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Abstract 

Poly-ɛ-caprolactone (PCL) nanoparticles were loaded with 

essential oil (EO) from Lippia alba aiming the development of a 

larvicidal controlled-release formulation. Chromatographic analysis 

(GC-MS) revealed that the EO is mainly constituted of carvone 

(54,54%) and limonene (21,49%). Larvicidal assays were performed 
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using the EO in natura, and LD50 and LD90 were found about 106 

μg/mL and 130 μg/mL, respectively. AFM and DLS techniques 

allowed to estimate the average diameter of the unloaded and loaded 

nanoparticles around (136 ± 2) and (266 ± 6) nm, respectively. 

Nanoparticles loaded with an absolute concentration of 500 μg/mL of 

EO containing preservatives were stable for 50 days. The controlled-

release assays presented faster release at neutral and basic pH due to 

the destabilization of the formulation that approaches its isoelectric 

point. Larvicidal assays using the encapsulated EO were carried out 

against A. aegypti larvae. The mortality time was considerably 

reduced from 72 h for the EO in natura to 24 h for the formulation 

containing encapsulated EO. The loaded nanoparticles may present 

different mechanisms of interaction with larvae when compared to the 

EO in natura. These data suggest that the proposed formulation can 

represent an alternative for larvicidal control of A. aegypti. 

 

Key words: Poly-ε-caprolactone nanoparticles, Aedes aegypti, Lippia 

alba, Controlled Release. 

 

 

1 INTRODUCTION 

 

Aedes aegypti Linn. vector have been transmitted serious human viral 

diseases (Leta et al., 2018; Shanmugaraj et al., 2019). The 

encapsulation of essential oils (EO) within biodegradable 

nanoparticles represents an alternative tool to control larvae, since 

mosquitoes have been presenting resistance to conventional 

insecticides (Karunaratne et al., 2018; Zhu et al., 2016).  

Carriers based on biopolymeric nanoparticles are effective in 

encapsulating bioactive compounds, preserving its functionality, as 

well as increasing its time of action (Banik et al., 2016; Kamaly et al., 

2016). For this reason, EO have been considered an alternative, 

natural bioactive to control a range of pests (Mar et al., 2018) due to 

their complex chemical composition. Among the EO presenting 

pronounced biological activities, Lippia alba (Mill.) N.E. Br. ex Britton 

& P. Wilson (Verbenaceae) (Glamočlija et al., 2011), known in Brazil 

as “erva-cidreira” (Islam et al., 2018; Santos et al., 2016), has been 
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applied aiming at different purposes: in addition to being widely 

distributed throughout Brazil, it has been used in traditional 

medicine as a tranquilizer, as well as for gastrointestinal diseases.  

The combination of biopolymeric nanoparticles and EO to 

control pests represents an interesting area of research (Ghaderi-

Ghahfarokhi et al., 2017) due to the prolonged action of the bioactive 

compound, as well as to the carrier biodegradation. These materials 

can reduce the risks of toxicity and environmental contamination. 

However, the knowledge of both core and carrier is fundamental for 

the development of controlled-release formulations (Souza et al., 

2014). Poly-ɛ-caprolactone (PCL) is known for its biodegradability, as 

well as good encapsulating property as carrier (Karuppuswamy and 

Reddy, 2015; Othman et al., 2016). For this reason, PCL-based 

nanoparticles have been successfully used to encapsulate bioactive 

molecules, and represent a good alternative for encapsulation of EO. 

PCL-based nanoparticles containing the encapsulated EO 

from L. alba were synthesized by the nanoprecipitation method 

(Christofoli et al., 2015). The developed formulation was fully 

characterized by Atomic Force Microscopy (AFM), Dynamic Light 

Scattering (DLS), zeta potential, and Attenuated Total Reflectance-

Fourier Transform Infrared Spectroscopy (ATR-FTIR). In addition, 

some stability parameters such as Encapsulation Efficiency (EE), pH 

and electrical conductivity were evaluated as a function of time. Since 

Brazil and most tropical and subtropical countries have drastically 

suffered with the diseases transmitted by the A. aegypti vector, the 

larvicidal efficiency of the developed formulation was tested in this 

work aiming an alternative domestic larvae control. 

 

2. MATERIALS AND METHODS 

 

2.1. Essential oil characterization 

L. alba leaves were collected in Manaus/AM-Brazil at the Brazilian 

Agricultural Research Corporation (EMBRAPA, voucher specimen n° 

191732, SISGEN n° A26CD5E). A portion of 150 g of powdered leaves 

were subjected to a Clevenger-type apparatus for 2.5 h at 100 °C. 

Yield was obtained by the ratio of the extracted EO volume to the 

mass of dried leaves. The refraction index (RI) was measured at 20 °C 
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using an Atago Master Refractometer. Density was calculated at 20 

°C based on previous work (Mar et al., 2018). 

GC-FID and GC-MS analyses were carried out on a 

Shimadzu™ GC2010-FID and GCMS-QP2010 instruments, 

respectively, using a DB-5 (0.25 mm × 30 m, 0.25 μm coating 

thickness) fused silica capillary column. The operating conditions 

were based on the work reported by (Mar et al., 2018). The chemical 

constituents were identified from a C7–C30 n-alkane homologous 

series, as well as through published data (Adams, 2007), Wiley 7.0 

Registry of Mass Spectral Data (McLafferty et al., 1991) and 

Pherobase (El-Sayed, 2014). 

 

2.2. DPPH• radical scavenging ability and 

acetylcholinesterase (AChE) inhibitory assay 

The DPPH• radical scavenging ability of the EO was evaluated 

according to previous report (Molyneux, 2004). Trolox was used as 

positive control from 3.9 μg/mL to 1,000.0 μg/mL. The AChE 

inhibitory assay was performed according to (Senol et al., 2015). 

Neostigmine was used as positive control from 31.2 μg/mL to 1,000.0 

μg/mL. Assays were carried out in triplicate. 

 

2.3. PCL-based nanoparticles 

PCL-based nanoparticles were prepared according to previous report 

(Christofoli et al., 2015), with modifications. Solutions I and II were 

prepared. Solution I was constituted of PCL (0.15 g) and acetone (15 

mL). Solution II was prepared using Tween 80 (0.05 g) and distilled 

water (30 mL). Solution I was heated to 40 °C until complete 

solubilization of PCL. The EO was mixed to solution I, which was 

added drop-by-drop to solution II, allowing the nanoparticles 

precipitation. Acetone was totally removed. The pH of the formulation 

was adjusted to 4 using HCl 1M. Finally, two preservatives were 

added under constant stirring: phenoxyethanol/2-methyl-2H-

isothiazolin-3-one (NE, 15 µL) or sodium benzoate (SB, 0.015 g). The 

formulations were maintained at 25 °C.  
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2.4. Atomic Force Microscopy (AFM) analysis 

The 2D topographic AFM images of the unloaded and loaded PCL-

based nanoparticles were obtained on an Atomic Force Microscope 

(Innova, Bruker). The operating conditions were as follow: area of (10 

× 10) μm2; contact mode of operation; (296 ± 1) K; (40 ± 1)% RH; 512 × 

512 pixels; scan rate of 1 Hz. Particle size distribution was estimated 

using the program ImageJ (Schneider et al., 2012). 

 

2.5. Dynamic Light Scattering (DLS) and zeta potential 

DLS equipment coupled in a Zetasizer Nano ZS90 device (Malvern 

Instruments, Malvern, UK) was used for particle size distribution. 

The zeta potential values (in mV) were measured from pH = 3 to 10 at 

25 °C. Measurements were performed in triplicate. 

 

2.6. Attenuated Total Reflectance-Fourier Transform Infrared 

Spectroscopy (ATR-FTIR) 

Spectroscopic analysis (ATR-FTIR) was performed on a Shimadzu IR 

Prestige-21 spectrophotometer, IRsolution software version 1.6, in the 

range of 1.000 to 4.000 cm-1. 

 

2.7. Encapsulation efficiency (EE) and stability evaluation 

Nanoparticles were separated by centrifugation (20.000 rpm) and the 

supernatant absorbance was used to determine the amount of free 

EO. The EE was estimated by the ratio between the amount of 

encapsulated EO and the absolute concentration used in formulation. 

The pH and electrical conductivity parameters were evaluated for 50 

days using a pHmeter Kasvi and a Bel conductivity meter model 

W12D, respectively. Measurements were performed in triplicate. 

 

2.8. In-vitro controlled-release of essential oil 

Controlled-release assays were carried out using dialysis tubing 

cellulose membrane suspended in water (pH = 4, 7 and 10) at 25 °C. 

Absorbances were measured at regular time on an UV–vis 

spectrophotometer. The concentration of the released EO was 

determined using a standard curve (Ghasemishahrestani et al., 2015). 

The experiments were carried out in triplicate. 
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2.9. Larvicidal bioassay and formulation efficiency 

Groups of 10 A. aegypti larvae in the 3rd larval stage were placed in 

vials containing 1 mL of distilled water, 100 μL of larval feed and 100 

μL of EO/DMSO solutions (70 to 150 mg/mL). DMSO (1 mL) and Bti 

(1 mg/mL) were used as negative and positive control, respectively. 

The experiment was carried out in triplicate containing five 

replicates. Data were analyzed using the POLO PC® program 

(Russell et al., 1977), with fiducial limit of 95% (Barci et al., 2009). 

Larvicidal bioassay was also conducted to evaluate the 

formulation efficacy. Groups of 10 larvae in the 3rd larval stage were 

placed in vials containing 10 mL of formulation. The formulation was 

diluted in water (pH = 7) in the proportions of 1:1, 1:0.6; 1:0.4; 1:0.25; 

1:0.1. The formulation containing unloaded nanoparticles (10 mL) and 

thymol (3 µg/mL) were used as negative and positive control, 

respectively. 

 

3. RESULTS AND DISCUSSION 

 

3.1. Essential oil characterization 

The optimum time of EO extraction was found to be 120 min (Camêlo 

et al., 2011; Da Silva et al., 2017). The relative density of the EO was 

measured around 0.936 g/cm3 and the estimated refraction index (RI) 

was 1.492. The EO yield was 0.62% (w/w). However, it should be 

optimized according to the season and site collecting. A yield of 0.21% 

(Santos et al., 2016) was reported previously considering the same 

amount of dried leaves. 

The chemical constituents of the EO are shown in Table 1. 

Ten constituents were identified, representing 97.24% of the EO in 

natura. Monoterpenes (82.9%) and sesquiterpenes (11.1%) represent 

the main constituent groups. Carvone (54.5%) and limonene (21.5%) 

were quantified as major constituents, totalizing 76.0% of the whole 

chemical composition. For this reason, this EO was classified as a 

chemotype III. The EO from leaves of L. alba collected in the 

Northern Brazil presented three chemotypes (Da Silva et al., 2017). 

Some studies reported similar chemical composition of L. alba 

essential; however, quantitative changes were observed in L. alba 

grown in different regions (Castro et al., 2002; Silva et al., 2006).  
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Table 1. Essential oil composition from leaves of Lippia alba. 

 

3.2. DPPH• radical scavenging activity and 

acetylcholinesterase (AChE) inhibitory assay 

The evaluation of the DPPH• radical scavenging of the EO in natura 

(1 mg/mL) presented no significant activity. (Puertas-Mejía et al., 

2002) reported low activity of the EO from L. alba (chemotype III) 

using 2.8 x 105 mg/mL. This chemotype do not present phenolic groups 

nor flavonoids, which are closely associated to the DPPH• radical 

scavenging.  

AChE has an important role in the nervous system (Gutierres 

et al., 2014), being the target site of inhibition by organophosphorus 

and carbamate pesticides  (Lionetto et al., 2012). The tested EO 

presented no significant enzymatic activity in concentration up to 

1,000.0 µg/mL. The AChE inhibitory activity of limonene was reported 

previously; however, carvone presents weak inhibition (Abdelgaleil et 

al., 2009). Although limonene is one of the chemical constituents of 

the tested EO, the high concentration of carvone may have influenced 

its enzymatic activity. In order to improve the AChE activity, higher 

concentrations of EO would be required (López and Pascual-

Villalobos, 2010). 

 Constituent AIcalc AIlit. (%) 

1 butyl acetate 801 807 3.24 

2 mircene 990 988 3.61 

3 limonene 1026 1024 21.49 

4 ɣ-terpinene 1049 1054 1.06 

5 linalool 1100 1095 0.68 

6 carvone 1244 1239 54.54 

7 piperitetone 1340 1340 1.51 

8 α-copaene 1377 1374 1.86 

9 E-cariophyllene 1420 1417 3.25 

10 germacrene D 1483 1480 4.80 

11 δ-cadinene 1525 1522 1.20 

Total                                                                                                     97.24  

Total monoterpenes                                                                         82.89  

Hydrocarbon monoterpenes                                                         26.16  

Oxygenated monoterpenes                                                            56.76  

Total sesquiterpenes                                                                          1.11  

Other constituents                                                                              3.24  

AI: Arithmetic index relative to C7–C30 n-alkanes on HP-5 column.  
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3.3. Larvicidal assay using the essential oil in-natura 

EO have been considered as potential sources of bioactive compounds 

(Mar et al., 2018). The EO in natura from L. alba can be considered 

an alternative controlling agent of A. aegypti larvae. After 72 h of 

exposure, a moderate larvicidal potential was observed. LD50 and LD90 

were found around (105.9 ± 0.1) μg/mL and (129.7 ± 0.1) μg/mL, 

respectively.  

Although the EO in natura did not present significant 

antioxidant nor enzymatic activity, some studies reported its 

larvicidal and insecticidal effects (Vera et al., 2014). Furthermore, 

isolated carvone or limonene also showed significant effect against C. 

quinquefasciatus, A. aegypti and A. stephensi larvae. The LD50 values 

of 8.83 mg/mL, 12.01 mg/mL and 14.07 mg/mL were obtained for the 

isolated limonene, respectively. (Da Botas et al., 2017) also reported 

the larvicidal activity against A. aegypti of limonene obtained from the 

EO of B. reticularia. Some other reports also confirmed the larvicidal 

and insecticidal activity of the isolated limonene against A. aegypti, A. 

albopictus and Sitophilus oryzae (Cheng et al., 2009; Liu et al., 2013). 

The synergistic interaction between the EO constituents may results 

in larvicidal effect by contact, fumigation or ingestion (Mendes et al., 

2017). 

 

3.4. 2D topographic AFM images 

The synthesized unloaded and loaded nanoparticles presented almost 

spherical morphology, as shown in Figure 1. The unloaded 

nanoparticles presented average size around (136 ± 2) nm and 

polydispersity index of 0.14. On the other hand, the nanoparticles 

loaded with EO presented average size around (266 ± 6) nm and 

polydispersity index of 0.22. The increase of the average diameter of 

the nanoparticles is due to the encapsulation of EO (Yilmaz et al., 

2019). This result indicates that the EO was successfully 

encapsulated within the PCL-based nanoparticles. 

 

3.5. Average diameter size and surface charge 

DLS analysis was carried out to evaluate the average diameter of the 

produced PCL-based nanoparticles. The unloaded nanoparticles 

presented average size diameter between 236 nm and 275 nm and 
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polydispersity index of 0.2. (Schaffazick et al., 2003) reported that 

average diameters less than 300 nm and polydispersity index equal to 

or below 0.2 are attributed to uniform and stable colloidal system.  

  Table 2 shows the zeta potential values as a function of pH, 

allowing to correlate these values with the diameter size of the 

unloaded nanoparticles. The average diameter of the unloaded 

nanoparticles estimated by DLS was larger than those found by AFM. 

Prior to the AFM analysis, the colloidal system was subjected to a 

drying process to form a film over a glass slide, which may have 

influenced the average size of the nanoparticles. The zeta potential 

values presented, in module, higher surface charge at pH = 4, 

allowing the formulation stability. The isoelectric point was verified 

close to pH = 10. Then, instability may occur between pH from 5 to 10. 

The negative values of zeta potential may be due to the carbonyl 

radicals of the polymeric molecular structure. Nanoparticles were 

synthesized using a non-ionic surfactant and, according to the 

scientific literature, the surfactant interacts with the hydrophobic 

sites of PCL, resulting in the exposure of the surfactant chain 

radicals. This may result in negative charges on the nanoparticles 

surface, decreasing the zeta potential value and presenting the steric 

hindrance stabilization mechanism.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. (a-b) 2D topographic AFM images of the unloaded and loaded PCL-based 

nanoparticles, respectively; (c-d) 3D topographic AFM images of the unloaded and 

loaded nanoparticles, respectively and (e-f) diameter size frequency (%) of the unloaded 

and loaded nanoparticles, respectively. 
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Table 2. Zeta potential (mV) and nanoparticle size in different pH. 

 

According to the steric stability, the emulsifier joins the nanoparticle 

surface, improving stability. On the other hand, the electrostatic 

stability occurs due to the repulsion between the particles resulting 

from their high surface charge (Campelo et al., 2017). Thus, values 

equal to or greater than 30 mV (in modulus) are important to the 

formulation stability (Roland et al., 2003). For this reason, the 

electrostatic stabilization is not the main mechanism of the developed 

formulation proposed here (da Rosa et al., 2015). 

 

3.6. ATR-FTIR analysis 

Figure 2 shows the ATR-FTIR spectra of the EO in natura, the 

unloaded and loaded nanoparticles. The bands found between 1,500 

and 1,000 cm-1 are of complex descriptions. Due to the mixture of 

chemical constituents, some bands may be overlapped. For this 

reason, only the main vibrational modes of the major constituents 

(carvone and limonene) were identified. 

  The band at 3,333 cm-1 was assigned to the H2C=R stretching 

of limonene, and a band at 1,676 cm-1 is due to the stretching of 

unsaturated carbonyl present in carvone. Angular deformation of 

CH2–CH3 related to primary or secondary carbons was observed in the 

regions of 1,440 and 1,369 cm-1. Bands at 1,246 cm-1 and 1,110 cm-1 

were assigned to the C=O bond (Gualdrón et al., 2013; Ramamoorthy 

and Rajiv, 2014; Zhang et al., 2017).  

The spectra of the unloaded nanoparticles (in blue) and loaded 

with EO (in green) are quite similar. The band located at 1,639 cm-1 

was attributed to the ester groups of PCL. The narrow and intense 

characteristic bands observed in the EO spectrum were not observed 

in the spectra of the unloaded or loaded nanoparticles. This fact 

pH Zeta potential (mV) Nanoparticle size (nm) PDI 

3 -5.37 ± 0.06 244.0 ± 0,4 0.24 

4 -8.02 ± 0.07 243 ± 5 0.18 

5 -3.6 ±0.2 236 ± 1 0.24 

6 -2.8 ± 0.9 275 ± 4 0.34 

7 -1.6 ± 0.1 252 ± 3 0.27 

8 -1.5 ± 0.4 269 ± 2 0.34 

9 -1.2 ± 0.2 227 ± 1 0.27 

10 -0.9 ± 0.1 238 ± 3 0.24 
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confirms the encapsulation of the EO within the developed PCL-based 

nanoparticles. For this reason, the ATR-FTIR technique can represent 

an efficient qualitative tool to verify the encapsulation of EO.  

 

 

 

 

 

 

 

 

 

 

Figure 2. ATR-FTIR spectra of the EO in natura, the unloaded and 

loaded nanoparticles. 

 

3.7. Formulation stability 

EE was measured for all formulations until reach 70% (Xing et al., 

2005). The encapsulation of EO promoted by the nanoprecipitation 

method was highly efficient, as shown in Figure 3. The initial EE 

was found around 95 – 100%. Some studies also reported high EE for 

formulations containing PCL-based nanoparticles (Grillo et al., 2012). 

The formulation containing encapsulated EO and no preservative 

presented considerable decreasing of EE after 30 days, reaching 66%. 

This fact occurred due to nanoparticle degradation, altering 

organoleptic properties such as color and smell. On the other hand, 

the addition of the preservatives NE and SB increased the 

formulation stability. The EE for both formulations presented similar 

behavior over time, reaching 70% simultaneously after 50 days. 

The centrifugation test confirmed the preliminary stability of 

the formulation, resulting in no phase separation. Then, physical 

parameters such as pH and electrical conductivity were evaluated 

over time at 25 °C for the followed formulations: (i) unloaded 

nanoparticles with no preservative, (ii) loaded nanoparticles with no 

preservative, (iii) loaded nanoparticles containing the preservative 

NE and (iv) loaded nanoparticles containing the preservative SB. All 
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formulations were initially maintained at pH = 4, according to the 

zeta potential data. 

 

 

 

 

 

 

 

 

 

Figure 3. Encapsulation efficiency (EE) as a function of time. 

 

The pH values increased over time, as shown in Figure 4. The (i) 

unloaded nanoparticles with no preservative presented increase of pH 

reaching 4.9 after 18 days, and then destabilized completely. The (ii) 

loaded nanoparticles with no preservative reached pH = 6, being 

stable for 30 days, and then destabilized. The formulations containing 

preservatives also presented increase of pH over time but reached 

70% of EE after 50 days. The (iii) loaded nanoparticles containing the 

preservative NE presented initial pH = 4 and reached 6.9 after 50 

days. The (iv) loaded nanoparticles containing the preservative SB 

presented initial pH = 4, increasing to 6.2. This formulation showed a 

sudden decrease in pH after 25 days, which may be related to 

interactions between its constituents.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. pH values of formulations as a function of time. 



Jéssica M. S. da Silva, Maxwaldo da S. Rabelo, Suzan X. Lima, Ana Luisa F. Rocha, Henrique D. Da 

Fonseca Filho, André C. de Oliveira, Wanderli P. Tadei, Francisco C. M. Chaves, Jaqueline de A. 

Bezerra, Matheus M. Biondo, Pedro H. Campelo, Edgar A. Sanches- Biodegradable 

nanoparticles loaded with Lippia alba essential oil: a sustainable alternative for Aedes 

aegypti larvae control 

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VII, Issue 12 / March 2020 

6249 

For all formulations the increasing of pH was correlated with 

decreasing of EE. This fact may be explained by the PCL degradation 

(Nobes and Marchessault, 1999). In addition, such degradation 

resulted in EO release from nanoparticles, decreasing the EE and 

increasing the pH values. This result corroborates with the zeta 

potential data, showing that the destabilization of the formulations 

tends to reach the isoelectric point. 

The electrical conductivity of the formulations is shown in 

Figure 5. After addition of preservatives the electrical conductivity 

changed; however, without destabilizing the formulation. It is known 

that the preservative SB dissociates in water. Thus, cations from this 

preservative may have interacted with the negatively charged carriers 

available in the formulation, resulting in decreasing of electrical 

conductivity to about 460 μS/cm. On the other hand, the formulation 

containing the preservative NE presented initial electrical 

conductivity around 1890 μS/cm, which is slightly higher than those 

observed for the unloaded and loaded nanoparticles containing no 

preservative. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Electrical conductivity of formulations as a function of time. 

 

All formulations presented a gradual increase of electrical 

conductivity over time, except for the unloaded nanoparticles 

containing no preservative. This increase may be related to release of 

EO due to the destabilization of the formulation. According to GC/MS 

data, the EO from Lipia alba is rich in chemical constituents 
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containing electronegative groups which, in solution, can increase the 

electrical conductivity values. 

These data show that both preservatives NE and SB can be 

used in the proposed formulations. However, more regular behavior 

over time (as a function of EE, pH and electrical conductivity) was 

observed in the formulation containing the preservative NE. For this 

reason, this developed formulation was chosen to be applied in the 

larvicidal bioassay. 

 

3.8. In-vitro controlled-release of essential oil 

Figure 6 shows the controlled-release curves fitted by the Korsmeyer-

Peppas model. The dashed horizontal line represents the reference 

value of LD90 obtained using the EO in-natura for the larvicidal 

bioassay. The LD90 was reached in all controlled-release assays. 

However, a significant difference in the releasing time was observed. 

At neutral and basic pH, the LD90 was reached after 50 min. However, 

at acid pH this concentration was reached after 180 min. The 

controlled-release curves at pH = 7 and 10 are similar, being rapid in 

the first minutes and gradual after approximately 25 min. The 

maximum EO concentration was released after 270 min, reaching 400 

mg/mL. In contrast, the maximum EO concentration released at pH = 

4 was about 160 mg/mL after 270 min. According to the zeta potential 

data, the optimum pH that guarantee the stability of the formulation 

is acid (pH = 4). Thus, at this pH a rapid release of EO, as well as 

higher released concentration, was not observed. However, when the 

formulation was allowed to release the EO at neutral or basic pH, 

rapid release and higher released concentration of EO was observed. 

This fact may be explained by the destabilization of the formulation 

when the pH value approaches the isoelectric point. 

The controlled-release curves were better adjusted by the 

Korsmeyer-Peppas model (Korsmeyer and Peppas, 1983). Values of n 

were observed between 0.63 and 0.67 (Table 3), which reveal that the 

developed PCL-based nanoparticles released the EO according to the 

anomalous transport mechanism.          
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Table 3. Controlled-release kinect parameters according to the 

Korsmeyer-Peppas model. 

 

 

 

 

 

3.9. Larvicidal bioassays 

The loaded nanoparticles containing the preservative NE was 

submitted to the larvicidal bioassay with different proportions of 

water/formulation, as shown in Table 4. The LD90 was found around 

129.7 µg/mL. The formulation showed high larvicidal activity: the 

undiluted and 1:1 (250 µg/mL) diluted formulation promoted 100% 

larvicidal effect after 24 h. These data corroborate with those found in 

the larvicidal bioassay considering only the EO in-natura. The 1:0.6 

diluted formulation promoted 100% larvae mortality after 48 h. Since 

in this case the EO concentration is similar to the LD90 value, higher 

percentage of larvae mortality was observed in the first 24 h (87 ± 1) 

%, reaching 100% after 48 h. Dilutions below 1:0.6 did not result in 

100% larvae mortality. However, the 1:0.25 dilution presented an 

expressive larvicidal potential after 24 h, reaching almost 80% larval 

mortality. 

These results allowed important hypotheses about the 

observed larvicidal effect. The LD50 and LD90 were obtained only after 

72 h when the larvicidal assay was performed using the EO in-natura. 

However, larvae mortality was observed before 24 h for some 

concentrations. This fact suggest that the formulation may present 

different mechanisms of action when compared to the EO in-natura. 

The nanoparticles may have penetrated the larvae cell membrane. 

This can be suggested because the mortality time was considerably 

reduced (from 72 h for the EO in-natura to 24 h for the loaded 

nanoparticles). Some authors report that most larvae ingest larger 

proportions of organic particulate matter up to around 50 μm 

(Eisenberg et al., 2000), allowing the incorporation of bioactive 

compounds in nanoparticles and facilitating the ingestion. 

 

parameters pH 4 pH 7 pH 10 

K 3.77 11.83 10.07 

n 0.67 0.63 0.66 

R2 0.9604 0.9604 0.9801 
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Table 4. Larvicidal bioassay using the colloidal system containing the 

preservative NE in different proportions of water/formulation. 

 24 h 48 h 

Concentration 

(mg/mL) 

Concentration 

(v/v) 

M T (%) Concentration 

(v/v) 

M T (%) 

500 Undiluted 

formulation 
10.0 100.0 ± 0.0 

Undiluted 

formulation 
0.0 0.0 ± 0.0 

250 1:1 10.0 100.0 ± 0.0 1:1 0.0 0.0 ± 0.0 

125 1:0.6 8.7 87 ± 1 1:0.6 1.3 13 ± 1 

62.5 1:0.25 7.7 77 ± 1 1:0.25 1.7 17 ± 1 

31.2 1:0,4 1.7 17 ± 1 1:0.4 4.7 47 ± 2 

15.6 1:0.1 0.3 3.0 ± 0.5 1:0.1 0.0 0.0 ± 0.0 

-- Control 0.0 0.0 ± 0.0 Control 0.0 0.0 ± 0.0 

M: Average number of dead larvae obtained in triplicate; T(%): Percentage of 

dead larvae. 

 

Studies on the application of biodegradable nanoparticles as larvicidal 

formulations are still little explored. However, in this work the 

toxicity of the EO from L. alba was maintained after its 

encapsulation. The larvicidal results obtained from the loaded 

nanoparticles allowed the proposition of an application. As the results 

show that this formulation can be diluted to a ratio of 1: 0.25 to obtain 

larvicidal efficacy up to 24 h, it would be an alternative for domestic 

larvicidal control. 

 

CONCLUSIONS 

 

A larvicidal formulation based on the EO from L. alba encapsulated in 

PCL-based nanoparticles was successfully developed. Although no 

antioxidant nor enzymatic action was observed at the tested 

concentrations of EO, its larvicidal effect was observed. This larvicidal 

property is most probably due to the major chemical constituents of 

the EO (carvone and limonene), or also due to the synergism between 

the various compounds. The EE of the formulation containing the 

preservatives NE and SB exhibited similar behaviors over time. Both 

formulations reached EE = 70% simultaneously after 50 days. The 

larvicidal bioassay based on the loaded nanoparticles showed high in 

vitro activity against the tested larvae. We can suggest that 

nanoparticles penetrated through the larval cell membrane because 

the LD90 was reached in reduced time. The encapsulation of natural 
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and bioactive compounds becomes an interesting alternative for 

larvicidal application, besides the proposed formulation does not 

present harmful chemical components to the environment. This 

formulation can be diluted to a ratio up to 1:0.25 to obtain larvicidal 

efficacy for 24 h, representing a good alternative for domestic 

larvicidal control. 
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