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Laboratório de Investigação Sistemática em Biotecnologia e Biodiversidade Molecular (LabISisBio),
Instituto de Ciências Exatas e Naturais, Universidade Federal do Pará, Belém, PA, Brazil
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Andiroba oil (AO) is obtained from an Amazonian plant and is used in traditional medicine. We carried out a comparative
study to test the cytotoxicity, genotoxicity, and hematotoxicity of the oil and its nanoemulsion (AN) in vitro (fibroblasts, lineage
NIH/3T3) and in vivo (Swiss mice). The AN was characterized by DLS/Zeta, and its stability was investigated for 120 days. The
biological activity of AN was assessed in vitro by MTT test and cell morphology analyses and in vivo by micronucleus, comet,
and hematotoxicity tests. The AN presented a hydrodynamic diameter (Hd) of 142.5 ± 3.0 and PDI of 0.272 ± 0.007 and good
stability at room temperature. The MTT test evidenced the cytotoxicity of AO and of AN only at their highest concentrations, but
AN showed lower cytotoxicity than AO. A lower cytotoxicity of AN, when compared to AO, is in fact an interesting data suggesting
that during therapeutic application there will be a lower impact in the cell viability of healthy cells. Cytotoxicity, genotoxicity, and
hematotoxicity were not observed in vivo. These tests on the biological and toxicological effects of andiroba oil and nanostructured
oil are still initial ones but will give a direction to future application in cosmetics and/or the development of new phytotherapics.

1. Introduction
Carapa guianensis Aublet (Meliaceae), popularly known in
Brazil as Andiroba, is a tree that has various traditional uses,
such as an insect repellent and an anti-inflammatory and
for healing wounds. The product of the andiroba tree that is

most used for medicinal purposes is its oil, extracted from its
seeds. It is rich in fatty acids, including oleic, palmitic, and
linoleic acids [1]. The internal use was mainly recommended
to combat flu, fever, asthma, and sore throat and even to
lower the glucose level in the blood (diabetes) [2]. According
to Ekor [3], it has increased the use of natural products
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in recent years; however, although the natural products are
beneficial by their pharmacological activities, some products
may produce the toxicity and adverse effect to the body and
they need to be studied regarding these parameters.
There are few scientific data about the possible adverse
effects or the safety of andiroba oil after experimental
administration to animals. Among these studies, Costa-Silva
et al. [4] carried out tests in Wistar rats for acute toxicity (0.625–5.0 g/kg) and subacute toxicity (0.375, 0.75, and
1.5 g/kg/day, for 30 days), per os. Biochemical, hematological
parameters and the weight of animals and organs were
evaluated. In the acute test there was no type of symptom or
death. In the subacute treatment there was an increase in the
activity of plasma alanine amino transferase (ALT) and in the
relative and absolute weight of the liver, results which indicate
hepatotoxicity. Using Swiss mice, Milhomem-Paixão et al. [1]
ran a subacute toxicity test (0.5, 1.0, and 2.0 g/kg/day for 14
days), also per os. Hematological, genotoxic, cytotoxic, and
mutagenic parameters were evaluated, as well as the weight
of the animals and their organs, and no toxicity was detected.
Worldwide, there is great interest from scientific communities and the pharmaceutical industry in developing
drugs derived from plants. This interest has become even
more evident with the development of new biotechnologies,
such as nanobiotechnology [5]. Among the new tools provided by nanobiotechnology to natural product applications,
nanoemulsions have been used to disperse oily extracts and
compounds in aqueous media [6, 7]. Nanoemulsions are
isotropic nanometric formulations, based on oil, water, and
surfactants, which have been used as carriers of bioactive
compounds. Their long-term stability, ease of preparation,
and high solubility of molecules have made them a promising
tool in the development of pharmaceutical, cosmetic, and
nutritional innovations [8–10]. Used in the production of
cosmetics, they present advantages such as greater power
to hydrate and to penetrate the skin with their active
compounds [11]. In the food industry, products have been
developed with ingredients that are difficult to absorb, due
to their low solubility in water [10]. In the pharmaceutical
industry, nanoemulsions can be used for controlled and
directed release of drugs [12].
In the current scientific literature, to our knowledge,
there are only three studies that refer to the development
of nanoformulations with andiroba oil [13–15]. Other plant
oils with therapeutic properties have been incorporated in
nanomaterials, but few have been studied for their biocompatibility and toxicity [9, 14, 16].
The aim of this work was to develop a nanoemulsion
containing andiroba oil and to study its biocompatibility in
vitro and in vivo. The data were compared with andiroba oil in
natura. This report is the first in the literature to evaluate the
effect of the nanoemulsification of andiroba oil on its toxicity
profile.

2. Material and Methods
2.1. The Plant Material. The sample of andiroba oil (AO)
was collected in the county of Uruará in Pará State (SUO3),
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with coordinates S 03∘ 58 31.7 W 053∘ 37 32.1 under
license number MMA/ICMBIO/SISBIO-33336-1 issued by
the Brazilian Environmental Agency. The seeds were collected in the months of March to July of 2012. The exsicates
were deposited in the herbarium of the Brazilian Agricultural Research Company (Embrapa) under accession number
191736. The seeds were identified by Dr. Regina Celia Viana
Martins da Silva, curator of the IAN Embrapa Amazônia Oriental herbarium. The andiroba oil was extracted for an artisanal extraction process [17]. More information about profile
of fatty acids, steroids, triterpenes, and secondary metabolites
like squalene, stigmasterol, cholesterol, epoxygedunin, 1,3dipalmitin, deoxylactone derivative, deacetylgedunin, and
epoxydeacetylgedunin can be found in Milhomem-Paixão et
al. [1].
2.2. Formulation of the Andiroba Nanoemulsion (AN). The
nanoemulsion was prepared by a phase-inversion temperature (PIT) method [18, 19]. Briefly, 10 grams of AO and
20 grams of surfactant KolliphorELP SIGMA were mixed
under shaking. Next, 10 grams of Milli-Q water was added
and the temperature was raised to 90∘ C. It was confirmed
that the solution had been clarified and another 10 grams
of ice-cold Milli-Q water was added under shaking. As a
control for the tests, a mineral oil nanoemulsion (liquid Nujol
Petrolatum) was also developed, using the same methodology
and the same quantity of oil, surfactant, and water.
2.3. Characterization of the Nanoemulsion (DLS/Zeta). The
mean size of the particles was obtained using the Zetasizer
Nano S, Malvern Instruments, based on the dynamic light
scattering technique. The readings were carried out after
1 : 100 (m : v) dilution of the nanoemulsion in distilled water.
To analyze the stability of the nanoemulsion, three freshly
prepared samples were separated and maintained at three
different temperatures (4∘ C, 37∘ C, and at room temperature
RT). For each sample, six readings with three replicates were
done on the Zetasizer (7, 15, 30, 60, 90, and 120 days), and the
parameters of the polydispersity index (PDI), zeta potential,
and hydrodynamic diameter (Hd) were obtained.
2.4. Cytotoxicity In Vitro Using the MTT Assay in Mouse
Fibroblasts. The fibroblast cell lineage used was NIH/3T3
(ATCC). The cells were cultivated in Dulbecco’s Minimum
Essential Medium (DMEM) (Gibco) supplemented with 10%
of de Fetal Bovine Serum (FBS) and 1% of antibiotic and then
incubated with an atmosphere of 5% of CO2 at 37∘ C, in plastic
bottles of 25 cm3 volume.
To evaluate cytotoxicity, the MTT technique was used, a
quantitative assay related to cell metabolic activity. Mitochondrial activity is quantified in a spectrophotometer, measuring
the quantity of formazan crystals, which are formed by the
reduction of MTT tetrazolium by live cells [20].
The fibroblasts of NIH/3T3 were obtained from cultures
with 90–95% of confluence, and 3,000 cells/well were seeded
in a 96-well plate. The whole experiment was carried out
in triplicate. The cells were seeded with 100 𝜇L of DMEM
supplemented with 10% of Fetal Bovine Serum (FBS) and 1%

Journal of Nanomaterials
of antibiotic for 24 hours, allowing it to adapt to the environment and the cells to adhere. After this period, the
medium was removed from the plate, and 200 𝜇L of culture medium containing different concentrations (0.125 to
2.5 mg/mL) of each treatment was added to each well:
andiroba oil (AO) in natura; andiroba nanoemulsion (AN);
mineral oil (MO); and mineral oil nanoemulsion (MON). The
control group received only DMEM medium (10% (FBS) and
1% of antibiotic). AO and MO were diluted in ethanol, and
AN and MON were diluted in water, all in 1%. According to
Jo et al. [21] ethanol exposures at concentrations lower than
3% do not cause interference in the cell viability in primary
glioblastoma cells. In our study ethanol and water were used
at 1% as control, which really did not show any evidence of
cytotoxicity to NIH/3T3, and showed also similar result with
DMEM medium. Then, we used only one control.
The exposure was maintained for 24 and 48 hours. Cell
viability was evaluated using a solution of yellow tetrazolium dye 3-(4,5-dimethylthiazolyl-2)-2,5-diphenyltetrazolium bromide (MTT) (15 𝜇L of MTT for 135 𝜇L of DMEM
per well for two hours). Next, the solution of DMEM plus
MTT was removed and 100 𝜇L of DMSO was added. A
Spectra Max Plate Reader was used to read the plates at
595 nm. The percentage of cell viability was calculated by
making a comparison in the number of viable cells between
the controls and the treatments.
2.5. Test for Alteration of Cell Morphology. The morphological
analysis of treated cells was carried out using an AxioVert.A1
inverted microscope from Zeiss; this was also used to photograph the cells with an AxioCam MRc camera, from Carl
Zeiss Micro Imaging GmbH. The exposures used for this test
were AO, MO, MON, AN, and ANC (the latter being the
andiroba nanoemulsion control which consisted of surfactant
and water), all at concentrations of 1.25 mg/mL for 24 h.
This concentration was chosen because it was the one that
demonstrated cell viability just below 50% in the MTT assay.
Control group C did not receive a treatment.
2.6. In Vivo Tests. Nulliparous nonpregnant female Swiss
mice (Mus musculus) were used, aged 12 weeks, bred at the
bioterium at the State University of Campinas (UNICAMPSP-CEMIB). The project was approved by the Commission
for Ethics in Animal Use (CEUA) of the Institute of Biological
Sciences at the University of Brası́lia, UnBDoc, 127331/2013.
The animals were kept in the conditions described in
Milhomem-Paixão et al. [1].
2.7. Experimental Design. The animals were divided randomly into five experimental groups (𝑛 = 6 animals/group),
consisting of the negative control, and groups receiving
different doses of andiroba nanoemulsion (0.5, 1.0, and
2.0 g/kg/day). The negative control group received only
surfactant and water, and the treated animals received the
andiroba nanoemulsion via a gastric tube (gavage). The
administrations followed a period of 14 consecutive days, and
the limit of concentration administered corresponds to what
is recommended in guidelines 474 and 475 of the OECD
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(Organization for Economic Cooperation and Development)
for the evaluation of genotoxicity using micronucleus tests
[22] and for chromosome aberrations of the bone marrow
[23].
Throughout the whole experimental period, the animals
were weighed and their consumption of foodstuffs was
monitored every three days. Daily observations were made
to check clinical symptoms arising from the treatment. After
14 days, the animals were sedated, and blood was taken for
hematological evaluation and to make slides for the comet
test. They were necropsied, and bone marrow from the
femur was used for the micronucleus test, as described in
MacGregor et al. [22, 23].
2.8. Genotoxicity and Mutagenicity Assays. The comet test
followed the protocol established by Singh et al. [24] for alkaline comet pH > 13, with some modifications, as described
in Milhomem-Paixão et al. [1]. The micronucleus test was
carried out using bone marrow from the mice, following the
protocols of Schmid [25], with modifications, as described in
Milhomem-Paixão et al. [1].
2.9. Hematotoxicity. For the analysis of the hematological
parameters, 370 𝜇L of the animals’ blood with the anticoagulant EDTA (10%) was submitted to an automatic veterinary
hemocytometer (Sysmex pocH 100iV Diff), calibrated for
mice.
2.10. Statistical Analyses. The quantitative data were evaluated by parametric or nonparametric statistical tests,
according to the distribution of normality. Parametric data
were evaluated by Analysis of Variance (ANOVA) followed
by Dunnett test. Nonparametric data were evaluated by
Wilcoxon and then Kruskal-Wallis test. For this, the Graphpad Instat 3.02 program was used, considering significance
to be of 𝑝 ≤ 0.05. The graphics and statistical analyses for
MTT and for nanoemulsion characterizations were obtained
on Graphpad Prism 5.

3. Results
3.1. Characterization of the Andiroba Nanoemulsion (AN):
Mean Hydrodynamic Diameter, PDI, and Zeta Potential. The
andiroba nanoemulsion obtained presented homogeneity
and stability. The mean hydrodynamic diameter found was
142.5 ± 3.0 nm. The value of the PDI (polydispersity index)
was 0.272 ± 0.007. The mineral oil nanoemulsion presented
a hydrodynamic diameter of 610.9 ± 3.0 nm. The PDI was
0.169 ± 0.04.
Aiming to identify for how long and at what temperature
this product remained stable, the characteristics of andiroba
nanoemulsion were evaluated for 120 days. In relation to
the PDI, there was greatest stability in the sample at room
temperature and lowest stability at 4∘ C. Regarding zeta
potential, the sample at room temperature was the most
stable and that at 37∘ C the least stable. For the diameter, the
samples at room temperature and at 37∘ C were the most stable
(Figure 1).
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Figure 1: Distribution graphs for (a) PDI (polydispersity index), (b) zeta potential, and (c) hydrodynamic diameter of the nanoemulsion at
three different temperatures obtained on the Zetasizer Nano S, Malvern Instruments, over a period of 120 days. d⋅nm: diameter in nanometer,
AT: ambient temperature. The data represent the mean and standard deviation (𝑋 ± SD).

3.2. In Vitro Tests
3.2.1. Cytotoxicity of the Oil In Natura and of the Andiroba
Nanoemulsion. The AO and AN samples exhibited a concentration-dependent cytotoxicity profile, meaning that the
greater the exposure concentration, the lower the cell viability. This effect was accentuated at 48 hours of exposure (Figure 2). However, the MO sample did not present a significant
alteration at 24 and 48 hours of exposure in relation to the
control and, in MON, the cell viability remained constant at
all concentrations for 24 hours. After 48 hours of exposure,
the MON presented small variation at the highest doses,
but without a significant difference in relation to the control
(0 mg/mL).

The IC50 values (50% reduction in the cell viability) of the
samples tested at 24 and 48 hours are also described in Figure 2. The AO showed greater cytotoxicity than the AN. The
entrapment of bioactive compounds in nanostructures can
potentially alter their route of association or internalization
to the targeted cell. Therefore, this is a possible explanation to
the difference between the cytotoxicity of AO and AN in vitro.
It was not possible to calculate the IC50 in the MO samples
(24 and 48 h) and MON (24 h), because the concentrations
used in the exposure were not great enough to reduce the cell
viability by 50%.
3.2.2. Cell Morphology after Exposure to the Treatments.
Figure 3 represents the cell morphology of NIH/3T3 exposed
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Figure 2: Evaluation of the cytotoxicity in NIH/3T3 fibroblasts of samples of (a) andiroba oil (AO) in natura; (b) andiroba nanoemulsion
(AN); (c) mineral oil (MO); and (d) mineral oil nanoemulsion (MON), all at different concentrations, after 24 and 48 hours of exposure. The
data are expressed by the mean and standard deviation. The statistical test used was ANOVA, in accordance with the distribution of normality.
∗𝑝
< 0.05. The IC50 is described in the keys below the graph. The IC50 was obtained using a saturation curve.

at the concentration of 1.25 mg/mL for 24 hours and control
group C. This concentration was chosen because it was the
one that demonstrated cell viability slightly below 50% by
MTT assay.
As can be observed, the morphology of the cells that were
exposed to AO, ANC, and AN showed major alterations as
those exposed to MO, MON, and the control. The cells that
were exposed to AO, ANC, and AN can be seen in the smaller
number of cells per field, showing that they were released
during exposure. This demonstrates that there is an influence
on cell morphology not only by the andiroba oil but also by
the andiroba nanoemulsion and by the surfactant used in
the production of the andiroba nanoemulsion. Probably AO,
ANC, and AN have a profound influence on cell membranes.
However, the damaging action of surfactant on the MON is
probably attenuated by the presence of the mineral oil and
the larger size of oil droplets, because the MON cells are very

similar to those of the control. It was also possible to see that
in the AO and AN samples there is a large formation of lipid
vacuoles in the cells. In AO there are more of these than in
AN.
3.3. In Vivo Tests. To evaluate the possible toxicity arising
from the administration of andiroba nanoemulsion, the mice
were observed daily for possible alterations. However, no
clinical or behavioral alteration was observed and nor were
significant differences in body weight. No macroscopic alterations were observed during necropsy nor were alterations
seen in the absolute or relative weight of the liver, spleen, or
kidneys.
In this study, to characterize the genotoxicity/mutagenicity occasioned by exposure to the nanoemulsion, comet
tests (Figure 4) and micronucleus tests (Table 1) were carried
out. The results did not show significant alterations in the
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Figure 3: Morphology of NIH/3T3 cells after cultivation for 24 hours with the treatments at the third concentration (1.25 mg/mL), AO:
andiroba oil, ANC: andiroba nanoemulsion control, AN: andiroba nanoemulsion, MO: mineral oil, MON: mineral oil nanoemulsion, and C:
control. The scale bar corresponds to 10 𝜇m.

Table 1: Frequency of micronuclei of Swiss mice after oral treatment for 14 days with andiroba oil nanoemulsion.
Treatments
N∘ MN-PCE
% MN-PCE
Relation PCE/NCE

Negative control
1.33 ± 1.51
6.64 ± 7.49
1.32 ± 0.15

0.5 g/kg
1.33 ± 1.03
6.61 ± 5.12
1.37 ± 0.21

1 g/kg
2.00 ± 1.55
10.40 ± 8.70
1.40 ± 0.34

2 g/kg
1.67 ± 1.51
8.30 ± 7.48
1.49 ± 0.23

The data are represented by the mean and standard deviation (𝑋 ± SD). MN: micronucleus; PCE: polychromatic erythrocytes; NCE: normochromatic
erythrocytes. Data were analyzed by ANOVA, in accordance with the distribution of normality, 𝑝 > 0.05.

4. Discussion

% of total damage

80
60
40
20
0
NC

0.5
1
Concentration (g/kg)

2

Figure 4: Comet test for mice treated orally with andiroba oil
nanoemulsion for 14 days. The data represent the mean and standard
deviation (𝑋±SD). Data were analyzed by ANOVA, according to the
distribution of normality, 𝑝 > 0.05. NC: negative control.

formation of micronuclei or fragmentation of the DNA molecule.
In the hematological evaluations no significant alteration
was seen in the blood parameters (Table 2).

In the current study, a nanoemulsion was formulated with
oil of andiroba plant, which has an enormous cultural value
and use in folk medicine in Amazonia. The nanoemulsion
and the oil were tested for their biocompatibility, through the
assessment of various parameters in vitro and in vivo.
Nanoemulsions are obtained by a number of preparation
methods with different components. These methodologies
can be divided into high and low-energy methods. Those
that use high energy include microfluidization, high-pressure
homogenization, and sonication. The low-energy methods
involve spontaneous emulsification, solvent diffusion, and
phase-inversion temperature. The ideal formulation should
consider the safety of its components, as well as incorporating
the dose required for the drug’s best action and for it to
remain stable over time [26].
Oliveira [13] produced a nanoemulsion based on
andiroba oil, aiming to combat the mosquito Aedes aegypti,
using a low-energy method, with Span and Tween as the
surfactant. The Hd (hydrodynamic diameter) was less than
300 nm, and the tests in humans showed positive results
for insect repellent action. Lorca et al. [14] developed
andiroba nanocapsules using the methodology of in situ
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Table 2: Erythrogram, leukogram, and plateletgram of Swiss mice treated orally with andiroba oil nanoemulsion.
Parameters
Erythrogram
RBC × 106 /𝜇L
HGB g/dL
HCT%
MCV fL
MCH pg
MCHC g/dL
RDW%
Leukogram
WBC × 103 /𝜇L
W-SCR%
W-MCR%
W-LCR%
Plateletgram
PLT × 103 /mL
PDW fL
MPV fL
P-LCR%

Negative control

0.5 g/kg

1 g/kg

2 g/kg

8.67 ± 0.56
12.27 ± 0.81
31.58 ± 2.18
36.4 ± 0.70
14.2 ± 0.3
38.8 ± 0.58
13.68 ± 0.25

9.17 ± 0.27
12.70 ± 0.25
33.10 ± 0.78
36.1 ± 0.76
13.8 ± 0.4
38.4 ± 0.48
13.73 ± 0.85

9.21 ± 0.51
12.97 ± 0.82
33.58 ± 2.30
36.4 ± 0.61
14.1 ± 0.3
38.6 ± 0.72
14.42 ± 1.52

9.16 ± 0.36
12.88 ± 0.45
33.57 ± 1.25
36.7 ± 0.34
14.1 ± 0.4
38.4 ± 0.74
13.20 ± 0.48

1.83 ± 0.63
76.28 ± 5.25
19.23 ± 3.42
4.48 ± 2.08

3.07 ± 0.95
73.43 ± 9.40
22.97 ± 7.40
3.60 ± 3.11

3.10 ± 0.89
74.88 ± 12.44
23.00 ± 11.67
2.12 ± 2.57

2.23 ± 0.91
74.23 ± 6.55
24.23 ± 6.16
1.53 ± 1.55

1132 ± 270
6.88 ± 0.32
6.63 ± 0.52
9.25 ± 3.72

1326 ± 287
7.02 ± 0.23
6.48 ± 0.19
6.70 ± 1.95

1414 ± 190
6.80 ± 0.16
6.58 ± 0.36
9.02 ± 3.02

1251 ± 129
6.74 ± 0.18
6.26 ± 0.24
6.26 ± 1.30

The data are represented by the mean and standard deviation (𝑋 ± SD). The data were analyzed by ANOVA, in accordance with the distribution of normality,
𝑝 > 0.05. RBC: red blood cells; HGB: hemoglobin; HCT: hematocrit; MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean
corpuscular hemoglobin concentration; RDW: red cell distribution width; g/dL: grams per deciliter; fL: femtoliters; pg: picogram; WBC: white blood cells; WSCR: lymphocytes; W-MCR: neutrophils + monocytes; W-LCR: eosinophils; PLT: platelets; PDW: platelet distribution width; MPV: mean platelet volume; PLCR: platelet large cell ratio.

polymerization of methyl methacrylate with different
concentrations of the starter and different temperatures. The
Hd varied from 192 nm to 321 nm. The results demonstrated
the viability of producing andiroba nanocapsules. Baldissera
[15] developed a nanoemulsion based on andiroba oil,
aiming to combat the Trypanosoma evansi, the etiological
agent of the disease known as “Surra” or “Mal das cadeiras”
in horses. The nanoemulsion of andiroba was prepared by
the spontaneous emulsification method using Span and
Tween as the surfactant and organic solvent (acetone).
The hydrodynamic diameter (Hd) varied from 129.3 nm
to 240.3 nm, and the tests in Trypanosoma evansi showed
positive results in two concentrations (0.5% and 1.0%). In the
present study, we obtained a nanoemulsion with a Hd lower
than those described by Oliveira et al. [13, 14] and with Hd
intermediate to that described by Baldissera et al. [15]. It is
important to analyze the hydrodynamic diameter because
it characterizes nanoformulations and allows assessing its
stability over time and during dispersion necessary to toxicity
experiments. This dispersion of nanoformulation can change
Hd and “such changes may alter bioavailability or toxicity in
ways that are not entirely understood” [27].
The method used in the present study was suitable for
obtaining a nanoemulsion with good homogeneity and an
excellent hydrodynamic diameter when compared to literature date [13–15], as well as maintaining its stability for more
than four months, when stored at room temperature.
The stability of the material was accompanied by analysis
of the PDI, hydrodynamic diameter, and zeta potential for
four months. The value of the PDI indicates the distribution

width of the sample size. The closer to zero it is, the lower the
variation in the size of the nanoparticles [28]. From these data
it was possible to conclude that the best storage temperature
for the andiroba nanoemulsion is room temperature (RT).
This temperature is also the same as that used by the Amazon
population when conserving andiroba oil, as well as being the
conservation temperature for other nanoemulsions described
by Alam et al. [29–31]. On the other hand, the andiroba oil
becomes solid at 4∘ C, which could explain such variations,
once our stock solution was stored at 4∘ C, due to a possible
precipitation in larger particulate compounds.
In the prediction of long-term stability of the nanoemulsion, it is necessary to understand the status of the nanoemulsion surface zeta potential. Nanoparticles with zeta potential
values greater than +25 mV or lower than −25 mV typically
have showed higher stability. On the other hand, dispersions
with a low zeta potential value will eventually aggregate due
to Van Der Waal interparticle attractions [28]. In this study,
all samples showed stability until 30 days, regarding these
parameters. Stability longer than 30 days was observed only
in samples stored at 37∘ C.
As for the analysis of cytotoxicity in vitro, it is very
clearly established that lineage NIH/3T3 is a powerful tool
for this type of study [32]. In the literature, different effects
of the cytotoxic behavior have been described, depending
on the type of chemical substance, concentration, system for
delivering substances, and type of cell lineage, using the MTT
assay, using NIH/3T3 and other kind of cells [33, 34]. The AO
and AN samples exhibited a higher concentration-dependent
profile after 48 hours of exposure (Figure 2). However, the
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MO sample did not induce a significant alteration in cell
viability at 24 and 48 hours in relation to the control. For the
MON treatment, the cell viability remained constant at all the
concentrations for 24 hours, and after 48 hours of exposure
the MON presented a concentration-dependent variation
in the highest concentrations. These results demonstrate a
cytotoxic effect of the AO, at the highest concentrations, and
also of the surfactant used in producing the nanoemulsion. In
relation to the MON, the toxic action of the surfactant is probably attenuated by the presence of the mineral oil, which was
shown not to be cytotoxic. This result was also corroborated
by the cell morphology after exposure (Figure 3) when we
used the ANC (nanoemulsion control) made only with water
and surfactant. The cytotoxicity of Cremophor EL has already
been described for endothelial and epithelial cells, using the
MTT test, with the endothelial cells being more sensitive
than the epithelial cells [35]. Cremophor, similar to other surfactants, has a profound influence on cell membranes. They
disturb plasma membranes or remove certain lipids from the
membranes [35]. It is important to highlight in this study that
the nanostructured oil (AN) showed less cytotoxicity than
the andiroba oil (AO) at the 24 h and 48 h exposures. The
entrapment of bioactive compounds in nanostructures can
potentially alter their route of association or internalization to
the targeted cell [36]. Therefore, this is a possible explanation
to the difference between the cytotoxicity of AO and AN in
vitro. According to Chime et al. [37], “an ideal drug delivery
system fulfils the objective of maximizing therapeutic effect
while minimizing toxicity.” Our results demonstrated the
efficacy of andiroba nanoemulsions as a delivery system,
which can improve the efficiency of a drug, reducing their
concentrations without losing effectiveness and minimizing
side-effects [38].
It is important to emphasize that a low cytotoxicity of
AN in normal cell does not necessarily implicate a reduced
bioavailability of the bioactive compounds in in vivo systems.
When used for a therapeutic application, nanostructures
may accumulate in the desired target by taking advantage
of intrinsic characteristics of the pathological process. For
instance, it is known that nanoparticles can preferentially
accumulate in inflammatory lesions, due the presence of
abnormal blood vessels and reduced lymphatic drainage.
This passive accumulation is known as EPR effect (enhanced
permeation and retention) which contribute in increasing the
amount of the bioactive compounds in the desired target [39].
After 24 hours of exposure, the inhibitory concentration
50% (IC50) for the AO was 0.5353 mg/mL and for the AN
it was 1.191 mg/mL. Comparing the value of the IC50 of the
AO and AN at 24 h with data found in the literature, it can
be noted that these values are higher than those described
for other plant oils with high antiproliferative power. This is
the case of guava (Psidium guajava) leaf oil in the KB lineage,
of 0.0379 mg/mL, and of basil (Ocimum basilicum) oil in the
P388 lineage, of 0.0362 mg/mL [40]. AO and AN possess a
lower antiproliferative power than guava leaf oil and basil
oil. This result is of extreme importance in the development
of a nanostructured cosmetic or pharmaceutical product
with low cytotoxicity, and our results corroborate the studies
that demonstrate that nanoemulsions present a reduction
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in toxicity. Moreno et al. [41] reported that lecithin-based
microemulsions used for parenteral use showed reduced
toxicity. Wang et al. [42] developed aclacinomycin A (EACM) emulsion and evaluated its toxicity in M5076 tumorbearing C57BL/6 mice. E-ACM had lower acute toxicity and
greater potential antitumor effects than F-ACM (the free
ACM). Bruxel et al. [26] also report that some studies with
nanoemulsions describe possibilities in toxicity reduction,
increased activity, therapeutic window, bioavailability, and
controlled release of drugs.
The nanoemulsions used in the production of cosmetics
present the following advantages: greater power to moisturize
and for active ingredients to penetrate; uniform distribution
of the product over the skin; capacity to penetrate wrinkles;
sensorial aspect; transparency and fluidity; ability to carry a
fragrance; and perfumes without alcohol, and follicular, and
pilosebaceous penetration [43, 44]. In the development of
repellent nanoemulsions, they present greater efficacy in the
action against insects [45]. In the case of AN, these actions
need to be proved with specific tests against insects.
Andiroba oil possesses various uses in traditional
medicine, mainly as an anti-inflammatory and a wound
healer. Even without scientific studies, the Amazonian
population uses this oil indiscriminately in natura and even
in capsules. Because of this, here in this study the route of
administration chosen for andiroba nanoemulsion (AN)
was oral. The oral administration of surfactants is relatively
safe. Here, this route via a gastric tube (gavage) was tested in
vivo (Swiss mice). As could be observed in the initial results
for cytotoxicity by MTT and cell morphology, the oil presents
a concentration-dependent cytotoxic effect. With the data
obtained in vitro it is not possible to affirm whether the
andiroba oil and its nanoemulsion are suitable for use in
humans, due to the cell death observed. Additional in vivo
toxicity tests are needed to establish the concentrations
that will allow safe use. In the in vivo study model, there
is a complex of processes that occur in the gastrointestinal
tract, affecting the absorption of the analyte, which does not
happen in vitro, where the dissolution and absorption of the
drug can be immediate [46].
In our studies, administration in the mice was carried
out for a period of 14 consecutive days. The analyzed concentration limit is in accordance with the recommendations
indicated in guidelines 474 and 475 of the OECD (Organization for Economic Cooperation and Development) for the
evaluation of genotoxicity from micronucleus test [22] and
of chromosome aberrations in bone marrow [23], as also
described in Milhomem-Paixão et al. [1].
Oxidative species, as well as various natural compounds
or medicines, can interact with DNA, causing damage. The
damage can be reverted by the DNA repair system or may
persist, inducing genotoxicity and even mutagenesis. To evaluate the mutagenic and genotoxic effects of numerous compounds, comet and micronucleus tests are well established
in the indication of the extent and severity of the interaction
between the compounds studied and DNA [47, 48]. Furthermore, these tests are validated by international agencies that
evaluate the safety of chemical agents.
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The PCE/NCE (polychromatic erythrocyte/normochromatic erythrocyte) relationship is another parameter that can
be evaluated by the micronucleus test. The progression of
erythroblasts from the PCE to the NCE stage is an indicator
of the acceleration or inhibition of erythropoiesis, and thus
a reduction in this relationship (PCE/NCE) indicates cytotoxicity [49]. The results of the experiment by MilhomemPaixão et al. [1] showed that andiroba oil did not induce
a significant increase in the MN-PCE frequency and did
not reduce the PCE/NCE relationship at any of the tested
concentrations. All the tested samples of andiroba oil in
natura and of the nanoemulsion indicate a negative result for
the micronucleus test, which means that these samples did
not induce structural or numerical chromosome damage in
the erythroblasts of Swiss mice treated with andiroba and nor
did they present cytotoxicity in the bone marrow. The comet
assay for the experiments of Milhomem-Paixão et al. [1] and
those described here in this study also demonstrated that the
substances tested did not produce DNA breakages in blood
cells of mice during administration at the maximum dose
of 2 g/kg for 14 days. The results show that andiroba oil and
nanoemulsion are not genotoxic, cytotoxic, or mutagenic.
These results are similar to those found for other plant oils
such as Copaı́ba oil of the genus Copaifera [50] and the
oil extracted from fruit of the species Litsea cubeba [51].
Similar results were observed in Swiss mice treated with
a nanoemulsion made from the oil of the Sucupira tree
Pterodon emarginatus Vogel [52].
In this study, as well as in our previous work, both
andiroba nanoemulsion and andiroba oil in natura presented
no hematotoxicity in mice [1].
Even with the detection of the high antioxidant potential
of AO described by Milhomem-Paixão et al. [1] it could be
noted that the cytotoxicity test in vitro showed that andiroba
oil and nanoemulsion have a cytotoxic effect only at high
concentrations, which was not seen in in vivo tests. This difference may have occurred because of the forms of absorption
in the samples tested here. In vitro, there is no barrier to the
absorption of the compounds by the cells, while in vivo the
absorption is a complex process, involving the interaction of
the compounds with the gastrointestinal tract, their transport
to organs, hepatic first pass effect, and other events. This
process may have prevented or obstructed the delivery of the
andiroba compounds to the blood cells, in the case of comet
and hematoxicity analysis, in the bone marrow cells, and in
the case of the micronucleus test.

5. Conclusion
In conclusion, this work reports the development of a stable
nanoemulsion produced with andiroba oil. In the experimental biological conditions used in vivo in this work, a
nanoemulsion did not present genotoxic, cytotoxic, or mutagenic effects, whereas in the in vitro tests it presented
cytotoxicity at the highest concentrations.
These tests on the biological and toxicological effects of
andiroba oil and nanostructured oil will give a direction to
future application in cosmetics and/or the development of
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new phytotherapics. The data presented here are still initial
ones, but as studies advance, bringing greater knowledge
about the properties and applications of this oil, more value
may be given to the andiroba tree.
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