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Abstract 
Annonaceous acetogenins enclose a large number of biological activities, among 
which the insecticidal stands out. Spodoptera frugiperda is a pest that affects 
corn crops among others and has a great capacity to develop resistance to 
traditional insecticides, which represents sufficient reasons for the search for 
new alternatives for their control. The objective of this study was to deter-
mine the appropriate concentration and screening new natural insecticides 
against second instar larvae of S. frugiperda, under glasshouse conditions on 
Zea mays L. Natural products such as annonaceous acetogenins and some ac-
etylated and methoxy methylated ACG derivatives and the commercial prod-
uct Lambda-cyhalotrin (LC) were evaluated. The percent mortalities of S. fru-
giperda larvae in glasshouse conditions were recorded after 24, 48 and 72 h of 
treatment application. The results showed that the acetogenins tested were 
significantly (P < 0.05) different in relation to pest mortality than untreated 
check. After 72 h of treatment application the highest percent mortalities 
were obtained with the mixture of two natural products, rolliniastatin-2 (5) 
(100 μg/mL) + squamocin (6) (100 μg/mL) + LC (50 μg/mL) that proved the 
most effective and gave (100%), while rolliniastatin-2 (5) at 100 μg/mL alone, 
gave lowest percent mortality (65%), followed by squamocin (6) at 100 μg/mL 
(55%) and LC at 50 μg/mL (30%). The acetylated and methoxy methylated 
ACGs derivatives caused very low mortality (25% - 35%). It is recommended 
the mixture as a management option of S. frugiperda as a component of inte-
grated pest management. The results allow us to infer that the addition of 
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natural ACGs synergizes the insecticidal activity of the commercial product. 
Finding a new ecological alternative for insect control. 
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1. Introduction 

The problem that causes the use of highly toxic synthetic chemicals and pollutants 
from the environment makes it necessary to find new ecological alternatives for 
insect control. One of them would be the use of natural products that, being part 
of the ecosystem, would be much more compatible and less toxic to the envi-
ronment. This search is supported by the fact that the plants have developed a 
series of defence mechanisms as a result of the millennial exposure to pathogens 
and predators. The selection of plants that contain natural products capable of 
being used as insecticides, should be easy to grow and with powerful active in-
gredients, with high chemical stability and optimum production [1]. 

Botanical insecticides have been traditionally prepared from the seeds of 
tropical Annona species of Annonaceae family, which has attracted a lot of atten-
tion since the 80s, due to the presence of annonaceous acetogenins (ACGs) [2] 
[3]. The structural characteristics of ACGs present a variety of biological activi-
ties, where insecticide activity stands out [1] [4] [5]. They are found in leaves, 
twigs and mostly in seeds of annonaceous plants.  

Annona seed extracts may prove more useful in tropical countries where the 
fruits are commonly consumed or used to produce fruit juice, in which case the 
seeds are a waste product. For example, Leatemia and Isman [6] [7] recently 
demonstrated that crude ethanolic extracts or even aqueous extracts of seeds 
from A. squamosa collected at several sites in eastern Indonesia are effective 
against the diamondback moth, Plutella xylostella (Lep.: Plutellidae). 

The insecticidal properties of ACGs isolated from the Annonaceae plants 
against several key crop pests in different parts of the world have repeatedly been 
described [8] [9] [10] [11] [12]. 

Our best performing natural insecticides under laboratory [13] [14] and field 
assays [15] were selected for subsequent greenhouse experiments. 

The efficacies of spraying using mixtures of natural products and synthetic 
chemicals for the control of pests are crucial. Indeed, insecticides that work in 
synergy when mixed together are an avenue to explore in Spodoptera frugiperda 
(J.E. Smith) (Lep. Noctuidae) control. We think that the work with pesticides 
mixtures with different modes of action may delay the onset of resistance devel-
oping in pest populations. However, some problems need to be considered when 
two or more insecticides are mixed together especially phytotoxicity. 

In this work, it is proposed to carry out semi-field assays with the generalist S. 

https://doi.org/10.4236/jacen.2021.104031


J. Ruiz Hidalgo et al. 
 

 

DOI: 10.4236/jacen.2021.104031 460 Journal of Agricultural Chemistry and Environment 
 

frugiperda [16], considered a key pest of maize in north-eastern Argentina, and 
“maíz Leales 25” was chosen for its adaptability to subtropical climates, prevailing 
in the north and center of the country. The aim was to evaluate the dose-mortality 
values, produced by three chloroform seed extracts from Annona squamosa, A. 
muricata and A. montana, four pure ACGs and two semisynthetic analogues 
obtained by chemical and enzymatic methods on S. frugiperda. 

2. Materials and Methods  
2.1. Extracts and Equipment 

Extraction and purification of natural ACGs. Chloroform seed extracts were 
partitioned between chloroform and water. Then, chloroform was evaporated, 
extracts cromatographed on a silica gel column (chloroform-ethyl acetate-metha- 
nol gradient) and column fractions processed on a Phenomenex C18 HPLC 
column (25 cm × 1 cm i.d., 5 μm particle size) to yield pure ACGs. All reagents 
and solvents used in study are of analytical grade and procured locally. Structural 
characterization was achieved by Infrared spectroscopy (IR), Nuclear Magnetic 
Resonance 1H and 13C (1H-NMR, 13C-NMR), and Electron Impact Mass Spectro- 
metry (EI-MS). IR spectra were obtained by a Shimadzu IR-408 spectrometer, 
with KBr pellets. Spectrometer 1D (1H, 13C, and DEPT) and 2D (1H-1H COSY, 
HSQC, HMBC, and NOESY) spectra were recorded on an Bruker 400 MHz 
spectrometer, using the solvent signal as reference (CDCl3 at δ 7.26 and 77.0 
ppm).  

EIMS and HRQ-TOFMS 5600 LC/MS/MS were performed on a Thermo Polaris 
Q and Sciex spectrometer, respectively. 

2.2. ACGs Derivatives 
2.2.1. Enzimatic Method 
Acetylated analogs (enzymatic acetylation) were obtained by dissolving the ACG 
in mixture of dichloro-methane (5 ml) and vinyl acetate (1.2 mol per OH group 
to be acetylated) in a screw cap vial. Then lipase (Candida antarctica B) was 
added (10% - 30% of ACG weight) and vial placed on an orbital shaker (37˚C, 
150 - 200 rpm) until completion of reaction as shown by TLC. Finally, lipase was 
filtered and washed with dichloro-methane. Solvent was removed from the liq-
uid fraction in a rotary vacuum evaporator (30˚C) and aceylated compounds 
purified by flash column chromatography [17]. 

2.2.2. Chemical Method  
Methoxy methylated ACG derivatives were obtained by reaction with N,N-di- 
isopropylethylamine and methoxymethyl chloride in dichloromethane under a 
nitrogen atmosphere. At completion of the reaction (shown by TLC) solvent was 
removed, residue chromatographed on flash column and chemical structure of 
products assessed by 1H-NMR and 13C-NMR by comparison with ACGs precur-
sors [17]. 
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2.3. A Semi-Field Approach to Testing Botanical Insecticides 
2.3.1. Test Insects: Diet and Formulations 
Spodoptera frugiperda larvae were obtained from our laboratory population, 
were kept in a chamber with a temperature of 25˚C ± 1˚C, a relative humidity of 
50% ± 10%, and a photoperiod of 10:10 (light:dark). The larval diet was prepared 
as follows: yeast, 3 g; milled and boiled bean, 250 g; wheat germ, 12.5 g; agar- 
agar, 12.5 g; ascorbic acid, 1.5 g; methyl p-hydroxybenzoate, 1.5 g; formaldehyde 
38% water solution, 4 ml; water, 500 ml. Acetone solutions of natural ACG and 
derivatives were prepared (100 μg·ml−1) in which second. 

2.3.2. Treatment Formulations 
Test solution. The subextracts at 250, 500 and 750 μg/mL, and the pure natural 
and derivative ACGs at 100 μg/mL, were prepared with destilled water and po-
lysorbate 20 (Tween 20®) as nonionic surfactant.  

Test commercial product. Lambda-cyhalothrin was applied in this study as 
positive control. The test solution contained 250, 125 and 50 μg/mL of destilled 
water. These solutions served as toxic reference treatments and destilled water 
served as benign control treatment.  

2.3.3. Semi-Field Assay Design 
The test is carried out with seeds of Zea mays L. variety “Leales 25”. They are 
planted individually between 100 and 150 on a surface of 0.125 m2 in an artificial 
habitat. During their development, the seedlings were not treated with protec-
tion products. The growth stage of plants used was V3 [18] [19]. Then the leaves 
were cut and sprayed with the products to be tested (20 repetitions for each con-
trol and treated compound) to the point of dripping using manual sprayers un-
der a hood. Once dry, approximately after 3 to 4 h, the petiole of a leaf of 4 to 6 
cm long is introduced in a 1.5 ml eppendorf containing 1.5% agar to avoid foliar 
dehydration. Each eppendorf is placed in a test tube of 1.2 cm internal diameter 
and 15 cm high and were completely isolated from any other insects. A third in-
star larva of S. frugiperda is introduced into each tube. The assays were per-
formed in triplicate for each dose of all products tested as well as with the com-
mercial insecticide, Lambda-cyhalothrin, and is carried out in a chamber with a 
temperature of 25˚C ± 2˚C, a relative humidity of 75% ± 5%, and a photoperiod 
of 16:8 (light:dark).  

2.3.4. Toxicity Test  
After 24, 48 and 72 h of the treatment application, the toxic effect of the different 
compounds was evaluated through the mortality of the larvae. Dead larvae were 
counted and removed. 

3. Results 
Toxicity Test 

Subextracts of Annona species, natural and derivatives ACGs. 
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We carried out evaluations of insecticidal action at medium-scale, which si- 
mulated field conditions, in order to verify the real effectiveness of the com- 
pounds tested. We selected for these assays, three chloroform sub-extracts of 
Annona species: A. squamosa (SE1), A. montana (SE2) and A. muricata (SE3), 
eleven natural ACGs: annonacin (1), cis-annonacin (2), annoreticuin (3), mon- 
tanacin-L (4), rolliniastatin-2 (5), squamocin (6), asiminecin (7), asiminacin (8), 
montanacin-D (9), montanacin-E (10) and montanacin-K (11), and two stru- 
cturally modified ACGs: tri-acetylated squamocin (12) and tri-methoxymethy- 
lated squamocin (13) (Figure 1), which showed significant toxicity on larvae of 
Spodoptera frugiperda in laboratory tests. 

 

 
Figure 1. Natural ACGs evaluated for their toxicity against Spodoptera frugiperda. 
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Table 1 shows that of the three subextracts tested, SE1 at 250 and 500 μg/mL, 
produced the highest toxicity on larvae of S. frugiperda in early stages, causing 
mortality of 45% and 60%, respectively at 72 h after application. Among eleven 
natural ACGs tested, rolliniastatin-2 (5) and squamocin (6) at 100 μg/mL, were 
found to be the most toxic against S. frugiperda, causing larval mortality of 65% 
and 55%, respectively. Both structurally modified ACGs 12 and 13, showed 
caused very low mortality (35% and 25%, respectively) in the same experimental 
conditions.  

 
Table 1. Toxic effects of botanical insectides on S. frugiperda. 

Compounds 
Concentration 

[µg/mL] 
Dead larvae 

24 h (%) 
Dead larvae 

48 h (%) 
Dead larvae 

72 h (%) 

LC 250 20 80 100 

SE1 

250 0 5 45 

500 0 15 60 

750 0 10 65 

SE2 

250 0 5 25 

500 0 5 35 

750 0 10 40 

SE3 

250 0 0 25 

500 0 5 40 

750 0 15 50 

1 100 0 0 60 

2 100 0 0 55 

3 100 0 0 5 

4 100 0 0 0 

5 100 0 0 65 

6 100 0 0 55 

7 100 0 0 0 

8 100 0 0 30 

9 100 0 0 20 

10 100 0 0 5 

11 100 0 0 20 

12 100 0 0 35 

13 100 0 0 25 

Commercial product: (LC) lambda-cyhalotrin. Subextracts: (SE1) A. squamosa, (SE2) A. 
montana, (SE3) A. muricata. Natural ACGs: (1) annonacin, (2) cis-annonacin, (3) anno-
reticuin, (4) montanacin-L, (5) rolliniastatin-2, (6) squamocin, (7) asiminecin, (8) asimi-
nacin, (9) montanacin-D, (10) montanacin-E, (11) montanacin-K. Structurally modified 
ACGs: (12) tri-acetylated squamocin, (13) tri-methoxymethylated squamocin. 
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It could be inferred that the hydroxyl groups flanking THF are of great influ-
ence on biological activity. This becomes clear when we observe how the toxicity 
of these compounds decreases when these groups are blocked by acetylation or 
methoxy-methylation reactions. The natural ACGs were the most promising 
compounds for S. frugiperda larvae control. 

Figure 2 shows the leaf damage caused by the larvae during the test with SE1 
(250 μg/mL). The results of leaf damage caused by S. frugiperda larvae are con-
sistent with the toxicity observed under the same experimental conditions 
(Figure 3). SE1 causes a marked decrease in larval growth with respect to con-
trol larvae as well as inefficiency in the conversion of absorbed larval nutrients 
into biomass. These results would be consistent with a chronic poisoning that 
leads the larvae to death. 

Given that isolated natural products have less toxic phytosanitary properties 
than commercial ones and in the search to optimize the concentration and pro-
pose the formulation of a selective insecticide for S. frugiperda, we evaluate the 
control capacity of the insect with mixtures of subextracts, natural products and 
the commercial product as shown in Table 2. 

 
Table 2. Toxic effects of the different formulations on S. frugiperda. 

Concentration 
Dead larvae 
24 h (%) 

Dead larvae 
48 h (%) 

Dead larvae 
72 h (%) 

LC 250 µg/mL 20 80 100 

LC 125 µg/mL 15 40 60 

LC 50 µg/mL 0 5 30 

SE1 250 µg/mL 0 5 45 

SE1 125 µg/mL + LC 125 µg/mL 5 35 80 

SE1 125 µg/mL + LC 50 µg/mL 0 25 65 

rolliniastatin-2 (5) 100 µg/mL 0 0 65 

rolliniastatin-2 (5) 100 µg/mL + LC 125 
µg/mL 

15 60 90 

rolliniastatin-2 (5) 50 µg/mL + LC 125 µg/mL 5 40 75 

rolliniastatin-2 (5) 50 µg/mL + LC 50 µg/mL 0 10 65 

squamocin (6) 100 µg/mL 0 0 55 

squamocin (6) 100 µg/mL + LC 125 µg/mL 10 55 85 

squamocin (6) 50 µg/mL + LC 125 µg/mL 5 35 80 

squamocin (6) 50 µg/mL + LC 50 µg/mL 0 5 45 

squamocin (6) 100 µg/mL + rolliniastatin-2 
(5) 100 µg/mL + LC 50 µg/mL 

15 80 100 

squamocin (6) 50 µg/mL + rolliniastatin-2 (5) 
50 µg/mL + LC 50 µg/mL 

0 35 75 
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Figure 2. A: start of the assay; B: end of the assay, foliar damage with SE1 at 250 μg/mL. 

 

 
Figure 3. A: larvae treated with A. squamosa extract (250 μg/mL); B: control larvae. 

 
The optimal binary and ternary formulations for the control of larvae resulted 

from the combination of: 1) rolliniastatin-2 (5) (100 μg/mL) + LC (125 μg/mL) 
which caused 90% of larval mortality at 72 h after application and 2) rollini-
astatin-2 (5) (100 μg/mL) + squamocin (6) (100 μg/mL) + LC (50 μg/mL) that 
caused 100% of larval mortality at 72 h after application (Table 2). 

The results indicate that control of the larvae of S. frugiperda can be achieved, 
significantly reducing the dose of the commercial insecticide (LC 50 μg/mL), to a 
fifth of the effective concentration recommended by the manufacturer. The mix-
ture with natural ACGs (rolliniastatin-2 and squamocin) at very low concentra-
tion (100 μg/mL) triplicate the toxic effect, causing 100% lethality in S. frugiper-
da larvae. These results allow us to infer that the addition of natural ACGs syn-
ergizes the insecticidal activity of the commercial product.  

4. Discussion 

Spodoptera frugiperda is a polyphagous lepidopteran, a major pest in corn fields 
where it feeds on leaves, tassels and ears of corn. Severe damages are particularly 
caused during its early larval stages [16]. For this reason, a candidate compound 
for the control of this pest should preferably produce larval mortality. In agree-
ment with previous work [8] [13] [14], this report highlights rolliniastatin-2 and 
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squamocin as the most promising compounds for S. frugiperda larvae control. 
Treatment with rolliniastatin-2 and squamocin are environmentally selective and 
shows an excellent degree of selectivity towards beneficial insects minimizing the 
detrimental effects of pesticides on natural enemies, allowing their survival and 
sustainable control of pests [15]. Biological activity of ACGs has been little stu-
died in vivo, therefore more tests are required to verify the potential of these 
compounds in real scenarios. 

5. Conclusions and Recommendations  

These studies clearly indicated the efficacious of natural ACGs such as squamo-
cin, rolliniastatin-2 and a mixture of both with LC showed good efficacy in con-
trolling S. frugiperda larvae, they can be used in conjunction for integrated pest 
management. Therefore, it is recommended that mixture of rolliniastatin-2 (5) 
(100 μg/mL) + squamocin (6) (100 μg/mL) + LC (50 μg/mL) are used as a man-
agement option of S. frugiperda as components of integrated pest management.  

The efficacies of spraying using mixtures of natural products and synthetic 
chemicals for the control of pests are crucial. Indeed, insecticides that work in 
synergy when mixed together are an avenue to explore in Spodoptera frugiperda. 
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