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Abstract: Essential oils (EOs) play an important role in plant defense system and possess strong 
potential insecticides. However, they generally exhibit low water solubility, poor bioavailability, 
volatility, reduced stability, and low resistance to environmental stresses like light, oxygen, and 
temperature, which difficult their applications. To mitigate these limitations, EOs can be 
incorporated into nanoencapsulation systems. In the present work, an eugenol oxirane, namely 
ethyl 4-(2-methoxy-4-(oxiran-2-ylmethyl)phenoxy)butanoate, with promising insecticidal activity, 
was submitted to encapsulation assays in lipid nanosystems, in order to boost its application as 
bioinsecticide. 
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1. Introduction 

The overuse of synthetic insecticides causes serious damage to the environment and agriculture. 
It becomes necessary to develop less aggressive and effective solutions. To replace conventional 
pesticides is urgent to consider the development of eco-friendly and alternative strategies [1]. 

Essential oils (EOs) have been studied owing to their properties, such as remarkable biological 
activities and health promoting benefits, including analgesic, anti-inflammatory, antibiotic, 
antioxidant and antimicrobial activities, as well as potential insecticides [2–4]. EOs have enhanced 
properties, namely high biodegradability, thus reducing environmental impact and making them 
species with large applications. Besides that, the structural modification of their chemical constituents 
has shown to enhance the biocidal effect of these substances by increasing their activity [5,6]. 

However, the low water solubility, high volatility and rapid oxidation of EOs constituents affect 
the possibility of biological application, decreasing their real potential [1,7]. To mitigate these 
problems, EOs can be incorporated into nanoencapsulation systems [3,7,8]. 

Eugenol is the major component of clove essential oil presenting relevant biological potential 
with well-known antimicrobial and antioxidant actions [9]. An eugenol derivative with promising 
insecticide activity was subject to a nanoencapsulation study, to boost its application as biopesticide. 
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2. Results and Discussion 

Ethyl 4-(2-methoxy-4-(oxiran-2-ylmethyl)phenoxy)butanoate was obtained by epoxidation of 3-
(4-allyl-2-methoxyphenoxy)propan-1-ol with m-chloroperbenzoic acid in dichloromethane at room 
temperature, and its structure was confirmed by the usual analytical techniques. 

 

Figure 1. Structure of ethyl 4-(2-methoxy-4-(oxiran-2-ylmethyl)phenoxy)butanoate. 

Encapsulation assays in lipid nanosystems were carried out, using both the thin film hydration 
and ethanolic injection methods for the preparation of compound-loaded nanocarriers. Thin film 
hydration is one of the simplest ways to prepare liposomes, affording homogeneous small vesicles 
after extrusion, being especially suitable for hydrophilic compounds [10]. The ethanolic injection 
method has been shown to be adequate for enhanced encapsulation of poorly water-soluble 
compounds [11]. Table 1 shows the determined encapsulation efficiencies only for ethanolic injection 
preparation method. 

Table 1. Encapsulation efficiency, EE(%) ±SD(%), of the eugenol derivative in liposomes prepared by 
the ethanolic injection method (SD: standard deviation). 

Assay EE(%) EE (%) ± SD (%) 
1 89.7  
2 91.6 88.8 ± 2.7 
3 85.1  

The encapsulation efficiencies are very good for the ethanolic injection method. The results 
of encapsulation efficiencies for thin film hydration method were not possible to be determined 
because the percentage of encapsulation was very low. 

Nevertheless, the high EE% values obtained (Table 1) point to promising future 
applications of the extract-loaded soybean liposomes as green insecticides, with the possibility 
of controlled release of the encapsulated compounds. 

3. Materials and Methods 

3.1. Nanoencapsulation Studies 

For nanoencapsulation studies, the compound ethyl 4-(2-methoxy-4-(oxiran-2-
ylmethyl)phenoxy)butanoate was used. Liposomes were prepared using a commercial lipid mixture 
used in food industry, soybean lecithin [12] (Sternchemie), containing 22% phosphatidylcholine, 20% 
phosphatidylethanolamine, 20% phosphatidylinositol and 10% phosphatidic acid as major 
components at 1 mM concentration. In thin film hydration method [10], a lipidic film was obtained 
from evaporation of ethanolic lipid solution and addition of the extract, followed by hydration, bath 
sonication and extrusion (LipexTM Extruder, Northern Lipids, Canada) through polycarbonate 
membranes (200 nm pore size). In ethanolic injection method [11], simultaneous injection of the 
compound and lipid were carried out, under vigorous vortexing, in an aqueous buffer solution. 

3.2. Encapsulation Efficiency 

To determine a calibration curve (absorbance vs. concentration), concentration dilutions of 1 × 
10−6–1 × 10−5 mg/mL were performed. Loaded liposomes were subjected to centrifugation at 3000 rpm 
for 10 min using Amicon Ultra centrifugal filter units 100 kDa. Then, the filtrate (containing the non-
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encapsulated compound) was pipetted out, the water was evaporated and the same amount of 
ethanol was added. After vigorous agitation, its absorbance was measured, allowing to determine 
compound concentration using a calibration curve previously obtained in the same solvent. 
Absorption spectra were performed in a Shimadzu UV-3600 Plus UV-vis-NIR spectrophotometer 
(Shimadzu Corporation, Kyoto, Japan). Three independent measurements were performed for each 
system. The encapsulation efficiency, EE(%), was obtained through Equation (1), 

𝐸𝐸(%) =
𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡 −  𝐴𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑛𝑜𝑛𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑇𝑜𝑡𝑎𝑙 𝑎𝑚𝑜𝑢𝑛𝑡
× 100 (1) 

4. Conclusions 

A eugenol derivative, ethyl 4-(2-methoxy-4-(oxiran-2-ylmethyl)phenoxy)butanoate, with 
promising insecticidal activity, was submitted to encapsulation assays in lipid nanosystems, in order 
to boost its application as bioinsecticide. The encapsulation efficiency was very good for the 
ethanolic injection method, pointing to possible future applications of the encapsulated 
compound as green insecticide with the possibility of controlled release. 
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