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Abstract 
The SONE oil/water was prepared using the pseudo-ternary phase diagram, 
using a low energy method with phase inversion by changing the composi-
tion. In order to optimize the preparation of SONE, three speeds were used in 
the agitator arm and two different rods. The particle size and polydispersity 
index were determined by Dynamic Light Scattering (DLS) and the stability 
test by the freeze-thaw cycle. Angiogenesis in chicken embryo egg chorioal-
lantoic membrane and zebrafish (Danio rerio) embryotoxicity was per-
formed. The lower stirring speed and propeller shaft induced smaller particle 
size (550.2 nm). Regarding angiogenesis, there was a statistically significant 
difference for all the evaluated parameters (length, caliber, junctions, and 
number of blood vessel complexes) and the result was higher in SONE when 
compared to the inhibition control (Dexamethasone), but lower than the in-
duction control (Regederm®) and there was no statistically significant differ-
ence between SONE and distilled water. It was observed that the exposure of 
the zebrafish embryos to SONE caused an increase in the mortality rate de-
pendent on time and concentration. The LC50 for SONE decreased statistical-
ly with increasing exposure (p-value = 0.046). Heart rate decreased signifi-
cantly with increasing concentration at all exposure times (p-value < 0.05), as 
a result of progressive embryo mortality. The hatching rate was late until the 
concentration of 0.0193 mg/mL and no hatching rate was verified from that 
concentration. Exposure of zebrafish embryos to different concentrations of 
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SONE induced malformations such as spinal changes, pericardial edema and 
yolk sac edema, but there was no significant difference in the malformation 
rate of embryos exposed to SONE when compared to the control group. The 
SONE produced remained stable in the freeze-thaw cycle, with changes only 
in pH. Despite the low results for embryotoxicity, further studies are needed, 
aiming at the ideal formulation for angiogenesis purposes. 
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1. Introduction 

The production of soybean oil is a global highlight, and Brazil is the second 
largest producer and exporter, responsible for approximately 30% of the global 
production [1]. Soy oil is manufactured by mechanical pressing and solvent ex-
traction of soya beans. Glycine max (L.) Merr. has an excellent fatty acid profile, 
including linoleic acid, oleic acid and linolenic acid [2]. Fatty acids are relevant 
in the healing of skin wounds by activating AKT, ERK, and TGF-β/Smad3, sig-
naling and promoting angiogenesis [3]. 

In particular, due to its abundance in the market and its low cost, soybean oil 
has been reported to be popularly used in skin wounds [4], recovery of the skin 
barrier, antibacterial effect, reduction of transdermal water loss associated with 
the presence of phytosterols, also proving effective in the treatment of UVB-induced 
skin erythema [5]. In addition, it was investigated in the literature and showed a 
decrease in fibrosis and prevention of peritoneal adhesions in the postoperative 
period [6]. 

The development of formulations including derivatives of plant origin, allows 
for the creation of new products with less risk of adverse reactions. It has been 
shown that in formulations, especially for topical application, the inclusion of 
fixed oils has a favorable cosmetic and pharmacological action on skin repair 
and protection. In this context, oils play the role of functional vehicles, exci-
pients and constituents of the oil phase of emulsions [7]. 

In recent years, nanoemulsions (NEs) have been used as new administration 
systems seeking to improve the bioavailability of formulations. NEs offer advan-
tages due to their ease and low cost of preparation, physical stability and nano-
metric diameter of particles that provides greater reactivity with biological cells. 
They present better sensorial aspect, penetration and absorption in the skin, 
greater control of release of products, apart from less amount of surfactants, re-
ducing possible irritations [8] [9] [10]. 

The development of NEs designed for several applications requires in vivo 
toxicological studies to assess the potential effects on human safety. Zebrafish 
has been considered a “gold standard” for its high degree of genomic homology 
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with humans, cost-benefit, well-characterized development stages, and optical 
transparency [11]. Previous studies using zebrafish have shown that this method 
allows for the evaluation of various toxic aspects of the tested substances, in-
cluding decreased heart rate, yolk sac edema, pericardial edema, spinal cord al-
teration, inhibition of hatching rate, lethal concentration (LC50), and mortality 
rate [12] [13]. 

Skin wounds entail financial costs for individuals, families, communities and 
public authorities; and it becomes relevant to identify new treatments from 
products made with biotechnological innovation. Thus, even with the increasing 
research of NEs, there are no reports in the literature on the NE production of 
soybean oil aiming at possible angiogenic effects and embryotoxicity. Therefore, 
seeking to innovate in the creation of a new product for use in health different 
from those already existing and available in the literature, the present study 
aimed to: 1) develop a soybean oil NE and perform preliminary stability tests 
and 2) assess, in vivo, angiogenic and embryotoxicity effects. 

2. Material and Methods 
2.1. Development of Soybean Oil Nanoemulsion 

The soybean oil NE (SONE) oil/water (O/W) was prepared using the pseu-
do-ternary phase diagram, using a low energy method with phase inversion by 
changing the composition [14], with the following products: Liza® commercial 
soybean oil (Cargill, Rio Verde, Goiás, Brazil) (Hydrophile-Lipophile Balance = 
7.0), surfactants—Sorbitan Sesquioleate (Span® 83) (Hydrophile-Lipophile Bal-
ance = 3.7) (Lipo do Brasil, São Bernardo do Campo, São Paulo, Brazil) e Poly-
sorbate 80 (Tween® 80) (Hydrophile-Lipophile Balance = 15.0) (Oxiteno, São 
Paulo, São Paulo, Brazil), Purified water by reverse osmosis (OS lOLX, Gehaka, 
São Paulo, São Paulo, Brazil), Phenova® microbiological preservative (Croda do 
Brasil, Campinas, São Paulo, Brazil). Initially, the aqueous phase and the oil 
phase were heated separately to 75˚C ± 2˚C. Then, the oil phase was added 
slowly to the aqueous phase under constant stirring (IKA RW 20, Staufen, Ba-
den-Württemberg, Germany) until the mixture reaches room temperature (25˚C 
± 2˚C). Finally, the microbiological preservative was added [15].  

2.2. Preliminary Stability Tests 

The SONE was evaluated macroscopically 24 hours after preparation, being sub-
jected to centrifugation in triplicate, at the speed of 3000 rpm for 30 minutes to 
identify possible instability [16]. Particle size and polydispersity index were de-
termined by Dynamic Light Scattering Analyser (Dynamic Light Scatter-
ing-DLS) (Zetasizer Nano ZS90, Malvern, United Kingdom) [17]. 

Subsequently, in order to optimize SONE production, three different agitation 
speeds were tested on the agitator arm: 600 rpm, 900 rpm and 1200 rpm (IKA 
RW 20, Staufen, Baden-Württemberg, Germany) and two rods: cog (H1) and 
helix (H2) (Figure 1) [18]. pH was measured by a phmeter (PG 1800 Gehaka,  
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Figure 1. Rods used to optimize the preparation of nanoemulsions: (a) cog (H1) and (b) 
helix (H2). 
 
São Paulo, São Paulo, Brazil). The index of refraction (IR) was obtained by a re-
fractometer (Abbe, Baush and Lomb Optical Company, New York, United States 
of America). Electrical conductivity was assessed using the Digimed conductivity 
meter (DM32, Digimed, São Paulo, São Paulo, Brazil). Finally, the determination 
of absolute and relative density was performed using the pycnometer (SpLabor, 
Presidente Prudente, São Paulo, Brazil). All tests were performed in triplicate 
[19].  

Still, the thermal stress was accomplished by heating in a thermostatic bath 
(NT 281 Nova Técnica® Ltda, Santa Rosa, Piracicaba, São Paulo, Brazil) at a 
temperature of 45˚C ± 2˚C to 80˚C ± 2˚C, gradually increasing the temperature 
every 4˚C ± 2˚C and each value was maintained for 30 minutes, with macros-
copic analysis to observe the phase separation at each temperature change. The 
SONE freeze-thaw cycle was submitted to a temperature of 45˚C ± 5˚C for 24 
hours and then to a temperature variation of 4˚C ± 2˚C also for 24 hours, com-
pleting a cycle. Macroscopic evaluation and analysis of physical-chemical para-
meters were performed in the sixth and twelfth cycle [20]. 

2.3. Assessment of Angiogenic Activity 

Chicken embryonated eggs (Gallus domesticus) were incubated in an automatic 
oven at 37˚C and 60% - 70% relative humidity for sixteen days. On the fifth day 
of incubation, a circular opening in the eggshell was performed in a laminar flow 
chamber using a micro-rectifier (Dremel MultiPro, Ouro Preto, Minas Gerais, 
Brazil). Soon after, a drop of 0.9% NaCl was added over the already vascularized 
chorioallantoic membrane (CAM). The opening was sealed with adhesive tape 
and a new incubation was carried out. 

At the end of the thirteenth day of incubation, filter paper discs were placed 
directly on the CAM soaked with the test substance: SONE produced, negative 
control: sterile distilled water (Samtec Biotecnologia, Ribeirão Preto, São Paulo, 
Brazil), induction control: Regederm® (Pele Nova Biotecnologia, São Paulo, São 
Paulo, Brazil) and inhibition control: injectable dexamethasone 4mg/mL (Aché 
Laboratórios Farmacêuticos S.A., Guarulhos, São Paulo, Brazil). The eggs were 
returned to the incubation until the sixteenth day [21]. 

https://doi.org/10.4236/jbnb.2020.113010


T. A. Marinho et al. 
 

 
DOI: 10.4236/jbnb.2020.113010 165 Journal of Biomaterials and Nanobiotechnology 
 

On the sixteenth day of incubation the CAMs were removed, fixed with for-
maldehyde solution 3.7% for 5 minutes and cut with blunt curved scissors and 
kept in Petri dishes in the presence of 10% formaldehyde solution to obtain 
photo registration (640 × 480 pixels; RGB 24 bits) for analysis and quantification 
of a newly-formed vascular [22].  

2.4. Embryotoxicity Assessment 

Acute embryotoxicity tests on zebrafish embryos followed OECD 236 recom-
mendations. Experimentation was performed with embryos from adult fish 
placed under ideal conditions, 60 males and 20 females in aquariums with water 
recirculation system (28.5˚C ± 2˚C, 80% humidity) and the photoperiod was 
adjusted to a 14 hours light/10 hours dark cycle, fed four times a day with com-
mercial floccular feed (FlakesFood®) and Artemia salina. For experiments, em-
bryos from reproduction were collected, transferred to Petri dishes containing 
E3 solution and classified aided by stereomicroscope (OLYMPUS CX 31, Shin-
juku, Tokyo, Japan) as good, intermediate, bad and non-fertilized, using as 
standard: cell coloration, disposition and proliferation, in addition to egg fertili-
zation and malformation [23]. 

After selection, the embryos classified exclusively as good were placed in po-
lypropylene plates, white in color and transparent bottom with 96 wells. Twelve 
different serial dilutions of SONE were tested at the initial concentration of 124 
mg/mL and negative control (E3 solution) in 5 replicates. The solutions were 
changed daily and kept at room temperature. Embryonic developmental stages 
were evaluated for: decreased heart rate, yolk sac edema, pericardial edema, 
spinal cord alteration, hatching rate inhibition, lethal concentration (LC50) and 
mortality rate through photos and/or videos were obtained in the periods of 0, 
48, 72, 96, 120, 144 and 168 hours passed after fertilization (hpf) using the light 
microscope (LEICA DM750, Leica Microsystems, Rio de Janeiro, Rio de Janeiro, 
Brazil) coupled to the ICC50 HD digital camera and the LAS® EZ3.0.0 software 
[24]. 

2.5. Statistical Analysis 

For analysis of the preliminary stability tests of SONE, the results were presented 
as mean (±) standard deviation. The analysis of the variance values was analyzed 
by repeated (ANOVA) measurements followed by post hoc analysis using a Tu-
key test with a p < 0.05 significance, using GraphPad Prism, version 7.0 (Graph 
Pad, San Diego, California, United States of America). 

The data on angiogenic activity and embryotoxicity were analyzed using SPSS 
version 24.0 (IBM SPSS Statistics for Windows, Version 24.0. Armonk, New 
York, United States of America) and GraphPadPrism version 7.0. Initially, the 
normality variables of the study were verified by the Shapiro-Wilk test [25]. The 
parameters measured in angiogenic activity were presented for each group as 
median and interquartile range (QII). To compare the values found, the 
Kruskal-Wallis nonparametric test for independent samples was performed, fol-
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lowed by post hoc analysis by Dunn’s test for multiple comparison in case of sta-
tistical significance [26] [27]. The parameters evaluated for embryotoxicity were 
presented as mean and standard error of the mean (SEM). The comparison of 
the values found in relation to the control group was performed by the 
Mann-Whitney test for independent samples, p-values (p < 0.05) were consi-
dered statistically significant. To determine the LC50, the Probit method was 
used. 

2.6. Ethical Aspects 

This study was approved by the Research Ethics Committee of the Pontifícia 
Universidade Católica de Goiás, PUC-Goiás, Brazil (Consubstantiated Report 
No. 8235150816/2018). 

3. Results 
3.1. Soybean Oil Nanoemulsion 

The pseudo-ternary phase diagram guided the preparation of SONE, numbered 
from one to seven, with each phase described in Table 1. 

The seven SONEs produced, initially with an agitation speed of 600 rpm and 
with a H2 helix, were submitted to preliminary stability assessment by macros-
copic analysis and centrifugation. In the macroscopic evaluation after 24 hours 
(Figure 2), the color was milky for all formulations, there was no bluish reflex 
and those identified as number three, four and five maintained normal aspects 
(Table 2). The SONE identified as number five was the most stable after centri-
fugation, being the only one in which no phase separation was observed and it 
obtained the smallest particle size (550.2 nm). 
 

 
Figure 2. Macroscopic evaluation the SONEs initially produced after 24 hours at rest. 
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Table 1. Formulations prepared using the phase diagram using soybean oil, surfactants 
and deionized water. 

Formulation 
Chemicals 

Deionizedwater Soybean oil Surfactants (Span 83 + Tween 80) 

SONE 1 80 mL 10 mL 10 mL 

SONE 2 85 mL 10 mL 5 mL 

SONE 3 85 mL 5 mL 10 mL 

SONE 4 80 mL 5 mL 15 mL 

SONE 5 75 mL 10 mL 15 mL 

SONE 6 75 mL 15 mL 10 mL 

SONE 7 80 mL 15 mL 5 mL 

Abbreviations: SONE = Soybean oil nanoemulsion, mL= milliliters, Surfactants (Span 83 + Tween 80) used 
in equal proportions. 

 
Table 2. Macroscopic characterization of the formulations prepared using soybean oil, 
surfactants and deionized water. 

Formulation Transparent/Milky Bluish Reflection Aspect 

SONE 1 M No SM 

SONE 2 M No Mod 

SONE 3 M No N 

SONE 4 M No N 

SONE 5 M No N 

SONE 6 M No Mod 

SONE 7 M No Mod 

Abbreviations: SONE = Soybean oil nanoemulsion, T = Transparent, M = Milky, No = Not observed, N = 
Normal, SM = Slightly Modified, Mod = Modified. 

 
In order to optimize the preparation process, SONE number five was tested 

with different speeds in the agitator arm of 600 rpm, 900 rpm and 1200 rpm. A 
difference in particle size was observed with the use of different speeds, with the 
lowest speed (600 rpm) inducing the smallest size. A small difference in particle 
size was observed using different rods in the preparation and, in general, the H2 
rods obtained better performance. The polydispersity index of all formulations 
was equal to or close to 1000 (Figure 3). 

The formulation with the smallest particle size, shown in Figure 3(d) for 
SONE (550.2 nm), was chosen for follow-up and subjected to stability tests and 
to the freeze-thaw cycle (triplicate) (Table 3), which showed no statistically sig-
nificant difference in any of the evaluated parameters. In the thermal stress 
evaluation, the appearance of creaming was observed at 75˚C and after centrifu-
gation, SONE did not present phase separation. 
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Table 3. Characteristics of the SONEs prepared when subjected to the freeze-thaw cycle (in triplicate). 

Cycle Before the cycle Sixth day of the cycle Twelfth day of the cycle 

Pt* 
 

Sample 

pH IR 
Absol 
Dens 

(g/cm3) 

Rel 
Dens 

(g/cm3) 

Cond 
(µS/cm 
25˚C) 

PS pH IR 
Absol 
Dens 

(g/cm3) 

Rel 
Dens 

(g/cm3) 

Cond 
(µS/cm 
25˚C) 

PS pH IR 
Absol 

Densid 
(g/cm3) 

Rel 
Densid 
(g/cm3) 

Cond 
(µS/cm 
25˚C) 

PS 

SONE 1 7.00  0.9835 0.9853 202.1 550.2 7.62  0.9858 0.9950 204.0 589.2 7.94  0.9930 0.9948 204.1 578.2 

SONE 2 7.22 1.3520 0.9829 0.9847 201.6 551.1 7.8 1.3520 0.9831 0.9912 201.8 555.2 8.04 1.3522 0.9926 0.9944 202.4 579.4 

SONE 3 7.24 
 

0.9896 0.9913 200.9 554.3 7.71 
 

0.9911 0.9936 200.1 566.4 8.06 
 

0.9931 0.9949 202.0 599.7 

Mean 7.15  0.98 0.99 201.5 551.5 7.71  0.99 0.99 202.00 570.30 8.01  0.99 0.99 202.83 586.80 

SD 0.13 
 

0.00 0.00 0.60 1.59 0.09 
 

0.00 0.00 1.95 17.32 0.06 
 

0.00 0.00 1.11 12.08 

Abbreviations: SONE = Soy oil nanoemulsion, Pt = Parameter evaluated, IR = index of refraction, Absol Dens = Absolute Density, Rel Density = 
Relative Density, Cond = Electrical conductivity, PS = Particle Size, SD = Standard Deviation, *Comparison of stability between times by Analysis of Va-
riance (ANOVA): pH (p-value = 0.002), absolute density (p-value = 0.065), relative density (p-value = 0.063), conductivity (p-value = 0.069) and PS (p-value 
= 0.065). 

 

 
Figure 3. Particle size when changing the stem and speed simultaneously in preparing 
SONE number five. (a) H1/speed 600 rpm = 641.5 nm (nanometers); (b) H1/speed 900 
rpm = 658.1 nm; (c) H1/speed 1200 rpm = 694.8 nm; (d) H2/speed 600 rpm = 550.2 nm; 
(e) H2/speed 900 rpm = 656.5 nm; (f) H2/speed 1200 rpm = 657.9 nm. 

3.2. Assessment of Angiogenic Activity 

The digital images obtained for the experiment (Figure 4) show, in the CAM 
treated with inhibition control (injectable dexamethasone), a reduction in the  
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Figure 4. CAM treated with products: (a) Inhibition control: injectable dexamethasone; 
(b) Negative control: sterile distilled water; (c) Induction control: Regederm®; and (d) 
SONE test substance. 
 
quantity of vessels while, in the negative control (sterile distilled water), main-
tenance of the expected quantity of vessels, in the induction control (Rege-
derm®), an increase in the newly formed vascular network and, for the SONE test 
substance, a pattern similar to sterile distilled water is noted. 

Table 4 and Figure 5 summarize the descriptive and comparative analysis 
between groups to assess the potential of the SONE test substance for angioge-
nesis. There was a statistically significant difference between groups for all the 
parameters evaluated (p-value < 0.001). Length, caliber, junctions, and number 
of blood vessel complexes were higher in SONE when compared to the inhibi-
tion control (Dexamethasone), but lower than in the induction control (Rege-
derm®), with a statistically significant difference. Still, there was no statistically 
significant difference between the SONE substance and distilled water for all pa-
rameters. 

3.3. Embryotoxicity Assessment 

Figure 6 summarizes the assessment of the mortality rate, LC50, heart rate and 
hatching rate of SONE. There were statistically higher mortality rates in zebra-
fish embryos exposed to SONE when compared to the control group from the 
concentration of 0.0193 mg/mL at 24 hpf and 48 hpf and from the concentration 
of 0.096 mg/mL at 72 hpf. From the concentration of 0.0775 mg/mL, mortality 
rates of 100% have been verified in the vessels exposed to SONE in all periods of 
exposure. Thus, it was observed that exposure to SONE from zebrafish embryos 
caused an increase in the time-concentration dependent mortality rate (Figure 
6(a)). 
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Figure 5. CAM treated with products: (a) inhibition control: injectable dexamethasone; (b) negative con-
trol: sterile distilled water; (c) induction control: Regederm®; and (d) SONE test substance. 

 

 
Figure 6. (a) Mortality rate; (b) LC50; (c) Heart rate and (d) Hatching rate in zebrafish embryos exposed to 
SONE. 
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Table 4. Macroscopic characterization of the formulations prepared using soybean oil, 
surfactants and deionized water. 

Parameters* Dexamethasone Water Regederm® SONE H** (d.f.) p-value 

Length 
2553.95 

(1223.55) 
6225.75 

(1277.00) 
13,349.00 
(1325.85) 

6036.65 
(665.00) 

32.93 (3) <0.001 

Caliber 
15,382.50 
(3189.75) 

32,329.50 
(12,193.75) 

60,176.50 
(12,813.25) 

30,568.00 
(4069.25) 

32.97 (3) <0.001 

Junctions 
32 

(8.75) 
123.50 
(7.0) 

274.0 
(25.75) 

119.50 
(3.50) 

33.77 (3) <0.001 

Complexes 
21.0 

(10.25) 
39.0 

(5.50) 
49.50 
(6.50) 

40.50 
(4.25) 

34.22 (3) <0.001 

Abbreviations: d.f. = degrees of freedom, *Data presented as median (IQR), **Kruskal-Wallis test for inde-
pendent samples. 

 
The SONE LC50 varied from 0.0180 mg/mL to 0.0050 mg/mL between 24 hpf 

and 168 hpf (Δ% = −72.2), with LC50 decreasing statistically with increasing ex-
posure (p-value = 0.046) (Figure 6(b)). 

Heart rate decreased significantly with increasing concentration at all expo-
sure times (p-value < 0.05), a result of progressive embryo mortality. The heart-
beat of the larvae of the zebrafish embryos exposed to differences in concentra-
tions and periods showed no significant difference with the control group up to 
the concentration of 0.0048 mg/mL at 96 hpf. From that concentration and per-
sisting until the final concentration (1.24 mg/mL), it was found that the heart 
rate of the control group was statistically higher than that of SONE at 96 hpf 
(p-value < 0.05). At 72 hpf and 48 hpf, significant differences in heart rate were 
verified from the concentrations of 0.0096 mg/mL and 0.0193 mg/mL, respec-
tively (Figure 6(c)). 

The analysis of the hatching rate of zebrafish embryos showed that embryos 
exposed to SONE showed late hatchability until the concentration of 0.0193 
mg/mL, while no hatching rate was verified from that concentration, resulting 
from the mortality of the embryos. At 24 hpf and 48 hpf, no or low hatch rate 
was observed in all SONE concentrations, which differed statistically from the 
hatch rate observed in the control group (p-value < 0.05) (Figure 6(d)). 

Exposure of zebrafish embryos to different concentrations of SONE induced 
malformations such as spinal cord alteration, edema of the pericardium and 
edema of the yolk sac at a rate of less than 10% in all concentrations. However, 
there was no significant difference in the rate of malformations of embryos ex-
posed to SONE when compared to the control group: rate of pericardial edema, 
yolk sac edema, and spinal cord alteration. 

4. Discussion 

Regarding SONE stability, those changes in pH indicate the occurrence of 
chemical reactions that can compromise the quality of the final product. Values 
close to the pH of the major component are recommended, the SONE pH re-
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mained close to the neutral value, similar to water (75% of SONE), which allows 
for greater stability of the oil particles. However, a statistically significant in-
crease in pH with storage time can be justified by better solubilization of the oil 
phase with the surfactant. Still, it is noteworthy that the skin and mucous mem-
branes have a slightly acidic pH, being able to secrete buffering substances tole-
rating products with pH values between 3 and 9, a result that favors the topical 
use of SONE [28]. 

It is described in the literature that changes in the pH value may be due to 
oxidative processes of the components of the formulation, mainly of the oily 
phase, such as vegetable oils that are susceptible to self-oxidation when exposed 
to atmospheric oxygen or to high temperatures, forming hydroperoxides or 
triglyceride hydrolysis leading to the formation of free fatty acids which reduces 
the pH of the formulation and compromises the quality of the final product, a 
result not observed in the present study [28]. 

The relative density for SONE showed values close to the density of water and 
this physical-chemical parameter did not change during the freeze-thaw cycle, 
suggesting no incorporation of air or the loss of volatile ingredients in the prod-
ucts [19]. 

The SONE index of refaction showed a small decrease in relation to the value 
of pure soybean oil, which ranges from 1.4700 to 1.4760. In general, the index of 
refraction is directly proportional to the amount of oil in the emulsion, so as the 
amount of oil in the formulation is small (10%), the refractive index has de-
creased. This result is consistent with density since less dense systems have a 
lower index of refraction [2]. 

Electrical conductivity did not show statistically significant changes in the 
freeze-thaw cycle. The stability of NEs is directly related to electrical conductivi-
ty and NEs of the O/W type are better conductors when compared to the wa-
ter/oil (W/O) type [29]. The variations in electrical conductivity are due to the 
occurrence of chemical instability processes, which can cause the release of ions 
in the aqueous medium, increasing the conduction of electrical current [30]. 
Correlating an electrical conductivity analysis with a pH assessment, it is pro-
posed that there was no hydrolysis process, because there was no decrease in pH 
[28]. 

In fact, a change was observed in SONE in a single parameter in the 
freeze-thaw pH cycle. A published research that investigated the influence of the 
addition of plant products (ethoxylated and acetylated lanolin) in NEs observed 
changes in two parameters: particle size and electrical conductivity, but there 
was no change in pH values [31]. 

The small size of the particles, in addition to contributing to stability, facili-
tates penetration into the skin layers, corroborating the good topical action of 
NEs. For formulations produced with soybean oil, the one with the smallest par-
ticle size was 550.2 nm, a size compatible with our goal of producing an NE that 
would enable better penetration of soybean oil in relation to the original product 
[32]. 
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In the current study, it was observed that a lower agitation speed used in the 
preparation (600 rpm) and the propeller shaft induced a smaller particle size. 
Another published work evaluated the addition of lavender essential oil in pas-
sion fruit oil NEs, identifying the agitation speed as an important parameter in 
obtaining the NEs by the low-energy method by phase inversion, showing that 
the lowest agitation speed used (600 rpm) was more effective in inducing nano-
metric particle size, these results being similar to those observed in SONE. In 
addition, another similarity was instability with increased temperature due to 
thermal stress [18]. Still, for the copaíba oil NE, the preparation was investigated 
by two methods: high homogenization pressure (high energy method) and 
spontaneous emulsification (low energy method) and the observed particle size 
was the same for both methods, showing that the increase in the energy used is 
not the determining factor in the induction of nanometer sized particles [33]. 

In addition to the size of the particles, it is relevant to determine the polydis-
persity index that shows the quality of the dispersion of the nanometric particles 
and the probability of instability over time. The polydispersity index of SONE 
remained the same during the change in the agitation speed and rods used, being 
equal to or close to 1000, showing polydispersed nanometric systems and a con-
sequent greater risk of instability over time. It is described in the literature that 
NEs obtained by low energy methods tend to have a higher polydispersity index 
[33] [34]. 

Clove oil irritating to the skin under topical application had its action against 
Candida spp. improved in use as NE, with reduced toxicity [35] and the euca-
lyptus oil NE obtained a good rate of wound contraction [36]. In another study 
for NEs also based on clove oil and eucalyptus oil, a healing effect was evidenced 
in vivo [37] [38]. For SONE, unfortunately we observed a pattern similar to ste-
rile distilled water and inferior to Regederm® in the assessment of angiogenic ac-
tivity. Meantime, this data is consistent with the proportion of the formulation 
in 75% water. We emphasize the importance of complementary studies capable 
of elucidating the complexity of the formulation techniques and underlying 
production principles, highlighting the influence of the mixture of the compo-
nents used in the formulation: water, oil, surfactants, and preservatives [39]. 

Regarding the possible effects of acute toxicity by the zebrafish embryotoxicity 
test (ZET), studies involving nanoproducts, especially nanoemulsions, are 
scarce, being unprecedented for SONE. A published research that evaluated me-
tallic nanoparticles (NPs) observed greater acute toxicity for silver (Ag) NPs 
with values as low as LC50 0.529 mg Ag L−1 for 20 nm Ag NPs. In general, they 
concluded that the result of the ZET can be influenced by the chemical composi-
tion and solubility of the NPs [40]. In the present study, the SONE LC50 showed 
values ranging from 0.0180 mg/mL to 0.0050 mg/mL between 24 hpf and 168 
hpf (Δ% = −72.2) with a statistically significant decrease with increasing expo-
sure time (p-value = 0.046). 

In relation to the cardiocirculatory system, in zebrafish embryos, the system is 
closed and the heart is the first organ to be formed during embryonic develop-
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ment, as in other vertebrates, and the physiology is highly representative for 
humans [41]. Zebrafish embryos exposed to cobalt ferrite (CoFe2O4) NPs and 
acute toxic outcomes resulted in dose-time dependent toxicity, presence of se-
vere cardiac edema, and negative regulation of metabolism [42]. For SONE, 
heart rate decreased significantly with increasing concentration at all exposure 
times (p-value < 0.05), being lower than the control and also dose-dependent. 

It is noteworthy, on cardiac alterations, that the Azoxystrobin fungicidewas 
nanoencapsulated and tested for embryotoxicity in zebrafish, observing an in-
crease in the yolk sac, this reduced consumption of yolk being correlated with 
reduced oxygen consumption and a consequent reduction in heart rate [43]. 
Thus, the reduction in heart rate is directly related to the decrease in oxygen 
consumption and consequent mortality. For the NOSE at the highest concentra-
tions, there was a lower or absent heart rate and, therefore, higher mortality. 

In relation to the hatching rate, in titanium dioxide (TiO2) NPs, as morpho-
metric characteristics related to hatching rate, delays were observed in hatching 
time which can affect larval development, accelerating mortality [44]. In copper 
nanoparticles, a delay was noticed in the hatching of embryos and caused the 
killing of the gastrula-stage zebrafish embryos high concentrations (>0.1 mg/L) 
[45]. For the present study, our results were similar: the embryos that were ex-
posed present SONE late hatchability up until a concentration of 0.0193 mg/mL, 
thereafter there was no hatching and mortality was 100% in zebrafish embryos. 

In another two studies with polystyrene using the zebrafish embryo as an an-
imal model, synergistically dose-dependent effects on mortality, rate of closure 
and malformations [46], and reduced heart rate for polystyrene NPs were ob-
served in polystyrene nanoplastics [47]. These data are similar to those observed 
for SONE with increased concentration: an increase in mortality, reduced heart 
rate and hatching rate were noted. However, for SONE, the malformations ob-
served were not statistically significant. 

5. Conclusion 

In conclusion, the relevance was evidenced of technological innovation methods 
with the use of biotechnology for the production of new drugs, such as NEs, ca-
pable of generating new products for use in health using biomaterials. The 
SONE was produced in the search to optimize the use of soybean oil, with stabil-
ity maintained during the freeze-thaw cycle, with changes only in pH. In addi-
tion, in this unprecedented study, despite the low results for embryotoxicity, fa-
vorable data for health use, further studies on the subject are needed in order to 
understand the fundamentals for the ideal formulation, and its relationship with 
the pharmacological profile aiming at angiogenesis and stability. 
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