represent the standard deviation. Each trial 

was performed in triplicate. Statistically significant differences are 

indicated with different letters, Tukey (p ≤ 0.05) (Shapiro-Wilks: p 

= 0.5871) 

 

The evaluation of the effect of A. squamosa crude 

extract on SF-9 showed a similar result to that observed 

in SF-21. The effect of exposure time was revealed, 

considering that, at 24 hours, viability was greater than 

80%, at 48 hours, it was greater than 55%, and at 72 

hours, at its time of greatest effect, it showed the 

viability of no more than 40%. Compared to the 

negative control, statistical differences were shown at 

each exposure time, as evaluated by variance analysis 

(ANOVA) and the Tukey contrast of multiple 

comparisons of means (Fig. 4). 

 
Fig. 4 Corrected SF-9 mortality following exposure to A. squamosa 

extracts (Schneider - Orelli's formula). The error bars represent the 

standard deviation. Each trial was performed in triplicate. 

Statistically significant differences are indicated with different 

letters, Tukey (p ≤ 0.05) 
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Negative controls were established to monitor the 

effect of the treatments. All controls showed 

approximate viability of 90%, which suggests 

treatment correction in the control function, with 

Schneider-Orelli's formula. 

The effect observed on SF-21 cells, when exposed 

to the A. squamosa extract, is due to morphological 

changes in cell structure and shape, such as nuclear 

condensation, generalized vacuolization, and cell 

membrane lysis (Fig. 5 and 6). 

 
Fig. 5 Optical micrographs of the in-vitro effect produced by the A. 

squamosa extract on SF-21 cells. A: Control cells without 

treatment. B, C: Cells treated with the A. squamosa extract. Images 

were obtained using 40X objectives at 24 hours of exposure 

 

 
Fig. 6 Transmission Electron Microscopy (TEM) images of 3000x 

SF-21 cells at 72 hours. A: Cell control. B, C: Cells treated with the 

A. squamosa extract. Labels indicate the presence of cellular 

structures such as nuclei (Nuc), plasma membranes (PM), 

cytoplasm (Cyto), and vacuoles (V) 

 

4. Discussion 
There is a link between pesticide overuse, pollution-

related environmental problems, and human medical 

disorders [35, 36]. This has been the starting point in 

searching for controlling alternatives that are friendly 

to the environment and contribute to sustainable 

agriculture. It is necessary to provide new methods for 

farmers to control pests. So the search for these 

alternatives has spurred increased use of compounds 

from natural origin, which are both accessible and 

economically sustainable [37]. However, exploring 

these compounds and evaluating their potential is only 

the first step in the prospection of compounds with 

biotechnological utilities in the agroindustrial sector 

[25]. 
Methods to assess organism susceptibility to 

extracts or pure compounds are complex to carry out 

due to the economic and infrastructure implications 

necessaries for their realization. Cell lines used for in-

vitro susceptibility assessments, in this case for insects, 

are viable alternatives, as with these, relevant 

information may be obtained regarding the behavior of 

cells following exposure to extracts or compounds of 

diverse origin; these may be extrapolated to the 

behavior of the organism, using similar methodologies 

to those applied in medicine, as is the case with 

feasibility counts [38, 39]. This research job represents 

just the first report on the cytotoxicity of extracts 

obtained from Annona plants on S. frugiperda insect 

cell lines. 

The cytotoxicity evaluation of crude A. squamosa 

and A. muricata leaf aqueous extracts was initially 

carried out on the SF-21 cell line. This showed 

maximum effectiveness of 21.629 % in the first 24 

hours of exposure, whereas the A. muricata extract was 

shown to have no effect (Fig. 3); thus, Yamthe et al. 

[24] findings demonstrating the limited cytotoxic effect 

of A. muricata extracts, as tested on human 

erythrocytes. However, the antineoplastic potential of 

the n-butanol leaf extract from A. muricata was 

reported [27]. It may thus be inferred that the type of 

extract evaluated in this study is inadequate to obtain 

interesting results regarding the cytotoxic potential of 

A. muricata. However, when evaluating the correlation 

between the concentration of polyphenols and viability 

(Table 2), a high correlation was found at all exposure 

times, at 48 and 72 hours of more than 90% and at 24 

hours of 81.2%. This permits the inference that low 

polyphenol concentration in the A. muricata extract 

could be responsible for the poor effect observed 

compared to A. squamosaextract. This pattern indicates 

that the higher the concentration of polyphenols (Fig. 

2), the lower the cell viability of SF-21. Additionally, 

the effect observed in the SF-21 cell viability decrease 

when exposed to A. squamosa extracts follows a 

temporal pattern, supported by the high correlation 

shown between A. squamosa extracts when cell 

viability was compared to the exposure time. This 

indicates that A. squamosa crude extract (0.242 ppm ± 

0.002) is more cytotoxic after 72 hours of exposure to 

SF-21 cells than other hours evaluated. When the 

concentration of A. squamosa extracts decreased, an 

increase in the cytotoxic effect was observed (Fig. 4). It 

is thus possible that the cytotoxic effect of the 

compounds present in A. squamosa extracts increases 

in concentrations near 0.02 ppm. These polyphenolic 

compounds are attributed properties related to the 

inactivation of cellular enzymes due to hydroxyl 

groups [40, 41]. These interact with the cell membrane, 

causing fatty acid and phospholipid modifications, 

which produce damage to the cellular components and 

deteriorate energy metabolism [42]. The effect of the A. 

squamosa extract on the SF-9 cell line was evaluated, 

considering that they were slightly more sensitive than 
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the first, as shown in Fig. 4. Similar results were 

obtained for cell viability, with values of 88.09%, 

59.55%, and 35.93% at 24, 48, and 72 hours, 

respectively. 

Recently, studies have attributed the cytotoxic 

characteristics of A. squamosa, mainly evaluated on 

human tumor cell lines, to different compounds, within 

which flavonoids play a significant part. However, the 

wide variety of chemical compounds representing this 

plant family makes its form of action variable. In many 

cases, it acts as a cell-proliferation inhibitor [43]. In the 

present study, it was possible to observe that the A. 

squamosa species presents significant cytotoxic 

activity on SF-21 and SF-9 cell lines. This can be 

corroborated by studies in which the presence of 

cytotoxic compounds and insecticides in the Annona 

genus leaves can inhibit the feeding and growth of S. 

frugiperda larvae [16]. In addition, the cytotoxic 

activity of these extracts on an insect line only suggests 

their potential for final pest control, given that the 

insecticidal effect on whole larvae involves different 

factors, including concentrations, synergistic effects, 

environmental variables, genotypes, and individual 

chemical responses. It has been shown that compounds 

in plant extracts with insecticidal activity may act as 

feed inhibitors in insects and may disrupt the 

organism's growth, development, reproduction, and 

behavior [16]. Furthermore, the synergistic effect of 

quercetin and kaempferol on human tumor cell lines 

has been reported to be due to cell-cycle arrest, 

proliferation inhibition, and apoptosis induction [44]. 

We observed effects on SF-21 cells when exposed 

to the A. squamosa extract, as registered in Fig. 5 and 

6. Similar studies reported results regarding apoptosis 

induction by extracts from plants in the Annona genus 

on SMMC-7721 cancer cells [14]. More specifically, A. 

squamosa seeds extracts have been reported to have the 

same effect on BC-8 cells [22]. 

 

5. Conclusions 
The observed effect of the A. squamosa extracts on 

evaluated cell lines (SF-21 and SF-9) represents 

relevant information regarding the potential use of 

plant-based compounds from the Annonaceae family, 

or more specifically from the Annona genus, as pest-

control alternatives. It should be noted that the 

cytotoxic effect is attributed to flavonoids, and specific 

extraction forms, which allow for the obtention of these 

compounds in their purest form, should be evaluated to 

evaluate the biotechnological potential of these 

compounds as pest control agents. Considering that the 

addition of A. squamosa extracts to SF-21 cells leads to 

intense cell lysis, analyzing this effect on the molecular 

level is worthwhile. In terms of the effects of apoptotic 

processes, the action of the endonucleases responsible 

for digesting DNA in small fragments must be verified. 

Finally, these results may permit the future obtention of 

alternatives to control several insect pests based on 

biotechnological strategies. 
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