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Abstract

Paracoccidioidomycosis (PCM) is a disease caused by fungi of the genus Paracoccidioides. The disease is responsible for high
rates of premature deaths and socioeconomic repercussions. The limitations of antifungal agents against PCM have motivated the
search for new compounds. In our ongoing exploration of Cerrado plants as potential sources of new antifungal agents, we
selected Copaifera langsdorffii oil (Copaiba resin oil) in order to explore its bioactive potential and test a formulation to increase
oil stability and solubilization employing Pluronic F-127 to obtain the nanoemulsion of the oil. We aim at testing both Copaiba
resin oil and its nanoemulsion against four species of the Paracoccidioides genus. We performed cytotoxicity test in Balb/C3T3
cells, hemolytic activity and interaction of Copaiba resin oil and Copaiba resin oil nanoemulsion (CopaPlu) with the antifungal
agents such as amphotericin B, co-trimoxazole, and itraconazole. Moreover, the Copaiba resin oil was analyzed by mass
spectrometry to identify its chemical profile. Eventually, a new methodology to prepare the nanoemulsion is presented. The
Copaiba resin oil and CopaPlu nanoemulsion inhibited Paracoccidioides sp. growth efficiently, and no cytotoxicity or hemolytic
effect was observed at minimum inhibitory concentration (MIC). When combined with amphotericin B, Copaiba resin oil and its
nanoemulsion showed an additive effect with reduction of MIC values. The Copaiba resin oil and CopaPlu nanoemulsion is a
promising antifungal agent against Paracoccidioides.
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Introduction suffer from infections caused by pathogenic fungi [1].

Paracoccidioidomycosis (PCM) is a disease caused by dimor-
Fungal infections are responsible for high rates of morbidity ~ phic fungi of the genus Paracoccidioides. PCM is considered
and mortality worldwide. It is estimated that 1.2 billion people  the eighth highest cause of mortality among the systemic my-
coses being responsible for mortality rate of 1.45 cases per one
million inhabitants. It especially affects rural workers and
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biodiversity of flora on the planet, represented by biomes such
as Amazon, Cerrado, Atlantic Forest, Caatinga, Pampa, and
Pantanal [7]. Several species of plants from those ecosystems
produce natural oils with high chemical diversity and pharma-
cological potential, which makes them promising medicinal
herbs [8].

An increased interest in natural oils with complex chemical
composition, such as Copaiba resin oil, is due to their great
potential of developing phytoproducts for the application in
pharmaceutical, cosmetic, sanitary, and food industries. The
oil exudate from the leguminous trees Copaifera (Fabaceae
family) is sold in Brazilian popular markets as a natural med-
icine to treat inflammation and infections associated with skin
diseases such as eczema, psoriasis, and non-specific dermatitis
[9]. Despite these unique properties, natural oils are water
insoluble. Thus, in vivo and in vitro approaches and industrial
applications related to them are a challenge. Conversely, nano-
technology has improved the performance of hydrophobic
drugs. Encapsulation of such drugs in biodegradable polymers
is easily absorbed, and it enhances biological effects, lowers
cytotoxicity, increases stability of molecules, and decreases
drug interactions [10].

In our ongoing exploration of Cerrado plants as potential
sources of new antifungal agents, we selected Copaifera
langsdorffii oil (Copaiba resin oil) in order to explore its bio-
active potential and test a formulation to increase oil stability
and solubilization. We tested the Copaiba resin oil and its
nanoemulsion against Paracoccidioides lutzii (Pb01),
Paracoccidioides brasiliensis (Pb18), Paracoccidioides
americana (Pb03), and Paracoccidioides restrepiensis
(EPMB83). Additionally, we performed cytotoxicity test in
Balb/C3T3 cells, hemolytic activity and interaction of
Copaiba resin oil and Copaiba resin nanoemulsion
(CopaPlu) with antifungal agents used in the treatment of
PCM, such as amphotericin B, co-trimoxazole (sulfamethox-
azole and trimethoprim), and itraconazole. The Copaiba resin
oil was analyzed by HRESIMS direct infusion to identify its
chemical profile, and eventually, a new methodology to pre-
pare the nanoemulsion is presented.

Materials and methods
Chemicals and extraction of Copaiba resin oil

The natural Copaiba resin oil was collected from the trunk of
C. langsdorffii, in the Zoobotanical Park, Federal University
of Acre, Rio Branco (9° 57" 41" S; 67° 52" 27" W).

The antifungal agents were purchased; amphotericin B
(Sigma-Aldrich, MO, USA); co-trimoxazole—sulfamethoxa-
zole 400 mg and trimethoprim 80 mg (Prati Donaduzzi,
Parana, BRA); and itraconazole (Tokarski Com. & Ind. Ltd.,
Parana, BRA). Pluronic F-127 (triblock copolymer
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[PEO;0oPPO7oPEO;(o]) was purchased from Sigma-Aldrich
and used without further purification.

Chemical composition of Copaiba resin oil by mass
spectrometry analysis

Fragmentation patterns in the mass spectra of the Copaiba
resin oil were acquired using the high-resolution and high-
accuracy Orbitrap equipment (Q-exactive) in positive and
negative mode. The Copaiba resin oil samples were analyzed
by APCI-HRMS/MS. The samples were solubilized in 1 mL
of methanol and filtered by a cellulose acetate sieve
(0.20 wm). We used the APCI-HRMS/MS system in order to
monitor the compounds during the direct infusion experi-
ments. The MS parameters used were as follows: spray volt-
age 4 kV, sheath gas flow rate 20, auxiliary gas flow rate 5,
capillary temperature 320 °C, auxiliary gas heater temperature
250 °C, S-Lens RF parameter value 55, and mass range of
150-700 m/z. Data were processed using the software
Xcalibur™.

Nanoemulsion preparation

The nanoemulsion sample containing Copaiba resin oil, in the
final concentration of 2 mg/mL, was prepared by dissolving
120 mg of Pluronic F-127 and 10 mg of Copaiba resin oil in
5 mL of ethanol. The resultant solution was evaporated at
60 °C yielding a thin film, which was hydrated with hot
(60 °C) demineralized water. The nanoemulsion spontaneous-
ly formed was maintained in an orbital shaker at room tem-
perature for 12 h. Next, the sample was filtered using a
0.22-um Nylon syringe filter under laminar flow conditions.
The filtered nanoemulsion was freeze-dried and the powder
obtained was stored at 4 °C. For the antifungal activity tests,
aliquots of the powder were hydrated with sterilized phos-
phate buffer solution at a pH of 7.4. A sample for control
containing only Pluronic micelles was prepared by dissolving
120 mg of Pluronic in 5 mL of alcohol. The solution was
evaporated, and the film was hydrated with 5 mL of buffer
solution yielding a Pluronic micelle dispersion in a concentra-
tion of 24 mg/mL.

Nanoemulsion characterization

Ultraviolet visible spectroscopy (UV-vis spectra) of the
Copaiba resin oil diluted with alcohol and the nanoemulsion
was obtained using a UV-Vis Lambda 45 spectrophotometer
(PerkinElmer, Massachusetts, EUA). The spectra of
nanoemulsion samples were measured before and after filtra-
tion. Aliquots were diluted with demineralized water or phos-
phate buffered saline (PBS) solution at a ratio of 1:100. To
verify if components of the Copaiba resin oil were present in
the aqueous phase, 20 pL of the oil was added to 10 mL of
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water. The mixture was shaken for 24 h and the aqueous phase
was analyzed by mass spectrometry. The hydrodynamic diam-
eter distribution of the Copaiba resin oil droplets into the
nanoemulsion samples was measured by dynamic light scat-
tering using a Zetasizer ZS-Nano (Malvern Instruments Ltd.,
Malvern, UK). Aliquots of the nanoemulsion were measured
without any dilution. The morphology and size of
nanoemulsion droplets were observed with a JEM 2100 trans-
mission electron microscope (JEOL Ltd., Tokyo, Japan). For
the analysis, a drop of the diluted nanoemulsion (1:10) was
placed on a carbon coated copper grid and exposed to osmium
tetroxide vapor for 20 min. Then, samples were dried at room
temperature for 2 h before analysis.

Biological assay
Microorganism and culture conditions

P lutzii (Pb01), P. brasiliensis (Pb18), P. americana (Pb03),
and P, restrepiensis (EPM83) isolates were cultivated in liquid
Fava-Netto medium (0.3% protease peptone, 1% peptone,
0.5% (w/v) meat extract, 0.5% (w/v) yeast extract, 4% glu-
cose, 0.5% NaCl), pH 7.2 for 48 h at 37 °C under agitation at
120 rpm. The fungal cells were then transferred to the chem-
ically defined medium Roswell Park Memorial Institute me-
dium (RPMI 1640, Sigma-Aldrich) and maintained under in-
cubation for 16 h.

Determination of minimum inhibitory concentration
and minimum fungicidal concentration

The determination of MIC and minimum fungicidal concen-
tration (MFC) was performed using the microdilution tech-
nique, as recommended by the Clinical and Laboratory
Standards Institute (CLSI 2008) and Silva et al. 2018 [11].
The Copaiba resin oil was dissolved in 0.1%
dimethylsulfoxide (DMSO, Sigma-Aldrich). Using a 96-well
microdilution plate, 100 uL of the serial dilutions of the com-
pounds was added to each well along with 100 uL of the
dilution containing fungal cells (P01, Pb03, Pb18, and
EPMR3), in the final concentration of 1 x 10° cells/mL. To
determine the maximum fungal growth (positive control),
we added RPMI medium and 1 x 10° cells/mL. To obtain
the maximum inhibition value (negative control), the antifun-
gal itraconazole was added to specific wells. Plates were
maintained at 37 °C under agitation at 150 rpm for 48 h.
Then, 20 uL of the resazurin solution at 0.02% (a redox indi-
cator) was added and incubated subsequently for 24 h. The
MIC was determined visually, based on the reduction of
resazurin (blue) to resorufin (pink) by NADH or NADPH
reductase activity in mitochondria.

For the determination of MFC, after evaluating the mini-
mum inhibitory concentration, 20 uL of sample from each

well was transferred to petri dish with Fava-Netto medium
complemented with agar. A sample of the positive control
was also plated. The plates were incubated at 37 °C for 7 days
until further visual assessment. The MFC was defined as the
lowest concentration where fungal growth was not visualized.

Interaction assay with antifungals

Synergy evaluation of synthetic antifungals agents
(itraconazole, amphotericin B or co-trimoxazole with
Copaiba resin oil and CopaPlu nanoemulsion were deter-
mined using the checkerboard dilution method [12]. Initially,
50 pL of each antifungal in combination with 50 puL of com-
pound was disposed in an orderly manner: concentrations of
Copaiba resin oil and CopaPlu nanoemulsion decreased along
the vertical direction and concentrations of the synthetic anti-
fungal agents decreased along the horizontal direction. Then,
50 uL of Paracoccidioides sp. cells was added at the final
concentration of 1 x 10° cells/mL. Samples were incubated
at 37 °C and kept under agitation for 48 h. Resazurin solution
(0.02%) was added to the samples and incubated for 24 h.
Growth inhibition was determined by visual inspection.
Fractional inhibitory concentration (FIC) was calculated using
the formula: FICs = FIC + FICg, where FIC, is the MIC of
compound A combined divided by the MIC of compound A
alone; FICy is MIC of compound B combined divided by
MIC of compound B alone. The FICIs were interpreted as
follows: synergic for FIC <0.5, additive for FIC >0.5 to <1,
indifferent effect for FIC > 1 to <4, antagonism for FIC > 4.

Cytotoxicity assay

BALB/c 3T3 clone A31 (ATCC® CCL-163 ™) cells were
cultured in Dulbecco’s Modified Eagle’s medium (DMEM,
Sigma-Aldrich) and supplemented with 10% fetal bovine se-
rum (Nutricell, Sdo Paulo, BRA). A total of 1 x 10° cells/mL
were incubated with different concentrations of Copaiba resin
oil and CopaPlu nanoemulsion for 48 h at 37 °C, 5% CO,.
Then, 20 pL of resazurin at 0.02% was added to each
microwell and incubated for 24 h. The cytotoxic concentration
(CC) was determined by reading the absorbance at 640 nm
and 530 nm. The following expression was used to determine
the selectivity index of the compounds:

Balb/c 3T3 CC

I =
S Paracoccidioides MIC

Hemolytic potential
The study was submitted and approved by the research ethics

committee of the Federal University of Goias (Protocol No.
019/13). The human blood was collected in sterile vacutainer
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tubes containing the anticoagulant heparin and then washed
three times with PBS at pH 7.4. Then, an erythrocyte solution
(2%) was distributed in the microtubes and incubated with
different concentrations of Copaiba resin oil and CopaPlu
nanoemulsion. The positive hemolysis control was obtained
using 1% Triton X-100, and a negative control for hemolysis
was used with PBS (0.09% Na,HPO,, 0.02% KH,PO,, 0.8%
NacCl, 0.02% KCI, pH 7.4). The microtubes were then incu-
bated for 30 min at room temperature and centrifuged at
5000g for 10 min. The supernatant was transferred to a micro-
plate, and the absorbance was read by spectrophotometry at
540 nm. Two independent experiments were performed and
the samples were measured in quintuplicate. The percentage
of hemolysis was calculated with the following equation:

absorbance sample—absorbance negative control
absorbance positive control—negative control

Hemolysis = x 100

Results
Chemical analysis

The direct infusion-tandem mass spectrometry analysis
showed the most abundant ions present in the Copaiba resin
oil (Table 1). MS/MS fragmentation pattern allowed us to
confirm the presence of ions compatible with caryophyllene,
kaurenoic acid, copalic acid, and sesquiterpenes. The terpe-
noid composition present in the Copaiba resin oil has been
already reported [9].

CopaPlu nanoemulsion
The methodology for preparing oil-in-water (O/W)
nanoemulsion based on Copaiba resin oil stabilized by the

triblock copolymer Pluronic F-127 was developed in our

Table 1  Identification of chemical component by mass spectrometry

laboratory as an adaptation of the thin-film hydration method.
The latter was proposed to encapsulate hydrophobic sub-
stances into block copolymer micelles [13]. The Pluronic F-
127 stabilized Copaiba resin oil (O/W) nanoemulsion was
named CopaPlu. Figure 1a, tube 1 presents a photography of
a recently prepared CopaPlu aliquot, which is a transparent
and colorless liquid. Due to its high degree of transparency, at
first, we thought that the Copaiba resin oil was dissolved into
the Pluronic micelles. This hypothesis was rejected after ana-
lyzing the oil droplets through electron microscopy. CopaPlu
was easily sterilized by filtration with Nylon membrane
0.22 um, without changes in the concentration of oil, as it
was verified considering the UV-Vis spectra of CopaPlu ob-
tained before and after filtration, presented in Fig. 1b. The
intensity of the band at 201 nm, attributed to the aromatic
components of the oil, did not change after filtration with
Nylon membrane, which is an evidence that the oil droplets
were not retained in the filtration process. The UV-visible
spectra of alcoholic solution of Copaiba resin oil are also
showed in the inserted graphic in Fig. 1b.

We have also shown that CopaPlu can be freeze-dried to
yield a white powder (Fig. 1a, tube 2) and be reconstituted
maintaining a similar aspect to that presented before the freez-
ing process (Fig. 1C, tube 3).

The hydrodynamic diameter of the CopaPlu droplets pre-
sented unimodal distribution with mean diameter of 34.97 nm
and polydispersity index (PDI) 0.12 (Fig. 2a). After filtration
(sterilization), the sample preserved the unimodal distribution
and the mean size (34.75 nm and PDI 0.09) (Fig. 2b).
Reconstituted CopaPlu presented a similar hydrodynamic di-
ameter and a bimodal distribution with a mean diameter of
30.98 nm (PDI 0.30) (Fig. 2c). The sample presented a popu-
lation of droplets (85%) with mean diameter of 29.98 nm and
a small population of droplets (16%) with diameter in the
range of 200—-1200 nm (mean size 641.3 nm). Larger droplet
size is attributed to coalescence during the freezing process.
Figure 2d shows TEM (transmission electron microscopy)

m/z (error ppm) Molecular formula MS/MS main fragments Compound

[M—-H]" (isomer)

301.21056 (4) C50H300, Kaurenoic acid
303.23074 (4) CyoH3,0, 219, 99 Copalic acid
315.19595 (1) CyoHa30; 271 Hardiwickii acid
319.31922 (6) Cy0H3,04 219,217, 189 Hydroxi-copalic acid
333. 20,720 (2) CyoH3004 289, 273, 233 Agathic acid
[M+HT* - - -

203.17889 (3) CisHao 147, 119,133 Spathullen
205.19463 (2) CisHoy 149, 121,135 Caryophyllene
221.18948 (2) C,5H,40 223,207, 175, 161,147 Caryophyllene oxide /spathulenol
273.25696 (3) CyoH3o Kauren-16-ene
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Fig. 1 aPhotography of CopaPlu A B
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images of isolated droplets from the reconstituted droplets.
The nanoemulsion droplets presented mean diameter of
25.54 nm +2.90 nm, which are in accordance with the mean
sizes observed by DLS (dynamic light scattering) (Fig. 2e).

Antifungal and cytotoxic activity

The antifungal activity of Copaiba resin oil and CopaPlu was
evaluated at different concentrations against Paracoccidioides
spp. after 72 h of treatment. The MIC, MFC, CC, and selec-
tivity index (SI) are showed in Table 2. Copaiba resin oil

inhibited the growth of all isolates, showing similar MIC
(62.5 pg/mL) and MFC (62.5 ug/mL). The CopaPlu also
showed similar MIC (125 pg/mL) and MFC (125 pg/mL)
for all the species under study. The cytotoxicity of Copaiba
resin oil and CopaPLu was evaluated in Balb/C 3T3 cells,
with CC value of 250 pg/mL and 500 pg/mL respectively.
To calculate SI, the CC values were divided by MIC values.
Copaiba resin oil and CopaPlu presented similar SI results
(S1=4).

The hemolytic activity of Copaiba resin oil and CopaPlu
was dose-dependent to the concentrations tested. The MIC
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Fig.2 Hydrodynamic diameter size distribution of CopaPlu samples: a as
prepared; b filtered; ¢ reconstituted after freeze-drying. d Transmission
electron microscopy images of droplets from reconstituted CopaPlu. e

10000

Droplet diameter (nm)

Droplet size distribution histogram, in which the solid line represents
the best curve fitting using the log-normal distribution function
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Table 2  Biological activity of Copaiba resin oil and CopaPlu nanoemulsion

Samples Pb isolates MIC oo pg/mL MFC CCygo pg/mL Selectivity index (SI) PH* (%)
Copaiba resin oil Pb01 62.5 62.5 250 4 0.24
Pb03 62.5 62.5 4
Pb13 62.5 62.5 4
PbEPMS3 62.5 62.5 4
CopaPlu nanoemulsion PH0O1 125 125 500 4 0.25
Pb03 125 125 4
Pb18 125 125 4
PbEPMS3 125 125 4

MIC minimal inhibitory concentration, MFC minimum fungicidal concentration, CC cytotoxic concentration, S/ selectivity index. Hemolytic concen-
tration. *Percentage Hemolysis. (PH) percentage of hemolytic activity relative to minimal inhibitory concentration. Paracoccidioides lutzii (Pb01),
Paracoccidioides brasiliensis (Pb18), Paracoccidioides americana (Pb03). Copaifera langsdorffii oil (Copaiba resin oil)

value of Copaiba resin oil (62.5 png/mL) led to 0.14% of he-
molytic activity, while MIC value of CopaPlu (125 pg/mL)
led to 0.25% (Table 2). No cytotoxicity or hemolytic effect
was observed at MIC concentrations.

The Copaiba resin oil and amphotericin B combination
resulted in an additive interaction. It decreased the MIC values
from 0.75 to 0.18 pg/mL and from 62.5 to 31.25 pg/mL of
amphotericin B and Copaiba resin oil, respectively (Table 3).
Copaiba resin oil/co-trimoxazole and Copaiba resin oil/
itraconazole combinations resulted in an indifferent interac-
tion. Similar effects were found for CopaPlu that also present-
ed an additive interaction only with amphotericin B.

The inhibitory concentrations are shown in pg/mL.
Paracoccidioides lutzii (Pb01), Paracoccidioides brasiliensis
(Pb18), Paracoccidioides americana (Pb03). Copaifera
langsdorffii oil (Copaiba resin oil)

Discussion

Several problems related to the current antifungal have been
evidenced, mainly related to long time of treatment and resis-
tant strains [3, 14]. The search for new anti-microbial com-
pounds, especially those derived from plants, has increased
over the years due to their availability and popular usage and
often ensures less toxicity to host cells [15].

The therapeutic effects of Copaifera spp. have been report-
ed, and the most common are anti-inflammatory [16], antineo-
plastic [17], antimicrobial [18], and antifungal [19]. The oils
from C. martii, C. reticulata, and C. officinalis showed activ-
ity in Trichophyton rubrum with MIC values ranging from
250 to 500 pg/mL. The C. multijuga oil showed fungistatic
activity against Aspergillus flavus and Candida parapsilosis
with MIC values of 80 ug/mL and 100 pg/mL, respectively
[20]. C. langsdorffii showed fungicidal activity against
Trichophyton mentagrophyte (MIC and MFC =170 pg/mL)
leading to altered membrane structure and cell death due to
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changes in membrane permeability, similarly to antifungal
agents belonging to the class of polyenes [19].

Despite several reports of antifungal activity of Copaiba
resin oil, its activity on Paracoccidioides spp. is not known.
In addition, no interaction study of this oil with commercial
antifungal was performed. Thus, the investigations of its bio-
active potential, safety profile, and interaction with other an-
tifungal agents were performed here. Copaiba resin oil
showed efficient antifungal activity (MIC and MFC =
62.5 ng/mL) compared with other natural compounds against
Paracoccidioides spp., such as oenotein B, isolated from the
Cerrado plant Eugenia uniflora, and that presented a MIC
value of 500 png/mL against P. [utzii [4]. In addition,
Copaiba resin oil showed a fungicidal effect on
Paracoccidioides sp. cells. Among commercial drugs used
against Paracoccidioides spp., amphotericin B has a fungicid-
al effect, but its use is limited due to its low selectivity that
culminates in potentially fatal side effects [21].

The emulsification of natural oils has been known to po-
tentiate its effects against resistant microorganisms that infect
the population. Svetlichny et al. 2015 [22] demonstrated that
the oil of C. multijuga in emulsion potentiated the action
against the pathogenic fungi C. krusei, C. parapsilosis, and
T rubrum. In addition, Alencar et al. 2015 [23] demonstrated
the antimicrobial activity of Copaiba resin oil of
C. langsdorffii in emulsions against azole-resistant
Staphylococcus spp. and Candida spp.

Pluronic® F-127 is an amphiphilic triblock copolymer
formed by a hydrophilic (polyethylene oxide) and a hydro-
phobic (polypropylene oxide) segment that show a significant
potential for drug delivery. Interestingly, Pluronic® F-127
self-assemble into nanosize micelles within aqueous solu-
tions, increasing the stability and solubility of a hydrophobic
drug [24]. The efficiency of Pluronic-F127 to allow the spon-
taneous emulsification of Copaiba resin oil in aqueous phase,
yielding an emulsion with droplets size in the nanometer
range, and presenting high colloidal stability, as presented in
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Table 3  Interaction of Copaiba resin oil and CopaPlu with amphotericin B, co-trimoxazole and itraconazole

PbO1 Pb03 Pb18 EPM33
Copaiba resin oil + amphotericin B
MICopaiba resin oil 62.50 62.50 62.50 62.50
MIC,mphotericin B 0.75 0.75 0.75 0.75
MICopaiba resin oil combined 31.25 31.25 31.25 31.25
MICymphotericin B combined 0.18 0.18 0.18 0.18
FIC index 0.74 0.74 0.74 0.74
Interaction Additive Additive Additive Additive
Copaiba resin oil + co-trimoxazole
MICcopaiba resin ol 62.50 62.50 62.50 62.50
MICeo trimoxazole 2.32 2.32 2.32 232
MICcopaiba resin oil combined 31.25 31.25 31.25 31.25
MIC5.trimoxazole combined 1.16 1.16 1.16 1.16
FIC index 1.00 1.00 1.00 1.00
Interaction Indifferent Indifferent Indifferent Indifferent
Copaiba resin oil + itraconazole
MICcopaiba resin oil 62.50 62.50 62.50 62.50
MICiraconazole 0.001 0.003 0.003 0.003
MICcopaiba resin oil combined 31.25 31.25 31.25 31.25
MICiraconazole combined 0.0005 0.001 0.001 0.001
FIC index 1.50 1.50 1.50 1.50
Interaction Indifferent Indifferent Indifferent Indifferent
CopaPlu + amphotericin B
MICcopapriu 125 125 125 125
MICymphotericin B 0.75 0.75 0.75 0.75
MICcopapLu combined 62.50 62.50 62.50 62.50
MICymphotericin B combined 0.18 0.18 0.18 0.18
FIC index 0.74 0.74 0.74 0.74
Interaction Additive Additive Additive Additive
CopaPlu + co-trimoxazole
MICcopapiu 125 125 125 125
MICeo-trimoxazole 232 232 232 2.32
MICcopapiu combined 125 125 125 125
MICo-trimoxazole combined 0.07 0.07 0.07 0.07
FIC index 1.03 1.03 1.03 1.03
Interaction Indifferent Indifferent Indifferent Indifferent
CopaPlu + itraconazole
MICcopapiu 125 125 125 125
MICiraconazole 0.001 0.003 0.003 0.003
MICopapiu combined 125 125 125 125
MICiiraconazole combined 0.005 0.001 0.001 0.001
FIC index 1.05 1.05 1.05 1.05
Interaction Indifferent Indifferent Indifferent Indifferent

this work, is understood considering the previous dissolution
of’both components, the oil and the Pluronic F-127, in alcohol.
The complete solubilization of the components allows the
interaction of the hydrophobic blocs of Pluronic (PPO, poly(-
propylene oxide)) with the oil components at molecular level.

After the alcohol evaporation, the hydrophobic chains of
Pluronic remain attached to the oil phase [25]. The high affin-
ity of the hydrophilic blocs of Pluronic (PEO, poly(ethylene
oxide)) with the aqueous phase insures the oil droplets’ dis-
persion into the aqueous phase, due to the solvation of the
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PEO chains [26]. It is worth to mention that no components of
the oil were detected by mass spectrometry analysis of an
aliquot of water that was shaken in contact with a portion of
oil, for 24 h. This finding allows us to state that into the
nanoemulsion, all oil components are into the droplets in-
volved by the copolymer.

CopaPlu also presented antifungal activity (MIC and MFC
=125 pg/mL), but it is lower than that presented by pure oil.
The activity presented by the pure oil could be justified con-
sidering the direct interaction of the oil with the hydrophobic
structures of the fungi membrane, similarly to what have been
proposed in the literature for the antibacterial activity of es-
sential oils [27]. When the oil droplets are involved by the
amphiphilic copolymer, as in the nanoemulsion, the hydro-
philic block is the first to interact with the fungi membrane
when the droplets reach it, which could hinder the oil access to
the membrane, yielding a higher MIC as was observed.

During the drug development flow, the rejection of a com-
pound in the final stages leads to a major financial loss. In
addition, it is necessary to propose molecules with fewer side
effects. Thus, regarding drug safety, it is important to perform
a strict quality control in the early stages of drug development.
The results showed that the selectivity index of Copaiba resin
oils and CopaPlu was satisfactory (SI=4). In addition, the
Copaiba resin oil and CopaPlu at the concentration of
62.5 pg/mL and 125 pg/mL, respectively, did not cause he-
molysis (Table 2). Following parameters presented in the lit-
erature [28], values PH < 10% may not be dangerous while
PH values >25% could lead to hemolysis. The hemolytic
effect induces anemia through osmotic lysis caused by in-
creased permeability of the plasma membrane, oxidation of
hemoglobin, and loss of lipids of the erythrocyte plasma mem-
brane [29]. The hemolysis and cytotoxicity tests showed that
Copaiba resin oils and CopaPlu have low toxicity to the mam-
malian cells, even though they should not be used
indiscriminately.

One of the major goals of combining antifungal agents is to
achieve a synergistic effect, to reduce the amount of antifungal
administrated to patients and to reduce toxicity. However, an-
tagonistic effects and reduction of the efficacy of both antifun-
gals have been reported [30]. In this scenario, techniques that
evaluate combinatorial bioactive compounds, as checker-
board, have been employed. Checkerboard assays are based
on the distribution of compounds on a microdilution plate and
allow to test combinations of different concentrations of two
drugs in a single test. Thus, this method was used to elucidate
the type of interaction that Copaiba resin oil and CopaPlu
would have with the commercial antifungal agents used in
the treatment of PCM.

Both Copaiba resin oil and CopaPlu showed a high addi-
tive effect in combination with the antifungal amphotericin B,
reducing the MIC values of amphotericin B in the same ex-
tension, from 0.75 to 0.18 pg/mL (Table 3). In addition, MIC
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values of Copaiba resin oil and CopaPlu also decreased in
about 50%. These findings make Copaiba resin oil and
CopaPlu even more promising as antifungal, since reducing
the concentration of amphotericin B would lead to fewer toxic
effects. The other antifungals did not have any additive effects
when combined with the Copaiba resin oil and CopaPlu.
Additive effects have been reported for natural oils and anti-
fungals, such as thyme oil and amphotericin B against
C. albicans and A. niger; cinnamon oil also acted synergisti-
cally with amphotericin B against C. albicans [31].

Thus, the Copaiba resin oil and CopaPlu nanoemulsion
have been shown to be promising as antifungal against
Paracoccidioides spp., since they inhibited Paracoccidioides
sp. growth efficiently. When combined with amphotericin B,
Copaiba resin oil and CopaPlu showed a similar and additive
effect with reduction of their MIC values. In addition, it is
worth to mention that both the oil and the CopaPlu have de-
creased the MIC of amphotericin B of fourfold. This suggests
that Copaiba resin oil and CopaPlu may be employed together
with amphotericin B in the treatment of PCM.

The formulation of Copaiba resin oil as nanoemulsion
represents an advantage compared with the pure oil, be-
cause it can be administrated for different routes as inha-
lation and intravenous. Besides, the possibility of stocking
CopaPlu as a powder allowing the reconstitution of the
nanoemulsion before use, preserving its original charac-
teristic, is an attractive aspect for future applications.
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